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RETURN CURRENT EXCITED LOW FREQUENCY OSCILLATIONS IN A
RELATIVISTIC ELECTRON BEAM-PLASMA SYSTEM

J. KARACSONY

The collective interaction of a relativistic beam with a plasma is of impor-
tance for many applications, and especially in problems of plasma heating [11]
The linear theory of a relativistic electron beam propagating parallel to an ex-
ternal magnetic field in an infinite geometry has been worked out by Godfrey
et al [2]. However, in their calculations the above authors neglect the presence
of the return current and are concerned only with the high frequency oscillations

This note attempts to demonstrate that in a relativistic electron beam-
plasma system there can be excited low frequency electrostatic oscillations due
to the induced return current. Since we are concerned with those waves for which
the phase velocity 1s much less than the speed of light, a quasistatic treatment of
the dispersion properties of the system will be appropriate In this approxima-
tion the dispersion relation can be written as.

1— mﬁe cos? 0 . mﬁ,sm’ 0 _ mﬁ, cos? 6 . m?” sin? .
@—F-Vp (0—Fk VPr— ot @l o — ol
_ 71’-’0)2 (1 — @872 cos? 8 (1 — p)l2sn? 0 =0 (1)
m U —F-T @—F Tr— el —p

Here the following symbols have been used:

w;, = 4nnge?(m, op = 4 wnyet/M,

le]B el B Vy
Wee = 0; We = o, B:‘_"
mc Mec c

The quantities w;, and w,; represent the electron and ion plasma frequencies
while w, and w, are the electron and ion gyrofrequencies, respectively With #,
has been noted the plasma electron and with #, the beam electron density.

To derive the electrostatic dispersion relation we have considered- a beam

propagating along a magnetic guide field B, in a charge- and current-neutralized
equilibrium The return current is carried by plasma electrons with nonrelativistic
equilibrium drift velocity ;p = — (m,/n,)v,, where 9, is the relativistic beam electron
velocity. .

For the high frequency oscillations, when the ion terms in (1) are neglected,
it can be shown [3] that the effect of the return current consists only 1n a Doppler
shift of the excited wave frequencies. Electrostatic dispersion equation with ion
terms, but with neglected return current, has been investigated in [4]. Hoewer,
the presence of the return current in the plasma determines a Bunneman 1nstabi-
Iity in the low frequency spectrum For beams of small density, unless the quantity
within the brackets is very large, the last term in the dispersion equation (1) is
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very small and consequently negligible This happens i1f we consider waves (with
o > 0) for which the angle formed by the wave vector £ and the direction of the
relativistic electron beam is greater than =/2 For these waves the dispersion
equation (1) can be written as

cos? 0 w}, sin? 0 o}, cos? w}, st 8

QL — - — =0 @)

@ — Y —I;p)” (0 — Y "1’/8,,)2—@; «? w? — o)

. -
Considering Av, > © > ®,, we obtain

(3)

ndli T, ) K 91
co=:i:copg{[ (k Vp)lPllk V) — oce] ]/

F V= ot 1IE V= ot)
where
] 1 204\1
Instability occurs for wave vectors which satisfy either 755;,< O_0r o, < 73;#< w4
If 73;,, 1s in the neighborhood of the frequencies wy, 1.e 7577;, X w4, the
above result is not valid. In this case the solution of (2) becomes :
_ 1143 \ w;/; [wf,ecos‘ 0 oy, sin? § :|"|' (5)

ol E Tl & Tt [F Vp)'— anl®

w

In the limit w, < o when 0, ~ (0p + of sin? 0)12, (5) yields

ce?
3 s : =,
o= 2E A T 1+ % sine g (6)
2]: m ol
e
which determines the frequeny and growth rate of order «,,.

(Recesved  Saptember 8, 1979)
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w0 B =

OSCILATII DE FRECVENTE JOASE EXCITATE DE CURENTUL INVERS IN
SISTEMUL FASCICUL DE ELECTRONI RELATIVISTI—-PLASMA

(Rezumat)
Se aratd ci in sistemul fascicul de electrom relativigti-plasma curentul invers indus de fascicul

poate excita oscilajii de frecvenfe joase. Se gdseste cid frecventa s1 coefictentul de cregtere sint de
ordinul wyp,



STUDIA UNIV BABES—BOLYAI, PHYSICA, XXV,.2, 1980

1’ABSORPTION ULTRASONIQUE DE RELAXATION DE I’EQUILIBRE
DE DISSOCIATION

A. AUSLANDER, D. AUSLANDER

L’absorption structurale de I'ultrason dans les liquides — causée par dif-
férents types de processus de relaxation — s’exprime par la relation:

N

o Ap
:_y_4 g 1
A= Trume @

olt f est la fréquence de l'ultrason, f, la fréquence de relaxation et B le terme
d’absorption caractérisé par I'absence de phénoménes de relaxation Dans le cas,
des solutions ioniques, I'une des composantes de l’absorption d’excés provient
de la relaxation de 1’équilibre de dissoctation, dont la séparation constitue 1’objet
de cette communication, le matériel d’étude étant la solution aqueuse de glycine.
(1], [2], [3], 4]

Partie expérimentale. On a calculé, pour la température constante de 25°C,
I'absorption de I'ultrason dans I'eau et dans des solutions 4 concentrations variables
jusqu’a la valeur de 1 kmol/kg en déterminant, par voie expérimentale, la densité
p, la viscosité 7 et la vitesse de propagation de 'ultrason ¢ sur la base de la com-
posante Stokes de la relation.

LBty e

el 3

ol v, représente la viscosité de volume.

On a mesuré en se servant de la méthode de I'impulsion 4 distance fixe,
par le truchement d’échos répétés, les coefficients d’absorption de l'ultrason de
10 MHz dans l’eau et dans les solutions de glycine, les conditions étant les mémes
que pour les déterminations antérieures

Pour établir la contribution des équilibres de dissociation, correspondants
aux deux groupes de I'aminoacide, & I'absorption, on a blogué alternativement
ces derniers A l’aide de solutions acides, respectivement basiques. Pour éviter la
modification de ’absorption propre a la solution aqueuse de glycine, on a. effectué
des déterminations de I’absorption dans des solutions aqueuses de HCl et de KOH
A concentrations variables, ce qui a mené & la constatation qu’au-dessous de 0,2M
Patténuation ne différe pas de celle de I’'eau Le résultat en a été I'exploration,
pour ce qui est de I'absorption, des solutions de HCI 0,1 M et respectivement de
KOH 0,1 M de glycine a concentrations variables

Résultats et discussion. Les résultats, portés sur le tableau no. I, relévent
Papparition d'une différence entre les absorptions d’excés en fonction du pH du
solvant,
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Tableaw 1
Valeurs d’absorption a différentes concentrations
eff3. 1017 cm—1 s?st
Sol c
0,0625 0,125 0,25 0,5 0,75 1
mol/1
Glye — H,0 31,38 31,74 31,97 32,97 33,08 34,53
Glye — HCl 0,1 M 30,00 30,20 30,54 31,45 32,29 33,44
Glyc — KOHO0,1 M 42,19 57,83 42,28 — — 41,23
Glyc — H,0 (Stokes) 7,71 7,71 7,74 7.80 7,85 7,86

Dans la solution aqueuses de glycine, I'excés d’absorption se caractérise
par une croissance remarquable dans le domamne des dilutions plus grandes
alors qu'il est & peu prés stable pour des concentrations plus élevées. Le blocage,
respectivement la régression de la dissociation acide dans des solutions de HCl
0,1 M de glycine est reflété par la diminution de I’absorption rapportée a la solu-
tion neutre, par la disparition du saut jpour les degrés faibles de concentration,
presque paralléle avec l’absorption classique de Stokes.

Dans le cas des solutions de KXOH 0,1 M, la dissociation du groupe acide
détermine des valeurs d’excés de I’absorption de beaucoup supérieures & celles
des autres solutions. On constate uge vive croissance de aep qui atteint le maxi-
mum avec la concentration 0,187 M, une diminution brusque s’en ensuivant
jusqu’a 0,5 M continuée par une pente négative, plus faible, dans tout l'intervalle
de la concentration étudide.

Par conséquent, la perturbation de I’équilibre de dissociation améne des
phénomenes de relaxation dont les contributions & la valeur d’absorption d’excés
different On constate en méme temps l'apparition d'une différence entre les
fréquences de relaxation de 1’équilibre de dissociation acide, respectivement basi-
que, ce qui, dans les conditions expérimentales données, se manifeste par la valeur
supérieure de I’absorption de dissociation acide.

Sur la base d’'un modeéle simplifié d’additivité, on a calculé les absorptions
d’excés par l'unité de concentration i

A = Aeeny/C - f3,

Aaexp = Olgolution — @yolvant

Les résultats obtenus, illustrés par la figure mno.l, ne refletent pas
les modifications d’absorption du solvant, causées par suite de Il'interaction
avec le soluté, ce qui va dans le sens de nos conclusions ci-dessus [5], [6].

Utilisant la relation (2), on a calculé — des données expérimentales de la
viscosité, de la constante d’atténuation, de la densité et de la vitesse de propa-
gation de l'ultrason—les viscosités de volume des systémes étudiés, dont les dé-
pendances de concentration sont présentées dans la figure no. 2.
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240
180 - 0,07 1
™~ ~
\é N Gl ~KOH O7HM §
8
e 120 4 & Gl -(OH OIM
= Qos - .
< Gl ~ H20 A ,
60 1 6l -HCI 0 M \ !
GI-HCl O M
45]‘\ —3 003 a5 1
025 93 cimu) / C(molfr)
Fi1g. 1 Dépendance de concentration de Fig. 2. Variations des wviscosités de volume
I'absorption d’excés parl'unité de concentration. avec la concentration.

Les courbes relévent les écarts de l’absorption par rapport aux valeurs
classiques, ce qut veut dire qu’elles correspondent aux absorptions d’exces [7], [8].

Le module de compressibilité adiabatique K,; et la viscosité de volume v,
reflétent les processus d’échange d’énergie entre les degrés extérieurs et intérieurs
de liberté, y compris ceux qut correspondent aux modifications structurales,
caractérisés par la fréquence de relaxation de la viscosité

1
0 = Roafny, O By = oor

8 — _1fvy 1
' ad V(ap]s

Les fréquences de relaxation de J
viscosité, présentées dans la figure no. 3, 50 .
ont été calculées des valeurs expérimen-
tales, étant différenciées d’aprés le crite-
re de I'équilibre de dissociation dans le 3,
domaine: 2,1. 101 Hz — 4 . 101t Hz. o
Conelusions. Les absorptions de re- ‘g
Q

Gl -HCl 04M

laxation de viscosité des processus d’équi-
libre de dissociation de la solution aqueuse
de glycine constituent des composantes
de I'absorption structurale d’exces. Pour
la fréquence de 10 MHz del’ultrason, le 20
terme de l'absorption de dissociation 025
acide a une valeur supérieure & celle de

I'absorption de dissociation basique. Fig. 3 Dépendance de concentration de la

(Manuscrst regu te 11 décembrs 1979) fréquence de relaxation de viscosité,

Gl -KOH O1M

a5 Clmol/s)
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ABSORBTIA STRUCTURALAX A RELAXARII DE DISOCIERE
(Rezumat)

Au fost misuraf1 parametrn necesar: calculdru constanter de atenuare de viscozitate in solufil
apoase de ghicind care, pe baza determiundri absorbfier experimentate, a permis evaluarea absorbtiel
de exces.

Prin blocarea alternativd a grupelor disociabile au fost, separate componentele corespunzétoare
ale absorbfier structurale
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THE EFFECT OF THE INCOMENSURATE-SPIN-DENSITY WAVES ON
THE CRITICAL BEHAVIOUR OF THE ELECTRICAL RESISTIVITY
OF THE ITINERANT ELECTRON ANTIFERROMAGNET

D. DXDARLAT, M. CRISAN, AL. ANGHEL

1. Introduction Recently, the study of the transport properties near the
critical point has received a great attention in connection with the fluctuation
theory of the second order phase transition. Microscopic theories of the phase
transition 1n the itinerant — electron systems, generally use the random-phase
approximation (R P A) or the mean-field approximation (M.F A ).

The temperature derivative of the electrical resistivity (1/p d o/(dT) for
the itinerant-electron terromagnet was discussed vy Fisher and Langer
(1], , Takada [2], and recently by Geldart and Richard [3]

Critical behaviour of the electrical resistivity of the itinerant-electron anti-
ferromagnet 1s stil unclear, because of the experimental data ot the critical expo-
nents which are often contradictory.

The situation of the theory for critical behaviour of the electrical resistivity
of the itinerant-electron antiferromagnet is unsatisfactory but this 1s due to the
difficulty of the problem. Ausloos [4] pointed out recently that in a consis-
tent treatment of the critical behaviour of the electrical resistivity, the influence
of the fluctuations to be considered on the relaxation time Tg! as well as on the
effective number of conduction electrons We have to remark that for the itine-
rant-electron antiferromagnet, the problem of the electron-fluctuation scattering
1s more complicated because we have to take into consideration the effect of the
incomensurate-spin-density-waves (I.S.D W.) on the resistivity. A similar prob-
lem for the paramagnetic susceptibility and ultrasomic attenuation was treated
by Maki and Nakanishi [5]

In this paper we start with the following hypotests:

a) Experimental results for chromium obtained by Mu1r and Strom-
Olsen [6] and Arays et all [7] pointed out for the electrical resistivity a
critical coeficient which is in agreement with the ,,mean — field” behaviour

b) Specific heat which was recently measured [8] presents a A — transition
and thus « —0.

The contribution to the electrical resistivity of the electron-fluctuation
scattering was calculated [9] and it 1s found, in the mean-field approximation

1
o(r) = const (r)? (1)
where c=L=Tn
Ty

This mean-filed approximation can be improved by a ,scaling theory”
The scaling theory was applied for the first time by Takada [2] in order to
obtain the contributions of the short-range and long-range correlations.
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It is to remark that the result of the scaling theory [9,10]

p (t) = const - ‘:[l szif]

(2)
where « and vy are the usual critical indices, 1s reduced to the mean-field result
when « — 0 and y = 0.86.

Another improvement of this theory is to consider the contribution of the
effective number of conduction electrons. Using the general methodof Ausloos
[4] the authors [10] have found for the itinerant electron antiferromagnet

#y = ng(l 4 Cr—r+dv)—1

12y i
p(r) = const (1 4 Cr—¥+¥d) . 'r[ 2 ] 3)

where

c=“_’"(ﬂ_1)={”+'e<eo (4)
9% \q C_,e>eg

€, and ¢, being quantities at the Fermi level.

Starting from these results this paper analyses the influence, of the inco-
mensurate-density-waves (I.S D.W.) on the critical fluctuations (section 2) and
on the effective number of conduction electrons (section 3)

2. The Influence of I.S.D.W. on the Critical Fluetations. In the itine-
rant-electron antiferromagnet the portions of the Fermi surface which do not
give the contribution to the electron-hole paires act sumilar acts as the Fulde-
Ferrel state in superconductors [11i.

In the critical region we are expecting an important contribution of this
Fulde-Ferrel (I.S.D.W) states in the electrical resistivity The mathematical
aspects of calculation taking into consideration the Fulde-Ferrel states in super-
conductors was given by Takada and Izuyama [12] and for magnetic
susceptibility of the itinerant-electron antiferromagnet by Crisan and An-
ghel [181]. In order to take this effect into consideration we reconsider the

renormalized quantity 7 defined by
T =3 _oppNa (e _ ! (5)
No @m)r v 4 £t
where the notations from [97 have been used.
Following the method from [12], the relation (5) becomes:
~ 1
— = 2BTN—1[ — ]~ 6
<Fr 3 0 ; ebrto | T+ gt (6)
where € {g) <O denotes the ,blocking-states”” of electron-hole paires. The
perfect analogy of this model with the superconductor was demonstrated in [13]).
From [6) we get

1
<fg<o T+ &

;’yp—;= —ZBTN(TI (7)
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and this relation will be transformed into an integral as in [12] 7., and 7 denote
the renormalized quantities in the Fulde-Ferrel and respectively in the pure
antiferromagnetic state.

Performing the integral in (7), we get

~

Trr — 7 = const £ [(7 + 1) %, + (7 — 1) £, x 8)
where [12] £ 1s the correlation length and
g = q(Ror — ko)

I E R I B
e = [1 h(é:tl)] : ©)
and the two band model has different Fermi radius [131], kg # Eqe

If we take E(r) as £(r) =7, following the method from [9] we get from
the resistivity.

o(x) = const {r¥ 4 const ?[(§ +1) %, + (F— 1) 2]} (10)

which for x; = %, = 0 is 1dentical with (2).
For v, =%,=1 (A=0) we get
1

e(r) = const [«¥ + const g? (11)

and this expression is identical with (2) if § = 0.

3. The Influence of LS.D.W. on the Effective Number of Conduction
Eleetrons.. Following [12] the number of conduction electrons which are blcked
and give not .o tribution to the electron-hole paires can be obtain performing a
summation over all the Fulde-Ferrel state

”b==2”_+_io (12)
FF, ok' 2’
where

n_ - =flER)] + vl — fE_o(R)] (13)

ok +—g—, <]

the other notation being the same as in [12].

We are studying as in section 2 the general case when § > 1 and when can
* be blocked electrons with *’up’’ and ,,down’ spin too

The blocking regions are given by
—1<x < O (§)

—(@+ 1) B, < ER) < (@+ 1) by (14)
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for up spin electrons, and

P[E (B)] = — (16)
qh
where the notations from [12] have been used.
In order to calculate #; we consider
g% — )b +./S*E) + AT
g — Db +,/S°B) o 17)
T
approximation which is valid for the critical reglon of the itinerant electron
antiferromagnets
Using (12) — (17) we can express 7, as a function of blocking parameters .
no = i mi = const [(7 + 1)? & 4 (§ — 1) %] (18)

expression which is temperature independent

When x; = %, = O we get #p = 0 and there 1s no blocking.

This number of blocked electrons must be added to the initial number of
conduction electrons because, being blocked, they do not form electron-hole
paires and 1n conclusion they participate to the conduction

Using the result from [10] for the pure antiferromagnetic state

fy = my (1 + cx—Y+3)—1 (19)

we get for our case
Hy =ty (1 4 C27Y+2)"1 L g, 20)
and using (10), (18) and (20) in the general expression for the resistivity (14)
p= T (21)

where T7 is the relaxation time for electron-fluctuation scattering, we get *
1
Y ~ovr T o 2
(p(’f) — const {=¥ + const «™[{g + 1) _’i1 + (g _1) %]} (22)
(1 —ov ™) 4 const [(g + 1) (g— 1)*x)

4 Disseusions. The ’sofisticated” scaling low (22) obtained for a Fulde-
Ferrel itinerant-electron antiferromagnet can be discussed in some limits
— when x;= x,=0 the expression (3) 1s reobtained (if we use the relation 2y =
= 2 — « valid for the critical exponents) — when &, = x, = 1
1
{=¥ + contg %%} 2 (23)
const ¢ 4 (1 — CTYTH)

p () = const
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and an interesting effect is pointing out from (23). Indeed, we can see that the
band effects contained in § give a contribution in the electron-fluctuation interac-
tion near Tybut for T > T.

This calculation of the "Fulde-Ferrel states” influence 1s 1n fact for the
region T < Ty but no far from the critical temperature and becomes more interes-
ting due to the relation (23) which gives the possibility to study the band-effects
on the electrical resistivity in the critical region.

(Recorved March 18, 1980)
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EFECTUL ISDW ASUPRA COMPORTARII CRITICE A REZISTENTEI
ELECTRICE ANTIFEROMAGNETULUI DE BANDA

(Rezumat)

Se analizeazi comportarea criticd a rezistente: electrice a unui antiferomagnet itinerant in
aproximatte de cimp-molecular g1 ,,scaling”

Se studiazi de asemenea efectul undelor de densitate de spin, cu vector de undi incomensurat
cu reteaua reciproci (1.8 D W), luindu-se in considerare mnfluenta lor asupra fluctuafulor critice g1
asupra numdrulu efectiv al electromlor de conductie Se giiseste o lege independentd de temperaturd
pentru numairul efectiv al electronilor blocaji de starea Fulde-Ferrel s1 lege de ,scaling’” pentru
rezistenfa electrici.
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DETERMINATION OF THE RATE CONSTANTS AND CROSS SECTIONS
FOR THE CONSECUTIVE METASTABLE DISSOCIATION
OF MOLECULAR IONS (III)

Two steps consecutive dissociations

I, MASTAN, V. MERCEA

1. Introduetion. The consecutive metastable dissociation of heavy mole-
cular ions have been observed for the first time in 1966 by K. R. Jennings
[11]. The process of consecutive metastable dissociation of heavy molecular ions
has been proved in the next years in a few papers [2—4]. Experimental results
obtained in this last paper have been discussed in terms of QET of mass spectra
[4—9]. A new improved method for the investigation of consecutive metastable
dissociations was published by J. M. Miller et al. [10] Some experimental
results concerning to consecutive metastable dissociation of the SH; triatomic
molecular ion have been published 1n our previous paper [11] In methane mass
spectrum we have detected a two channels consecutive metastable dissociation
of the CH} molecular ion [12].

Quantitative computations concerning only to rate constants of the spon-
tantaneous consecutive metastable dissociations in two steps are given for the
first time in the paper [4] In the present paper we shall give a brief description
of a new method for determination of the rate constants and cross-sections charac-
terizing a two steps consecutive metastable dissociation. Other methods are in
detail described in our previous papers [18—17].

2. Apparatus and method. Apparatus. It is known that the investigation
of two steps consecutive metastable dissociation requires employment of double-
focussing or tandem mass spectrometers. Our new method will be developed for
two magnetic mass spectrometers in tandem An absolute schematic representa-
tion for a such experimental arrangement is given in Fig. 1.

(sl) (FMA) (SMA) T

:Bi (IE) (18 (18) ]

1
(f)

(2) /
1 2 3 5 @/) '

Fig. 1

The molecular ions are born in the ion source (IS) with electronic impact
(EB). On the trajectory portion 0 — 1 the ionic beam (IB) 1s accelerated up to
their maximum energy. Further on, the ionic beam will cross the first (FMA)



RATE CONSTANTS AND CROSS SECTIONS (III) 15

and the second magnetic analyzer (SMA) and will be finally caught on the ionic
collector (IC). Each point 7 (s =0, 1, .., 6) of the trajectory (Fig. 1), from the
source to the collector, is associated with a coordinate x, and a corresponding
time #,. The trajectory portions 1 — 2 and 3 — 4 are respectively the first and
the second field — free regions They are of interest for the investigation of stmple
and consecutive metastable dissociations

Apparent masses Let us consider the following consecutive metastable
dissociation 1n two steps

my T gy 2% gyt (1)

If the metastable dissociation (1) takes place on either first and second field —
free regions, then the m* and m; fragment ions will be respectively recorded at
the apparent masses m2[m, and mifm, Let us now assume that the first analyzer
1s transparent for the apparent mass #?/m,. This means that the second field —
free region will be crossed only by the m* fragment 10ns which were born from
the mg ions on the first field — free region, i. e. the first step of the dissociation
(1) Now if the second step of the transition (1) takes place on the second field —
free region, then the m{ fragment ion will be collected at the apparent mass
mifim,.

Method In consecutive transition (1) by *; and A, are denoted rate comns-
tants of the spontaneous dissociations, while o; and o, characterize collision —
induced dissociations and represent the cross — sections of the process. In order
to avoid any confusion the ionic currents corresponding to mf, m* and m
will be respectively denoted by I, I’ and I".

For each pomt of the trajectory from ion source to collector the ionic current
corresponding to m;t will be described by the following equatuion

I, =TI, - exp {— [Mt; + oy Nkow (2, — ;) ]} (2)

Here N is the number of molecules/cm?® for a pressure p(N) expressed in Torr and
kom is ion average velocity on the trajectory portion 0 — 1. For the trajectory
portion 1 — 6 the ion velocity is constant and equal to 2y = 2k&em.

Furst freld — free vegion. Let us assume that the first analyzer is transparent
for the apparent mass m?/m,. Now, 1f the second analyzer 1s scanned, then at the
collector will be recorded the metastable peaks from the apparent masses m?/m,
and m}/m,. These metastable peaks will be respecttvely denoted by Igf and Ig
and correspond to the m* and mi 1o0ns, ie. to the first and second step of the
consecutive transition (1).

Second field — free region. Let us now consider that the first analyzer is
transparent for the sm{ molecular ions. If the second analyzer is scanned, then
at the collector will be recorded the metastable peaks I1§* and Xg¢ from the
apparent masses m}/m, and m?/m,, and the parent peak I, corresponding to mg
from the normal mass spectrum.
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The rate constants A, and A, and cross — sections o, and o, can be obtained
if the following two systems of transcendental equations are solved

QLM %, 5 ] =7 /T ] @)
T2y, 2y, P = I /T&8

QoA A, 0] = ”*/Ief p(N)-»o}

TO[)\l: )\2: 0] = ”*/Ies p(N)—rO

In the system of transcendental equations (4) by Qo [A;, Ay, 0] and Ty [Ay, 2e, 0]

we have respectively denoted the values of functions Q[2;, 2, #(N)] and

T[A;, Ay, p(N)] for pressure p(N) — 0. If the mathematical calculations are

performed starting from the methods developed in our previous paper [11—16],
then the system of transcendental equatlons (3) can be finally written as follows,

Q[kl» }‘2: ] - I /Ie: =
= [exp {(A, + o Nko)(ts — ta )} — exp {(As + 0Nko)(tg — t4)} ]
T, Ay pN)] = Ta3 /18

— exp {— (A 4 o,Nky) [ — )} .
= [A; + 0,Nk¢] [ (s + 0,NEy) (5)

exp {— (% 4 aNky)(# — )} + (23 + opNky)— (N + U1Nko)] .

(4)

{(M + oyNky) (21 -+ a1Nko) {2y + a;Nky)
[exp {— (A + o Nk,)(t; — t a)} + exp {— (As + 02Nkg)(tg — to)} —
—exp {— (R + 0Nkg)(fg — tg)} ]

The system of transcendental equations (4) can be obtained from (5) for the
pressure p(N) — 0.

3. Diseussion. Using the method developed 1n this paper the rate constants
and cross-sections characterizing a two steps consecutive metastable dissociation
can be obtained Owing to superposition between the metastable and normal
peaks 1n the mass spectrum this method becomes unsuitable for two steps conse-
cutive dissociations such as XHi — XHil, - XH} , TFor such consecutive
metastable dissociations the methods developed in the paper [11, 12, 15, 16]
can be used.

(Received April 15, 1980)
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DETERMINAREA CONSTANTELOR DE VITEZX SI A SECTIUNILOR EFICACE PENTRU

DISOCIEREA METASTABILA CONSECUTIVA A IONILOR MOLECULARI (III)

Disociery consecutive in dor pasi

(Rezumat)

In lucrare este descrisi pe scurt o nous metodi de determinare a constantelor de vitezd A; g 2,

st a secjumlor eficace o, §i o, pentruun proces de disociere metastabilid consecutivd de tipul
M %t My Ot Metoda este dezvoltatd pentru cazul general a doud spectromtre de mas3 mag-

0 1 p g P g
tice in tandem : i .

2 Physica 2/1980
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CONSECUTIVE METASTABLE DISSOCIATIONS
IN METHANE MASS SPECTRUM

I. MASTAN, V. MERCEA

1. Introduetion. The finding of consecutive dissociation of molecular ions was
performed when the double — focusing mass spectrometry has been used for the
study of metastable dissociations Consecutive metastable dissociations in two
steps have been observed for the first time 1n 1966 by K R. Jennings [1]
1n mass spectra of some heavy molecular 1ons Inthe next years a few papers [2—41]
which prove the consecutive metastable dissociation of heavy molecular 1ons
have been published In the paper [4] are given for the first time quantitative
computations concerning to rate constants of spontaneous metastable dissocia-
tions. The results obtained in this last paper have been discussed in terms of
QET of mass spectra [4—9]. A new improved method for the investigation of
consecutive metastable dissociations was reported by J. M Miller et al
[101.

Some results concerming to consecutive metastable dissociation of the
SHY triatomic ion have been published 1n our previous paper [11]. So far conse-
cutive metastable dissociations in methane mass spectrum were not published.
In the present paper we shall report some results concenrning to comsecutive
metastable dissociations of the CHJ molecular ion.

2. Aparatus and method. Apparatus In order to investigate the consecu-
tive metastable dissociations in methane mass spectrum we have used two mag-
netic mass spectrometers in tandem The schematic representation of the appara-
tus is given 1n Fig. 1

!"'T_f
10cm

Rz10cm gé

Nem W0em ////
23-1. -L

@a

‘T n
NG
Pairs of
deflecting
plates

Pairs of
quadrupole lenses

Fig. 1.
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On the trajectory portion O — 1 the 1ons are accelerated up to their maximum
energy, i.e. 2000 eV The first and the second field — free regions, 1 e. the trajec-
tory portions 1 — 2 and 3 — 6, are of interest for the investigation of simple
and consecutive metastable dissociations. A more detalied description of the
apparatus is given in the papers [11,12].

Apparent masses. Let us consider the following consecutive metastable
dissociation :

my 2 gyt 2 o my (1)

If the metastable dissociation (1) takes place on either first and second field — free
regions, then the m+ and mf fragment 1ons will be respectively recorded at the
apparent masses m?[m, and mi[m, Let us assump that the first analyzer is
transparent for the apparent mass m?/m,. Now, if the second step of the consecu-
tive transition (1) takes place on the second field — free region, then the mj
fragment ion will be collected at the apparent mass m}/m,.

Method. In the consecutive metastable transition (1) by A; and 2, the rate
constants of the spontaneous dissociations are denoted, while o, and o, characte-
rize collision — induced dissociatiofis and represent the cross — sections of the
process. In this paper the jonic currents corresponding to m§, m+ and mi will
be respectively denoted by I, I' and I"". A more detalied description of the method
is elsewhere given [11—15] Only a few mathematical relations which are neces-
sary for the method understanding will be given in this paper.

The rate constants A; and A, and cross — sections o, and ¢, can be obtained
if the following two systems of transcendental equations are solved

ROu b S0 = /7 @)
M[%, Ag, p(N)] = 1§ /T,

R [Ay, Ay O = (Tas,/Tg)pmo } 3)
M [A, A, 0] = (T8, To)pmmo

In the system of transcendental equations (3) by R [A;, A;, 0] and M [}, A, 0]
we have respectively denoted the values of functions R [y, Ay, p (N) and M
[A1, g, # (N) for pressure p (N) — 0.

If in the system of transcendental equations (3) the substitution
=M\ F « (4)

is introduced, then to solve the system is reduced to the finding of that « value
which is a solution for the next tramscendental equation

M [ » A ,OI = 4 R [x, A (A, @), 0] )
(M, Az (a), 0] [exp { — a (5 — t)} — exp {— a(ts— %)} ]

a R [A, A (A, @), 0] . _ ) . . . ‘
eXP{[eXp{— x(tg — tg)} —exp {— a (tg — ta)}] (ts ’Cs)} [1 —exp — a(t,—1t1)}]

[lexp {— ats — ta)} —exp {— « (to — )} - ®)

. expf— o Ri[Ag, A l(‘)\1, a), 0] (b —t }]
p{ [exp { — a (ty'"t)} ~ exp { — x (s — t)}) (ts 2
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Now the 2, and A, values which are solutions for the system (3) can respectively
be obtained introducing that « value which 1s a solution for equation (5) in

a R [x, 23(%, ), 0
- L (M, ), 0] 6)
lexp { —a (ts —tg) } —exp { — a(ts — t5)}]

and taking mto account the substitution (4).
Now, if 1 the system of transcendental equations (2) besides the substi-
tution (4) the following one

6y = 01 1 f (7)

is also introduced, then to solve the system is reduced to the finding of that
value which 1s a solution for the next transcendental equation

R [7\1' As (M,0), p (N)] .
[exp {— (a + B Nkg)(ts— to)} — exp {— (a + B Nk) (t— t5)}]

M [, 2 (M, @), p(N)]=

Xp{ (@ + BNKkg) - R [, 2 (M,0), # (M) (ks ~£a)} :
[exp {— (« + B Nkg) (ty — tg)} — exp {— (« + BNk,) (tg—t5)} ]
[I"—exp { — (o + B Nk, (tZ_:-tl}] (8)

-[exp { = (o + BNKko) (t — to) } — exp {— (o + BNKy) (ty — )}

- exp {_ {¢ + BNky) R [n, % (a), 2 ()] (te T t2)]}
[exp { — (@ + B Nk (t—t,)}—exp{—-(a—{—BNk {ts — o)} ]

Those values of the cross — sectons o, and o, that are solutions for the system (2)
can respectively be computed mtroducmg that B value which is solution for

equation (8) in .
“ 1 [ (¢ + BNk R[A % (b @) p (N)] _ x] ©)
Nk, Lexp { — («+ BN (b — to} —oxp {— («+ BNkg) (s —tJ}]

and taking into account the substitution (7).

Experimental results. The simple metastable dissociations appeanng in
methane mass spectrum, 1.e. the processes .

0 =

‘CHf —CHy, CHf, CH*, C*  (m* = 14,06; 12.25; 10.56; 9.00)  (10)
CH, — CHf, CH*, C+ (m* = 13.06; 11.26; 9.60) (11)
CHf — CH*, C+ (m* = 1207, 10.28) (12)
CH* —»C+ (m* = 11,07) (13)

have been studied by many authors [14, 16—29]. But no results have been publi- -
shed concerning consecutive metastable dissociations in methane mass spectrum.
The investigation of these processes might be useful for the knowledge of excited
states of the methane molecular ions and the understandmg of metastable disso-

clation mechanisms.
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The purpose of the present paper is to perform a first investigation concer-
ning to consecutive metastable dissociations of the CHj molecular ion from
methane mass spectrum. Our experimental results were obtained for 70 eV as
energy of ionizing electrons and are shown on Figs 2, 3 and 4.

8-
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Smple metastable dissocration
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301 wunsecutive metastable dissociation CHZ_EgH; {m*=14.06) +CH (m*=1055)

L s tronsparent for m* =1406+
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€
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Fig. 4
From the analysis of these results one can draw the following conclusion. The

CHY} molecular 10n undergoes a two channels consecutive metastable dissociation
which can schematically be presented as follows

CHf ~2 %, cHf %, cHy (14)

e CHf M °{ﬁCH;r M % CH+ (15)

From the analysis of the processes (14) and (15) it can be expected, in the limit
of experimental errors, that A, & 2] and o, 2 of.

In Figs. 3 and 4 we have actually the proof of consecutive metastable dissocia-
tion of the CH{ molecular ion on the channels (14) and (15) Experimental results
presented here were obtained in the following conditions The first mass spectro-
meter analyzer has been made transparent for the apparent mass 14. 06. This
means that the trajectory portion 3 — 6 1s crossed by the CHy 1ons which have
been born from the CH ions on the trajectory portion 1 — 2. Together with the
CHy ions (m* = 14.06) enter the CHy ones (m = 14 00) from methane normal
mass spectrum. The second analyzer was scanned so as to cover wholly the normal
and metastable methane mass spectrum up to mass 14 As a result at the collector
were recorded the following peaks. (a). The peak from the mass 14 where are
actually superposed the normal peak from the mass 14 (CHY) and primary meta-
stable one from the apparent mass 14.06 (the first step of the consecutive transi-
tions (14) and (15) (b). The primary metastable peaks from the apparent masses
m* = 10.28 and m* = 12 07. They correspond to the simple metastable dissocia-
tions of the CHF 10on which take place on the trajectory portion 3 — 6 (see (12)).
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(c). The secondary metastable peaks from the apparent masses mi = 1225
and mY} = 10.56. They correspond to the second steps of the consecutive metas-
table dissociations (14) and (15) taking place on the trajectory portion 3 — 6,
and represent actually the proof of consecutive metastable dissociations of the
CHf molecular 1on from methane mass spectrum.

Experimental results which are shown in Fig. 2 were obtained as follows.
The first mass spectrometer analyzer has been made transparent for the CHj
ions from methane normal mass spectrum. The second analyzer was scanned
between the masses 9 and 16. As a result at the collector were recorded the normal
peak from the mass 16 (parent peak) and primary metastable peaks from the
apparent masses m* = 900, 10 56; 12 25, 14.06 which correspond to the simple
metastable dissociations (10) In Fig 2 are shown only experimental results for
simple metastable dissociation CHFf — CHY.

The systems of transcendental equations (2) and (3) were solved using
experimental results shown in Figs 2, 3 and 4 From these results were drawn out
several numerical values on the basis of the following identification relations.

Is (CHJ) = I, Iiyos (CHY) = Iss,

t20s (CHY) = T (14); Tioss (CHY) = I (15);
R [M, Ay (N)] = Tisos (CHF) /T,y (CHY)
M [Ag, Ay, p (N)] = Tfas (CH;)/Im (CH{)
M’ [, Ag, 5" (N) = Tfoss (CHY) /Ty (CHY) ;
R 2 0] = [Tfsos (CH:';") /Im (CH) Tpm—o »
M [Ay, 2, 0] = [Ifz25 (CH;)/Im (CHT:) Jpmo;
M’ [N, A, 0] = [T{oss (CH*),/Tig (CHF) lppo-

As a result, for the consecutive metastable dissociations (14) and (15) of the CHf
molecular ion from methane mass spectrum, the life — times 7, =(1,/2;) =
=6310 X 10~*s., 1,=(1/ %) = 1086 x 10~ s, 7y = (1) =6.447x10*s,
= (1/7;) = 8.615x10-4s., and cross — sections o, = 1067 x 10715 cm?,
o, = 7.544 X 10718 cm?, o5 = 9757 x 107 cm? o5 = 5315 x 107 cm?
were obtamned. In the limit of experimental errors the conclusion that
M = A and 6; & ¢; can be drawn.

Using a tandem Dempster — ICR mass spectrometer technique [26] R D.
Smi1th et al have detected in methane mass spectrum [25] a asignificant
fraction of unimolecular processes occurring with rate constants between 10t
g1 and 10% s71, i.e with life — times between 10~ s and 1078 s

(Recerved March 25, 7980)
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DISOCIERI METASTABILE CONSECUTIVE IN SPECTRUL
DE MASA AL METANULUI

(Rezumat)

Folosind doui spectrometre de masi magnetice in tandem, au fost puse in eviden{i pentru

pruma dati doud canale de disoctere metastabili consecutivi a zonului molecular CH;F din spectrul de
mas& al metanulur Cele doud canale de disociere consecutivd sint

Ay Oy N2 02 A, of p— As, Oa CHT
3

CHY cH; CHF 1 CHF
l’entru aceste procese au fost obfinute vietile medun v, = (1/2,) = 6,310 10—4s, 7, = (1/3,) = 1,086 10—¢
s, 73 = (1/3]) = 6,447 10—% 5, 1] = (1/3}) = 3, 615 10—% s 51 sectrunile eficace o = 1,067 10—15 cm?,
Gy = 7,544 1018 cm?, o] = 9,757 10— cm?, o, = 5,315 10~ cm? fn lumta erorilor experumentale
se obfme ci X = X §1 o of
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DETERMINAREA UNOR PAMINTURI RARE IN MONAZIT SI
TITANIT PRIN ACTIVARE CU NEUTRONI

V. ZNAMIROVSCLI, A. PANTELICA* €. NICOLAU, 0. COZAR, I. MARZA

1 Introducere. Avind in vedere necesitatea valorificirii complexe 1 supe-
rioare a substanfelor minerale, lucrarea de fa{d i1 propune identificarea si de-
terminarea concentratilor de pdminturi rare

Dest in cantitift infime, existenta piminturilor rare are o importantd
deosebitd din punct de vedere economic, acestea fiind mult mai valoroase decit
aurul La ora actuald se intrevidd peste doudzeci de ramuri industriale in care se
impune necesitatea piminturilor rare in cantitif1r din ce in ce maimar1 Pimin-
turile rare it gisesc aplicabilitate atit sub forma metalelor pure, cit $t sub forma
de aliaje 51 compust oxidier.

Aplicarea piminturilor rare in mdustrie este urmatd de un efect tehnic-
economic extrem de tmportant, prin crearea unor materiale noit, cu un complex
de proprietdft fizico-chimice ridicate, care sint imposibil de obfinut fird aceste
elemente

Investigatule noastre au fost efectuate asupra mineralelor de monazit i
titanit S-a folosit metoda analizel prin activare cu neutroni termici, pentru a
putea determina existenta acestor elemente aflate in concentrafii foarte mic1
$1nind seama de inalta sensibilitate a metoder (1071 —10712),

2 Date mineralogice. Mineralele provin din unele ocurenfe din Roménia.
In ambele cazuri s-au analizat probe monominerale separate la microscopul bino-

cular

Monazitul, (Ce, La, ¥, Th) (PO,) analizat este un produs hidrotermal de
culoare bruni rosiatici asoctat cu calcit, clorit si minerale metalice. In sectium
subtiri se prezintd sub formi de cristale prismatice alungite cu clivaj perfect.
(001), st potrivit (100), lipsit de pleocroism Pe fisuri si in masa monazitului apare
lepidocroctt care pigmenteazi mineralul.

Tatamtul, CaTi [O | S10,] cercetat este un component accesoriu, relativ
frecvent, al unor roct alcaline

Cristalele de titanit au o culoare bruni de fagure, sint idiomorfe 1 bine
dezvoltate, mirimea obisnuits fiind de 5 mm, adesea intre 5—10 mm. Conjinutul
de titanit in diferite roci din ocurenfa analizati este cuprins intre 1—59, (local
mal mult), ceea ce reprezinti o concentrafte primari demnd de luat in seamad.

Cercetarea rocilor titamifere la microscop evidenfiazi, in afara cristalelor
independente de titanit, o parte insemnati de titanit microlitic (0,015 x 0,35
mm, dimensiunile medit) inclus in minerale femice (hornblendd, biotit) — fard
s3 realizeze aureole pleocroice — precum si asocierea intimd titanit-apatit, ceea
ce presuptne un imterval termodinamic comun pentru cristalizarea acestora din

* Instrtutul de fizicd §1 ingmerte nuclears, Bucuregtt
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topitura magmaticd Deducem, de asemenea, prezenta Ti in cantitate insemnati
ca element 1zomorf in structura componentilor melanocrati, ceea ce explici frec-
ventele aparitii de biotit cu refea sagenitici.

La microscop titanitul este slab pleocroic (1] —aproape incolor, #,, — slab
gdlbui, norany), prezintd clivay bun dupd (110) si rau dupd o altd directie crista-
lograficd. Cristalele sint proaspete, incidental se observi o usoari trecere in oxizi
pe fisuri §i marginal, adesea contin incluziuni de apatit, mai rar alte minerale

3. Procedeul experimental. Analiza prin activare, necesitd expunerea pro-
belor care urmeazd si fie cercetate, intr-un flux de particule activante In cazul
de fati, activarea s-a facut cu neutroni termici — fluxul fiind de 10%n/cm? s — la
unul din canalele orizontale ale reactorului V.V.R. —S Bucurest1

Pentru introducerea i scoaterea rapidi a probelor din fluxul de neutroni,
s-a utilizat posta pneumaticd, in care presiunea necesari transportului a fost
creatd cu ajutorul azotului.

Metoda de analizd folositd este o metodd relativi, in care se compard acti-
varea indusd de fluxul de neutroni in probele de analizat cu cea induséd in stan-
dard pentru elementele de interes, probele st standardele fund iradiate s1 misurate
in aceleasi conditd.

Pentru majoritatea elementelor supuse iradiernt cu neutroni termici, reac~
tiile de activare sint (n, y) conducind la formarea de izotop1 f— activi. Prin dezin-
tegrare acestia trec, in general, in izotop: stabili ale ciror raze gama de dezexci-
tare sint folosite la 1dentificarea elementelor ce au fost iradiate [1i]. Clteva carac-
teristici ale reactiilor de activare s1 ale izotopilor radioactivi formati, pentru La,
Sm st Dy sint date in tabelul 1, in care o reprezintd sectiunea eficace a reactiei
(#, v), a, abundenta naturali a izotopulu: fint3, T,/,, timpul de Injumé&téfire al

izotopului radioactiv format s1 E,, energia gama de dezexcitare folositd in

calcule.
Tabel 1
Izotopul
Elementul radioactiy Ty, (h) o (barm) a(%) Ey (KeV)
format
La La 40,2 8,9 99,91 1596
Sm 158Sm 46,8 210 26,63 103,2
Dy 15Dy 2,32 800 28,18 361,5

S-a gidsit convenabil si se iradieze cantititi de ordinul a 50 mg din fiecare
mineral, iar ca etaloane s-au folosit 3,5 mg Dy,O, (etalon pentru Dy) si 27,3 mg
din proba standard G.S.P.—1 (cu concentratii cunoscute pentru Sm si La), in-
troduse in plicuri de polietilend. Durata 1radierii a fost de 2 minute. Intrucit
nu au putut fi introduse toate probele si etaloanele in cartugul de polietilend al
postel pneumatice, s-au ficut doud seturi de iradieri.

Valorile mirimilor luate in calcul sint prezentate in tabelul 2.
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Tabel 2

w Monazit Titanit
Caracteristict

Timp 1radiere 2 mim. 2 min

Timp ricire 58 mun. 12 min

Timp misurd 1000 sec. 1000 sec

Masa probet 58,30 mg 49,80 mg.

Geometria pe pahar pe pahar

Flux 101 n/ecm? sec 101 n/cm? sec

Detector Ge (L1) 55 cm? Ge (L1) 55 cm?

Misuritorile au fost repetate pentru timp: de ricire mai lungi si anume
pentru monazit de 52 ore, 1ar pentru titanit de 49,68 ore.

Iradierea separati a probelor si etaloanelor a necesitat folosirea unut moni-
tor de flux pentru fiecare iradiere. Ca monitor de flux s-a luat o cantitate mica
de KMnO,, urmirindu-se radiatia gama de 847 KeV emisi la activarea 56—Man.

Lantul spectrometric de mésurd a spectrelor gama de activare a constat
dintr-un detector Ge(Li) de volum 55 cm? si rezolutia energeticd de 4,5 KeV pentru
radiatia 1332 KeV a 60—Co, aflat sub tensiunea de 1600 V g1 mentinut la tempera-
tura azotului lichid, preamplificator, amplificator §1 analizor multicanal cu
2048 de canale, previzut cu imprimantd pentru inregistrarea spectrelor pe hirtie.
Corespondenta energie-canal in spectrele gama obfinute s-a ficut pe baza unei
curbe de calibrare, folosindu-se surse gama standard de energie cunoscuté, furni-
zate de A.I E.A. (Agentia Internajionald de Energie Atomicd), Viena

4. Rezultate si diseutii. In fig. 1 51 2 sint reprezentate spectrele gama pentru
probele de monazit st titanit, unde N reprezintd numarul de impulsuri/canal.
Identificarea 1zotopilor radioactivi formafi prin activare s-a ficut pe baza energi-
ilor gama caracteristice emise, folosindu-se tabelele existente in hteraturd [21.
Urmarindu-se evolufia In timp a spectrelor gama misurate la cei doi timpi de récire,
s-au putut calcula timpi de injumdétatire a1 elementelor cdutate, verificindu-se
identificarea lor corectd in spectre.

Pentru determinarea concentratilor de La, Sm st Dy in probele analizate,
s-att calculat ariile picurilor, corespunzitoare razelor gama caracteristice (tabel 1),
atit in spectrele probelor cit si in ale etaloanelor masurate in aceeasi geometrie.
Compararea ariilor razelor gama caracteristice, in probe st etaloane, s-a ficut
dupi aducerea lor la acelasi timp de masurd i de ricre.

Concentrafla unui element in proba cercetati s-a calculat cu ajutorul
relatiei [31]:

A
Cx=f."LE_CE
E mp

unde A reprezintd aria picului radiatiei gama caracteristice, m — masa, C- con-
centratia, indicii P §i E referindu-se la proba, respectiv etalon [4i.
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Rezultatele obtinute sint prezentate in tabelul 3

Tabel 3
Elementul
Samarmu (9 Lantan (9 Dysprosiu (p p m
S (%) (%) prost: (p p m)
Monazit 0,28 6,83 - 0,56 { 317,2 + 15,5
Titant 0,59 1,46 -+ 0,04 195,2 + 4,3

Alituri de elementele de interes (La, Sm, Dy) au fost identificate si alte
elemente ca * Ce, Eu gt T1.

In concluzie, utilizind metoda activirii cu neutroni termici am reusit si
determinim elementele conjinute in monazit §i titanit (minerale indigene), cu
scopul cunoasterit surselor naturale de concentrare a elementelor paminturilor
rare si a valorificirii lor In tehnologule moderne.

(Intrat in redachre Ja 24 aprihe 1980 )
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DETERMINATION OF SOME RARE EARTHS IN MONAZITE AND TITANITE
BY NEUTRON ACTIVATION

(Summary)

This paper presents a qualitative and quantitative analysis of some minerals using the neutron
activation method.

From the experimental data, some information about rare earths concentration (La, Sm, Dy)
into monazite and titamite was obtained
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ECHILIBRUL DE TRANSFER LA INTERFATA ELECTRODULUI
(Pd-H) ELECTROLIT

R. V. BUCUR* si FELICIA BOTA

. In cazul procesului de difuzie cu adsorbiie, care are loc intr-un electrod
finit de paladiu, in soluie de acid sulfuric, tinind cont si de starea suprafetei
acestuia, dependenta It vs. I este de forma [1|]

K,
It = Qg — —r—— 1
=00 o )

Aceastd relajie permite calcularea constantei de echilibru K, a procesului
de transfer de la suprafata electrodulm. Pe de altd parte, constanta de echilibru
mai poate fi calculatd si din expresia:

A_Q_ Qo_Qw=iK 2
an Qm fw : ()

unde

Qo = z8(S¢N; + S,Nu)
iar mirimile K, i f, sint definite prin:

N, Sw

Semnificatia marimilor din expresiile de mai sus este urmitoarea " Q, si Q_
reprezintd cantitdfile de electricitate corespunzitoare oxidirii hidrogenului dizol-
vat in paladiu la I —» 0, respectiv I — o0 ; [ este grosimea electrodulu1, f, este
factorul de rugozitate (raportul dintre aria suprafefei efective si aria suprafefei
geometrice), N, si N}, sint concentrafiile la echilibru ale hidrogenului dizolvat,
respectiv adsorbit; D este coeficientul de difuzie. Ecuatia (1) are valabilitate
numai pentru valor1 mic1 ale curentului anodic, pe cind ec. (2) este valabild numai
pentru valori mari.

In fig. 1 este reprezentati dependenta It vs. I a procesului de desorbfie
fortatd a hidrogenului la curent constant, intr-un interval mare de valori ale
curentului anodic, pentru diferite concentratii inifiale de hidrogen in paladin,
care nu depisesc limita fazei « S-a lucrat intr-o solutie 1N H,SO,, la 25°C, cu
un electrod de paladiu, avind 7 = 102 cm §i Sg = 1 cm?, pe care s-a depus elec-
trochimic un strat foarte subtire de negru de paladiu, din solutie PACl, + INHCL
Celula si conditiile de lucru au fost prezentate intr-o lucrare anterioard [2i, iar
factorul de rugozitate s-a determinat in modul cunoscut [3] si [4]. Reluind ma-
suratorile in domeniul regiunii liniare, 0 < I < 1 mA (fig. 2) pentru 6 concentratii

*) Institutul de tehnologie izotopic¥ §1 moleculard, Cluj-Napoca.
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imitiale de hidrogen, corespunzitoare lui Q, (mc), s-a calculat constanta de echi-
hbru K,, ale cire1 valor sint prezentate in tabelul 1

Tabel 1
Q, (mC) 10—% K, (em™?)
56 2,2
87,3 3,0
116,1 2.8
145,3 2,5
172,6 2,4
240 2,8

Din aceste valori se gidseste o valoare medie < K, > = 2,610° cm™.

Reprezentind valorile AQ vs Q_ (fig 3) extrase din fig 1, se obfine o dreaptsd,
din a cirei panti se giseste conform ec. (2) pentru constanta de echilibru valoarea
K, = 2,9 10% cn™7, care este ma1 mare decit cea calculatd cu ec- (1) pentru valori
mici ale curentulut. Neconcordanta se poate atribui dependefer constanter de
echilibru K, de curentul anodic* valoarea e1 creste cu cresterea acestuia Acest
fapt ar avea mai multe explicatii fie cd constanta K, depinde de potential, fie
cd cu cresterea curentulu1 se modificd factorul de rugozitate, fie cd grosimea efec-
tivd a electrodului suferd modificiri

Valorile obtinute pentru constanta de echiibru sint in buni concordanti
cu cea datd de Berger si Gilead1 [5]. Totusi, comparind aceste valori
cu cele obfinute in faza de gaz [6], ele sint cu patru ordine de mirime ma1 muci
Se pare cd concentratia hidrogenului adsorbit la interfata metal-solutie este mai
mare decit in faza de gaz De fapt, in condifule electrochimice, ea este cuprinsi
intre valorile N, =3 107® — 1,2,10® atomg/cm?, la N; = 3 1078 atomg/cm?,

200;
Qo_Qm
(mc)
/
100
%
0 ] i o
10 2
~ 0 Q. (mc) 30

Fig 8. Vanatia @, — Q,, in funcfite de @, pentru curbele
reprezentate in fig 1
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in timp ce in faza de gaz, Nj = 107X — 101 atomg/cm?, la N} = 10~%atomg/
cm?. In primul caz, interfata are un grad de acoperire 0= 1, fiind practic saturati
cu hidrogen, in timp ce in fazd de gaz gradul de acoperire este foarte scizut,
0 = 1073 — 1072, Aceste diferente s-ar putea datora efectului adsorbiiei specifice
a anionilor din solutie Cercetdrile sint in curs, pentru a permite clarificarea
acestei probleme.

(Intrat tn redactie la 15 mas 71980)
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TRANSFER EQUILLIBRIUM AT (Pd-H) ELECTRODE/ ELECTROLYTE INTERFACE

(Summary)

The equillibrium constant for the transfer process is calculated, by taking into account the
roughness coefficient for a palladium electrode in 1N H,S0, solution, at 25°C, for different initial
concentrations of hydrogen in palladium The values are much smaller than those obtatned 1n the gaze
phase It would be assumed that these differences would be due to the specific adsorption of the an-
ions from the solution

3 — Physica 2/1980
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THEORETICAL SIMULATIONS OF THE BIREFRINGENCE OF
PARTIALLY ORIENTED BIOLOGICAI POLYMERS

T. PORUMB and H. PORUMB*

1. Theoretical Considerations. The paper presents computer simulations
of the birefringence of biological polymer fibres (nucleic acids or polynucleotides)
within a model in which the internal misalignment of the specimen 1s described
by a gaussian function. Both the intrinsic and form birefringence terms are con-
sidered and the relevance of the results to expertment 1s discused

The study was undertaken in an attempt to describe explicity the dependence
of these properties on the secondary structure of the polynucleotide helices and
on the degree of internal ordering of the specimens The calculations were carried
out within a model which assumed that the fibre consisted of bunches of helices
distributed in a gaussian fashion about the fibre axis, so that the probability
of a polynucleotide helix lying along the generator of a cone of semiangle B is
proportional to exp (—p?/23?), where §, the misalignment parameter, 1s the hal-
fwidth of the distnibution

To our knowledge this is the first attempt to simulate the birefringence of
partially oriented specimens and indeed to calculate explicitly the form birefrin-
gence term.

2. Computer Simulations. The birefringence of a long object (e g. a polynuc-
leotide molecule or a fibre) is defined [1—3] as the difference between the refrac-
tive indices for the light polarized parallel and perpendicular to the long axis of
the object:

An:nn—nl

In the case of a polynucleotide fibre, the birefringence has two terms - 1)
the ,,intrinsic” birefringence, arising from the anisotropy of the polarizabilities
of all the bonds in the system, and u). the ,,form’’ birefringence, arising from the
packing of the long polynucleotide helices 1n the fibre

The contribution of a bond to the polarizability of a molecule in a particular
direction is proportional to:

by cos? o + by sin? «

where « is the angle of the bond with the given direction and b; and b, are the
polarizabilities along and transversal to the bond [1]. Tsvetkov [2] showed
that the bases of the polynucleotides are highly anisotropic, with a maximum
polarizability in the plane of the base, while the sugar and the phosphate groups
are practically isotropic and contribute little to the birefringence.

In the theoretical simulations of the wmirinsic birefringence term, it was
assumed that the polarizability was isotropic in the plane of the bases. In this

* Biophysics Department, Medical and Pharmaceutical Institute Cluj-Napoca
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way, a base can be treated as a ,,bond’”’ oriented along the normal to the plane
of the base, having a large transversal polarizability (b;) and a small longitudinal
polarizability (b;) It was then easy to show that the intrinsic birefringence of a
perfectly oriemted polynucleotide fibre is given, mn terms of the angle of tilt (6)
of the base (the angle between the normal to the base plane and the polynucleo-
tide axis), by the expression:

An = k(1 — 1.5 sin? 0)

where £ is proportional to the difference b; — by between the ,,normal to the plane”
and ,,1n plane” polarizabilities, and hence it is a negative quantity. This function,
normalized for convennience to a maxtmum negative birefringence of 0 1 1s re-
prezented by the 0° curve from Fig 1

For the case of a partially ortented fibre, the calculations were carried out
using a computer program [4,57] which operated cylindrical averaging routines at
the level of both the fibre and the polynucleotide chain, in which the mndividual
contribution of each base to the po-
larizabilities parallel and perpendtcu- +%
lar to the fibre axis were accumulated -
separately, by taking into account &n
the weight of each orientation. The -
two quantities were then subtracted
from one another, to yield the intrin-
sic birefringence (Fig. 1). -

It was found that the results
were dependent only on the difference 0
between the ,,in plane” and ,,normal

to the plane” polarizabilities and not 4 /
on the actual values used, and that —
the value of zero mntrinsic birefrin-
gence was obtained for the same angle N
less of the degree of misalignment of
~

of tilt of the bases (54°44’), regard-
the fibre. -+ 05:

The form birefringence, arising
from the packing of the polynucleotide
chains side by side, is always positive, ~
and 1t would arise even if the polynuc-
leotide chains were 1sotropic. Its mag-
nitude, although not at all negligible,
1s certainly smaller than that of the
intrinsic term or, otherwise one coul- - 1 —T T T T T T
dn’t account for the negative birefrin- 0 1) 60 90°
gence of the nucleic acids. In one par- Tt
ticular system [41] it was estimated to ,
represent about half (in fact 58% ) of Fig 1. Computer stmulations of the intrinsic bire-

. . fringence of polynucleotide fibres as a function
the magm‘tude (1n absolute Value) of of the tilt of the polynucleotide bases; for various

the intrinsic term. . degrees of gaussian msalignment (0, 5, 40°)
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.05 In computing the form birefrin-

s / gence term, a bunch of polynucleotide

/ chains belonging to a fibre was consi-

An dered to be equivalent to a ,,bond”

T oriented along the bunch axis, since

/ 1ts polarizability is a maximum along

/ this direction. Based on this analogy,

. the calculation of the form term be-

came equivalent to that of the intrin-

0 sic term, except that only the cylin-

J - drical averaging at the level of the
fibre was required in that case

. It should be noted that the des-
| cription of a partially oriented fibre in
terms of a collection of bunches of

e

perfectly aligned polynucleotide cha-
ins is consistent with the appearance
of the X-ray differaction patterns,
particulary with the sharpness of the
equatorial reflexions.

The value of the form birefrin-
gence of a bunch vas taken to represent
a specified fraction of the intrinsic
- birefringence of a perfectly aligned
P fibre with zero tilt of the bases. It
TP can be shown that as a result of in-

0 30 60 go* troducing a form term, which 1s sen-

Tiu sitive to the misalignment of the fibre

Fig. 2 Computer simulations of the total fibre but is 1'ndependet.1t of the bas_e Lilt, the
birefringence, including a form birefringence to.tal fibre bHEfnnge.nce varies faster
term (see text for details). with the angle of tilt and the cros-
sover point occurs at lower tilt angles.

- For example, choosing the form term to represent arbitrarily 589, of the mag-
nitude of the maximum negative intrinsic term (Fig. 2), the simulations predict
that ;he birefringence of the fibres should change sign for 32° of base tilt. Fi-
gure

It is considered that the exact magnitude of the contribution of the form
term to the birefringence of a fibre will depend on the degree of hydration which
causes it to swell at high humidities. The effect, which is caused by the variation
of the distance between the polynucleotide chains, should be similar to the clas-
sical effect described by Wiener for a collection of rodshaped objects [6]-It should
be noted that the swelling of the fibre upon water uptake will also result in a
decrease of both terms of the birefringence, in proportion to the dilution

3. Discussion. While 1t has not been attempted to match the theoretical
parameters to experimental data for various degrees of hydration of the fibres,
it was however realised that the plots from Fig. 2 provided a reasonable fit (as a
general guideline) to the experimental birefringence values obtained from dif-

05 -
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ferent sets of of polynucleotide fibres of various degrees of misalignment, at room
relative humidity (Table 1).

Table 1
Birefringence of polynucleotide fibres at room relarlve humidity
Type of Gaussian
Fibre Experimental birefringence | polynucleotide Tﬂ;;:e:he misahignment
conformation parameter
Li-DNA about —009 C — type 0° 11°
Na-DNA —007 to —006 B — type 0° 22—25°
Polyl PolyC —0.07 to —005 A’ — type 12° 15—26°

By introducing the form birefringence term it became clear that the bire-
fringence can change sing for angles of tilt smaller than 54°44’, a property which
has direct relevance to understanding the structure of the ,stretched” form
of DNA [7], the birefringence of which 1s close to zero It is thus pointed out that
the tilt of the bases in this form of the DNA could be considerably smaller than
45°, the value originally suggested by Wilkins ef. al. [7].

The fact that by adding a form term to the intrinsic birefringence there
still is a unique tilt angle at which the birefringence changes sign 1s not surpri-
zing, since both the intrinsic and form contributions ar affected by the gaussian
misalignment in the same proportion As a consequence of this, it 1s expected
that the' measured birefringence ‘of the ,stretched” DNA fibres should be
greatlydependent on the degree of hydration of the fibres, which affects the in-
ter-chain separation and hence the magnitude of the form term, and practically
independent of the degree of internal alignment withim the specimen.

(Recewwed December 12, 1979)
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SIMULARI TEORETICE ALE BIREFRINGENTEI UNOR POLIMERI
BIOLOGICI PARTIAL ORIENTATI

(Rezumat)

Se prezintd simuldri pe calculator ale birefringenter unor fibre de polimer1 biologicl (acizi nucletet
sau polinucleotide), realizate in cadrul unu model in care deviatule de la alimerea imterni perfectd
sint descrise printr-o fucfie gaussiand Sint consideratt atit termenul birefringenter intrinsec: (datorat
anmzotropiet polatizabilitdfu legdturilor chimice), cit §1 cel al birefringente: ,,de forma” (datorat impa=
chetdin lanfurilor polimerice in fibr#), s1 se discutd semnificatia practicd a rezultatelor

Giaficele (fig 1'$1 2) reprezmntd variajia birefringenter intrinseci, respectiv a birefringentei
totale a unor fibre de polinucleotide in functie de unghiul de inclinare al bazelor fatd de axa polinucleo-
tides, pentru diferite valor: ale parametrulu gaussian de dezordine.
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STUDY OF SOME SODA-BORATE GLASSES WITH COPPER AND
TITANIUM '

S. SIMON, AL. NICULA

I. Introduction. The use of different paramagnetic ions in the glass colo-
ration, as well as the possibilities that the resonance spectra study of these ions
offer to obtamn some informations about the vitreous matrix structure wherein
the 1ons are introduced, determined a considerable increasing of the papers number
whose subject consits 1n the study of glasses with paramagnetic ions [1]. A special
attention is accorded to the studies on borate glasses, wich have in view to expla-
1n the known ,,boric oxide anomaly”’, a property frequently used in the obtaining
of glasses with specific properties [2]. The effect of matrix composition on the
valence state of multivalent paramagnetic ions also represents one ¢f the actual
problems 1n the glass study.

The clearing of manner 1n wich the symmetry and nature of the neighbouring
of the Cu** and Ti** 1ons [3,13] influence the ESR spectra parameters made
possible the use of these ions as matrix structure sensitive detectors, both 1n the
case of policrystalline matrices [4,5] and of vitreous ones [6—8, 117

In this paper are presented the resultes obtained by the study of soda-
borate glasses with variable copper and titanium content, by means of magnetic
resonances and of electronic microscopy.

II. Experiments. The studied samples were prepared by melting in the
desired proportions of H;BO, Na,CO, and CuO, Cu,0 or T1,0, at 1000°C, for
90 minutes, the resulted mixtures being cast onto a stainless steel plate, at room
temperature.

The composition of the reference matrices is given in table 1.

Table 1
# mol 9% By0, 95.25 (909 87 (834 80 77 |741 715 69 66.7
y mol % Na,0 475(910 13 [ 1686 20 23 12569 1285 31 33.3
R =y/x 005| 01 015| 02 025| 03 033| 04 0.45 05

In these matrices were introduced the following oxides - Cu0—0.5%, 1%,
3%, 5%, 10%; Cu0—1% and T1,03—19%, 5% The phase separation in the
samples containing 1% CuO, 1% Cu,O and 1% T1,0; was evidenced by electro-
nic microscopy, using carbon replica on glass fractures. The "B NMR spectra of
the samples with R = 02 and 0,5 were recorded on a JEOI, spectrometer at
room temperature. The ESR spectra in X band were obtained at room tempera-
ture for all the samples, on a JES-3B spectrometer.
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Fig 1 The share of phase i form of droplets Fig 2. Fractions ofA — boroxol, -+, —tetra-
for the samples with 1% Cu0O, 1%, Cu,0 and 1%, borate andM — diborate units plotted as a func-
T1,0; vs matrix composition tionof R = #/1 — #), ¥ = molar fraction of sodum
oxide The straight line segments are plotted for
the case where the lever rule 1s obeyed [9]

III. Experimental results. The electronic micrographies evidenced both
m case of samples with copper and in case of those with titanium, an increasing
of the phase separation tendancy when R increases, for R < 02, followed by a
decreasing of phase in form of droplets for R > 0.3 so that for R = 0.5 the phase
separation is unsignificant (Fig. 1).

These results are in good agreement with those obtained by Vogel [2]
on this glass-system, without paramagnetic ions, but the separation maximum,
in our case, is shifted from R = 02 to R~ 0.25.

The 1*B NMR spectra on the samples with 0.5% and 19 CuO, 1% Cu,0
and 19, Ti,0; do not show any modification of the manner in wich the share of
[BO,] units depends on the R value, 1n comparison with the same dependence for
the samples without copper or titantum oxides, which permits ustouse Jelin-
son’s and Bray’s [9] conclusions regarding the distribution dependence on
R of the diferent structural units finding in the system B,0;-Na,O (Fig. 2).

For the samples with 5%,. 109% CuO and 59, Ti,0, were obtained impor-
tant changes of [BO,] units number in comparison with the reference sam-
ples [10].

The shape and parameters of Cu?t ESR spectra on the samples with
19% CuO and 1% Cu,O (Fig. 3 and 4 respectively) are characteristic of the
cupric ion coordinated by six oxygen ions which form an octahedron elongated
along one axis It was found that the modification of matrix composition has the
most pronounced effects on the parameters and shape of ESR spectra in the case
of samples with 0,5% CuO, 1% CuO and 1%, Cu,O, while for the samples with a
higher concentration of CuO the spectra have the parallel band weaklier resolved.
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The normalized intensity of
the ESR signal for samples with
0,5% CuO presents minimum va-
lues in the range 0,2 < R <€ 0.35
(Fig. 5a) while for the samples
with 1%, 3%, 5% and 109% CuO
the effect is more pronunced, but
these results are largely presented
in another paper [12].

For the samples with 19,
Ti,0, was recorded an asymme-
trical ESR spectrum (Fig. 6) ha-
ving g) = 1.95, g, =191 and A
H=70 Gs. These parameters are
characteristic of the Ti*® ions
octahedral coordinated with oxygen
inos, the octahedron being tetra-
gonal distorted. The normalized
intensity of ESR signal varies
with R (Fig. 7) and the range of
maximum values superposes on the
range of the mimimum values
obtained for the samples with
copper (Fig. 4). The ESR signals
on the samples with 59, Ti,0, can
be considered as the superposition
result of a signal arising from the
Ti®+ centers, between wich the inte-
raction 1s weak, this signal being
specific to the samples with 19
Ti,O; and a large signal arising
from the Ti®* centers wich inter-
act strongly between theirselves
and form ,,clusters’”’. In this case
the relative intensity of signals
doeson’t vary so pronounced with
the increasing of the R values.

Filg 3 HSR spectra for the samples with
1% CuO (Rgyy) and 1% Cu0 (Rgy))
a) parallel band with an amplification
ten times greater than the perpen-
dicular band;

b) perpendicular band with maguetic

field sweep velocity three times
smaller than a).

0’0&11 RCUX
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Fig. 5. a) Normalized intensity of ESR absorption for the samples- with 05% CuO;
b)¥Absorption band edge for the samples with 1% Cuy0.
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F1g 6 ESR spectrum for the F1g 7 Normalized intensity of ESR absorption for
sample with 19 T1,0, and R = 025 the samples with 19, T1,0,4

One found also that all the reference samples, with-out copper or titanium,
do not present resonance absorption in the studied range.

IV Discussion and coneclusions.

a) Samples with copper In order to interpret the recorded ESR spectra 1t
was used an Hamiltonian spectfic to the Cu?+ 1oms:

= Blen H,S, + gL (H, S, + H,S))1+ 4S,1, +

. (1)
+B(S. I, + S,I,) + Q'[If -2+ 1)]

Tha values of magnetic fields at wich take place the resonance transitions Am; =0,
calculated by considering the quadrupol effect and the hiperfine interaction, for
the parallel and perpendicular bands, are given by the relationships:

Bﬂ 2
(Hi)ny = HYy — oy — o (22— i) @)

my 1 -

ZHf g \4

A*g? + Bigt 15

H), = H% — Bm —__“—i(——mZ)—
Fthn = H1 Toamgg 4 T

)

g~

—Z— 1, [— — 2m2 — 1)
2B 2

By means of these relationships were calculated the values of hiperfine interaction

constants.

One finds for this glasses type, in the studied composition range, that the
Cu%* 10ns occupy two different sites, characterized by different tetragonal dis-
torsion degrees of the octahedron site (I) clearly evidenced in the case of samples
with 1% Cu,0 for R = 0.1 and 0.15, site (II) being observed by all the other
samples The two sites results also form the colour modification of glasses from
blue — green — blue, that 1s the modification absorption band edge (Fig 5b).
The existence of these sites was pointed out also by other authors [6—8], however
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without trying a correlation of these positions with the phase separation process
and with the share modification of structural umits, which has a particular evolu-
tion in this composition range for B,0,-Na,O system. According to the data shown
in Fig. 2, one observes that the structural units share of boroxol type containing
only three-coordinated boron atoms (4 ) decreases with the increasing of R, while
the tetraborate units share (+, (0) increases achieving the maximum values
around the samples with R~ 0.25 and decreasing for R > 0.3. One remarks also
the appearance of diborate umits (Jl), whose share becomes significant at the
samples with R > 025. Correlating the data obtained by !B - nuclear reso-
nance with the results obtained by electronic microscopy we can affirm that the
phase 1n form of drops, whose share achieaves the maximum for 0.2< R € 0.3

+

consists 1n wast majority of tetraborate wumnits, in wich the ratio — =

= [BO,],/[BO;] is three to one, the other phase containing initially only boroxol
groups, their share decreasing with the increasing of R in favour of diborate units.

Taking into account these establishments one can state that the two centers
identified by ESR spectra analysis of Cu?+ 1ons arise from the Cu?+ ions distri-
buted 1n the two phases Thus the center with gy = 2,3 and 4 & 120 Gs may be
assigned to the Cu?* 1ons disposed 1n the phase in form of droplets whose struc-
ture doesn’t modify essential because it is made up of tetraborate units what
ensues also from the fact that the-values of gy and 4 parameters don’t modify
essential in the case of this center The second center could be determined by
the Cu?* ions disposed in the other phase, whose composition and structure
modify as R increases, a fact evidenced also by the behaviour of g, and 4 para-
meters ssociated to this center. In this way one remarks that these values tend
to the values typical of the first centrer, phenomenon wich can be explained by
the covalent character increasing of the Cu-O bonds once with the increasing
of [BO,] units share in this phase, being known that the B-O bonds are weaker
in [BO,] units than in [BO,] units.

Having in view the effect of g factors distribution 8g, on the hiperfine
structure line width [7], effect determined by :

kv 4 'm(g“P -4y

AH(m;) = 3g) e
\

(4)
one found that while for the center (II) the effect amplifies with the increasing
of R, for the center (I) this effect 1s relatively constant.

From this establishment it follows that when the [BO,] units share in-
creases, respectively the alcaline oxide concentration, then the distribution of g
factors also increases

The density modification of paramagnetic centers Cu?* resulted from the
normalized intensity variation of ESR signals ilustrates the redox equilibrium
modification in the matrix B,0,— Na,O, which has a more oxidant character at
the extremities of the studied composition range than the samples with 02 < R
< 03.

b) Samples with titanium. In order to interpret the obtained ESR spectra
we used an Hamiltonian in form of:

H= B[gl\Hlsx+gl(HxSJ + HyS:v')I] (5)
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Although the parameters and shape of ESR spectra remained relatively constant
in the whole composition range, one finds a weak simmetrizing tendency for the
samples with 19, Ti,O4 as well as the apparence of a large signal for the samples
with R = 0.25 and 0.3, this signal being present at all the samples with 5%, Ti,05.
These estabishments permit us to assume that the T+ 1ons find especially in
the phase (II), wherein the [BO,] units share increases, explaining thus the
simmetrizing tendency of ESR signal. The volume of this phase is minimum for
the samples with R = 0.25 and 0.3, for wich was obtained the large signal, as-
sociated to the ,,clusters”.

The relative intensity variation of ESR signal in the studied composition
range represents an illustration of the redox equilibrium changing for this matrix
similar with that observed on the samples with copper and other paramagnetic
ions [121.

(Recesved May 12, 1950)
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STUDIUL UNOR STICLE BORO-SODICE CU CUPRU §I TITAN

(Rezumat)

Cu ajutorul rezonantei electronice de spin, rezonanter magnetice nucleare, absorbfier optice
1 microscopie1 electronice s-a pus in evidentd caracterul nestatistic al distributiei lonilor de Cudt @1
Tt in sticlele % B;0; — y% Nag0 st s-a constatat modificarea echilibrului redox in domeniul cu
5% < y< 33%.
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CONDUCTIBILITATEA IN CURENT ALTERNATIV A STICLELOR
’ DIN SISTEMUL xV,0; - {1 — x) As,O4

AL CULEA, L. ARDELEAN, L. STANESCU

Introducere. In sticlele oxidice semiconductoaré cu 1oni ai metalelor de
tranzifie mecanismul de conductibilitate constd in saltul electronilor intre acegt1
1oni in stir1 avind valente care diferd cu o unitate [1,2]. In marea majoritate a
lucrarlor din literatura de specialitate se studiazd conductibilitatea in curent
continuu, care permite stabilirea comportirii semiconductoare a sticlelor s1 a
energier de activare a conductibilitdfn. Aceasta din wrmi, in cazul cind scade
odatd cu cresterea concentrafiei de iont a1 metalelor de tranzifte, di informatii
directe privind mecanismul de conductibilitate, care se realizeazi prin saltul
electronilor intre stirile localizate [1]. Concluzia privind realizarea conductibili-
tatii prin saltul electronilor intre ionu de tranzitie avind valenfe diferite rezultd
st din dependenta conductibilitdfn electrice de frecventd. Aceasti dependentd
este datd de relatia [3])

6= G - W 8))

unde o reprezintd conductibilitatea electrici in curent alternativ, o4 — 0 constanti
independentd de frecventa, 1ar # ~ 0,8 pentru frecvente o < wy s1 este de ase-
menea constant. Prin o, s-a notat frecventa fononilor

Relatia de mai sus a fost verificatd experimental pentru unele sticle chalco-
genide [4/] precum s1 pentru citeva sticle oxidice cu 1oni a1 metalelor de tranzifie
[5—8il.

Lucrarea constituie o continuare a studunlor efectuate privind conducti-
bilitatea sticlelor semiconductoare pe bazi de V,0; [9—11]

In aceastd lucrare s-a urmirit si se determine dependenta conductibilitafii
electrice de frecvenid pentru sticle semiconductoare din sistemul xV,O5 - (1 — %) -
- As;O, c1 0,40 < x < 0,90.

Metodiea experimentald. Probele au fost preparate prin topirea componen-
filor V,0; si As,O, de puritate p. a, In proportit stabilite, in tuburi de sticld greu
fuzibila (Pyrex), la temperatura de 700—800°C g1 célirea sau ricirea lenti a pro-
belor pind la temperatura camerel. Compozifia probelor preparate este redata
in tabelul 1.

Tabel 1
Compoztia prohelor studiate din sisternul
xV,0; - (1 — x) As,0,
Vﬂoﬁ
o ‘mol 40 50 60 70 80 90
AsgO,
% mol 60 50 40 30 20 10
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Rezistenta electricd In curent alternativ a probelor a fost misuratd folo-
sind o punte de inaltd frecventd tip BM431E la care s-a atagat un dispozitlv in
vederea efectudirii misurdtorilor in functie de temperaturi.

Misuritorile s-au efectuat in intervalul de frecvente de la 20 MHZ la 100
MHz si in domeniul de temperaturd 293—400 K.

Rezultate experimentale. Studu privind conductibilitatea electricd in curent
continuu [12] au evidentiat o comportare semiconductoare a sticlelor din sistemul
xV,05 - (1 — %)As,O, Misurdtorile de rezonanti paramagnetici -electronicd
au confirmat prezenta 1omilor Vi+. Astfel saltul electronilor se realizeazi intre
lonu V4+ g1 Vo+, Energia de activare a conductibilitdtit in curent continuu va-
riazd intre 0,38 eV si 0,67 eV s1 scade odatd cu cresterea continutului de V,0O;.
Rezultatele obfinute sint in acord cu datele cunoscute din literaturd pentru alte
sticle oxidice cu 10ni de vanadiu [5,7,13]

In figurile 1 si 2 reddm de-
pendenta In (G) = f(lnw) pentru 8 [ |
probe cu 509%, mol si respectiv

80%, mol V,0;, unde G = _}15 R

fiind rezistenia electrica. Méasuri-
torile au fost efectuate la dife-

L]
rite temperaturi ale cdror valor1 T_‘o L 60
sint indicate in figurile 1 st 2 / : —/QZ‘SG
Se constatd o dependenti linea- . //‘ 3w
r3, care este descrisi de relafia /Z .
(1) caracteristicd pentru materi- / <
alele vitroase Din datele expe-

rimentale s-a determinat expo-
nentul #, care variazd intre 0,7 p;g 1 Dependenta In G = f (Inw) pentru proba cu

50 % mol ¥,0q

st 0,9, valori ce sint In acord cu 50% mol V,0; la diferite temperatur
rezultatele din literatura de spe-
cialitate obtinute pentru alte " 5 — bhw s

sticle oxidice cu 1oni ai metale- ) T , :
lor de tranzitie [5,7]]. Astfel
Sayer sicolab [7] auobfinut
pentru sticle fosfatice cu 1ont de ~9r _g0°

fier » ~ 0,85, 1ar pentru cele cu - - 80°
1ont de vanadmu # ~ 0,85—0,95 . v — :753:

Acest tip de comportare

este caracteristic sistemelor a-

morfe si este atribuit distributier

timpurilor de relaxare, care de-

curge din existenfa distorsiuni-
lor locale [5,141]

-2 80 % mol V,0g

Coneluzii. Conductibilitatea s

n (.:urent alternatn.f a s.tlclelor Fi1g 2 Dependenta In G = f (Inw) pentru proba cu
semiconductoare din sistemul 809, mol V,0; la diferite temperaturs,

—InlG)
I 1
= 3
AR
N W
°23%
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#Ve0;5 - (1 — %)As,0, cu 0,40 < x < 0,90 respecti legea o = o, - »", unde

’

n~ 0,7—0,9. Mecanismul de conductibilitate se realizeazi prin saltul electroni-
lor de la ionii V4+ la ionii V5+,

(Intrat in redache la 16 masr 71980)
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A.C. CONDUCTIVITY OF #V ,0; - (1 — %) As;0, GLASS SYSTEM
(Summary)
The a.c. conductivity of semiconducting glasses from #xV,0; (1 — #)As,0, system with

0,40 < » < 0.90 obeys ¢ = o, w” law, where # ~ 0,7—0,9 The conductivity mechanism 1s realized
by hopping of electrons from the V&t jons to the V&t 1oms.
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SOURCE DE COURANT CONTINU POUR PHOTOMULTIPLICATEURS

K. BONDOR, E. TATARU

Les multiples utilisations du stabilisateur de la composante continue du cou-
rant anodique du photomultiplicateur, par exemple pour le mesurage de la
rotation Faraday et du dicroisme circulaire magnétique, y compris leurs apph-
cations [1—8] ont imposé le perfectionnement de celur-ci.

Les premiters types des stabilisateurs de courant anodique des photomulti-
plicateurs [9, 10] étatent équipés avec des tubes électroniques. Aprés l'utilisation
de l'inverteur commandé [11] ont paru des stabilisateurs équipés avec des semi-
conducteurs [12, 13, 14]

Deés leur perfectionnement, la valeur de I’amplification sur la boucle de
réaction négative croit, en atteignant la valeur 140 dB [15] A ce type de stabi-
lisateur, le coefficient de stabilisation par rapport avec la haute tension (Fg)
et la résistance équivalente du stabilisateur (Rj) a de grandes valeurs , le coefficient
de stabilisation par rapport avec la variation du courant cathodique (F,,) croit
de fagon monotone de la valeur 10° correspondant & un courant anodique de 10 »
A jusqu’a la valeur de 1,5 - 104 correspondant A un courant de 5 p A

En dehors des avantages habituels, obtenus par l'utilisation des circuits
intégrés, dans ce cas on obtient une meilleure stabilité du fonctionnement par
rapport au schéma représenté dans le travail [15]

Ces observations ont conduit 4 la réalisation d’un nouveau stabilisateur de
la composante continue du courant anodique En exceptant le transisteur T
nécessaire a4 générer des courants de compensation trés bas, le montage décrit
dans ce travail utilise seulement des circuits intégrés (fig. 1).

La valeur du courant de compensation (:,) débité par la source de courant
constant en premiére approximation est donnée par la relation

Uy — Up,
g, = L "0 1
’ R, + R, (v

Pour pouvoir utiliser le pontentiométre de 1 MQ au réglage du courant de
référence de centaines de nono-ampeéres jusqu’'a disaines de micro-ampéeres le
numérateur de 'expression doit étre bien petit On obtient cela s1 'une des diodes
sera faite de germanium et l'autre de silicium.

Comme il résulte du schéma bloc [16] et du schéma électromque du stabi-
lisateur (fig. 1) la chute de tension R,,[i,,] est comparée avecla tension de rétérence
réglable, obtenue d'une source de courant continu de grande stabilité.

Dans ce schéma on distingue trois étages : amplificateur d’erreur, oscillateur
en double T, étage de séparation, tous équipés avec le circuit intégré fA741 Le
signal d’erreur amplifié détermine la valeur de la tension d’alimentation de I’étage
oscillateur. Si la valeur de la tension d’erreur est zéro, on réglera le nmiveau de la

4 — Physica 2/1980
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tension de sortie 4 5 V 2 I'aide du potentiométre P, de 10 KQ du circuit de compen-
sation de la tension de décalage de ’amplificateur.

BA%y

= Praioxn

BN W

16K 0 inf

AT 9Y

} Ep=10v

4« 1N4007 100uF

S0R Q

: i
s

Fig. 1

La tension de sortie de l'oscillateur est décrite d’une fonction sinusoidale,
son amplitude dépendant linéairément de la tension d’alimentation de l'oscil-
lateur. A la fréquence f = 6,37 KH, on réalise la réaction negative minime favori-
sant I'apparition des oscillations sinusoidales sur cette fréquence Par I'intermeéde
de I'étage séparateur, le signal sinusoidal est amplifié par I’étage de pouvoir équipé
d’un circuit intégré T B A 790 K, ayant pour charge le transformateur de levage
de la tension. La tension redressée et filtrée par la boucle de réaction négative
alimente le photomultiplicateur FM. Pour augmenter la stabilité du montage,
lamplificateur d’erreur est doté d’un groupe RC caractérisé par une constante
de temps de 2 secondes, nettement supérieure a la période des oscillations sinusoi-
dales.

En le testant, le stabilisateur ci-décrit a démontré un bon fonctionnement
I’évaluation du facteur de stabilisation, conformément & la méthode de calcul
presentée dans le travail [17] a conduit aux valeurs 10°—10% pour le domaine
du courant anodique compris entre 0,5y A et SpA.

Dans la fig. 2 est présentée la photo de l'appareil.
(Manuscrit regu le 16 mar 1980)
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(Rezumat)

In aceasts lucrare se prezintd o sursi de curent contnun reglabil de concepiie proprie peutru

alimentarea fotomultiplicatoarelor
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R P.E. AIONILOR Cu?* IN STICLE DIN SISTEMUIL,
2CuO . (1 — %) [2B,0; X,0]

0. COZAR, 1. ARDELEAN, M. COLDEA

1. Introdueere. Studiul prin RPE al 1onilor Cu?* in sticle oxidice a luat o
amploare deosebitd in ultimii ani datoritd sensibilitdfii lor mare la aranjamentul
geometric local, caracterul legituridor chimice, modificarea poliedrului de co-
ordinatie, neomogenitédtile structurale ale refelei vitroase s1 la alfi factori de
structurd [1—5] Recent s-a evidenjiat posibilitatea de utilizare a studitlor prin
RPE a ionilor Cu?* pentru detectarea imiscibilitdtilor de faze vitroase ce pot
apare in sticle oxidice din sistemele K,0—BaO—B,0; [6] si K,0—CaO—B,0,
[7,8] In cazul unor sticle oxidice cu 1oni de vanadia [9,10] s-a demonstrat ci
prin introducerea ionilor Cu?* se modificd raportul Nvi [ Ny (Nyu $1 Nyst
reprezintd numdirul de ioni de vanadiu in stérile de valentd patru s1 respectiv
cinc1), care duce la o variafle corespunzitoare a conductibilitiiii electrice, 1ar
ionit de cupru si vanadiu formeazd perechi Cu?t — V4+ datorate cuplajului
magnetic ce se realizeazd prin interacfiunea de superschimb

Trebule mentionat faptul cd in majoritatea lucrdrilor publicate pini in
prezent [1—8] s-a urmént influenfa concentratier oxizilor formatori (B,0O,, SiO,,
P,0;) si modificator1 (Na,O, Cs,0, ZnO, PbO) de retea vitroasi asupra parame-
trilor hamiltonianului de spin $1 energiei de absorbtie a cimpului de ligand, sta-
‘bulindu-se doud [5] si chuar trei [4] domenii distincte de compozifie chimici carac-
terizate prin valori diferite ale acestor parametr:.

fn aceasti lucrare se prezinti rezultatele obtinute din studule RPE a io-
nilor Cu2+ modificind concentratfia de CuO de la 0 la 209, mol in sticle din sis-
>~ temul xCuO - (1—%)[2B,0; K, O].

~ 2~Tehnica experimentald. Pentru studiul ionilor Cu?* prin RPE, s-a ales o
matrice din sistemul B,0,—X,0, care formeazi sticle transparente intr-un do-
menu larg de concentrafu [11]. In particular matricea 2B,0, - K,0, are o com-
pozitie chimicid in care prezenta de K,O induce numirul maxim de ioni B®* cu
coordinatia tetraedricd [12]

Probele au fost preparate astfel - matricea 2B,0; X,O s-a obtfinut prin
topirea concomitentd in proportie stabilitd a H3BO; s1 K,CO; de puritate p.a.
in creuzete de sintercorund, timp de o ord la temperatura de 1100°C si ricire la
temperatura camerel prin turnare pe o placd de ofel inoxidabil ILa aceastd sticla
s-au addugat proporfu corespunzitoare de CuO tinind cont de formula xCuO.
(1 — %) [2B,04 - K,0], cu «x luind valori de 0, 0,2, 0,5, 1; 3; 5; 10, 15 s5i 209,
mol. Din amestecurile astfel formate s-au preparat sticle respectindu-se modul
de elaborare descris pentru matricea 2B,0; - K0 S-au obtinut sticle trans-
parente avind culoarea albastrd, caracteristici ionilor Cu?*, ce se inchide cu
cresterea concentratiei de CuO

Misuritorile de rezonantd paramagneticd electronici a iomilor Cu?* in
sticlele preparate s-au efectuat in banda X folosindu-se o instalaie RPE stan-
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dard —JEOL—JES—3B la temperaturile A
de 78 K si 295 K pe pulberi de sticld '{1 /2
avind masa~ 100 mg. -

3. Rezultate si diseufii. In figura 1 «3/2

redim spectrul RPE pentru proba cu
0,5% mol CuO Spectre aseminitoare s-au
obtinut pentru toate probele studiate
Pentru concentratn mici de CuO
(¥ < 5% mol) spectrele RPE sint carac-
terizate prin rezolvarea bund atit a linii-

lor de structurd hiperfind din banda -2
paraleld cit si din cea perpendiculara _B.
(fig 1). Valorile tensorilor g si de structuri 150Gs

hiperfinia A (tabel 1) indici prezenta 1oni-

lor Cu?t aflaft in stdri de simetrie axiald

cu coordinajte octaedricd distorsionatd,

electronul paramagnetic fiind situat in

orbitalul 3d,_,,. Forma spectrelor pre- Tg
. . - . 1

cum $i parametrii RPE  caracteristici

(gi=230 si Ay=16710~% cm™%) con- e -3

cordi cu rezultatele lui Hosono si -~ \/\/\/‘\:

colab. [5] obtinute pentru ionit Cu?+ in Ry élg”/ 2 '

sticle din sistemul x#Na,O - (100 — x)B,0, -3/2 "

cu ¥ > 309% mol. Fig 1 Spectrul RPE al tonilor Cu?t in
Largimea liniilor de structurid hiper- proba cu 0,5% mol CuO

fini (AH) din banda paraleld creste

cu cresterea numirului cuantic magnetic m. Imagawa [1] consideri ci fac-
torul determinant in largirea acestor linii il joacd fluctuatia cimpului de ligand
al ionilor de cupru distribuifi neuniform in matricea vitroasi, care se reflecti in
distributia parametrilor hamiltonmanului de spin

Tabel 1
Valorile parametrilor RPE si ale coeficlentilor MO

o 4y AJ. s

(% mol.Cu0] &n 81 (10~* crr—1) (10— &Y o B
0,5 2,304 2,043 167 29 0,82 0,84

1 2,314 2,047 168 29 0,84 0,85

5 2,310 2,048 167 27 0,83 0,85

10 2,308 2,045 167 27 083 . 084
20 2,311 2,047 168 29 0,83 0,85

Fluctuatitle parametrilor g si 4, (dg; st d4)) se reflectd in fluctuatii
dH ale cimpulu1 magnetic H la care apar hniile de absorbtie paraleld, conform
relatier [1, 4, 5]

& B &y 4, &u
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Fig 2 Variapia ldrgimu limietr (AH) a lhnulor din banda
paraleld in funcpie de m pentru » = 0,59, mol. Cu0

150.65

J

x= 05% mo! x= 5% mol x=20%mol

N

Fi1g 3 DModificarea structurn hiperfine din banda perpen-
dicular¥ cu cregterea concentratier de CuO.

Totodatd lirgimea liniilor de
absorbtie paraleld AH (m)
datoratd acestor fluctuafii
depinde de variajia lui gy,
adicd dgy, astfel [4, 5]

hv+m(g,P—A4,)
g B
=~ 8g, [13004-m - 40] (gauss)

~

AH(m) = 8gy

Variatia luigy, 3g, s-a deter-
minat din panta curbetr din
figura 2, unde este repre-
zentat AH in functie de m.
Astfel, pentru sticla cu 0,5%
mol. CuO s-a obfinut dg) =
0,05, valoare mat mare in
comparafia cu cea determi-
natid de Hosomno stcolab
[4], 8gy = 0,02, pentru sticle
din sistemul Na,0 — SiO, cu
ioni de cupru, folosind acelasi
procedeu de analizd Valoarea
de dispersie mai mare a facto-
rult gy in cazul sticlelor
din sistemul x CuO-(1 — %)
[2B,0; - X,0] explicd si va-
lorile mai mari ale lirgimi-
lor de linii.

Odati cu cregterea con-
centratier de 1om1 Cu?* s-a
pus in evidentd o modificare
a spectrelor RPE, structura
hiperfini din banda perpen-
diculard fund tot mazi slab re-
zolvatd (fig. 3). Disparitia
linitlor hiperfine se datoreste
interactiunilor de schimb ce
apar intre jonu Cu?* la con-
centratii mar mart de CuO
(¥ > 5% mol.), care au ca
efect medierea stirilor propri1
caracteristice interacfiei hi-
perfine [13]]. Aceste rezultate
sint confirmate §1 de méasu-
ritorile de susceptibilitate
magnetici 1In funcfre de
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temperaturd, care au evi- 4}
dentiat o comportare de
tip Curie-Weiss cu tempe- 70
ratura Curie paramagne-
ticd negativa. 60k
Urmirind  variatia
largimn liniei de structurd
hiperfind m = — 3/2 din
banda paraleld in funcfie
de concentrajia  ionilor
Cu®* sc observd o cregtere 301
aaceste1a‘pma1axf5% .
mol. CuO (fig. 4), dupd care L s 8 w0 2w mw
rimine practic constanta. X (% mol}
La concentrafii  mici
(x < 5% mol CuO) ionii Fig 4 Vanafia lirgimu  lmier de structurd hiperfind
Cuzt fimnd 1zolafi, creste- m = — 3/2 dmn absorbiia parcaleéi cu cresterea concentratier de
rea lirgimn lintei poate o
fi explicatd prin cresterea
interactiunilor dipolare [14] La concentrafii mai mari de CuO (¥ > 5 9 mol.),
odatd cu cresterea ldrgimii Intei datoratd interacfiunilor dipolare se manifestd
st ingustarea acestela ca urmare a interacfiuntlor de superschimb evidenfiate
si prin mdsurdtorile magnetice Ca urmaie lirgimea liniel rdmine practic
constantd

=

50—

40

AH {gcuss)
—_

Valorile tensorului g (g = 2,3051 g =~2,04) sint caracteristice ionulut Cu?*
aflaf1 in stdri de simetrie axiald cu coordinatia octaedricd alungitd pe directia
Oz datoritd efectului Jahn-Teller. In acest caz, pentru interpretarea rezultatelor
poate f1 aplicati analiza LCAO—MO dezvoltatsi de Maki st McGarvey
[15] s1 imbunatafitd de alfi autort [16, 17] Pentru calcularea covalenfer lega-
turilor Cu?*—O?%~ sint necesare energule de tranzijie AFE,,(Bjz— Bag) $1 AE s
(Byg—Eg). Studu recente privind absorbtia opticd a sticlelor din sistemele Na,0—
—Si0, [4] si Na,0—B,0; [5] cu ion: Cu?* au pus in eviden}i prezenia unei

"singure benzi de absorbtie datorati acestor ioni, care are maximul situat intre
12 800 ecm™?* 5i 15200 cm™. Comparind spectrele s1 parametrit RPE obtinuti cu
cele ale autorilor lucrdrilor [4, 5] am atribuit tranzitiei AE,, valoarea de 15200
cm™. Aceasta a permis si evaluim coeficientii «2 si P2 care descriu covalenfa
legdturilor ¢ §i = din planul xOy conform procedeului descris in lucrarea [171.
Valorile obtinute sint date in tabelul 1. Se remarci ci gradul de covalentd al
celor doud tipuri de legdturi nu depinde de concentratia ionilor Cu?+. Aceasta
mdicd faptul cd vecinitatea locali a ionilor Cu?+ in matricea 2B,0, - K,0 nu
este afectatd sensibil de cresterea concentratier de CuO pini la 209% mol. Valorile
«?=10,83 si B2 =085 evidenfiazd cd legiturile Cu?+—O?" prezintdi un slab
caracter de covalenti.

(Intrat in redacpe la 17 ma 1980)
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L PR OF Cutt IONS IN #Cu0 (1 — #) [2B,0, K,0] GLASS SYSTEM

(Summary)

In this paper we present EPR studies of Cu*™ 1ons m »CuO (1 — #) [2B,0, K,0] glasses with
0 < » < 20 mol%,

Values of g and A tensors indicate that Cu®t 1ons are situated predominantly 1 an axial distor-
ted octahedral oxygen environments

EPR data and magnetic measurements pointed aut that below 5 mol % CuO, Cu?" 1ons are
1solated 1n glass matrix and at the bigher concentrations these 1ons interact by a superexchange coup-
lin,

g Values of «* = 0,83 and % = 0,85 MO coeficients indicate a weak covalence of Cutt —01-

bonds
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STUDIUL UNOR PROPRIETATI OPTICE ALE STICLELOR DIN
SISTEMUL #(T10, - S10) - (1 — #) [35i0,Na,0] LA MARGINEA BENZII
DE ABSORBTIE

o I. ARDELEAN, V. SIMON, S. SIMON, E. TATARU

Introducere. Unele fenomene optice, ca absorbtia si reflexia, pot servi la
studiul materialelor vitroase datoriti sensibilitif{ii mari la natura chimic3 si aran-
jametul geometric local al ionilor, care se reflecti in spectrele optice. In cazul
sticlelor oxidice cu ioni ai metalelor de tranzitie, spectrele optice sint caracteristice
pentru fiecare ion in parte, depmzind de valenta s1 starea de coordinatie ale
acestora. Poliedrul de coordinatie al acestor iomi, in sticle, este distorsionat st
nu se respecti decit ordinea locald. Datoritd acestui fapt spectrele optice obfi-
nute pentru sticle cu 1oni a1 metalelor de tranzijie, sint formate din benzi cu
maxime de absorbtie largi, aplatisate.

Cercetirile experimentale privind dependenja absorbtier optice de natura
retelei vitroase, compozifie $1 temperaturd, precum si analizele teoretice ale ori-
ginii si mecamismelor de absorbtie in ultraviolet si vizibil sint relativ recente
(1—4] Absorbtia in ultraviolet (UV) este rezultatul proceselor de tranzifie care
au energii mat mari de 3 eV st sint de naturd electronicd (excitonicd, transfer de
sarcind, tranzifu ale electronilor din banda de valentd in banda de conductie)
(4]. In domeniul vizibil al spectrului se disting, de asemenea, mai multe tipuri
de tranzi}ii electronice, cum ar fi cu transfer de sarcing, intraionice, datorate
centrilor de culoare etc. [4] Astfel rezulti cd datele, care se pot obfine din studiul
absorbtiei optice in UV st vizibil, oferd informati importante nu numai privind
proprietédtile optice ale sticlelor ci si privind unele proprietdf1 electronice.

Coeficientul de absorbtie la marginea benzii de absorbiie, in cazul cind are
valort mict (~ 1 cm™!), este descris de relafia lui Urbach [5]

hv — hvg
k = const. exp T (n
unde % v reprezintd energia cuantei de lumind incidenta, /# v, — valoarea minimi
a diferenfer de energie dintre starea fundamentald si excitatd, 2 — constanta
lui Boltzman s1 T — temperatura absoluta.
In cazul cind goeficientul de absorbfie are valori mari (aproximativ 104—10°
cm™Y), pentru absorbjia cauzatd de tranzifii directe permise acesta este descris
de relatia [4,12]

k = const (hv — E,)'2, 2)
iar dacd absorbtia este cauzatd de tranziii directe interzise, atunci [4,12]
k = const (hv — E)%? (3)

unde E, reprezinti lirgimea benzii interzise sau energia opticd de activare a
conductibilitdtit electrice.

Astfel, odatd stabilitd relatia corecti ce descrie coeficientul de absorbtie
in functie de energie sau frecventi se poate determina valoarea lui E; [67].
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In aceastd lucrare prezentim rezultatele obfinute din analiza spectrelor
optice de absorbfie in UV si vizibil si al indicilor de refracfie pentru sistemul de
sticle %(T10, : SrO)(1 — x)[3Si0, + Na,0] cu 0 € x < 57,19, mol.

Partea experimentald. Sistemul S10, — Na,O formeazi sticle transparente
intr-un domeniu larg de concentrafii [7] Din acesta am ales ca matrice sticla
cu compozifia corespunzitoare la 75% mol Si0, st 259, mol Na,O (3510, - Na,0).
In aceastd matrice am introdus proporfit corespunzitoare de TiO, - SrO (vezi
tabelul 1).

Tabel 1
Compozifia probelor din sistemul de sticle
x(T10,-Sr0)- (1 — x) [3510,. Na,0] cu 0 < X < 57,19 mol
Nr. probei 1 2 3 4 5 6 7 8 9
Ti0, StO
(/e wmol] — 9,5 | 18,2 | 26,1 | 33,3 40 46,2 | 51,8 | 57,1

3 810, Na,0

[% mol] 100 | 90,5 | 81,8 | 73,9 | 66,7 60 538 | 48,2 [ 42,9

Probele au fost preparate prin topirea concomitenti a S10,, Na,CO,, TiO,
si SrCO; de puritate p. a. in creuzete de sintercorund la 1350°C timp de o ori,
in aer, s1 rdcite brusc la temperatura camerel prin turnare pe o placd de ofel inox1-
dabil. Starea vitroasi a probelor a fost verificatd prin studi de difractie prin
raze X g1 de electroni [8]. Pentru valori mari ale w1 #( > 51,8% mol), desi faza
predominanti este cea amorfd, se 1dentificid in proportie foarte redusd microcris-
tale de titanat de stronfiu.

Pentru obfinerea spectrelor optice si pentru determinarea indicilor de re-
fraciie, probele au fost slefuite pind la grosimi varund intre 4,3 mm si 5,9 mm sub
forma unor plicuie cu fete plan paralele transparente.

Spectrele de absorbjie s-au obfinut cu ajutornl unui spectrofotometru
SPECORD UV. VIS. in domeniul de lungimi de undd 330 nm—770 nm (13000
cm—1—30 000 ecm—3).

Indict de refractie s-au determinat folosind metoda microscopului, prin
refractie [14].

Rezultate gi diseutii. Spectrele de transmisie (absorbiie) obfinute pentru
sticlele din sistemul %(T10,-SrO) (1 — x)[3510,-Na,0] sint reprezentate in
figura 1. Aspectul general al curbelor de absorbtie ale sticlelor studiate este ase-
méandtor cu cel obtinut pentru alte sticle oxidice cu ioni de tranzifie [9].

Felosind spectrele de transmisie din figura 1 s-au determinat coeficientii
de absorbtie, &, pe baza legii lui Lambert [10]

= = exp (—k - d) 4
Iy
unde I reprezinti intensitatea fluxului luminos emergent, I, — intensitatea
fluxului luminos incident §i 4 — grosimea probei.

In figura 2 este redatd dependenfa coefictentulur de absorbfie de lungimea
de unda pentru proba cu 33,3% mol (TiO, - SrO). Pentru toate celelalte probe se
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sticle dmm sistemul #(T10,:8r0).(1 — %) [8510,.Na,0]

obtin curbe asemdnitoare (vezi figura 3). Se observi cj la lungimi de undi sub
420 nm coeficientul de absorbtie creste mai pronuntat odatd cu cresterea concen-
tratiei de (T10, SrO) in matricea sodosilicatici Acest lucru reiese evident din
dependenja coeficientilor de absorbfie de concentratie a TiO, - SrO, reprezentats
in figura 4. Se remarcd, de asemenea, cd incepind cu aproximativ 309, mol (TiO,.
S10) coeficientul de absorbtie creste mai pronunfat in funcfie de concentrafie
pentru diferite lungimi de undd, iar incepind cu 400 nm aceste curbe tind si
prezinte un maxim care se deplaseazd spre concentratn mai mici odati cu cresterea
lungimii de unda.

Valorile relativ scazute ale coeficienfilor de absorbjie (de ordinul a unui
cm™1) determinate pentru probele studiate sugereazi folosirea relatiei lui Urbach
pentru descrierea absorbfier optice. In acest caz prin extrapolarea porfiunii
lineare a marginii benzii de absorbtie, pentru £ = 0, se obtine lungimea de undi
g (vezi figura 2) si implicit energia de activare a conductibilitd}ii electrice, E,,
pe baza relatiei [6]

_1239,8

Ey=h - v — 228 )
Ag

in care A, se ia in nm ca E, s se obfind direct in eV (vezi tabelul 2).

Dependenta largimii benzii interzise E, de concentrafie in TiO, - SrO este
redatd in figura 5. Se remarci ci pini la 18, 29, mol (TiO, - SrO) largimea benzii
interzise practic rdmine constantd, apoi scade de la 3,52 eV la 2,94 eV odati cu
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Tabel 2

Energiile optice de activare a conduetivititll electrice i indicil de refractle pentru sticlele
din sistemul x(T10,-Sr0).(1 — x) [3S10,.Na,0]

Nr. probe1 1 2 3 4 5 6 7 8 9
EgleV] 3,52 {351 | 352|340 {3,290 | 3,20 | 3,08 3 |294
n 1,50 | 1,57 | 1,66 | 1,75 | 1,86 | 1,91 | 2,08 | 2,12 | 2,33

cresterea concentrajiei de TiO,-SrO in domeniul studiat. Deci odata cu cresterea
lui x absorbtia se deplaseazi spre domeniul vizibil al spectrului Rezultate ase-
ménitoare au fost obfinute si de al{i autort [6] pentru sticle oxidice.

Avind in vedere faptul cd E,~ % [4,6,11], unde ¢ reprezintd constanta
dielectrici efectivi, in domeniul unde dispersia nu este prea mare se poate consi-
dera ci E;,~ »* [6], unde » reprezinti indicele de refracfie determinat experi-
mental (vezi tabelul 2). Tinind cont de aceasta, in figura 6 am reprezentat E,
in funcfie de 4. Se observi cd se respectd o dependenti liniard a lui E, de »—*
pentru 18,2 < x < 57,19 mol, iar sub aceastd concentrajie valoarea benzii
interzise este constanti. Asa cum rezultd din tabelul 2 indicele de refracjie cregte
liniar odatd cu cresterea lui x.
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Fi1g 6 Dependenta E; = f(n—¢%) pentru sticle din sistemul
#(T104-8r0) - (1 — #)[3510,-Na,0].

Pentru proba cu x = 51,8% mol s-a determinat constanta dielectrici
staticd, e, = 13,2 la frecvenja de 5 KHz si tensiunea de excitare de 1,6 V, 1ar

n= 4'/ €o, unde g, este constanta dielectricd opticd, s-a determinat e, = 4,5. Se
constatd cd ey < ¢, rezultat in acord cu date din literatura de specialitate ob-
{inute pentru alte materiale oxidice [13].

Coneluzii. Spectrele de absorbtie obtinute pentru sistemul x(T10, - SrO)-
‘(1 — %)[8310, - Na,0] cu 0 € x < 57,19 mol sint caracteristice pentru com-
portarea sistemelor vitroase

Valorile coeficientilor de absorbtie sint cuprinse intre 0,3 cin™? s1 9,36 cmm™3,
dependentfa acestora de frecventd putind fi descrisd de relafia lwa Urbach.

Lirgimea benzii interzise sau energia opticd de activare a conductibilitdfn,
E,, scade de la 3,52 eV la 2,94 eV cu cresterea concentratie1 incepind cu x > 18,29,
mol. Pentru # < 18,29, mol valoarea lut E, rdmine practic constantd.

Valorile indicelui de refractie # cresc de la 1,50 pind la 2,33, odatid cu cres-
terea concentratiei in domeniul studiat Dependenfa liniard E,~ # % se respectd
numal pentru concentratii x > 18,29 mol

Pentru proba cu x = 51,89, mo! s-a determinat constanta dielectrica optica
€o = 4,5 sl cea staticd (la 5 KHz) ¢, = 13,2.

(Inirat tn redactic la 24 may 7980)
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STUDY OF SOME OPTICAL PROPERTIES OF x(TiO,-Sr0).(1 — #)[3510,-Na, O]
GLASS SYSTEM AT THE ABSORBTION EDGE

(Summary)

The absorption spectra obtained on the #(T10, SrO).(1 — #)[3S10,.Na,0] glass system, with
0 < » 57,1 mol %, are characteristic of the behaviour of vitreous systems

The values of absorption coefficients are in the range 0,3 cm—1 — 9,36 cm—1, their dependence
being described by Urbach's relationship

The width of forbidden band, or the activation optical energy of conductibility Eg, decreases
from 3,52 eV to 2,94 eV with the concentration increasing begining with x > 18,2 mol %. For » < 18,2
mol 9% the value of E; remains practically constant

The values of refraction indices n increase from 1,5 to 2,33 with the increasing of concentration
in the studied range. The linear dependence E, ~ n—* 1s respected only for concentrations » < 18,2
mol %

For the sample with ¥ = 51,8 mol 9, was determined the optical dielectric constant g, = 4,5
and the statical one (at 5 kHz) g = 13,2
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MASURAREA RADIATIEI y A APELOR DE LA BAILE SOMESENI

C. COSMA, F. KOCH

1. Introducere. Datele existente 1n literaturd [1,2] indic# la Biile Someseni
de lingd Cluj-Napoca existenta unor izvoare cu confinut de radon, 222Rn, destul
de pronunjat. Cea mai mare radioactivitate a fost gésitd la 1zvorul nr 3. de 9,6
nCifl urmati de izvorul nr 10 cu 2,88 nCi/l. Misurarea activititii acestor ape in
lucririle anterioare s-a ficut prin misurarea activitifii « a radonului scos din
apd prin barbotare folosind metode bazate pe ionizare sau scintilatie $1 compa-
rarea efectului produs cu al unei probe etalon.

Posibilitatea mésurdrii radioactivitafii acestor ape prin detechra radiatiel

ama se bazeazd pe faptul cd dor dintre urmasii radonului $1 anume #4Pb (RaB)
si 24Bi (RaC) la dezintegrarea B~ a lor emit un numir insemnat de fotoni y [3] 1ar
echilibrul acestora cu radonul se stabileste relativ repede, plumbul si bismutul
avind timpi de injumitijire foarte scurfi Mdisuridtorile au putut fi efectuate si
datoritd faptului ci instalatia de spectrometrie cu care s-au efectuat determin#rile
are un cristal de NaI(T1) de dimensiuni mari.

2. Masuritori si rezultate. Instalajia de spectrometrie NP 424 este echipata
cu un cap de misurd cu scintilatie, t1ip ND424 de dimensiunt ® = 76 X 50 mm
iar m#surarea probelor se face in vasul pentru probe NY424 cu un volum mare
de 600 cm?® distribuit intr-o geometrie inelard. Concentrafiile minime mésura-
bile in acest caz sint de 1,16.10~® pentru 238U g1 1,7 1072 pentru 2¥®Ra

Datoritd geometriei speciale in care s-au ficut mdisurédtorile factorul de
unghi solid a putut f1 calculat prin integrare si s-a obfinut dS = 3,92 str

Pentru calculul eficacitifii instalafiei incluzind atit eficacitatea cristalului
cit si cea a instalatiei propriu-zise s-au folosit surse etalon de !Am si *’Cs ma-
surate Intr-o geometrie determinatd Eficacitatea s-a determinat in regim integral
pentru E > 40 keV 1 s-a gisit e = 389,

Pentru determinarea energiilor din spectrul y, etalonarea energetici a
instalafiei s-a ficut cu surse etalon, folosind picurile 8Co, 3Cs, 24!Am, pentru o
tensiune pe fotomultiplicator de 1150 V.

Misurdtorile au fost efectuate atit in regim integral fixind pragul pentru
o anumitd energie (E > 40 keV), cit si in regim diferential prin ridicarea spec-
trului. Pentru micsorarea fondului probele au fost mdasurate fntr-un turn de
plumb si in caleulul activitatii s-a finut seama de fondul introdus de aceeasi can-
titate de apd distilati.

In calcule a fost introdus st un factor de corectie datoriti absorbtiei in vasul
pentra probe §1 autoabsorbtiei. Acest factor a fost estimat din considerente de
grosime si coeficient masic de atenuare pentru aluminiu §t apd considerind o
energie medie, gisindu-se f(a) = 1,25. Cu aceste determinéri preliminare pentru
caleulul activitafii in nCi/l s-a folosit relafia

A = l_A/‘ﬁC_ 1 fa) (1)

37 4S5 ¢ =n



RADIOACTIVITATEA ¥ A APELOR MINERALE 65

unde A’ este activitatea masuratd a unei probe de 0,5/ in dez/s, iar # este numarul
mediu de cuante emise de #4Pb si 24Bi la o dezmtegrare e a #22Rn. Dupd cum
rezultd din [3], # = 2,30

Probele de api au fost recoltate direct in vasul de misuri si s-a misurat
activitatea initiald 4’ in regim integral pe toate canalele pentru E > 40 keV,
activitatea calculindu-se cu formuta (1) Rezultatele primite pentru probele luate
de la cele doud izvoare se gisesc in tabelul 1.

Tabel 7

LOCUL { A (empuls]100s) | (A4 (nCfly ‘ (13

Izvor nr 3 3400 8,43 9,58
Izvor nr 10 798 1,98 2,88

S-a urmirit in continuare variafia in timp a activitatii Figura 1 prezintd
sciderea in timp a activititii unei probe recoltate de la izvorul nr. 3.

g NOmpuls/ 00 )

I -.n2 0893 0938
V27 TX T g T 8,05-85%

=‘3,69 zile

t (z112)
1 -
¢ 0 v ? 3 4 5 3 3

Fig 1. Vanafia in timp a activatdifu unei probe de api
de la 1zvorul nr, 3

Din panta dreptei care reprezinti logaritmul activititii s-a putut calcula
timpul de injumitifire §i s-a ob}:mut T = 3,69 zile. Faptul cd logaritmul activi-
tifii este o dreapti arati ci radioactivitatea se datoreste unui singur nuclid
generator, in cazul nostru 222Rn cu timpul de injumitdtire de 3,8 zile

214Pb care rezultd din #2Rn are timpul de 1njumatatire de 27 minute,
ayind ca principale energu 295 keV si 350 keV, iar #4B1 are timpul de injumata-
tire de 20 minute cu energit de 610 keV si 1120 keV.

Din [3] se poate ardta cd radioactivitatea y se obtine in dezmtegranle g
ale 24Pb si 24Bi. Acest fapt s-a verificat masurind activitatea aceleiasi probe
dupa barbotarea ei prin trecerea unui curent de aer. In acest caz s-a constatat ci

5 — Physica 2/1880
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Fig 2. Spectrul y al unei probe de api de la iz-
vorul nr 3

imediat dupi barbotare activitatea rimine neschimbatd, dupi care scade rapid
in timp indicind un timp de injumititire de ordinul zecilor de minute, corespun-
zdtor radionuclizilor mentionati si indicind faptul cd radonul a plecat din apa.
Certitudinea ci radioactivitatea vy se datoreste acestor doi radioanuclizi am ob-
{1nut-o prin ridicarea spectrului. Figura 2 reproduce un astfel de spectru pe care
au fost 1dentificate picurile de la 350 keV, 610 keV si 1120 keV, picuri care nu
apar pentru uraniu [4]

3. Discutii. Desi aceasti metodd este una absolutd, cu o precizie de 20—
—309,, rezultatele primite se compara cu cele anterioare [1,2] avind avantajul
cd nu este necesari folosirea unor substanfe etalon.

Misurind activitatea probelor barbotate dupd 1—2 zile se constati ca
radioactivitatea lor scade la nivelul apei din municipiul Cluj-Napoca, indicind
faptul cd radonul a plecat in totalitate din apd §i deci masurdtorile anterioare
efectuate asupra radonului scos prin barbotare dau informafii corecte despre
confinutul de Rn din apd.’

Misurind activitatea probelor de apid imediat dupi recoltare se observid
o crestere a acestela la inceput (1—2 ore) indicind faptul ca radonul nu se gaseste
in apd in echilibru cu urmagit si1 24Pb si 24B1. Deci, pentru o dozare corectd a
radonului misuritorile trebuie efectuate dupid stabilirea echilibrulur radioactiv.

Desi radioactivitatea probelor este micd, spectrul din figura 2 dovedeste
cd 1n cazul unor cristale de dimensiun mar1 51 volume mari de probd se pot ridica
spectre vy, cunoasterea energier y emise de apele radioactive avind importanji
in scopuri terapeutice. ‘

Valonle mai mict obfinute pentru concentratia radonului fatd de cele din
[1] se datoresc solubilitdfii ma1 mici la temperatura la care s-au efectuat mdasu-
ratorile.

(Intrat in redacpre la 27 mas. 1980)
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GAMMA RADIATION MEASUREMENT OF WATER FROM
THE SOMESENI SPRINGS

(Summary)

The gamma radiation emutted by water of Somegeni Springs yields data on the radon concentra-

tion, which was previonsly obtained by alpha rays measurements. The gamma spectrum also gives
the emitted energies
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SELF—GRAVITATIONAIL INSTABILITY OF A COMPOSITE VISCOUS
ROTATING PLASMA IN THE PRESENCE OF FINITE
LARMOR RADIUS

MIRCEA VASIU

1. Introduection. In the present paper we shall examine a model of two
components plasma. The plasma consists of an iomized component (gas and a
neutral component (gas) The i1onized component (1omzed gas) 1s assumed to be
compressible, viscous, finitely conducting, with Hall currents, in the presenfe of
finite Larmor radius, in a rotational motion. The 1omized component and the
neutral component (neutral gas) is assumed to be found under the influence of
a proper gravitational field At the same time the ionized component 1s to be
found under the influence of unitorm external magnetic tield The magnetic
field vector has just one component after the Oz axis (730 (0,0,B,)) The collision
interaction between the neutral and the charged particles of plasma is to be consi-
dered
Bhatia [1] studied the effects of Hall currents and collisional effects

on the gravitational instability of a composite 1mviscid plasma In a previous
paper [2] we have investigated the gravitational instability of a composite ro-
tating plasma 7The 1onized component 1s assumed to be compressible, nviscid,
finitely conducting, with Hall currents, m the presence of finite Larmor radius.

2 Perturbation Equations. We admit that in the plasma appear small
~—~perturbations of the density, of the velocity, of the pressure, ‘of the magnetic
field-and_of the gravitational potential We neglect the squares and the products

of the perturbations
The equations governing small departures from equilibrium are

po%}‘ — —VOB) + 0oVY) £ 2 oot X D+ oy Valtn— #) +
(1)

+EAE+L Y (V )+ (v x 8B) x By,

i — (V) — vl — ), (2

3(;‘:) — oV - T 3)

a;_f=v X (@ x By) + v, ASB— KV x [(V X 3B) x By, )
AQ@BV)= — 4nG3p, (5)

vV 3B=0, (6)
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where Por Puo aTe respectively the densities of the two components of the plasma ;

#1s the perturbatmn of the velocity vector of the 1on1zed gas, 3 Pisthe perturbation
of the pressure tensor; § V' is the perturbation of the gravitational potential,

Q (0,0,Q) is the angular velocity vector (this vector has just one component
after the Oz axis), v, = 4N—T is the collision frequency between neutral and charged
partlcles (N is the number dens1ty of the iomzed gas, T is the ion temperature, ws
is the ion cyclotron frequency) #, is the perturbation of velocity vector of the

neutral gas, B is the perturbation of the magnetic field vector, 3¢ is the per-
turbation of the density of the ionized gas; w is the coefficient of viscosity ; v,, =

¢ , where v is the electric conductivity of the 1onized gas; c 1s the velocity of

4 ny
the light, K =
nNe

gravitational constant; ¥V is the nabla operator, A is the Laplacian operator.

In these equations the subscription ,,0”’ refer to the equilibrium state of
the plasma.

We use a cartesian co-ordinates system Oxyz.

For the vertical magnetic field B, = By <, (¢, is the basic vector of Oz
axis) the components of the pressure tensor are [1]:

pP. = 8p — PoV(aux +22), 8P, = 3 P gy (22— 22),
oy dx 5% ay

3P =8P = — 200 (24 T2) 8 Py = 8 + oo (T2 4 (7)

+2%)., sp,,_ 3Py =203 + 251, 8P, = 3,
where 8p = V? 8p, V, is the velocity of sound in the tonized gas. Considering
the relations (7), the perturbations of the form (longitudinal mode of propagation) :
3p = Bpp exp 7 (B 2+ o), (8)
where 3¢, is the amplitude of the perturbation 3¢ (2,£), £ 1s the wave number

along the Oz axis, o is the frequency of the perturbation, using the following
relations

, where e 1s the charge density of the 1onized gas; G is the

e

o0z
@ X ﬁ:E,Qu — ¢, Qu
V(SP) '——éx O(3P +_éx 3Pyy) _i_"‘a(sp.la) (9)
0z .0z 0z
V X @x B)=ByZ=— B,V - &,
z

V X [(Vx 8B) x By = Bo[ _-»xal(;By) +3 33(;3’:)]’
2 Z’
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bnd bnd — . . .
where ¢,, €, ¢, are the basic vectors of the cartesian co-ordinates system and

introducing the quantities

g = fmo, ;’=_E

Po Po

»

where v is the kinematic viscosity, we can reduce equations (1) — (5) to the forms

(0o + VR + Bv,) u, + (2v k2 — 2Q)u, — Byu,, —

~®H s By —0 1o
47 oy ’
(i o + VB + Bv)u, — (2v &2 — 2Q)u, — Bv, thyy, —
(11)
. 1kH, SB,,= 0,
4w po
(10-{-%;]32‘}"ng)uz+1_k'V?89_1k8V_Bvcu’m=0 (12)
Po
(1 ¢+ Vc)u’nx = v, U, (13)
(1 G + Vc)uu}' - Vc u’}" (14)
(10 + V)b, = 1R 8V + vy, (15)
a8p = — pok %, - (16)
(i o + v,k 8B, = 1kBqu, — k* K B, 8 B,, (17)
T (i ¢ + vo#*) 8B, = thByu, + #* KB, 3B,, 18
~ 8B, =0, (19)
and T
3V =%, (20)

Now substituting for #,,, #,y, #,, {rom equations (13)—(15) and for 8p, § V from
equations (16) and (20) in equations (10)—(12), we obtain

(ic+§k= + .“’T“)u +(2v R — 2Q) u, — (21)
10+ v
. 1kH, S Bz — 0'
4r oo
(ic + VRt + l"’—) u, — (2vE2 — 2Q) u, — 2o 5B, = 0, (22)
10 + v Ame,
4 ~pg 10V, RWVE — 4nGp,  4nGpeBve =0 03
(10‘ T 3 VR + to + v;+ ig 1o(ic + vo)) u' ’ ( )
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Substituting for §B, from equation (18) in equation (17), we obtain
— 1kQ,,Byu, + k3K Bu, + (Q2 + RAK2B?) 8B, = 0, (24)
and substituting for 3B, from equation (17) in equation (18), we\obtain
WK B, — 1hQ, By, +(Q + MK2BY) 8B, = 0, (25)

where ,
Q,=10+ vkt = — o + v,k? and ic = — .

Introducing the quantities - -

A= —@4 B _AGebve p_ o 00

© — Vg w? — av,

szﬂ, D= _m+_‘°El¢_+%;’kz’

4rp, @ — v,
o _ BVI—4cGe 4nGpOBvc, i (26)
o o — v,

F = Q2 -+ MK2H2, G = kQ,B, H = FKB},

the set of equations (21)—(25) can be reduced to .

Au, + Bu, — iC3B, = 0, 27)
— Bu, + Au, —1C8B, = 0] (28)
(D + E) u, =0, (29)

— 1Gu, + tHu, + F3B, =0, (30)
— iHu, — 1Gu, + F3B, = 0. (31)

3. Dispersion Relation. The condition that the system (27) —(31) have non
trivial solution is obtained by putting the determinant &, formed by the coef-
fictents of the variables #,, u,, #,, 8B, and 8B,, equal to zero

A B 0 —iC 0
—B 4 0 0 —iC
D=| 0 0 D+ E 0 0|=0 (32)
—iG +H 0 F 0
—iH —iG 0 0 F

Evaluating the determinat (32), we obtain the following dispersion relation

(D + E)[(42 + BY) F2 4 (G*+ H?) C? + 2(AG — BH)CF] =0.  (33)
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1t follows that
D+ E =0, (34)
and
(4% + B?) F2 4 (G* 4 H?) C? + 2(AG — BH) CF = 0. (35)
We Iimit the discussion at the dispersion relation (34).

Substituting for D and E in accordance with quantities (26) in equation
(34), we obtain

—w? - _oBvs + 4 Tho — (BV? — 4nGp,) — 4nGpoBve,

© — Vg W — v

= 0. (36)
Multiplying equation (36) by o — v,, we get
b — [ v(l +p) + & vk"‘]m” + [sz?- — dnGo, + & ka]m _ (37)
— Y [BV? — dnGoo(1 4 B)] = 0.

4. Coneclusions. Introducing the quantitxes

Qf = BV — dnGoo, QF = QF 4 ZTK, Qf= O3 —4nGop,  (39)

the equation (37) can be brought to the form

[ v(l + B) + —vkz] Wt + Qo — Q2 = 0. (39)
If
QF = Qf — 4nGp B < 0 (40)
and
010505 = Q8 <0 (41)

equation (39) has always a negative real root In this case the medium 1s unstable
and the Jeans’s criterion [3] is satisfied

E <k (42)

where &by = — J4nGpol + B) is the Jeans’critical wave number

Thus we conclude that the Jeans’s criterion for gravitational instability
of composite rotating plasma in the presence of finite Larmor radius and Hall
currents remains unaffected when we include the effects of ion visciosity, rotation
of ionized component and finite conductivity, for the longitudinal mode of pro-
pagation A similar result has been obtained by Bhatia [1]in the absence of
the rotational motion.

(Recesved May 19, 1950
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INSTABILITATEA SELF-GRAVITATIONALA A UNEI PLASME COMPUSE, VISCOASE, IN
ROTATIE, IN PREZENTA RAZEI LARMOR FINITE

(Rezumat)

In lucrare se stabileste ecuatia de dispersie §1 criteriul de mstabilitate gravitationali pentru
un model de plasmi constituiti dintr-o componenti ionicid (gaz omzat) §1 o componenti neutrd (gaz
nelonizat) Componenta jonici se presupune viscoasi, compresibild, cu conductivitate electricd fimits,
in prezentfa efectulur de razid Larmor fimtd ¢i a curentuluar Hall Componenta ionicid 1 cea neutrd se
afli sub influenta propriului cimp gravitational. Viscozitatea tonici 51 conductivitatea electricd nu
modificd criteriul lu1 Jeans
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THE STUDY OF MAIN VOLUME RESONANCE FOR VIOLINS

TRAIAN PENCIUC

I. An experimental study made with different quality violins [1], [2], has
led to the establishing of certain physical characteristics for violins of exceptional
quality An important feature of these violins can be thus expressed. the main
resonance of wood 1s placed at a quinta interval from the main voltme resonance
and at an octave interval from the subharmony of the wood resonance, their
intensities being virtually equal, while the frequencies of the main resonances,
both of wood and of volume, are placed approximately at a semitone’s distance
around the frequency of the La string and of the Re string respectively In the
case of lesser quality violins the interval between the main wood and volume
resonances increases, while for violins of much lower quality there i1s nothing
but the volume resonance.

This paper also presents several conclusion regarding the main volume
resonance for violins made of native spruce fir of resonance, at the musical ins-
truments factory in Reghin

II. The experimental equipment used has permitted the precise increasing
of the answer curve of the violin’s air volume and of the response curve of the
violith For exciting air volume we have used the acoustic field method [3]. The
exciting of the violin has been made with a mechanic bow, which permitted a
continuous and unifoim exciting. The response curve was risen for the Sol string
of the violin within the frequency interval 196—700 Hz. All the measurements
were made in the acoustic absorbtion room

IIl. In Fig 1 you have the response curves of the air volume (I) for the
violins from the series 1,3 and 4, in white, while mn Fig 2 you have the same
thing for polished violins The diagrams (II) represent the answer curves of the
loud-speaker. In the case of the two diagrams (Fig 1) the curves (II) are risen in
the presence, of the violin with closed openings, and the other curves are risen in
the absence of the violin In both cases resonances are emphasized, so there are
not favoured frequencies in the loudspeaker in the field of study (196—700 Hz)
In Fig 3 we give the response curve of volume of violin nr 1 of maestro experi-
mented 11 the final phases of constructions - in white (VM1A), stained (VMIG)
and polished (VM1GL).

The answer curves of the air volume lead us to conclusions of importance
for construction and the quality of the violin.

All violins have strong volume resonance in the 280—294 Hz interval,
that is near fundamental frequency of the Re string. These frequencies correspond
to the main resonances of volume of the violins The level of the given resonance
sound doesn’t differ much from one violin to another

From the slope of the curve expressed in dB/Hz we conclude: starting
from the main resonance frequency towards lower frequencies, the slope is smaller
(0.2 on average) as compared to the slope towards the high frequencies (0.4 on
average). The value of the slopes both toward low and high frequencies differs
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Fig. 1. The answer curves of the air, Fig 2 The answer curves of the air volu-
volume for violins of the, 1,3 and 4 series, me for the violins of the 1,3 and 4 series,
in white, I, the answer curwe of the polished
violm, II, the answer curve of the loud-
speaker

from a violin to another by values relatively small (maximum 0 06). The slope of
the resonance curve may represent a physical quality index for the violin knowing
that ligh quality violins do not have sharp resonances.

The difference of the main resonance frequencies represents relatively
high value compared to the minimum that can be perceived in the frequency
variance which permits us to distinguish violin from this point of view. The fact
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F1g 3. The answer curves of the air volume
for the maestro violln 1 wlite, stained,
and polished

the main volume resonance differs from
one violin to another shows that during
the construction equal volumes are not
realized for all the violins at a given
type.

Compaiing diagrams from Fig. 1
with those from Fig 2 we notice in
general, a shape resemblance. This
makes us say that the polish applied to
the violin does not essentially influence
the answer cwive of the air volume.
There are small changes ot main reso-
nance frequencies 1n the sense of their n-
creasing, which we explain by the fact
that the polish, on the violin, acts like
an elastic membrana which provokes a
tension upon the violin body, determai-
ning a sensibile decrease of the volume.
We also notice after polishing a decrease
of the resonance curve, which can be
mterpreted as an increase i the acous-
tic quality of the violin

The expertments made with maes-
tro violins (Fig. 1) lead to the conclusion
that after the process of staing the
violins with staining type ,,8” [4], the
frequency of the main volume resonance
doesn’t change This expresses a quality
of the stain in the sense that it does
not produce a deformation of the violin
body and a change in the air volume.
The polishing of the violin, determines
afterwards an increase in the main
volume {requency

In Fig. 1 we give the answer
curve of the polished violins of 1,3 and
4 sertes For each we stress the mamn
volume resonance (indicated by an arrow
in the diagram). On the same curves the
wood main resonance will be stressed

In Fig. 5a we give the answer curve of the violin of maestro 1 in white
Apart from the main volume resonance we notice two more. the main wood
resonance (505 Hz) and the subharmony of the wood resonance (245 Hz). The
interval between the main wood resonance and the main volume resonance is
1 69, and the interval between the main wood resonance and the subharmony
is 2. 08. In Fig. 5b we give the answer curwe of the same violn, only stained.
The 1nterval between the main wood resonance and that of the volume 1s 1.74,
and the interval towards the suharmony is 2,06 In Fig. 5c we give the answer
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F1g 4 The answer curves of the sertes
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F1g 5§ The answer curves of the maestro

violn 1 i white {A), stammed (G), stained

and polished (GL) The distance form the
microphone 50 cm.

curve of the stained violin an then polished. We stress the following intervals

wood resonance-volume resonance 1 42 ;
lues close to that of a high quality violin.

wood resonance-subharmony 2 01, va-

IV. The method for the increasing of the answer curve of the air volume
and of the violin’s answer curve, used 1n the present paper, can be easily applied
within the acoustis laboratory of the musical mstruments factory, for testing
violins of maestro as well as sertes violins. This method shows the acoustic changes
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undergone by violins as a result of modifications of a constructive nature or as
a result of using certain types of stain and polish. This method can be extended
to all mustcal imnstruments from the violin family

(Recewved September 25, 1979)
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STUDIUL REZONANTEI PRINCIPALE DE VOLUM LA VIORI
(Rezumat)
In lucrare se prezinti citeva rezultate experimentale privind rezonanfa principali de volum

la vior1 de serie 51 de maestru lutier, construite din molid mdigen de rezonantd la Fabrica de wnstru-
mente muzicale din Reghin.
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Ioan Ursu, Rezonanta magnetied in com-
pusi eu uraniu (Magnetic Rezonance in Uramium
Compounds), Ed Academier, Bucuregti, 1979

The book “Magnetic Resonance in Uranum
Compounds”, which Prof I Ursu, Member of the
Academy of the Socialist Republic of Romama,
lays before the scientific world, through the good
offices of the Publishing House of the Academy
fo the SR of Romama, represents a new and
valuable proof of the vitality and productivity of
the Romamian school of magnetic resonance, foun-
ded and fervently actuated by the author himself
for more than two decades. It 1s a commonplace
that magnetic resonances constitute a complex
and essential area of research concerning the
interaction of radiation with substance, a source
of methods and applied techmiques, unique by
their sensitivity, accuracy and discriminating
capacity with which they tackle the microscopic
structure and dynamics of the condensed state,
at electron and nuclear levels Fully aware of
the fundamental value and, particularly, of the
great potential for applications of the magnetic
resonances for Romanian physics and the top
industries which were just getting ground 1n
this country, 1e the industry of nuclear mater:-
als and technologies, the macromolecular and ca-
talytic chemustry, electronics etc, Prof Ioan
Ursu did not limit himself to introducing into
the scientific circulation mew knowledge and
methods, through his own new ground breaking
papers, but he has constantly striven for gatheri-
ng leading groups of experts in Bucharest, Cluj-
Napoca, in other research and highlevel education
centres

At present, under his guidance, these groups
of experts have gathered a solid reputation in
the specialized scientific media, foremost 1n the
International Society of Magnetic Resonances
and the AMPERE Interanational Society —
whose XVI-th Congress was held 1 1970 1n this
country as well as the first international specia-
lized school — through authoritative pepers in
all areas of modern spectroscopy

Through all the origmal scientific results pre-
sented 1n the recently issued book, Prof Iocan
Ursu, demonstrates the stable fruitfulness of
resonance phenomena, extending them in an
area of utmost importance and up-to-dateness
for this country, engaged n a sustamed nu-
clear power programme — in the area of nu-
clear fuels, nuclear materials and te chnologies
in general. It is worth mnoting that the in-

RECENZII

verstigation of the new area has been made
by evidencing and taking advantage of a special
physical effect — the scalar imdirect coupling
between the nuclet of fluorine 19 and uramium
235, into the molecule of uranium hexafluoride
— a compound of particular importance in the
nuclear fuel cycle Thus, the possibility to inves-
tigate by magnetic resonance the electron struc-
ture of uranium under various valency states has
been created and the isotopic effects of high
signmificance for the knowledge of uranium hexa-
fluoride and other urammum compounds within
which the metal occurs under different isotopic
abundances, closely related to the enrichment
processes, have been evidenced

Paving the way to developing standard me-
thods for the on-lmme control of nuclear techno-
logical processes, these researches manifest a
ligh applicable potential in other relevant areas
of physics and technologies of special materials
with controllable properties, such as the develo-
pment of laser active maternals

The book covers four chapters and a large
number (374) of biblhiographical references (most
of them are very recent issues)

The first Chapter reviews the magnetic reso-
nance phenomena and the interactions which
affect the transitions among the energy levels
of magnetic systems After presenting the statio-
nary and pulse nuclear magnetic resonance
(NMR), the three types of interactions, 1 e
dipole-dipole, magnetic and quadrupole shifts
which 1influence the structure and position of
the nuclear magnetic resonance spectrum as well
as the relaxation processes induced by these
interactions are presented A section of the Chap-
ter 15 devoted to the electrom paramagnetic
resonance The spin-orbit and hyperfine interac-
tions for the free atom, the interaction with
the crystalline field in different approximations,
the Zeeman interaction are investigated and the
structure of electron paramagnetic reesonance
spectra 1s analyzed

The second Chapter makes a remarkable syn-
thests of the properties of uramium compounds
and their use 1n nuclear power The first processes
considered are those specific to the uranmium
nucleus, 1e fission, 1sotopic decays, 1isotopic
analyses, and their application i nuclear power
and then the uramium atom and the different
1on states of this element are presented The

various compounds of uranium, such as alkaline
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fluorines, alkaline-rare earths fluorines, alloys
and other compounds of uranum and metallic
uranmm are dealt with Concurrently with the
structure of these compounds, the magnetic pro-
perties, essential i1n magnetic resonance, are
discussed

In the third Chapter, extensive nuclear ma-
gnetic resonance researches on uranium compo-
unds undertaken by the author and his co-
workers, as well as those which are carried out
1n other centres of the world are presented Both
the results concerming the energy levels of ura-
nwum 1n various compounds and the results
of the nuclear magnetic relaxation processes
under different experimental conditions are ana-
lyzed The author explains that nuclear magnetic
resonance could be used to determine urammum
1sotope content as well as to investigate uranium
enrichment effect 1n different compounds and
unde different isotopic states

The last Chapter 1s devoted to the application
of electron paramagnetic resonance to researches
of uramium compounds After discussing several
valency states of uranium, 1ts fundamental states,
interactions and the conditions under which
electron paramagnetic resonance shifts oceur in
these 10ms, a large number of experunental results
ubtammed by the author and his co-workers
manly related to Ust, Ut and U 8 i different
magnetically dilluted and concentrated crystals

.

e
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are presented The Chapter ends with the ana-
Iysis of the possibilities for tlus method to be
used 1n determining uramum 1sotope abundance

A brief examination of the references evidences
the author’s important contribution to the deve-
lopment of magnetic resonance research on ura-
nium compounds as well as to the application
of these metohds in investigating the 1sotopic
states of uranium compounds Finally, the book
mncludes an alphabetic mndex and two summaries
1 English and Russian respectively They could
stand for entries, but we find it necessary that
the book should be translated into a widely used
language to the bemnefit of the entire world-wide
community of specialists

Prof IToan Ursu’s book ”Magnetic Resonance
m Urammum Compounds’’ represents an , 1m-
portant contribution to the knowledge of an
area of a very important scientific up-to-dated-
ness, such as physics and mmner structure of mat-
ter are, as well as to the application of modern
methods as NMR and EPR in nuclear power,
for analyses, quantitative and qualitative de-
terminations and practical tests The book 1s
unique 1n this area and we express our convi-
ction that 1t will soon enter the world-wide scien-
tific circulation as 1t 1s worth while

AL, NICULA
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