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THE HYDROGEN AND DEUTERIUM TRANSFER THROUGH THE
PALI,ADIUM-SOLUTION INTERFACE AT CONSTANT CURRENT*

F. BOTA, R. V. BUCUR, I. COVACI

The possibility of the interference between adsorption and absorbtion
process in a Pd—H system has been suggested by C. Wagner [1].
Wicke and Meyer [2] experimentally made obvious the surface
process contibution to the determination of overall process rate in a gas
phase. The role of this layer was not generally taken into account in elec-
trochemical measurements.

It seems that in measurements at constant current [3], the adsorption
layer has a much more important role than in measurements at constant
potential [4]. In the paper above mentioned [3], the problem was presented
only qualitatively, therefore we want to present here some of the quantita-
tive aspects.

In a recent work it has been shown [5] that the presence of adsorbed
hydrogen is equivalent to a change of diffusion coefficient, an idea pointed
out by Wicke and Meyer for the gas phase. This way, the great scattering
of diffusion coefficient values could be explained.

In the present paper the overall oxidation reaction of hydrogen and
deuterium in a thin palladium layer is studied, by taking into account the
existence of adsorption layer. The experimental verification of the theory
is presented, and also some constants are calculated, making obvious some
isotope effects.

The mathematical treatment of the dependence potential — time,
leads to a linear dependence AE vs log(t — )

AE =£1n[(‘ + f‘]"“. KC°] — 2L (e — )
zs Kka [H+] «Z§

Fig. 1, 2, 3 and 4 show the experimental values obtained for hydro-
gen. The dependence is linear, as the theory predicts.

The slope is negative, so the process is irreversible They notice thet
for four different initial concentrations of hydrogen in palladium, the slop:
is constant, and it means that the slope is not depending on it.

Fig 5 shows the dependence of AE vs log(t — #) for deuterium, for
the same initial concentration as the hydrogen (fig. 2). The slope for deute-
rium is bigger than for hydrogen. Therefore, the transfer coefficient has
different values for the two isotopes:

g = 0,74 and «,=0,67.

In conclusion, the experimental data are in good agreement with the

theory, and it 1s also possible to determine other data, concerning this
system.

(Recesved  January 29, 1977)

* This work was presented at the International Meeting on isotope effects m
physical and chemical processes (1973),
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TRANSFERUL HIDROGENULUI S$I DEUTERIULUI PRIN INTERFATA PALADIU-
-SOLUTIE, LA CURENT CONSTANT

(Rezumat)

Se verifici teoria stabilitd intr-o lucrare anterioard pentru sistemul [Pd — H], [Pd —
— D] in care se studiazi dependenfa AE vs log(r —¢) Se constatd cd dependenia este
liniar4, cu panta negativi, independenti de concentrafia imitiald Se pune in evidentd efectul
izotopic prin determinarea coeficientilor de transfer pentru hidrogen g1 deuteriu.
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SOLVENT DEPENDENT E.P.R SPECIRA OF COPPER (II)—
MONOETHANOLAMINE COMPLEXES IN WATER — ETHANOI
MIXTURES.

0. COZAR, V. ZNAMIROVSCHI, I. HAIDUC

1. Introduetion. It was shown [1—2] that EPR spectra of Cu(II)
complexes in water-ethanol mixtures of various concentrations are strong-
ly dependent on the ethanol concentration This fact was explained in
terms of a matrix effect and coordination of water molecules

As an extension of our investigation of Cu(II) complexes containing
various ligands [2—3] we have investigated some CuCly,-monoethanolamine
complexes. Copper(II) chloride reacts with monoethanolamine to form
several complexes [4] depending upon the reaction condition, particularly
on the molar ratio of the reagents.

Wehave chosen for our study the blue compound[Cu(H,NCH,CH,0H),]Cl,
and the emerald-green compound [Cu(H,NCH,CH,OH);]Cl, In the blue
compound (A) the four molecules of momnoethanolamine are coordinated
only through nitrogen, whereas in the compound (B) the ligands are
coordinated both through oxygen and nitrogen as:

H, H
HOCH,CH,N,  NH,CH,CH,0H H,C—O0, NH,CH,CH,0H
Cu Cu
HOCH,CH,N” “NH,CH,CH,0H H,c—N”  NH,CH,CH,0H
H
2 2
(A) (B)

2. Experimental. The two compounds investigated were prepared
according to the literature data [4] EPR spectra were recorded at room
temperature (liquid solutions) and at 77 K (frozen solutions) with a JES—
3B spectrometer in the X band, with a field modulation of 100 Xc/s Elec-
tronic spectra were recorded with a Specord UV—VIS (Carl Zeiss, Jena)
spectrophotometer. The complexes were studied in ethanol-water solutions,
the concentration being 4 mg/ml for compound (A) and 10 mg/ml for
compound (B). The ethanol-water ratio in the solvent is shown in Tables 1
and 2.

3 Results and discussion. The EPR spectra obtained for liquid
solutions, at room temperature, show four well resolved compomnents of
the hyperfine structure due to the nuclear spin I = 3/2 of the copper(II)
ion. At 77 K, a modification of the symmetry of complexes is noticed,
which depends upon the ethanol content of the solution. In water, the
spectrum of compound (A) shows a slight anisotropy (Fig. 1), the signals
in the parallel band (g) being practically unnoticeable, except the signal
corresponding to m; = — 3/2, situated on the right hand of the perpendi-
cular absorption (g;). On addition of only 2%, ethanol to water, complete
resolution of the hyperfine structure in parallel absorbtion is obtained.
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Compound (B) exhibits a resolved hyperfine structure in the parallel
band even in water solution (Fig. 2) An improvement in the hyperfine
structure resolution is noticed with increasing concentration of ethanol
in solution, the spectra becoming almost identical with those of compound
(A). The g and A parameters character-
istic of the two compounds investigat-
ed, are listed in Tables 1 and 2.

The electronic spectra of the two
complexes, in water and in a 359 EtOH
4 65% H,O mixture, show a single
absorption band in the visible range at
15000 cm™*, This band can be assigned
to nonresolved |E,, Bj) — |Bj,) tran-
sitions, as found in other copper(II)
complexes [5, 6].

The antibonding molecular orbitals,
corresponding to the ground and excit-
ed states of the 3d electron, responsible
for the paramagnetism of the compo- 9% ";0+2%C;H50H
unds investigated are [7]:

|B1g> = (de:__yl —_ oL'CDo
|B2g> = Bd’zy - (1 - (32

8d,i— (1 — 82
B> =| -
Sd,7— (1 — &

xz — yz)
120, (xy)
12, (xz2)
120,(yz)

~— B =

90% Hy O+10%C pHgOH

Fig. 2. Influence of the ethanol concentration
upon the EPR spectra of the emerald-green
Cu(II)-monoethanolamine in water-ethanol mixture

at 77 K. 9
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The parameters involved in these equations can be determined by
using the following approximate relations [7]:

o = | Ayl[P + (g — 2.002) + 3[7(gy — 2.002) + 004

gy = 2.002 — SKazﬁzley

g1 = 2.002 — 21a282/A,,
where P =0.036 cm™, A= —828 ecm™, A,, and A,, represent the
electronic transitions |Bjg) — |Bg) and [By) — |E,> respectively. For

both transitions the experimental value of 15000 cm™! is taken. The o2, B2
and 32 parameters are listed in tables 1 and 2.

Table 1
The EPR parameters and MO coeffieients for complex (A)
A4 A
Solvent g g, 4y I 4] ot pe Y
(10™% cm™?)
H,0 — 2.084 — - — — -
98% H,0+4
29, EtOH 2.216 2 056 183.6 30.2 0,79 061 062
809% H,0 +
209% EtOH 2,223 2 050 188.0 25.2 080 062 0,54
EtOH 2.226 2.049 188 3 216 0,81 0,63 0.53
Table 2
The EPR parameters and MO coefficients for complex (B)
A A
Solvent 8 &1 l ”l | I Al o? p2 32
(10™¢ em™)
H,0 2195 2050 1756 3 25.0 0.74 059 059
98% H,0 +
2% EtOH 2 201 2 046 175 8 243 075 060 053
80% H,0 4
20% EtOH 2.212 2.044 181.3 23.0 0,77 062 0.49
60% H,0 +
40%, EtOH 2.216 2.044 186.3 23.0 079 0.61 0.48

The experimental results suggest a decrease in symmetry of complexes
with increasing ethanol concentration, which is due to the action of the
vitreous matrix formed by freezing the ethanol-water mixture [1, 2, 8].
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In water the symmetry of the complexes is higher, due to the coordina-
tion of two water molecules on the Oz axis, with formation of six-coor-
dinate octahedral complexes with a less pronounced component of axial
symmetry [2, 5]. The compound (A) has a higher symmetry than the
compound (B), similar to that observed for [Cu(trien)SCN]SCN [2]. This
is explained by the presence of the same environment around copper
(four nitrogen atoms). In the case of complex (B), the chromophore
CuONj; is less symmetrical and contains two different donors in the coor-
dination sphere.

Since the solutions in pure water as solvent, by freezing form a poly-
crystalline matrix [9] with weak bonds in the structural network, the
deforming action upon the complexes incorporated in this matrix is weak.
Addition of ethanol results in the change of the matrix [1,2] determining
a vitreous state of the frozen mixture; this results in a stronger deforming
action of the matrix upon the complex.

It seems that in this case a slight extension of the distance between
the Cu(IT) ion and the ligands occurs This is supported by the observed
increase (Tables 1 and 2) in the ionic character of the o(«?) and =(p?)
bonds in the xOy plane. The = bonds, both in — plane (2 < 0.63) and
out-of- plane (3% < 0.62) have a strong covalent character, and these
are responsible for the stability of the complexes investigated.

In water and in a 989, H,0 4 2% EtOH mixture, the out-of-plane =
bonds are more ionic, due to the coordination of water molecules on the
Oz axis; this involves d,, and d,, orbitals, thus perturbing the = bond
formed with the donor atoms of the ligands. By increasing the ethanol
content in solution, water is fixed in the structural matnx, it becomes
less available for coordination, and thus the covalency of the = bond in-

creases,
(Recewed February 5, 1977)

REFERENCES

. V.Znamirovschi, O.Cozar, Acta Phys Pol, A42, 33 (1972)
.0.Cozar, V, Znamirovschi, I. Haiduec, J. Mol. Struct.,31, 153 (1976)
.0.Cozar, V. Znamirovschi, I Haiduc, Studia Univ. Babes-Bolyai, Phys,
29 (1975)
V.V Udovenko, M. V Artemenko, Zhur., Neorg. Khim, 4, 352 (1959)
.B.J Hathaway, C E Lewi1s, J Chem Soc, A 2295 (1969)
S.C Rustagi G. N Rao, J Inorg Nucl Chem, 36, 1161 (1974)
D. Xivelson, R. Neiman, J Chem. Phys, 35, 149 (1961)
. V.Znamirovschiy O Cozar, Al Nicula, Molec. Phys, 27, 273 (1974).
. I, Burlamacchi, J, Chem Soc, Faraday II, 54 (1975)

[{elv BN WaplJ PN WM =

DEPENDENTA DE SOLVENT A SPECTRELOR R.E.S. PENTRU COMPLECSII
Cu(I)-MONOETANOLAMINA tN AMESTECURILE APA-ETANOL

(Rezumat)

Se face un studiu RES a do1 complecsi de Cu(II)-monoetanolammi in amestecur: api-
etanol, observindu-se o dependenti a spectrelor RES de concentrajia de etanol in apd Acest
fapt se explici prin actiunea deformatoare a matricn vitroase ap#-etanol la 77 K asupra
complecsilor studiati.
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UNE METHODE ULTRASONIQUE D’AGGLOMERATION DES
PARTICULES DES SUSPENSIONS

CORINA SERBAN, I0ANA MACAVEI, D. AUSLANDER, ST. MAZUR

Intreduetion. L’agglomération et la précipitation des particules solides
suspendues dans un milieu gazeux constitue un probléme de grande actua-
lité, ayant en vue le combat contre la pollution du milieu ambiant et
la récupération de certains matériaux [1, 2].

La méthode de précipitation a l'aide des ultrasons présente une
série d’avantages par rapport aux méthodes électrostatiques: elle permet
une purification avancée des gaz, elle est utilisable en cas des gaz inflamma-
bles et corrosifs, elle peut étre adaptée pour retenir un large domaine de
dimensions des particules, etc

Considérations théoriques. Le processus spontané d’agglomération
est accéléré sous l'action des ultrasons par la croissance de la fréquence
de heurt des particules La diminution relative du nombre des particules
est donnée par le degré de coagulation

E = 100e—* (1)

olt k& dépend de la concentration des particules, de l'intensité et la fré-
quence de l'ultrason, du temps d’ultrasonorisation et du type de suspen-
sion.

Ia valeur optimale de la concentration est de 5—10 gfem?. La con-
centration au-dessus de 15 gfcm® a un effet négatif, di 4 l'absorption
de I'ultrason. Pour chaque fréquence 11 y a un rayon critique des particu-

les 7y = \/ y o fpour laquelle I’absorption est maximale et qui doit, par
Trpp
conséquence, &tre évitée.

L'intensité  acoustique minimale nécessaire 4 la coagulation est de
130 dB.

En ce qut concerne la fréquence, on préfére I'utilisation des ultrasons
au-dessus de 16 kHz, afin d’éviter le caractére facheux des sons intenses
et 'emploi d’un spectre large de fréquences pour pouvolir actionner sur un
domaine étendu de dimensions [3]

Le prolongement du temps d’ultrasonorisation contribue aussi a
Paugmentation du rendement; la valeur minimale pour une fréquence et
intensité optimales est de 2—3 sec.

Sous I'action de I'ultrason, les particules sont soumises a4 un mouvement
supplémentaire qui augmente la probabilité du heurt, donc 'aggloméra-
tion [4].

Les particules participent au mouvement oscillatoire du gaz dans une
mesure qui dépend du rayon de la particule 7, de la fréquence du champ
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acoustique f, de la viscosité du gaz v et de la densité de la particule p,.
Le rapport des amplitudes du mouvement des particules et du gaz

Xo ! @)
X \/ Ampprif |2
)
9
exprime la mesure de la paiticipation des particules aux oscillations du
milieu sous 'action des ultrasons. Dans le cas des particules polydispersées,

la condition optimale de participation aux oscillations qui déterminent
Pagglomération est

02 <22 <08 (3)
(Xe)
Des forces hydrodynamiques prennent naissance entre les particules,
en fonction de leur position relative 2 la direction de propagation de
I'onde. La force d’attraction maximale est donnée par

F = T (7, — 7)) )

ol1 1 est la distance entre deux particules L’effet des forces hydrodynami-
ques se manifeste surtout dans le cas des suspensions concentrées.

Sous l'action de la pression de radiation, les particules sont soumises
4 des forces proportionnelles 4 leurs surfaces

F=207"E G ok (5)
3

qui se déplacent vers les ventres des ondes stationnaires (5). Dans la for-
mule (5) E représente la densité d’énergie acoustique, A — la longueur
de I'onde, # — le nombre d’onde et x — la distance de la particule du
noeud de l'onde stationnaire, & un moment du temps donné.

La probabilité des heurts résultés des mécanismes décrits est favori-
sée par le mouvement brownien des paiticules, qui a un réle tmportant
surtout dans le cas de petites particules

Installation expérimentale. On a travaillé au moyen d’une siréne
ultrasonique aérodynamique de type axial, avec des paramétres calculés
par les auteurs, la projection et la construction étant réalisées par 1'In-
stitut Polytechnique de Cluj-Napoca ILa fréquence du son émis est donné
par

mn
f P~ (6)
ot m est le nombre identique d’orifices du rotor et du stator et » — le
tournage du rotor Ies dimensions des orifices ont été calculées en fonc-
tion de la consommation d’air comprimé (75 N mb3/h), limité afin d’éviter
la dilution excessive du milieu. Pour pouvoir travailler 4 des fréquences
variables, on a prévu le réglage du tournage jusqu’a 15000 rotations/min.,
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ce qui donne pour m =78 f = 19500 Hz. L’interstice rotor-stator de
0,1 mm a assuré un rendement acoustique élevé.

La siréne a été prévue d’un entonnoir exponentiel, qui permet de
réaliser une impédance constante et réelle sur une surface donnée. Aussi
a-t-il été nécessaire de réaliser un systéme de refroidissement rigoureux,
étant donné que I'on travaillait dans un milieu gazeux, & une température
élevée

Résultats et discussions. La siréne a été montée sur la chambre de
dépoussiérage d’une station pilote par laquelle la suspension de particules
dans les gaz passait 4 la température de 850°C.

On a déterminé les paramétres de fonctionnement de la siréne au
froid (la fréquence et l'intensité de l'ultrason en fonction du tournage
et de la chute de pression), dans I’absence de la suspension, avec un
decibelmeétre prévu de filtres de fréquence et un oscillographe avec deux
spots.

A la suite on a effectué des mesurages dans les conditions de fonc-
tionnement du pilote On a déterminé le contenu de poudre en 50 1
de gaz par filtrage, pour différents débits d’alimentation de la siréne
et a différentes fréquences La poudre filtrée a été analysée granulomé-
triquement et prenant pour base les données obtenues, on a tracé les
courbes de distribution sur les dimensions des particules filtrées. Les cour-
bes intégrales » = f(®) donnent le purcentage de particules & dimensions
plus réduites qu’'une certaine valeur La fig. 1. représente cette courbe
pour l'épreuve témoin recueillie dans l’absence du champ ultrasonique,

Les fig 2 et 3 s’en référent aux épreuves de poudre récoltées aprés
le passage de la suspension a4 travers le champ acoustique de la siréne,
a la fréquence de 12 100 Hz, respectivement 14 100 Hz.

Pour les mémes épreuves ont été calculées les courbes différentielles

de distribution % = f(®), représentées dans les figures 4—6.

N
%
80 4
50 1
40 1 ’
201
- - - - - @ ’
0 10 20 30 0 50 60 ofum)
An & P(/um)

Fig. 1. Courbe intégrale de distribution des particules dans 1’épreuve témoin,



n%

50 4

40 4

20 4

- -

T T T i

0 10 20 30 40 S0 60 ¢fum)

Fig, 2. Courbe intégrale de distribution des particules
dans V’épreuve ultrasonorisée 3 v = 12 100 Hz

dn
dop %

37

9 0 20 3 40 50 6 plnd
FPig. 4. Courbe différentielle de distribution dans 'épreuve
témoin.
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1* g 3 Courbe mtégrale de distribution des particules
dans 1'épreuve ultrasonorisée & v = 14 100 Hz

T | %o

: , y —————— 5
0 0 D B L 50 0 eum
I'1g 5 Courbe différentielle de distribution dans l'épreuve
ultrasonorisée & v = 12 100 Hz

[y
LI\
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[

a~

o 5|5
~O

0 2 4 sp p(xm)

F1g. 6 Courbe différentielle de distribution dans I'épreuve
ultrasonorisé & v = 14 100 Hz.

Le pourcentage des particules aux diametres compris entre les deux valeurs

données @, et ®,, représente l'aire incluse entre la courbe et 'axe @, limitée
@,

par les valeurs respectives du diameétre: An = S % ad

D,

I/ allure des courbes de distribution représentées sur les fig. 2, 3, 5, 6,
en comparaison avec celles correspondant aux épreuves témoin des fig. 1
et 4, relévent Veffet de l'ultrason. L’on constate que sous l'action du
champ ily a une tendance nette de déplacement des dimensions vers
une distribution 4 caractére de monodispersion qui s’accentue concomitam-
ment avec l'augmentation de la fréquence. Par conséquence, si dans
I’épreuve témoin au domaine des particules a dimensions entre 15—20 pm
revient un pourcentage de 119, sous I'action de I'ultrason, on obtient
pour le méme intervalle une valeur de 20% 4 12100 Hz et de 37% a
14 100 Hz.

Nous considérons que cet effet refléte le processus d’agglomération
par I'augmentation de la fréquence de heurt des particules dans le champ
ultrasonique. Le processus se manifeste de préférence sur les particules
de moindre dimension.

(Manuscris regu le 31 januvier, 1977)
i ! !
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AGLOMERAREA ULTRASONICA A PARTICULELOR DIN SUSPENSII

(Rezumat)

In lucrare sint prezentate rezultatele cu privire la acfiunea ultrasunetului asupra
procesulz de aglomerare a particulelor din suspensit. Determiniirile experimentale efectuate
cu o sireni aerodinamicid pun in evidenti o crestere a randamentului aglomer#irn, sub
acfiunea ultrasunetului Efectul se mamfestd in alura curbelor de distribufie gramulometrici,
integrale gi diferentiale,
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DETERMINATION DE LA SOLVATATION DE QUELQUES
ELECTROLYTES PAR UNE METHODE ULT RASONIQUE

CORINA SERBAN, D. AUSLANDER

Considérations théoriques. Le phénoméne de solvatation, causé par
I’attraction coulombienne entre les ions et les molécules polaires du solvant,
détermine des changements dans la structure de celui-ci. Analysant le pro-
cessus, on distingue une solvatation primaire, dans laquelle les molé-
cules du solvant étroitement lides 4 l'ion sont en mouvement avec celui-ci,
ayant une énergie potentielle plus grande que I’énergie thermocinétique, les
molécules du solvant perdant leurs degrés de liberté; et une solvatation
secondaire, olt les molécules de solvant, plus éloignées des ions solvatés
primairement, subissent une attraction plus faible, le nombre de solvata-
tion dépend de la température.

Des études existentes [1,2] il résulte que les ions sont solvatés par
voles différentes; il semble que la solvatation des cations est réalisée au
moyen des interactions électrostatiques, les molécules du solvant étant
distorsionnées et les anions sont solvatés par des liaisons d’hydrogene.
De méme a-t-on constaté que les grands ions, tels que K*, Rb+*, Cs*,
NO3z, J— ont le role de désorganiser la structure, tandis que les ions forte-
ment solvatés, comme Lit, Bet+, Mg+*+ Catt ont leffet d’ordonner
la structure du solvant.

Le nombre de solvatation est déterminée par une série de facteurs:
la force d’attraction entre ions et dipdles; propriétés spécifiques du solvant ;
le nombre de coordination de l'ion dans le complexe solvaté; permitivité
ete.

Méthode de travail. I.es méthodes de déterminer les nombres de sol-
vatation sont multiples et les résultas discordants [3]

Dans le présent travail nous avons appliqué une méthode ultrasonique,
fondée sur des mesurages de vitesse de I'ultrason dans différentes solutions
d’électrolytes, en calculant ensuite le nombre de solvatation Z pour une
molécule, d’aprés la formule de Mihailov:

p— P, —¢
7 B M (1)
¢ M,
olt p, pp — densité de la solution respectivement du solvant
¢ — concentration en g/cm?®
M, M, — masse molaire du soluté, respectivement du solvant
B, B, — compressibilité adiabatique de la solution et du solvant
1
Bad = 'a;;

a — vitesse de l'ultrason.
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Les molécules de la couche de solvatation étant fortement comprimées
a cause de I’électrostriction, dans la déduction de la formule on a considéré
le volume de la sphére de solvatation comme incompressible. De méme
dans l’approximation faite, le solvant est représenté comme un milieu
diélectrique continu.

Résultats expérimentaux. Dans les recherches effectuées on a poursuivi
I'action des sels monovalents et bivalents (LiCl, LiBr, LiJ, NaBr, Na]J,
MgCl,, SrBr,) sur le méthanol, éthanol, butanol et glycol, et on a calculé
le nombre de solvatation et leur variation en fonction de la température
et de la concentration.

Analysant la dépendance de la solvatation de la température dans
le domaine de 10°C—50°C, I'on constate I'indépendance de la tempéra-
ture dans le cas des sels énumérés.

Les résultats obtenus ont été représentés graphiquement pour ¢ =
= 30°C; l'on constate dans tous les cas la reduction du nombre de solva-
tation avéc la croissance de la concentration, 'allure des courbes dépendant
de la nature des ions et du solvant.

Sur les figures 1—4 on a mis en évidence la dépendance de la solvata-
tion de la polarisabilité différente des ions et 1’on a représenté comparati-
vement le nombre de solvatation des différents ions dans le méme solvant.
Sur la figure 1 le solvant étudié est le méthanol, un alcool fortement associé,
dans lequel se trouvent solutées quelques chlorures: LiCl, S:Cl,, MgCl,.
On remarque la diminution plus rapide avec la concentration du nombre
de solvatation pour les sels bivalents vis-a-vis des sels monovalents Ies
molécules de MgCl, ayant un diamétre plus petit que S:Cl, sont plus forte-
ment solvatées. Le nombre de solvatation des molécules de 11Cl a, généra-
lement, des valeurs plus réduites. Des résultats similaires ont été obtenus
ausst par A. Lindheumer et B. Brumn pour des solutions de LiCl
en méthanol, appliquant une méthode de résonance magnétique nucléaire.

De la figure 2, qui donne la variation des nombres de solvatation
du MgCl,, SrBr,, SrBr, et L1Cl en éthanol I'on constate un comportement
analogue & celui décrit sur la figure 1.

. z
10 0
Dl
5 \\’;
5
Lt
0" N ; N )
Figt o 05 1 15 2 25  cimalf)
B (" e T A - T o T
Fig 1 Variation du nombre de solva- F1g 2. Variation du nombre de solvatation
tation avec la concentration dans les avec la concentration dans les solutions de
solutions de MgCl,, SrCl,, IaCl en mét- MgCl,, SrBr,, LiCl en éthanol.
hanol.
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Z
2
b i
| 5 \%\ LiBr
as \ . L KBr MaBe
° [ 1 15 7 el 0 f 2 clmayi)
Fi1g 3. Variation du nombre de solvata- Fig 4 Vanation du nombre de solvatation
tion avec la concentration dans les solutions avec la concentration dans les solutions de
de L1Cl et NaI en butanol quelques sels monovalents en glycol

Sur la figure 3 le solvant représenté est le butanol, dans lequel ont
été soluté deux sels monovalents IiCl et NaCl I’on observe de méme
la diminution de la solvatation avec I'augmentation du diameétre moléculaire

Des effets semblables on été obtenus ausst dans les solutions de glycol
des sels monovalents (fig. 4) A de petites concentrations l'effet en est
réduit et avec l'augmentation de la concentration l'interaction 1on-ton
devient plus puissante Pour pouvoir apprécier I'influence du solvant sur
le nombre de solvatation, on a représenté graphiquement la varaiation
pour LiCl dans trois alcools différents - méthanol, éthanol et butanol (fig 5).
On remarque que le nombre de solvatation le plus grand apparait, dans
les solutions d’éthanol, étant fortement affecté par la variation dela concen-
tration, tandis que dans les solutions de butanol le Z est petit et presqu’indé-
pendant de la concentration

Interprétations des résultats. La valeur du nombre de solvatation est
en grande mesure déterminée par l'interaction ion-dipdle d’une part et-

Tableaw 1

Energle d’interaction ion — dipdle

s Rayon Solvant
Ion Van der
6 Waals A Methanol| Ethanol | Butanol
Lat+ 0,76 18,20 18,40 17,85
N Na+t 1,01 7.25 7,34 7.23
K+ 1,34 3,70 3,74 3,63
2 £10w Cl— 1,81 1,91 2,02 1,90
i Br— 1,95 1,74 1,75 1,69
B - 2,16 1,40 1,41 1,37
0 05 [ 15 2 cmelp) Mg++ 0,78 2,15 2,17 2,11
.5 . Srt+ 1,27 0,81 0,82 0,79
Fi1g 5 Variation du nombre de sol- Energie d'inter-
vatation avec la concentration dans action dipdle-dipéle
les solutions de ILaCl en méthanol, eV 1,44 0,98 0.39
éthanol et butanol. ’




DETERMINATION ULTRASONIQUE DE LA SOLVATATION 19

par linteraction dipdle-dipéle d’autre part, ces interactions étant gouver-
nées par la permitivité de la solution.

L’interaction ion-ion meéne a la diminution de la polarisabilité d’au-
tant plus que le cation est plus petit et ’anion plus grand, la conséquence
étant la diminution de 'interaction ion-dipéle. En cas de faibles concentrati-
ons l'effet est petit et avec l'augmentation de la concentration l'interac-
tion ion-ion devient plus forte.

Pour interpréter les résultats obtenus on a calculé les valeurs de ’éner-
gie d’interaction ion-dipble, au moyen de la relation

E =
D KT
oll p — moment dipolaire des molécules du solvant
v — distance entre le centre de la molécule de solvant et I'ion

et ces valeurs ont été comparées avec les énergies d’interaction dipodle-
-dipdle

2pd
Eoo = =0t

Les résultats sont portés dans le tableau 1. Des calculs il s’ensuit que
I’énergie d’interaction ion-dipdle des petits ions, tels que Ii+, Natest 4—10
fois plus grande que l'interaction dipbéle—dipéle, ce qui peut déterminer
un ordre éloigné dans le ligmde En poursuivant I’énergie d’interaction
pour le méme ion dans trois solvants, on remarque que la valeur la plus
élevée correspond 4 [’éthanol. Analysant les autres valeurs du tablean, on
voit que la disposition des courbes des graphiques est en grande partie
confirmée.

Les ions négatifs sont toujours plus polarisables que les 1ons positifs
de mémes dimensions & cause de la charge positive de ces dernters qui
établissent leur nuage électronique La polarisation étant dépendante de
la densité de charge des 1oms, elle va augmenter avec le rayon des ions
monovalents

Conelusions. Dans les solutions d’électrolytes i1 vy a une tendance
d’organisation, respectivement de désorganisation de la structure du solvant,
sous l'influence des ions, ce qui détermine le changement des paramétres
structurels. La contribution différencielle des ions détermine le renforce-
ment du caractére d’organisation de la structure avec l'augmentation de
la densité de charge de I'ton, respectivement d’atténuation de la tendance
de désorganiser la structure du solvant, dii & l'accroissement de la sphére

de solvatation.
(Manuscsst yegu le 7 févrer 1977)
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CATCULATION OF SHEAR AND BULK VISCOSITY COEFFICIENTS
IN SIMPLE LIQUID METALS

SPERANTA COLDEA

1. Introduetion. The problem of calculation of the ionic transport coeffi-
cients for liquid metals was recently developed [1] by generalisation of a
previous method for self-diffusion, which was based on the Enskog theory
of transport processes in dense fluids [2]. The basic assumption of the
theory is that the viscosity coefficients of a simple liquid metal is equal
to that of a hard-sphere fluid, under the same condition of temperature
and density. The most important elements of this theory are: the way
of estimating the hard sphere diameter of a metal atom as a function ot
temperature; the use of a correction factor to correct the errors in the
Enskog theory [1], [3]. This correction factor is obtamned from molecular
dynamics calculations for dense gases [4].

The details of the theory will not be presented here and we will refer
to the papers [1], [3].

2. The shear viseosity. The Enskog theory for dense hard-sphere
gases and lquids gives [1]—[2]:

g = 0,312562bp(mh T [m)V? - (bL +§ + 0,7614 bpx) (1)
pa(

where
be = 2mn,.6%[3 = 4n, 2)

with #, — the density, o, — the hard-sphere diameter and %, — the
packing fraction of the liquid metal; y = g(o) is the pair correlation function
at contact for the hard-sphere fluid, or the Enskog correction factor An
approximate formula for y can be obtained from the Carnahan-
Starling equation of state [5]-

Z -1 2—n
= L (3)

x = g(o7) =

All these quantities are dependent on temperature T in the case of the
melted metals We use the following equation for the effective diameter
op of a metal atom as a function of temperature [1]:

T 12
1 J— —_—
2,8327M \13 (T
o= J" n (4)
emlN 4 1-B

where B = 0,112 is a constant for any metal and p,, is the mass density
at the melting point [1].
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Using the relations (1)—(4), we can obtain, after a simple algebra, the
following expression for the shear viscosity of a hard sphere liquid metal

' s (RT[M) . - o (22956 . (L= ")’
g = (vRT[M)'Po,. GT( g +
+ 0,166 + 0,3218n, L") (5)
(1 =)

The physical quantities M (the atomic weight of the metal), R, T — the
temperature, p;, o, and %, in the previous relation (5) are known or can
be calculated for the considered liquid metal and this expression can be
used to estimate the numerical values of the corresponding shear viscosities,
at the melting point or at higher temperatures. The result (5) for the shear
viscosity coefficient of a liquid metal must be corrected by a correction
factor, which is defined as:

CAw(n) = H/(‘L:E (6)
and then the real shear viscosity p is:
w=Cpln) - vy (7

We use the values of this factor C4w(v), which are deduced from molecular
dynamics calculations for the dense gases (argon and kripton) [4]. The
table 1 gives the correction factors C,w(yn) as a function of density vfv,
(v being the corresponding packing volum of the metal atoms) and for
various packing fractions. For the intermediate densities and varous
packing fractions the values of the correction factor can be directly obtain-
ed from the figure 1 of the paper [1]. (from a smooth interpolation using
the molecular dynamics data of ref. [4]).

By using the expressions (5) and (7) for the shear viscosity of a liquid
metal we can estimate the numerical values of this transport coefficient
in some particular cases. We will compare the calculated results with the
published experimental data of the shear viscosity for Na, K, Bi, and Hg.
All these values are presented in table 2, together with the used data T,
#r, pr, Caw and with the corresponding references for the experimental
values.

The theory was tested by comparison with the experimental results
for the considered liquid metals, for which we could find published wviscosity
data [6]—[10], and we observed a good agreement between these data.

3. The bulk viseosity. The following expression for the bulk wvisco-
sity of the dense fluid was predicted from the Enskog theory [2]:

Hp = 1,002 po(bp)x (8)
where

o = 1,016 - 136 (mE T )i 2g—2 ©)
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Table 1

The values of the correetion factor C 4 for various densities and various packing fraetions 7

v[v, Cawln) = U-/l’-,E n C,qw("]) | Cawn)

100 1,014-0,02 0,500 2,25 0,440 1,30
20 1,004-0,02 0,495 2,04 0,430 1,24
20 1,004-0,04 0,490 1,91 0,420 1,20
10 0,9940,04 0,485 1,820 0,410 1,17
5 0,994-0,05 0,480 1,74 0,400 1,14

3 1,0240,01 0,475 1,65 0,350 1,075

2 1,114+0,06 0,470 1,58 0,375 1,095
1,8 1,1040,03 0,465 1,52 0,325 1,07
1,6 1,4440,07 0,460 1,46 0,300 1,06
1,5 2,164-0,09 0,455 1,41 0,200 1,03

Table 2

The values of the calculated shear visecosity and the experimental data of these transport
coefficients in Hquid metals

Liquid o 0 e
Meta1 | Tn(*K) | TCE) ap 102 | Do | Cupy | 1gP) | ooree (P) | bexp (P)

(63
Na | 370,5 | 427 | 0,241 0,914 1,5 0,00343 | 0,00515 0,0045
7]
0,00532

(8]
:d 335 381 | 0,1257 | 0,817 1,38 0,0026 0,0036 0,0035

(6]
0,0042

(0]
B1 551 681 | 0,2876 | 9,98 1.37 0,0137 0,0187 00164
[10]
0,0166

(11]
Hg | 2343 | 477 | 0,393 13,103 | 1,1125 | 0,001 0,0105 0,0105
[81. [10]
0,015

We assume that all the former considerations which were made for the
self-diffusion and shear viscosity are valid in the case of bulk viscosity
too.

By introducing the relations (2)—(3) and (9) in the relation (8) we

obtain for the bulk viscosity of a simple liquid metal the following express-
ion -

1/2 9 _
e 0,393(1;”) wh ot 27 (10)

4 T T (1= np)°
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The Enskog theory result for viscosity is of the right order of magnitude
for all fluid densities, but it is not accurate enough for quantitative purpos-
es Then we introduce a correction factor V(y), analogous to that of the

shear viscosity and which can be deduced from molecular dynamics
data [4]:

K="V -3, (11)

where K is the real (or corrected) bulk viscosity coefficient of a liquid metal.
The values of this correction factor, which depends on the packing fracti-
on v, will be given in the table 3

Table 3

The values of the correction factor V(x) of the bulk-viscosity
at various densities vy,

vty = po/p V(n) vfug = pofp V{n)
100 0,9 2 0,9; 1,2
20 1,1, 1,0 1,8 1,1
5 0,9 1,6 1.1
3 0,98 1,5 0,6

By using the relations (10)—(11) we performed numerical calculations

for several liquid metals as Na, K, Bi, and Pb The results are given in
table 4.

Table 4
The values of the ealculated and experimental results for bulk-viscosity for some liquid
metals
Metal | T,,(°K) | T(°K M-i] (g K _(P 14 K(P K, (P
etal | T (°K) | TCE) M| =11 np | ep) 7 3 2(P) {m) (P) explP)
Na 370,5 | 377 23 0,47 0,926 0,00413 | 1,58 0,00653 <0,0179
(12]
K 335 423 39 0,466 | 0,824 0,00356 | 1,6 0,006 <0,007
41, [12]
Pb 600 673 | 207,2 0,461 | 10,6 0,018 1,055 0,019 0,019
[6] [13]
B1 551 578 209 0,47 | 10,02 0,017 1,58 0,027 <0,064
(13]

By a comparison of the calculated numerical values of the bulk viscosi-
ty with the corresponding experimental data for the considered liquid
metals [6], [12]—[13], we observe a good agreement, but not so good
as in the case of the shear viscosity. We must take into account the lack
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of precision for determination of the correction factor V() from the
molecular dynamics calculations. Up to the present molecular dynamics
calculations for bulk viscosity were not effectuated, apartfrom those for
shear viscosity [4]. The experimental data for the bulk viscosity are in
many cases inaccurate (for example the cases of Na, K and Bi). Somuch
the more, the present theory for viscosity coefficients of liquid metals
is remarkably accurate in predicting the absolute (numerical) values of
these quantities. In a next paper another simple theoretical method for
the calculation of the ionic transport coefficients (self-diffusion and viscosity)
in the simple liquid metals will be developed and a comparison between
the corresponding results of the two different methods will be made We
must also re-examine the problem of the thermal conductivity in liquid
metals, which is not a ionte transport coefficient [1], but it is an electronic
one.

(Recerved  Jawunary 31, 1977)
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CALCULUIL COEFICIENTILOR DE VISCOZITATE LAMINARA SI DE VOLUM IN
METALE LICHIDE SIMPLE

(Rezumat)

In prezenta lucrare este reluati problema calculdru coeficienfilor de transport tonic in
metale lichide, abordatd de autor intr-o lucrare anterioars, care se bazeazi pe utilizarea teorier
1w Enskog pentru procese de transport in fluide dense Folosindu-se aceleagi considerafsi ca gi in
cazul autodifuzier g1 generalizind metoda pentru coeficien{u de viscozitate se obfin, in urma
calculelor efectuate, expresii ale acestor coeficient1 ce pot fi utilizate la evaluarea lor numeri-
ci Se compari datele calculate cu ajutorul acestor expresii teoretice cu rezultatele experimen-
tale cunoscute in citeva cazurt de metale lichide unicomponente Na, K, Bi, Pb 51 Hg. Se
gliseste o buni concordantd a aceastor rezultate atit in cazul viscozitiiii laminare, cit §i in
cazul celei de volum.
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DETERMINAREA ULTRASONICA A UNOR CONSTANTE DFE
MATERIAT, PENTRU TOLUEN SI m-XILEN

M. ILUTIU si C. STETIU

1. Introdueere. Se stie ci factorul ce conditioneazid mirimea constan-
telor fizice de material in lichide este structura lor moleculard Constantele
de material fiind masurabile experimental, in cursul timpului au existat
o serie de Incercdri de a le lega prin relatii empirice, semiempirice sau
riguros demonstrate Dintre aceste relatii ne vom referi in continuare la
cele ce leagi viteza de propagare a undelor in lichide de densitate, coeficien-
tii de compresibilitate si de coeficientul de dilatare volumicd.

Intre viteza de propagare a undelor v si densitatea ¢ a lichidelor s-a
stabilit o relatie de forma [1]

9 = —4 + Bp (1)

unde A4 si B sint constante ce depind de natura lichidului §i de presiune,
fiind independente de temperaturi.

Pe de altd parte, viteza de propagare a undelor este legatd de coefici-
entul de compresibilitate adiabaticd B, a mediului lichid prin relafia

8= @

relatie ce reprezintd de fapt singura metodd directd de determinare a coefi-
cientului de compresibilitate adiabatici Daci se cunoaste valoarea coefi-
cientului de compresibilitate izotermd B, (din mdisurdtori piezometrice),
se poate calcula exponentul adiabatic v = B;/B,

Din termodinamicid se cunoaste relajia

Cp=C,+ 25 3)

P T v-(rnS’)

M-l
ce leaga cidldurile specifice de coefici- -

entul de dilatare termici «, tempera- 1300
tura T, densitatea p si coeficientul
de compresibilitate izoterma p;.

2. Prelucrarea datelor experimen-
tale. In scopul verficirii ecuatiilor
(1) si (3), ca lichide de studiu s-au
folosit toluenul si m-xilenul. Aparti-
nind aceleiasi serii, este de agteptat ca
proprietdfile lor fizice sd se supund %—b————F—wrm.
acelorasi legi de interdependentd

. Dependen}'a de densitate a vite- F1g 1 Dependenta de densitate a vitezer
zei de propagare a unddo{ n toluen g, gpropaga,lr)e a tundelor ultrasonore in
si m-xilen este reprezentati in fig. 1. toluen si m-xilen.

1200
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<[ 10%grd™) Tabel 1
15— toluen m-xilen

T Vmis Veale Vn#is Vmlc
T K| ms ms™1 ms™? ms™1
13k 293 1328 1288 1344 1264
303 1284 1256 1303 1239
313 1241 1223 1262 1192
Kig 323 1199 1188 1222 1179
333 1157 1153 1182 1150
Vi 343 1117 1118 1143 1123
v 353| 1076 1075 1104 1093
/ 363 1036 1036 1066 1052
oE 373 1004 1036
383 977 996
g ! L \ . 393 937 970
293 333 73 13 453 T(k) 403 889 948
413 857 915
F1g 2 Dependenta de temperaturd a 423 810 856
coeficientului de dilatare volumici a tolue- 433 775 816
nulut §1 m-xilenulu 443 725 787

In ambele cazuri se obtine o variatie lineard a vitezer cu densitatea, vara-
f1e conformi ecuaftei (1) Conmstantele ce intervin in ecuatie au valorile
A = 1807, B = 3,57 pentru toluen, respectiv A = 1612, B = 3,33 pentru
m-xilen Folosind aceste constante, precum si date asupra densitdfii luate
din tabele [2], s-a calculat valoarea vitezei pentru un interval larg de
temperaturi (tabel 1) Abaterea valorit calculate a vitezer din (1) fatd de
valoarea misuratd a vitezei se incadreazi in limitele erortlor de masurd.
Ecuatia (3) s-a verificat prin compararea datelor existente in literaturd
pentru coeficientul de dilatare al lichidelor cu cele calculate conform
acestei ecuajn Valorile cildurilor specifice au fost Iuate din [3]. Figura
2 ilustreazi variafia cu temperatura a coefictentului de dilatare Schimba-
rea de pantd ce apare indici temperatura corespunzitoare schimbdrii de
fazd In tabelele de comstante fizice [2] coeficientul de dilatare volumici
pentru toluen o« = 1109 10~° grd—! in intervalul 0—90°C. In aceleasi
conditii, din (3) se obtine «eue = 1148 - 107% grd—! Pentru m-xilen dupa
[2] «=1990 - 107% grd—? intre 0—30°C, 1ar din (3) rezultd in acelast
interval de temperaturd oy = 992 - 107% grd—! Concordanta datelor
confirmd valabilitatea relatier (3)

3 Interpretarea rezultatelor obginute. FExistenta unet dependente
lineare intre viteza de propagarea a undelor prin lichide si densitatea aces-
tora poate fi explicati {inind cont de variajia lor cu temperatura Atit
viteza cit §i densitatea scad linear la cresterea temperaturii. De aceea, in
cazul lichidelor ale ciror molecule prezinti o oarecare simetrie sfericd si
cind nu intervine o asociatie moleculard, verificarea unei relatii simple de
tipul ecuatiei (1) este posibild, constantele Asi B nuvor depinde de tem-
peraturd, c¢1 numai de structura moleculard a lichidelor s1 de presiune
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Relatia (3) se cunoaste din termodinamicd, fiind obtinuti prin folo-
sirea metodei potentialelor termodinamice [4] Verificarea ei experimen-
talid confirmd utilitatea metodelor termodinamice in studiul fazei lichide

(Intrat dn redacire la 8 februare 1977)
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ULTRASONIC DETERMINATION OF SOME CHARACTERISTIC COEFFICIENTS OF
TOLUOL AND m-XYLOL

(Summary)
In this paper 1t was mvestigated the dependence between sound velocity and densitye

On the other side, 1t was proved a relationship between sound velocity and the volume coef-
ficzent of thermal expanston
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SPECTRUIL, ELECTRONIC AI, FLUORCLORBENZENILOR IN
MATRICE DE CICLOHEXAN LA TEMPERATURA DE 77 K

M. IUGA

Introducerea substantelor, in special aromatice, in matrici cristaline
de parafine normale liniare sau ciclice la temperaturi joase duce la aparitia
unor spectre care constau din bande fine numite cvasilinii, efect cunoscut
sub denumirea de efect Spolski [1]

Ca sd se pistreze proprietdtile moleculel izolate, se alege o matrice
a ciret interactiune cu moleculele solvite sid fie minim4.

In aceasti lucrare se prezintd rezultatele pe care le-am obfinut din
studmal spectrului de absorbtie al fluorclorbenzenilor in solutie de ciclohe-
xan la temperatura de 77 X, iar datele obfinute le-am comparat cu cele
din spectrul de absorbtie al vaporilor.

Spectrele de absorbtie U. V. ale vaporilor acestor molecule au fost
studiate de Tintea [2], Krishnamachari [3] si Varsdny
[4] iar spectrul I. R si Raman de Nielsen [5].

Instalafia experimentald a fost cea descrisd de Iliescu [6].

Fluorclorbenzenii si ciclohexanul au fost purificate prin metodele
clasice.

Inghetarea probei s-a ficut lent, deoarece ciclohexanul prezintd doud
forme cristalografice: una monoclinicd, care este stabilda sub 186 K si
alta cubici, care este stabili deasupra temperaturii de 186 K. Prin ricirea
probei la 77 K lent, predomind forma momnoclinicd

Spectrele sint formate din bande fine pentru domeniul de concentrafii
5M—4 — 2M™2, ceea ce inseamnd cd sistemul fluorclorbenzenul formeazi
o solufie substitufionald cu locuri echivalente

Deplasarea bandei 0,0 pentru cei trei derivati este redatd in tabelul 1.

Tabel 1
Molecula Vg,p Cm 1 Vgsp €M solufre Deplasarea Ay,
in vapor: de ciclohexan cm™!
orto 37035 36668 367
meta 37027 36703 324
para 36297 35788 509

Rezultate. In figurile 1, 2 si 3 sint prezentate spectrele de absorbfie
al fluorclorbenzenilor in matrice de ciclohexan la temperatura de 77 K.

Orto-fluorclorbenzenul. S-au misurat 23 debande de absorbtie cuprinse
intre 36668 si 38741 cm . Analiza electrono-vibrationald a spectrului
s-a ficut cu frecventele prezentate in tabelul 2, ficindu-se o comparafie
cu spectrul Raman si I.R. in stare lichidd §i cu spectrul de absorbtie al
vaporilor din U.V.
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, <-1088 —=
1128 — 990 . bx1088-{
:5%366“’* DY 2x1088
© 1852 <~8 62— 2 2x6 82
792 . <720 x63
, 592 086+792
184314

985+ 643
2 x7 92

T1g 1 Spectrul de absorbjie al orto-fluorclor- T'1g 2 Spectrul de absorbfie al para-fluor-

IR

benzenuhu in ciclohexan la 77 X, C = J[2 clorbenzenulu: in ciclohexan la 77 K,
C = 3,5 M

1357 ——

<—1229

~—1175 —

<1070 —=
<— 933 —=
< 796

<648 548+2x1220

F1g 3 Spectrul de absorbte al para-fluorclorbenzenului
in ciclohexan la 77 K, C = M3

Se observi o buni concordanti intre valorile frecventelor din stare
de vapori si cele din solufia de ciclohexan la 77 K

Meta-fluorclorbenzenul. S-au masurat 21 benzi de absorbiie cuprinse
intre 36703 si 39568 cm—.

Analiza electrono vibrajionald a spectrului este prezentati in tabelul 3.

Para-fluorclorbenzen. S-au masurat 27 de benzi de absorbfie cuprinse
intre 25788 si 39642 cm™!. Analiza electrono vibrationali e prezentati
in tabelul 4.
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Tabel 2
Starea lichidd , o cm—1
Nr. crt @'’ em™t o’ cm absorbtfia in Modul de vibra
autorul fe
IR Raman vapor
1 — 167 154 s 147 10 b
2 — 231 206 s — 10 a
3 679 679 643 1 639 6 a
4 698 698 692 1 692 4
5 804 804 792 1 794 11
6 844 850 845 1 — 17 a
7 934 925 936 1 940 17 b
8 992 991 985 1 — 5
9 1068 1071 1086 1 1076 9b?
10 1126 1127 1128 1 1117 9b
11 1239 1237 1234 fs - 13
12 1288 1287 1286 fs 1182 3
Tabel 3
Starea lichidd A @ em™?!
Nr crt o’ em™ (gut(:::lrul absorbfie in Modul de vibratie
IR Raman vaport
1 — — 341 s - 15
2 — — 632 1 636 1
3 673 683 674 s - 4
4 729 — 720 s 735 6b
5 857 862 862 s — 17 b
6 963 — 959 s 960 5
7 990 992 990 s — 12
8 1080 1084 1088 s 1087 18 a
9 1220 1221 1218 s 1218 13
10 - — 1379 s 1366 19 a
Tabel 4
Starea lichidd - « em™!
Nr. ert o’ e c:mtc(:?ul absorbtie in Modul de vibratie
IR Raman vapon
1 — — 136 s — 11
2 — — 205 s — 15
3 — 371 361 1 344 7 a
4 556 556 559 1 553 16 b
5 634 634 648 s — 6b
6 779 781 796 1 793 10 a
7 936 928 933 s — 5
8 1069 1068 1070 1 1057 1
9 1182 — 1175 s — 9 a
10 1233 1232 1229 s 1228 13
11 1361 - 1357 s 1372 14
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Din aceste mdsurdtori rezultd ci s-a gisit o matrice potriviti pentru

studiul spectrului de absorbiie al fluorclorbenzenilor care permite obtine-
rea de benzi fine iar analiza spectrelor s-a ficut cu un numdr mai mare
de frecvente decit cele gisite in spectrele de vaport

G WO

~N 3

(Intrat n redacyse la 15 februare 1977)
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ELECTRONIC SPECTRA OF FLUORO — CLORO — BENZENES IN CYCLOHEXANE

AT 77 K

(Summary)

We report the results which we have obtamed studywing the absorbtion spectra of

fluorcolorobenzenes 1 cyclohexane solutions at 77 K
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UV TRANSMISSION OF BORATE GLASSES

I. NICULA, LAVINIA COCIU, I. MILEA, AL, NICULA

1. Introduction. The importance of the UV radiations of 280-—320
my, called biological rays, the high price and the technological difficulties
in obtaining quartz glass (which has a great transmission up to 186 my),
led to the seeking of new glasses, with moderate price and as great as posst-
ble transmission 1n this wavelength range. The results of these seekings
are reviewed in [1], [2] and we mention here some of them :

— the Stevels theory [3] extended to the case of pure oxide
glasses (borates, silicates and phosphates) states that the absorption edge
in all such glasses corresponds to the transition of electrons belonging to
an oxygen ion to an excited state,

— a movement of the UV cut — off to longer wavelengths corres-
ponds to a transition from the nonbridging oxygen which binds an excitable
electron less tight than a bridging oxygen;

— the greater transmission of pure vitreous silicon and boric oxide
in the UV has been attributed [3] to the absence of nonbridging oxygens
which have lower excitable electronic levels in the UV than those of the
bridging oxygens,

— McSwain, Borrelli and Su [4] studied the effect of the
composition of the sodium borate glasses, on the UV absorption edge;
at about 15 mole % of Na,O, they found an important movement of the
UV cut—off to longer wavelengths which was attributed to a) the appearan-
ce of nonbridging oxygens and; b) to the change of boron coordination from
3 to 4 (the boron anomaly);

— Bishop reported [5] a high UV transmitance, especially at 253.3

i, of the ternary borate glass having molar composition of 1.0K,0.1.
OA1,0,.4 5B,0, which does not favor the presence of nonbridging oxygens.

2. Experimental and results. The investigated glasses, formed by
melt supercooling, contained B,Og, Li,O, Al,O; and ZnO in different concen-
trations. The glasses were melted in corundum crucibles in an electric
furnace at the digestion temperature of 1150°C. The composttion of the
sample which presented a good UV transmussion, as it 1s seen from figure
1, is 75%B;0; 15%Li0 109%Al,05 (mole %). The optical absorbtion spec-
trum was obtained on an UV VIS Zeiss Jena spectrophotometer.

3. Discussion. We consider that besides the existence of nonbridging
oxygens and the change of boron coordination the absorption edge is in-
fluenced by the distortion caused by the modifier ion, on the boron triangle.
It is known [2, p 135), in glasses, boron usually shows a sp? hybridization
and oxygen shows a sp? hybridization which tend towards sp. By introduc-
tion of a network modifier, oxygen may change the hybridization.

Using a model similar to that proposed by Griscom, Taylor,
Ware and Bray [3] in order to explain the boron hole center, the mole-
cular orbital scheme is that presented in fig. 2. It is observed : from fig. 2a,
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Fig 1. Transmisslon of 75 B3O, 15 L0 10 A1,0, glass (mole %) Thickness of sample:
6 mm.
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Fig. 2 Molecular orbital scheme: a) oxygen is sp? hybridized; b) oxygen is sp hybridized.

8 — Physica 1/1978



34 1 NICULA, L COCIU, 1. MILEA, Al. NICULA

that in the case of the sp? hybridization, two electrons of oxygen formt
a  donor-acceptor bond with p, orbital of boron. In the absence of the
modifier the three bonds from the boron triangle are equivalent. The
presence of the metwork modifier gives rise to a distortion of a boron
triangle: a bond 1s shortened and the other two are lengthened. This
means a better localization of a = bond. The energy level of the shorter
bond is lowered, whereas the energy levels of the lengthened bonds are
rised. In this way a movement of absorption edge to longer wavelengths
appears.

In the case of sp hybridization of oxygen, besides the above aspect,
there 1s an unparticipated p orbital of oxygen with a higher energy which
favours the movement of the absorption edge to longer wavelengths.

The qualitative analysis carried out above imposes the necessity that
the network modifier destroys as little as possible the boron triangle. We
think aluminium satisfies this necessity.

(Recesved  August 26, 1977)
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TRANSMISIA IN UV A STICLELOR PE BAZA DE BOR
(Rezumat)
S-a obtmut o sticld cu transmisie satisficiitoare in domemul UV. Este datd o explicatie

calitativi a deplasitit marginu de absorbjte in UV spre lungimi de undi mai mari, luindu-se
in considerare influenta modificatorulmi de refea asupra trmanghimlui de bor.
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THE KORTEWEG—DE VRIES EQUATION FOR A TWO ION
'SPECIES PLASMA

MARIA CRISTEA

In the past decade there has been considerable interest in nonlinear
effects in plasma. Washim1 and Taniuti [6] have shown that a
weakly nonlinear description of one-dimensional ion sound wave disturban-
ces travelling near the ion sound speed, 1s given by a Korteweg—de Vries
(KdV) equation. The KdV equation has the form

U
=0 1
ae M

ou ou
W v pp
P

where £ and v are independent variables and @ and b are real, nonzero
constants. Equation (1) is nonlinear through the convective term UdU/0§,
and dispersive through the term 3U/JE3 [1].

The KdV equation can be solved analytically as an 1nitial value problem
[2]. Its analytic solutions are solitary waves (solitons). If one seeks solutions
to equation (1) into the form U(E, t) = U(§ — ¢t), where ¢ = const., one
obtains

(8, ) = seett |1/ 12— 2 — ofe — ] @)

where £, and 7, are integration constants.

The solitons, given by (2), interact nonlinearly and preserve their
soliton identity (3], [7]. Zabusky [8] demonstrated the correspond-
ence between the soliton nonlinear asymptotic solutions of the time-
dependent KdV equation and the bound states of the one-dimensional
time-independent Schrodinger equation.

Tran and Hirt [4] used a simple macroscopic model to derive a
KdV equation for a two jon species plasma (7', = O for both species) and
found the dependence of the soliton’s amplitude on the light 1on concen-
tration. They showed that the amplitude of the solitons 1s reduced dras-
tically by a few percentages of light ions. Later, Tran [5] studied the
propagation of ion acoustic solitary waves in a two ion species plasma
with T, # 0O,and found that two types of soliton can propagate.

The purpose of this paper is to derive the KdV equation for a two ion
species plasma with nonzero temperature, and to establish the effect of
the finite ion temperature on the amplitude of the solitons. We use a
one-dimensional macroscopic description. Electron inertia effects are neglect-
ed and isothermal equations of state are adopted for electrons and for
both ion species. In paper [5] an adiabatic equation of state is assumed for
the heavy ions, whereas equation of state for the lightions depends onthe
phase velocity of the wave,
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The basic equations can be written in the dimensionless form

o, 9
= o (v171) = 0 (3)
vy 601 o on
90 E S
4 [ ot +o ] ny 0% (4)
oy | @
o T 5 (am) =0 (5)
dvy ] _p_ o Im
B2 +nit|=E—Z 2 (6)
% — —nE (7)
ox ¢
. 3E
8 g my—n, (8)
ox

where 1, 2 and ¢ denote the light jons, the heavy ions and the electrons,
respectively. In equations (3)—(8) distances are normalized to the Debye
electron length

2h = Sofnle (9)
nq%

densities are normalized to the unperturbed electron density #, time is
normalized to the inverse of ion plasma frequency

0 =L (1 — « + pa), (10)

g9y
velocity to ion sound velocity
Cg = Aptdy (11)

and the electric field is normalized to the quantity %2;T,/ghp,. A and B
are given by

A:l:_aﬂj“_, B=1_u+p.m, (12)
©®
where « is the concentration of light ions
pm M m (13)
7y + %y #,

and p is the mass ratio

=25 1, (14)

m.
Assuming equal ion temperatures, we have noted
= T,/T, (15)
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Let us make the coordinate transformation” [6] o .
E=¢el?(x —1), T = %2y, (16)
where ¢ is a small parameter (0 < € < 1). The equations (3)—(8) become
7} 8
— "’i; + 5 (0 + € (mw) = 0 (17)
oy g o ol o o m
A[ + 15 + €Y, aT] o 9 8”1 2 (18)
ang a 2
— = 7t (ng0,) + ¢ e (ng05) =0 (19)
Py g, Y L PN p)
B[~ Jtt it t|=F L2 (20)
on on
e Te - 2
et e —nF @
+2”—m+m—m (22)

where E = -2,

We assume that #,, #,, v1, v,, #, and E have power series expansions
in ¢ about a homogeneous field-free equilibrium :

n, = o + end + e .

#y = (1 — a) + enid + e, + .
9, = e + e + ...

v, = vy + P + ...

n,=1+ en) + 2P 4 .

E = cEw L eF® 4 .

In lowest order, equations (17) — (22) become

PE) 200
;l = o 1 (23)
13 13
200 ~ PO
—Aa ;" = oW — :‘E (24)
aniD P ’
2= (1 — o) (25)
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avih ~ o)
—B(1 — 2 =(1— «)EM — 2 26
(1 — )= = (1 — )i — o2 (26)
onll) ~
‘= —FE® (27)
713
ni) + nf) — u’ = 0. (28)
To the next order in e, equations (17) — (22) become
onf) a0 d (. (), (1) do!
— —+ — (v a— =20 29
o+ 5y (el) +a— (29)
8 auiV) an{)
A _ 1 _n(l( 1 7)(1) 1 ]=
[ T L
o - @ )
— B0 PFw g2 o (30)
Jk o
on) v d (1) auy)
— 1— — (n3'v 1 — =0 31
e T (1= @) —— o () + (1 — o) — (31)
a2 i) ol
Bl—(1 — 2 () 9 1 — o 2]=
B B e e e &
~ ~ anlD) anl)
— (1 — @ L ofFw _ T2 (32)
223 or
an® ol ~ ~
: = —E® — 4yVFE0 33
a8 T & (83)
—Zf— = -+ nd — u®, (34)
Integrating (23) — (28) with the boundary conditions
n,—+1, n,—a #ny—>1—a« 9v,—0, v,—0
vas [E] >
n =0, n’ =0, #§’ 0, o’ 0, o)’ >0 |
we obtain
) =2 2af) = (4 — ol = T=nf’ = (B — opl’.  (35)
« — &
From (28) and (35) it follows that
o _1_—- *« _ 1. (36)
4—a B—oc
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Hence, for a given light ion concentration, only two values of ¢ are
permitted, namely

6 =0 and o= L— %t ¥e, (37)
®
The value ¢ = 0 corresponds to a plasma with cold ions. Substituting this
value into our equations, they become identical with those from paper [4].
For our purpose, the nonzero value of o is of interest. Using it the
equalities (35) take the form

m_ m_e—1
1)

A = (1 — ) 2l = (1 — p) v, m_ e=D0=a 0 (3

72
[
Eliminating the second order terms from equations (29) — (34) and
making use of (38), we find that #{" evolves according to

8119) 8719) 33n£1)

M R
5. TSMe o T PIR

This is a KdV equation. But whereas 1n equation (1) 4 and b are con-
stants, in (39) S and R depend on « and p, their explicit expressison
being

=0. (39)

s i—etud [{_q (1 — o2 — pta? (40)
2(1 — a + i) | pa(l — a){p — {1 — o + pa)
R = a(l — o)(p — 1) (41)

2(1 — a + pa}(l — ¢ 4+ pPa) '
We notice that for ¢ = 0, the following KdV equation is obtained

anil) anD onl)
[ S 9) e R e 0, 42
o + S 2t + Ko Yo (42)
where
1 731 — «+ pia) 1
Sj=— |2 ~—=*T &5 = . 43
0 9 [ (1 —at ;,Lu)’ 1] ’ RO 9 ( )

In this case only the amplitude of the
soliton varies with « and p, while its
width remains unchanged. Equations
(40) and (41) show that if ¢ # 0, both
the amplitude and the width depend
on o and p.

Figure 1 illustrates the wvariation
of S™! (continuous lines) and Sp*
(dotted lines) with «. We notice that
the amplitude of soliton is proportional
to one of these quantities, for ¢ # 0
and ¢ = 0, respectively. Two values of
the mass ratio p have been considered
# =10 and p =40. For each curve
the corresponding value of p is indicated.
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Figure 1 shows that for small values of « the amplitude is larger
in the case of warm ions, while for large « values the soliton amplitude
is smaller for warm ions than for cold ions. This result is in qualitative
agreement with Tran’s result [5]. A quantitative comparison is not pos-
sible, because the model used here, as well as the normalization of dis-
tances, velocities and time, are different.

In conclusion, a few percentages of light ions in a heavy ion plasma
can play a significant role. If the jons are cold, the light ion impurities
prevent the formation of solitons [4]. If, however, the ions have finite
temperature, the solitons can easily arise, their amplitude being consi-
derably larger.

(Recesved September 3, 1977)

REFERENCES

1. Davidson, R. C.,, Methods in monhnear plasma theory, Academic Press, New York,
1972.

. Gardner, C. S, Greene, S. M., Kruskal, M. D.,, Miura, R. M,, Phys. Rev

Tett., 19, 1095 (1967).

. Gorshkov, K. A, Ostrovsky, L. A, Papko, V.V, Zh Eksp Teor. Fiz,

71, 585 (1976).

. Tran, M. Q.,, Hirt, P. J., Plasma Phys., 16, 617 (1974)

. Tran, M. Q, Plasma Phys., 16, 1167 (1974)

Washimi, M, Taniuti, T. Phys. Rev. Lett, 17, 996 (1966).

.Yajima, N, Outi, A., Progr. Theor. Phys., 45, 1997 (1971).

. Zabusky, N. J., Phys. Rev, 168, 124 (1968).

ENo@mA W N

ECUATIA KRORTEWEG—DE VRIES PENTRU O PLASMA CU DOUA SPECII DE IONI

(Rezumat)

In Iucrare se deduce o ecuatie Korteweg—de Vries pentru o plasmi cu doud specu de
ioni, ale cdror temperaturi sint egale. Se giiseste ci in cazul uner concentratfii mic1 a 1onilor
ugsorl formarea solitonilor este impiedicati daci ionii sint rect i este favorizati daciiomii
au temperaturd finitd.
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DYNAMICAT, SYMMETRY BREAKING DUE TO RADIATIVE COR-
RECTIONS IN THE SCALAR Aot + gg® — THEORY

AL. ANGHEL and M. CRISAN

I. Introduetion. Quantum field theories with spontaneous broken
symmetry were extensively studied in the literature, beginning with the
works of GoldstoneSalam-Weinberg [1], Nambu-Jona
Lasinio [2] and Vaks Larkin [3].

It was shown that even at the classical level the ground state of
a scalar field with interaction has an assymmetric solution ® = counst.
# 0 if the bare mass of the theory: m? < 0. Radiative corrections when
taken into account do not change this conclusion.

Recently some attempts [4—6] have been done in order to get solu-
tions with dynamical broken symmetry, ie. the assymmetric solution is
not a direct consequence of the starting lagrangian but appears when solving
the exact quantum field equations.

In a scalar field theory this means the possibility of an assymmetric
solution with mg2 > 0. In the work of Coleman and Weinberg
[7] this possibility was investigated for the massless scalar field theory
with self — interaction and for quantum electrodynamics with scalar fields
interacting with pure Yaug — Mills fields. In the ”one loop” approximation
the so-called ,,effective potential”’ was calculated and the symmetry breaking
effect was investigated. In the A¢* — theory the symmetric solution disap-
pears while in the quantum electrodynamics and non — Abelian gauge
theories in a certain range of values for coupling constants, the symmetric
solutions have remained unchanged.

Recently, Yoffe—-Novikov—Shifman [8] have shown
that the ,,effective potential method” is rather unadequate for the problem
of dynamical breaking of symmetry.

Instead they have proposed a functional technique method which
is an extension of the results of Boulware and Brown [9] and
Salam, Stradthee [10].

In this paper we are going to study the problem of dynamical sym-
metry breaking for a scalar field with a self — interaction of the Ag* - g¢?
type. The paper is organized as follows. First we give a detailed account
of the functional technique method we are going to use. Then the A¢? | g¢d
model is analysed in order to find solutions with broken symmetry. Con-
clusions and the discussion of the results obtained are given at the end
of the paper.

II. Functional technique method in the tree and one — loop appro-~
ximation. Let us start with a quantum field theory with a set of quantum
fields @,(x), a =1 ... N, described by a local lagrangian

£= Q{(D“(x) ; au.(Da(x)}
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The corresponding Fuler — Lagrange equations are:

) = 05— g

The quantum nature of the fields ®,(x), which is not explicitly considered

in eq. (1), is given by the following prescription : the canonicaly conjugated
fields :

(%) = 55— @

satisfy the commutation (4) or anticommutation relations”

[©,(%,), TL(3,0)]s) = i/ 8a,s3(x—3) (3)

The vacuum average <0] [0)of a time ordered product of exponentials
containing a set of external sources &,(x)-

B(2) = Ol fewp | -3 (dx £.(x) @.(9)] 10y 4)
is the generating functional of the Green functions of the theory

% \» P
(_J 88, (v) B, (v) %{E}=<O|{¢>a,(x1),

1

Do) exp | 3 (a5 ,(2) 0.00)]} 10 ®)
OHPulm) -+ Paplan)}, 10y = (2] PP —— | = (6)

In the standard way, we represent the quantum field ®,(x) as a functional
derivative :

k 3
oz 7
D.(x) o 2 2 )

This ,,trick” can then be used to derive a functional — derivative equation
for the generating functional of the Green functions. Acting on the night
of %{£} with the differential operator:

¥ 3
Fi= 8
{1 SE(x)} ®)
we get:

52 > o }%{z} X l{m-exzs[igdyab<y>¢>b(y)}F10>—

exp| = { a3 Du(5)] 105 ©)

+

0L
g ‘P. Q]
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After some straightforward calculations, eq. (9) gives:
g{, = }%{a} = E,(x) B{E} (10)

The generating functional of the connected Green’s functions:

qﬁf’(xl, Xy v on Xy)
is:
iese{g} = In %{E} (11)
and:
¢ __gn—1 8 3
(?n (xl ° xn) - ﬁ SE(;VI) e SE(x,,) W{E} (12)

From eq. (11) and (10) we simply get:

Euln) = exp |~ = w(g|s {2

et [ 8] (13)

1 8E4(x)

Expanding the right—hand side of eq. (13) in powers of i%?’{i} we
- A
get the final result:

3W{E} ,
Sal¥) = g{saf.m +4 2 ssa(x 1}

It will be useful in what follows to perform a Legendre transformation :

(14)

ULD} = %9 {E} + S dx E,(x) ©,(x) (15)
stich that:
O,(n) = -7 = (16)
and..
() = (17)

The new generating functional “U(®,) when inserted in eq. (14) gives:
) S @ ] 18

o = 5| 2 + 2 (dy Gyl ) 0 (18)

IIT. Ad* + g®% — Model. In this section we are going to study the

problem of dynamically broken symmetry for the Ad% 4 g@®® — model
of quantum field theory as we claimed at the beginning of the present
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paper For the sake of simplicity we have limited ourselves to a onecom-
ponent scalar field ®. The local lagrangian of the problem is:

1 my g Ro
@ — 1 2 _ " ope_ £ @ P ou
2 (0,9) 5 0] 5 m P (19)

and is obviously not invariant under the discret group of transformations:
O~ — .

A straightforward, but tedious calculation using eq. (1—18) together
with the explicit form of the lagrangian (eq. (19)} gives:

U — o) — &[0 + 22 glarl 0)] -
—2[@) +32 0 gxi®) + (1) (s dy dy

9(xy,| D) G(xy:| D) G(xy5| D).

39¢{ @} ' (20)
3Q(y1) 3D(y.) ¥3Q(y,)

and :
82q¢{ @}

-1 Q)= — > 1 21
G Hxy|D) 200 300) (21)

In order to solve this equation we use an iteration procedure. To zero —
— order in /i the result is:

28— 0(z) — mi0(a) — &5 @x(x) — 2 &3(a) (22)

and:
G (x| D) = — [0 3(x—y) — m*(x—y) — g () d(x—y) —

— 2 ©¥(x) 3(x—y) (23)

which is the well—known ,,tree approximation”.
To first order in % (one loop — approximation) we get:

M{®} __ _ 5 —
om [ @(x) — ma*D(x) P D3(x)

— % %) — 2 [gy(a2] @) + 7 O(x) Go(wx|0)| (24)
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and :

§72ay 1 @) = — O 3(x—) — m§ 3(x—y) — [8o®(x) + 7 V%) |3x—3) —
~2le + 3 )l + 2ODs(m) + 7 3—9)Dalm)  (25)

where :

sr 1
Do) = S@ mph — B3

(26)

_ 3z SAP eip(x~3) 27
Dl S(Z'n:)‘ S (@m)t (mph — k) [mps — (p — B)7) “

and my, is the physical mass parameter:

mi, = m? 4 g® +%(I)2 ‘ (28)

The symmetry breaking solution of the model is given by the real
root @, of the following equation:

ey (29)
SO()

If such a symmetric solution exists then it must be the solution of:
1 1 1
met @4 g0 @+ 2@+ g o 0. Dyfmp) =0 (30)

in which case the physical mass my, is obtained from eq. (25) for 22 =
=0:

s, = b+ (g0 @, + 5 Ao @)+ (£ Dafm) —

~ (g + 522 (g + 1 @) 2 Dyimy) (31)

where :
. dk 1
Da(mph)— S@, (’”?.p — ) [m;h — (p—F)]

(32)

P =0

IV. The renormalization program. In this section we are going to
develop the renormalization program for the field theory with spontaneous
symmetry breaking. Since developing the theory, we have encountered
quantities which are not convergent in the limit of infinit momentum
cut — off, we isolate within a systematic procedure and remove all diver-
gences using convenient counterterms in the starting lagrangian and appro-
priate Z — factors.
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The Z — factors we introduce in order to renormalize our theory
are:

Qcr = B2 O, g = go B %
A= 2%y BL BT (33)

With a usual mass counterterm 8m?2 the interaction term of the re-
normalized lagrangian reads:

‘¢}+éwﬂ®;—§@—4)®s

_ g 2
f.(x)——;‘l’%“z R

— 2 (&% — 1) @ + = (%o — 1)(0, D)

The additional counterterms are depicted in fig. 1.

————— —-(24"1] p* 44 g

P P

ST X e

>Z< = A\ (z-1) ——¢ -gl(z-1)]
Fig. 1

The Z — factors %¢, % and the mass counter-term are determined from
the conditions:

GRI(p*=0) = —m, (35)
G (p?
) (36)
2Pt |p=0
PR [{pi} =0]1=¢ (37)

In the ‘“one — loop” approximation the Feynman diagrams contributing
to (35—37) are depicted in fig. 2.

- O
GR(D) 8 —— ¢ l: + Q—— <+
 —H— + —-g—-tl

- — o+ —C - —9

Fig 2
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Adding the contributions we get:

Zo =1 +é;-‘ - B'(0, my, A) (38)

dm? = %A(O, mp},) + ‘i‘zB(O; Meph, A) (39)

%=1+ Q(A_J B(0, my, A) (40)
211

where B(p,mpm,A) is the following integral

A

B(p, mm, A) =S

0

@ 1
@r) (M, — &%) iy — (p—4)]

(41)

It is obvious then that B(0, my, A) is the same with Dy(m,,) defined
by eq. (32).

We end this renormalization program by mnotting that the renorma-
lization constant %y = 1 4 O(g?) and % = 1 + O(A) so in the following
calculations we will always put %4 = 1

V. The eritieal region. At the critical point m,;, = 0 and since D,(0) =
= oo if there is to be a critical point we must have:

a) ®ep = — Z—f b) Pr=—£ (42)

in the renormalized version of eq. (31). In particular this is true only for
a special combination of the parameters. Namely :

A PESELY of I
7\[m(, p 7\] 0 (43)
for the case (a), and:
e 28 __(A)2 -
N [mo 5 s (1) ; Dl(O)] 0 (44)

for the case (b). These conditions are direct consequences of eq. (30).
Then 1t follows that at these points:

M=—§qﬂmm=%w) (45)
and
mi = — % 6’; = — % 7\("7] D4(0) = m}, (b) (46)

We disregard the trivial solution g = 0.

VI. Conclusions and disecussion. We have shown that in a scalar
field theory which has a g®?® interaction in addition to A®* there are
two critical values for the parameter g below which there is no symmetry
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breaking. At these critical points there is a second order phase transition
ie. {0] ®|0)> changes continuously from zero to a non — zero value, but
there is no spontaneous symmetry breaking. For g > g, the transition
is of first order i.e. there is an abrupt change in the value of {0| ®[0)
from zero to non — zero.

Our result, that there are two critical values for the coupling constant
g, is in contrast with the result obtained by Alexander and Amit
[11] who have found just one critical value, We believe that this dis-
crepancy is due to our improved method which correctly takes into
account the radiative corrections.

( Recesved  October 13, 1977)
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N O

RUPEREA DINAMICA SPONTANA A SIMETRIEI DATORITA CORECTIILOR RADIA-
TIVE IN MODELUL SCALAR 2®!'+4 g@?

(Rezumat)

Folosind formalismul funcfional se analizeazi ruperea dinamici spontani a simetriei
datoritd corectillor radiative in modelul A®4 4 g®3. Sub o anumiti valoare a constantei g
nu existy ruperea de simetrie, deci nu este posibili tranzifia de fazi.

In punctul g, apare o tranzitie de speta a douna iar pentru g > g, tranzitia este de
speta intiia.
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CRITICAL, BEHAVIOUR OF THE SPECIFIC HEAT IN INHOMO-
GENEOUS BIDIMENSIONAI, SUPERCONDUCTORS

D. DADIRLAT, M. CRISAN

1. Introduection. The starting point in studying the specific heat of
a dirty superconductor is the generalized Ginzburg-Landau free — energy,
which considers the local fluctuations of the strength of the B.C.S. cou-
pling because of the structural inhomogeneities of the film [1]

) = 2§ [ AG) P + 2 BUYL +CITde] (L.1)

where q;(;) is the order parameter, d is the film thickness and A(;) =
= Ay + 84(x) - 34(x) is proportional to the local fluctuations of Te¢,
A, =N, (;"’- — 1)= Nyt

2]
0.106 N
B=-—"" "0 1.2
o (1.2)
C=N, &2

where ¢(0) is the amplitude of the correlation length and No is the
density of states at the Fermi level for a bulk superconductor.

Using the generalized Ginzburg-Landau free-energy defined by (1.1)
we calculate in the second section the selfenergy. In the sections 3 and
4 we calculate the specific heat in the following two limits: pf< 1 and
pE> 1. The section 5 is devoted to the conclusions.

2. The selfenergy of an inhomogeneous bidimensional supereondue-
ting system.

Using Hartree-Fock approximation and treating 84 (x) like a small
perturbation we obtain for the Green function the diagramatic expres-
sion

GIX=X t=0)
O
G . Go Ga@ Goy G, G
+ + ) °

where G, in the Gaussian model (B =0, 4 = 4,), is
—1/~ — ﬁ —9 io- 2 1
Go (Q) T (q + C) (2.1)

and G has the analytical expression

G l'=G' 4+ % (2.2)

4 — Physica 1/1978
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The selfenergy X is given by:

—9=£ —-o=—b, — —‘E d!q’N—-b__, —,
L) =36E=x,1=0-2) 25 —7)6ly) 23

~~

In eq. (2.3) S(qj = S(¢g)v¥(g), where S(g) is the Fourrier transform of the
correlation function of 3A4(x), and v(g) is the vertex function

~
—

For bidimensional films, v{g) is given by [2]
-1

=14 L i G ) 24)

2
Teo K%0) L[ (L7
2K 2K

where

0.106
SN 'L 2 5)
4 NodER Tey

Gx =7, t=0)=SﬂG(q)=;%ln(l+£) (2.6)

The specific heat for the general case of a # — component bidi-
mensional system is given by [3]

Coo = 2%E (2.7)

n ozt
Using also the Ward identity

oF n
- =260 2.8)

we obtain for the specific heat:
Coo = — 0 (2.9)
or
From (2.1)

Gt =2 (2.10)
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With (2.6) and (2.10) introduced in (2.3), we can express the selfenergy
as:

2(0)=izn(1 +%]— (2.11)
ag exp (— L) v

N2 9T S‘ 2 :
0
Ta
= (q’ + K7)
3. The case gE< 1
In this limit (2.11) becomes :

dN’(STc> 1
20 =22 T WO (3.1)

From (2.5) and (3.1) we obtain a selfconsistent equation, which gives
for X the expression:

T =2 + 45 T'>)%_ ‘] (3:2)

In the following, we consider

e=I="Te g (3.3)

[

and, in this approximation

2-(0) = — 7] (3.4)
where
BT
=2, 2
., dN, dN,
it=orT o8 (3.5)
From (2.9) and (3.5)
__ 2T, _
Cor = 22 [s - 17 (3.6)

Eq. (3.6) shows a monotonic critical behaviour of Co in the limit
gt < 1. This behaviour is in agreement with the experiment [3], but the
theory is not complete because we must consider the O(1) térms, cor-
responding to “ring” diagrams. Summing up all ring diagrams means
the first order in the screening-approximation.
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The screening-correction to the selfemergy is

= — @ q
3Fs = - (L oln [+ To(gK)]
where
MoigK) = Lelp + 9.K) (p.K)
with
1
:K -
8.K) =
Using (3.7)
dr,
8(8Fy) __ 1 dK( d% 0K
o 2d5(2n:)”1+1:0

In the limit ¢ € KII, is given as:

1 2 2 1
ITy =~ [1 ~ 21V =
4nK?2 3 12K 4 K2

3Ho 1

0K 2w K3
Introducing (3.4) in (2.5) we obtain:

KM __ 1 1
o 25(0) (1)

and for the correction to the free-energy

(8Fy) (@)z L,
o 1 44xnK?

(3.10)

(3.11)

(3.12)

(3.13)

(3.14)

In conclusion, we have not a screening-correction, and in this limit

the total specific heat is given by (3.6).
4. The ease ¢¢ > 1
In this approximation

3
n | —
4Tw (K

T80 4°

v(g)™' =

and the selfenergy is given as:

MMBTZ L. Z(O) ~ i In (QJ
4nC K3

(4.1)

(4.2)
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Using (4.2) in Dyson equation we obtain for G

L dN, B A
G(0) = 2% 4 = In (;%) (4.3)
From (2.5) and (4.2)
20) 2yfl - ——| 4.4
0 = v qoa=(0>) B *4
where
0.106
In the same limit 74l
-1
G(0) = e +v (4.6)
and
Cor=Te. 008 —F ]_2 “.
an, [T + 0008 o *7)
For the screening-correction we must reanalyse (3.10)
H,=2; #_,9 (4.8)

g? oK

The screening-correction being small in this case too, the total specific
heat is given by (4.7).

In the following it is necessary to study the region with v > 1 because
of two reasons:

— The screening-correction will not be zero in this case.

— The anomaly in the specific heat could be shifted from T'¢ because
of the impurities.

Using the same method we obtain:

GO) =T <K (4.9)
GO =—T"F"—  ¢>K
v+ (T: + Y)‘F
and
Co= dzl;;., _:; 7<K
Cop = o ! g<K (4.10)
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In order to develop the screening-correction, we approximate in (3.10)
IIy<1 (4 11)
n (1 41,] 2II,
and
%&:%G@ (412)

Using ' (4.9) and (4.12), the screening-corrections are:

om(EL0+t) e

(4.13)

ﬁ=h+h+?

e
5. Conclusions. The main result of this paper is the monotonic be-
haviour of the specific heat in the critical region for T 2> Tc. The scre-

ening-correction is zero for v<€ 1. For 1 > 1 the screening-correction is
not zero, but it doesn’t bring any divergence in the specific heat.

(Recesved October 13, 1977)
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COMPORTAREA CRITICA A CALDURII SPECIFICE IN SUPRACONDUCTORI NEOMO-
GENI BIDIMENSIONALI

(Rezumat)

Se calculeazi ci#ldura spectfici a unui film supraconductor neomogen in aproximatia
de ecranare. In regiunea critici se obtine o comportare fird singularit¥fi.
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E.S.R AND OPTICAL SPECTRA OF V:*+ IN BORATE GLASSES

AL. NICULA, E. CULEA, L. STANESCU

This paper presents the results of a study of some borate glasses
internal structure, (100—x)% B,0; — x% V,0; with x < 12 and (100—x)%
Na,B,0, — x%V,0; with x < 12, using the ESR and optical spectra.
The experimental results were interpreted by means of the molecular
orbitals theory.

Experimental technique. The samples were obtained by melting some
mixtures of boric acid and V,0;, respectively borax and V,0;, which were
previously dehydrated 48 hours at 200°C. The mixtures were heated up
to 1100°C, respectively 1000°C. The samples were allowed to fall in
drops on a heated rust-proof steel plate.

The ESR spectra were registered by a JES—3B spectrometer, at
room temperature. Optical spectra were registered on Beckman DK—2
and UV—VIS spectrophotometers

Experimental data and their

diseussion. The ESR spectra v mymyeg

obtained by us (see fig 1) are R

characteristic ion which has a 95% B,05-5% V50
3d{(S = 1/2, I = 7/2) electronic ‘ , s 8 -

configuration. The  hiperfine : AA A S

structure which may be observ-
ed is due to the interaction
of the unpaired electron with
the V5 nucleus.

These spectra can be ana-

lysed by means of the spin ha- f‘@—c L )‘gi{*'ﬁ%‘ﬂs‘{
miltonian of axial symmetry

H= ﬁ(gll Hsz + g1 Hxsx + 81
Hy Sy) + AII Sz Ix+ A_L Sx Ix +
+ AL S, (1)

with the usual notation. This
leads to the following resonance

condition : |I/ : ! 8
v = gBH(m) + K(O)m  (2) \'/\y’\\/“ !{W\M

where
g=vg|2| C052 0 -}—ggrsinz e (3) mc,mﬂc £2C | @236 8256
K(68) = V4% &% costt +

+ VAL gsim6 (4) Fig. 1b

Fig la

gﬁ LC] Gﬂ% Es V6HG

85%Nay O 28,04 5% vy Og
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m = magnetic cuantic number,

= the angle between magnetic field axis and ligand field symmetry
axis.
Though these ESR spectra represent the superposition of the spectra

corresponding to the different possible values of 0 {0, %l , the strong

anisotropy of the hiperfine coupling tensor 4 permits us to find 4 | and
4| easily.
The ESR parameters obtained by us are given in table 1.

Table 1

Bg05(100—x)% — V,05% glasses

Vg0 Ay - 104 4] -10¢
5" N pea al gL
1 5 194 69 1,938 1,982
2 9 194 69 1,938 1,982
3 12 194 69 1,939 1,983
Na,B,0 (100—x)9% — V,0,x% glasses
V0 Ay - 104 Ay . 108
%" A L &l gL
1 1 174 58 1,940 1,979
2 2,5 174 58 1,938 1,978
3 5 174 58 1,939 1,979
4 11 174 58 1,939 1,979
5 15 174 58 1,938 1,978
6 19 174 58 1,940 ‘ 1,980

In previous works [1, 2, 3, 6] it was shown that the V4+ jon, in
oxidic glasses with 1—59%, V,0;, appears as vanadyl ion VO2* and forms
molecular complexes of octahedral symmetry (C,). The ESR data show
that this tendency is also maintained in our glasses, having a greater
content of V,05;. We have obtained 4 < 4, and g, < g; which means
that the spectra are given by VO2?*, but in this case the spectra could
be registered at room temperature only if the ligand field has an octa-
hedral symmetry [41.

The ESR parameters variation indicate the variation of covalency
degree of paramagnetic ion — ligand bonding. This is determined by the
distorsion degree of the molecular complex, which differs if it is incor-
porated in (100—x)9% B,0; — x% V,O; glasses matrix (where only BO,
groups appear), or in (100—x)9% Na,B,0 — x9% V,0; glasses matrix
(where BO, groups also appear).
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It is known that the increase of the covalency degree of the para-
magnetic ion — ligand bonding leads to the decrease of the hyperfine
structure constant because at a 34! electronic configuration 4, and A
are essentialy dipolar (4 and 4; ~ <{¥ %), where r = electron — V® nu-
cleus distance).

ESR and optical data could be correlated using the simple expres-
sions calculated by Xivelson and Lee [5] in the hypothesis that

the unpaired electron of V4+ is located on b; (Bs; o< 1) orbital:

4g,08
g =g — 5 (5)
gcle;z
EL=8— 5" (6)
K, =1 41+241 (7)
T2 A—-4y
Bt Py= = ®)
= _K,
7

where Ay=E; —E,z, A) =Ep — E;j,
A = spin — orbit coupling constant
K, = Fermi contact interaction constant

Pn = 2 Yp'c (’l‘v <b2/1’_3b2>,
Bi, B2, = molecular orbital coefficients.

Using (5), (6), (7), (8) relations and the ESR and optical absorption
data it is easy to compute B}%, €2, K, and P,. The results thus obtained
are presented in table 2.

Table 2
. o
! | - N .
g
9] xR g o~ o _s _? . :"
R(a ol B IR B B S I
959% B,0,—
—5% V04 — {12900 | 1,938 1,982 — |0,769| 194 69 10,759 146
95% Nay,B,0 —
—5% V,0, 16700 |10500 | 1,939 1,979 | 0,776 | 0,719 | 174 58 |0,714| 135

A =170 cm™! has been used.

Conclusions. The ESR results indicate a decrease of the covalency
degree of paramagnetic ion — ligand bonding from (100—x)% Na,B,0, —
—x% V,0; glasses to (100—x)% B,03 — x% V,0; glasses.
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The variation of e!?indicates the decrease of covalency degree of
n (out-of-plane) bonding from (100—x)9%, Na,B,0, — x9% V,0; to (100—
—x)% B,0; — x9% V,0; glasses. The variation of K, indicates the decrease
of covalency of ¢ bondings (especially of those with vanadyl 0) in the
same direction. This means that the molecular complex is less distor-
tioned in the symmetry axis direction in (100—x)9% B0 — x% V,O4
glasses than in (100—x)% Na,B,0, —x9% V,O; glasses.

The P, values indicate the decrease of electron—V5 nucleus distance
in (100—x)% B,0, —x% V,0; glasses (when the electron is situated
on the b, orbit).

The increase of V,0; concentration does not influence ESR para-
meters, but 1t increases the stability of samples in moist atmosphere.
We have also obtained glasses with less than 59%PbO, more stable and
more hard (the ESR parameters don’t change)

( Recesved Oclober 14, 1977)

REFERENCES

1 H G Hecht, T Johnston, J Chem Phys, 46 (1), 23 (1967)

2 L D Bogomolova, T F. Dolgolenko, V.N Liazukin N V Petrovih,
Dokladi Akad. Nauk SSSR, 208, 580 (1973)

3 L D. Bogomolova, T. F Dolgolenko, V. N Lazukin, V A Techkin,
J Magn Resonance, 15, 293 (1974).

4 I. Siegel, J Chem. Phys, 134 (1), 193 (1964)

5§ D. Kivelson, S K Ltee, J Chem Phys, 41, 1896 (1964)

6 L D Bogomolova, V A.Tachkin V N Lazukin, XIX th Congress Ampére,
Heidelberg, 1976, p 235

RES $I SPECTRE OPTICE ALE IONULUI V¢+ IN STICLE BORATE

(Rezumat)

Lucrarea de fati prezintid rezultatele studmlui structurnt interne a unor sticle boiate
(100—x)% B,0; — x% V,04 cu x 12 51 (100—x)%, Na,B,0, — x% V,0, cu x £ 12, utili-
zind ca myloace de investigare RE S g1 spectrele optice. Datele obfmute au fost inter-
pretate prin prisma teorter orbitahlor molecular:
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D.C. CONDUCTIVITY OF xFe,0, - (1—x) [3B,0, - PbO] GLASSES

I. ARDELEAN and V. SEVIANU

It is already known that in semiconducting oxide glasses containing
transition metal ions there exists electronic conduction due to the pre-
sence of transition metal ions in two valence states, for instance V4+
and V5% in vanadium glasses and Fe?+ and Fe?+ in iron glasses [1—6].
However, the transport mechanism depends on the particular glass system ;
a fact which requires experimental studies to be undertaken in this
field.

In the present piece of work we have attempted to study the d.c.
conductivity of the xFe,O, - (1—x) [3B,0; - PbO] glass system, with x
increasing up to 50 mol - % of Fe,O,.

The Experimental Technique. The samples were prepared by melting
H,BO,, PbO and Fe,0, of analytical grade in sintercorund crucibles at
1250°C, for two hours, followed by cooling the glasses by pouring them
onto a plate made of stainless steel.

The sample composition in molar percentages is given in Table 1.

Table 1
Sample number | 1 2 3 4 5 6 7 8 9 10 11
38,0,PbO mol¥, 98 95 90 8 8 75 70 65 60 55 50
Fe,0, mol?, 2 5 10 15 2 25 30 85 40 45 50

The homogeneity of the xFe,O, - (1—x) [3B,0; - PbO] glasses was
confirmed by studying the IR absorbtion spectra, the X-ray diffraction
patterns [7], the U.V. and visible absorption spectra [8], the Mossbauer
effect [9] and by magnetic measurements [10] The measurements based
on the Mossbauer effect demonstrated the presence of both the Fe?*
and Fe’+ ions.

F¥or measurement purposes the samples were polished 1n parallelipi-
pedic forms, of 0.5 —3 mm thickness and 1 - 15 cm? contact area

The measuring equipment was similar to that described previously
[11]. The meter was a T R 2201 megaohmeter

Results and Discussion. Figure 1 illustrates the dependence of
log p (the resistivity) as a function of the reciprocal of the tempe
rature, for all the samples of the xFe,O, - (1—x) [3B,04 - PbO] sys-
tem. The labels of the curves coincide with the numbering of the
samples in Table 1. As it can be seen, the resistivity of the glasses
of the xFe,O; - (1—x) [3B,0O; - PbO] system displays a temperature de-
pendence which is characteristic to the semiconductor materials, that is:
p = po €Xp (q/kT), where q is the activation energy.
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In the case of the sample with 50 mol 9% Fe,O; the measurements
were performed at both increasing (filled circles) and decreasing (empty
circles) temperatures. It may be noticed that the results were reproducible
within the temperature range studied (300 K — 700 X).

No polarisation of the samples was noticed during the measurements ;
the resistance remained constant in time at a given temperature and
voltage. This observation infers the absence of the ionic component of
the conductibility.

A change of the slope, belonging to the temperature range investi-
gated, becomes obvious in Figure 1 for the samples with a molar percent-
age of Fe,O, greater than 159. A similar behaviour has been reported
[4, 5] in the case of the phosphate glasses containing iron, but the cause
responsible for this effect has not been elucidated. One may note that
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the magnetic, susceptibility measurements show that the samples with
more than 15 mol 9%, of Fe,O; have a negative 0, [10].

Figure 2 shows the dependence of log p on the Fe,O,, at two tem-
peratures: 400 X and 600 K (taken on the two regions of different acti-
vation energies). The effect of inserting iron in the glass matrix becomes
in this way evident. A similar behaviour has been reported for phosphate
glasses with wron [5] and with vanadium [12]. One may notice the sud-
den resistivity increase at 400 K taking place in glasses with more than
15 mol 9% Fe,0,. It is noteworthy the fact that while the difference
between the resistivities at the two temperatures is equal to 2.5 orders
of magnitude in the case of the 50 mol 9 Fe,O, sample, the same dif-
ference equals 4 orders of magnitude in the case of the 15 mol 9% Fe,O,
sample.

Conelusions. We may conclude that the glasses belonging to the
xFe,0; + (1—x) [3B,0, « PbO] system manifest a semiconducting behaviour
in the temperature range 300 — 700 K and that their conductivity in-
creases with increased Fe,O, contents. Two activation energies are evi-
dentiated in the case of the samples with a molar percentage of Fe,O4
greater than 15.

(Recevved Oclober 15, 1977)
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CONDUCTIBILITATEA IN CURENT CONTINUU A STICLELOR DIN SISTEMUL
xFe,0; - (1—x) [3B,0, - PbO]

(Rezumat)

in aceasti lucrare se prezinti conductibilitatea sticlelor din sistemul
xFe,0; « (1—x) [3B,0, - PbO], unde x variazi intre 2 g1 50% mol, in functie de tempe-
ratur3, in domemul de 300—700 K

Sticlele din acest sistem sint semiconductoare. Ele confin ionii metalului tranzifional
in doui stir1 de valenti, Fe?+ g1 Fed+, transportul de curent realizindu-se prin electroni.

Conductibilitatea probelor creste odatd cu cregterea confinutuiui de Fe,O,

La probe cu contmut mai mare de 159 mol Fe,O, se pun in evidentd doud energu
de activare
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COMPORTAREA MAGNETICA A COMPUSILOR INTERMETAILICI
HO2F817_x Alz

GULAGSY ZSOLT, MIRCEA POPESCU, ILIE RUS

1. Introducere. Compusii intermetalici Ho,Fe;;_y Al, (x=2; 3; 4)
cu structura de tipul Th,Ni,, prezintid interesante proprietiti fizice, o
parte din ei constituind materiale ce se utilizeazi la confecfionarea magneti-
lor permanenti. In acest sens au fost studiati si compusii pseudobinari
Ho,Fer;_£Al,, in care o parte din atomii de fier au fost substituiti prin
atomi netranzifionali, cum sint cei de aluminiu. Scopul unor asemenea
substitutii este determinat de posibilitatea virtuali de modificare a den-
sitdtii de stari electronice si implicit a interactiunii de schimb, prin mirirea
distantei dintre atomii elementelor de tranzifie din compusi. Realizarea
unei asemenea modificdri, ar conduce la consecinte cu largi implicatii
practice.

2. Prepararea probelor si metodica experimentali. Compusii 1inter-
metalici Ho,Fey;— Al, (x = 2, 3, 4) au fost preparati din metale de inalti
puritate provenite de la firma Fluka, utilizindu-se un cuptor cu inductie,
in atmosferd neutrd de argon, prin metoda suportulu1 de cupru ricit. Pre-
pararea compugilor s-a facut in laboratorul Departamentului de Chimie
de la Universitatea din Pittsburgh, prin amabilitatea profesorulur W. E.
Wallace.

Susceptibilitatea magneticd §i
intensitatea de magnetizare s-au ma-
surat cu o balantd de susceptibilitdfi
de tip Weiss-Forrer, avind o sensibi-
litate de 107® cmd/g, intre 100 si
800 X 100F

3. Rezultate experimentale si HopfayA, -
diseufii. Dependenfa de temperaturd gof "e2ftty —a P o
a susceptibilitifii magnetice recipro- Ho FeigAly —s o n/c:/u
ce intre 400 si 800 K este redatd in
figura 1. 50% D/{‘{

Pl 10'2[ue m /g] 3

o

Dupi cum se poate vedea, de- /
pendenta de temperaturd 7t = f(T) wof .
este mneliniard si poate fi descrisi 7/ et
prin legea lui Néel pentru compor- 20l A
tarea substanjelor ferimagnetice in o
domeniul paramagnetic : 4
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unde y,, o si 0 sint constante ce depind de coeficientii cimpului molecular,
iar C constanta Curie-Weiss.

Valorile constantei Curie-Weiss determinate din curbele experimentale
sint redate in tabelul 1, in care mai sint cuprinse i valorile momentului
magnetic efectiv, calculate din valorile constantei Curie-Weiss.

Tabel 1
C}I,i HoyFe Al HoyFe,,Aly Ho,Fe,;Al,
1 c 0,3012 0,281 0,266
T. gram
we.m.
2 Wef
* B 54,47 52,05 50,03
compus

Din tabel se constati o scidere sistematici a valorii momentului magne=
tic pe formula unitate a compusului, odati cu cregterea concentratiei atomi-
lor de aluminiu care substituie atomii de fier.

Dependenta de temperaturi a intensititili de magnetizare in domeniul
de ordine magneticd intre 100 si 500 K, la diverse intensitatii ale cimpului
magnetic pind in apropierea cimpului de saturafie magneticd, este redatd
in figurile 2, 3 si 4.

(]v [uzm Ge] Ho_Fe_Al
601 AN
IR
7/‘0( "‘o\o:\\
N

S0 4 a
N

4

i
/
:r:«"/“"’";/

>885k6 o
0} 6,8 k6 * 7 kY
<5546 SX
L 2,3%6 7~
20

10F \

AN
[} | | L | S
100 200 300 400 500
T Kl

Pig 2.



65

b Frg ‘¢ 3rga

007 00€ 1324 00t 908 00 00¢ 00¢ 0oL
T

COMPORTAREA MAGNETICA A Hoife, a1y

—02

N_qm_f mnz

5 — Physica 1/1978



60—

S0~

[t ot

30

[u

Zm Oe]

— Hog FepghAly

a———Ho, FeygAly

e0

70

60

50

40

30

20

10|

800 1200 1600 2000 2400

K
Fig 5.

 [e320]

i Hop eyl
\
Ho, Feyy Al \\
o
o
| R
Hop FeqgAla
A, 1 ! ! -
%0 0 130

121073(k]
Fi1g 6.



COMPORTAREA MAGNETICA A HosFe,, Al 67

Din figuri se constati o dependentd specific ferimagneticd pentru
compugii studiafi.

Pentru interpretarea curbelor experimentale au fost comparate, pe
regiuni de temperaturd, cu relatiile teoretice de tipul: ¢ = f(T9?); o =
= f(T®) si o® = f(T), care reprezintd trei familii de drepte ce descriu corect
rezultatele experimentale (fig. 5, 6, 7).

In prima regiune rezultatele sint descrise prin modelul undelor de
spin cu legea T32 a lui Bloch. In regiunea a doua apare interactiunea
dintre undele de spin, care se descrie cu o lege pitratici de temperaturi.
Tn regiunea a treia, regiunea fenomenelor critice, descrierea se face cu o
lege de forma : ¢ = const (I° — T)Y2. Aijci are loc tranzifia de fazi magnetici
ferimagnetism-paramagnetism. Prin extrapolarea dreptelor pini la inter-

ot (23]

<000

Hop FD]‘Ala
30001 ko, FepAl,
2000

Hog FegAla

\

\\3 .

\

o o
TC2= 1.25\1:\:\ T3=438
1 1 1 | 1 1 o
100 200 300 400 500 600

T k)

Fig 7.
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secfia cu axa teniperaturilor s-au obfinut valorile temperaturii critice 7',
Relatiile de comparatie a datelor experimentale sint reprezentate in tabe-
lul 2.

Tabel 2
Nr. Domeniul de _ T
crt. temperaturd, X ¢ = o5a(T)
1 80—40 a= 40,5 -+ 0,013435 T%/2
2 140370 o = —0,000964 T2 -+ 0,4974 T - 11,5328
T 172
3 370—438 o = 157,8524 {1 — —
438

in ipoteza ci momentul magnetic al atomilor de padmint rar se con-
servi prin aliere i pe baza reprezentirii teoretice a rezultatelor experi-
mentale, s-a ficut analiza curbelor dependentei de temperaturd a inten-
sitdtii de magnetizare pe subrefele magnetice, pentru cazul compusului
Ho,Fe ,Al;, asa cum rezultd din figura 8.

Hp 1
20

10

100 300 T (K}

=10

Fig. 8.
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Relatiile analitice pentru separarea intensititii de magnetizare pe
subrefele sint redate in tabelul 3.

Tabel 3
T,K Subrejea Ho Subrefea Fe
80140 | o = 96,2 — 0,0124 T2 o = 55,7 — 0,0258 T%/2
140—370 | 6 = —0,00076 T2 + 0,651T -+ 17,25 | o = 0,000204 T2 - 0,154 T 4 6,01
T Y1/2 T \1/2
370-438 | o = 220,99 (1 - = 6=16314|1 — —
438 438

Din extrapolarea curbelor experimentale pentru magnetizarea de
saturatie, la T = 0, s-au putut determina valorile momentului magnetic
pe atom de fier, asa cum este redat in tabelul 4.

Tabel 4
Ho,Fe, Al, Ho,Fe,,Al; Ho,Fe;,Al,
Uofs LB 0,99 0,92 1,02

in limita erorilor experimentale, mai mici de 109}, momentul magnetic
pistreazd o valoare aproximativ constantd, in jur de lpg/Fe.

De aici rezultd cd momentul magnetic al atomului de fier in compus
este puternic afectat de prezenta atomilor de aluminiu in refea, mai cu
seamid de cidtre sistemul electronilor de conductie.

Se constati de asemenea ci efectul de substitufie prin atomi de alu-
miniu, care trebuie si mireasci densitatea de stari electronice in banda
de conductie, consti in compensarea electronilor cu spinul necompensat
din patura ,,3d” a atomilor de fier.

¥
Autoril sint recunoscdtor:1 prof. dr Iuliu Pop, lect. dr Mircea Crisan §t asist. dr

Marin Coldea pentru propunerea temei, pentru mdicatiile §i discufisle utile avute pe parcursul
efectulirli lucririi.

(Intrat in redacpse la 19 octombrie 1977)
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MAGNETIC BEHAVIOUR OF INTERMETALLIC COMPOUNDS Ho.Fe;;— Al
(Summary)

We have studied the magnetic behaviour of intermetallic compounds Ho,Fe,,_,Al,
(x=2, 3, 4) in the 77—800 K temperature interval. The compounds have displayed a
ferrimagnetic behaviour, the temperature dependency of magnetic susceptibility in the para-
magnetic region bemng described by Néel law.

With respect to the magnetic order domain, the intensity of magnetization was com-
pared 1n each of the three temperature regions with the following theoretical relationships
o = (T, o =f(T?), o* = f(T),

The experimental curves o = f(T) were also decomposed after the magnetization of
undernetworks, assuming that the magnetic momentum of rare earth ions does not change
under alloying conditions.
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STUDIUI, DETERMINARII LITIULUI-6 PRIN METODA
ACTIVARII INDIRECTE

T. FIAT si L. DARABAN 371 TR L

1. Introdueere. Pentru determinarea concentratiilor izotopice de
litiu-6 prin metoda transmisiei neutronilor termici sint necesare cantititi
mari de probd [1]. O metodd mai avantajoasi ar fi cea a activirii cu
neutroni, deoarece activitatea indusi intr-o probd in urma bombardirii
ei cu neutroni este proportionald si cu abundenta izotopului {intd [2].
In cazul izotopilor litiului, litiul-6 nu se activeazi, dar litiul-7 se poate
activa cu neutroni rapizi formind in urma reactiei "Li(n, y) 8Li un nucleu
B~ activ cu Ty, = 0,84 sec. Prin misurarea radiatiel B~ (Emex = 13 MeV)
cu contoare Cerenkov [3—4] se poate determina 7Ii. Metoda nu prea este
comodd din cauza perioadei de Injumititire foarte scurtd a nucleului
de ®Li.

Se pot produce, insd, nuclee radioactive in probe cu conjinut de $Li
folosind produsii reactiei:

$Li + n = 4He + SH + 4,80 MeV )

st in special tritonii cu energia de 2,74 MeV ca particule bombardante In
literaturd s-au studiat o serie de reactd cu tritoni de acest fel [5—8].
Pentru determinarea litiului-6, pind in prezent nu s-au folosit decit doud
reactit: 80(f, «) N [9], unde se mdisoard neutronn emisi de nucleul
UN cu Ty =4,14 sec si %0 (t, ») ®F[10—17] in care se mdisoard
radiatia gama de anihilare a pozitronilor emist de nucleul ¥F cu Ty, = 112
min Ultima reactie este cea mai convenabild din cauza sectiunil eficace
foarte mari a reactiei cu tritoni, de 0,5 barni [6], si usurinfer pregitirii
probelor in care Li trebuie sd fie in contact intim cu ¥O(Li,CO, sau solutii
cu H,0).

La activarea cu particule incdrcate, pe misurd ce acestea pitrund
in probi, ele isi micgoreazi energia datoritd frinirii, astfel incit sectiunea
eficace a reactiei %O (t, n) !®F depinde de energia tritonilor in momentul
impactului cu nucleul de 0. Funcfia o(E) se numeste funcfia de excitare
si este reprezentatd printr-o curbd de excitare [18—19]. O astfel de curbi
nu poate fi obfinutd sub o formi analitici ci se determini experimental
pe baza unor etaloane Astfel, metoda activirii indirecte primeste un
caracter relativ.

2. Partea experimentald. S-a urmirit aplicarea metodei la determina-
rea abundentei de ¢I1 din materia primi ce se vehiculeazi in instalatiile
de separare si la determinarea unor impuritifi din probe prin activare cu
neutroni.

Probele sub formd de L1,CO; st solutii apoase cu LiCl in cantitate de
5 ml au fost inchise ermetic in capsule cilindrice de polietilend cu dimensi-
unea de 20 X 35 mm Iradierea s-a efectuat la reactorul nuclear de la
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IFA-Bucuresti in condifii de perfecti etangeitate a capsulelor, timp de 43
ore, la un flux de neutroni termici ®, = 4 - 10° n/s.cm?

Tinind cont de perioada de injumitatire a 18F, se observd cd activa-
rea indusd a fost la saturatie.

Dupi un timp de ricire de 2 ore s-au ficut misuritorile pe un spec-
trometru gama echipat cu un detector Ge(Li) de tip 722X coaxial, cu un
volum de 36 cm? si o rezolutie de 3,5 KeV. Eficienfa maximi pentru picul
de 1,33 MeV, la o distanti sursi-detector de 25 cm, era de 209. In final,
se obtin datele calculate referitoare la suprafata picului de 511 KeV, ener-
giile celorlalte picuri precum s§i reprezentarea grafici a spectrului.

3. Rezultate si coneluzii. S-au comparat abundenjele naturale de
8T pentru doud tipuri de carbonati de litiu si trei tipuri de cloruri de litiu
din surse diferite, pe baza activitifii picului de anihilare, care este proportio-
nali cu suprafaga lui. S-au identificat impurititi de Mn si Na in Li,CO,
livrat de firma Merck (fig. 1) si Br, Ca, Na, X in Li,CO, de un alt tip
(fig. 2).

In figura 3 se reprezinti spectrul gama al apei potabile cu ajutorul
cireia s-au preparat solutiile de LiCl.

S-au identificat de asemenea Ba, I, Mn, Na intr-un tip de cloruri (fig. 4)
Mn, Ca, I, Na intr-o clorurd comerciali de tip reactiv chimic pur, (fig. 5)
si I, Mn, Na in alt tip de clorurd de litiu (fig. 6). '

Se observd reactia nucleari de activare a clorului #Cl(n, ¥)3*Cl si o
substantiald activitate pe picul de anihilare datoratd litiului-6.

Proba LICO3- Merk |Energia Reactia
Cantitatea 334% g |5 KeV [BLi(ng)3H '60(1,n)8F
Timpderdcire 2h |847KeV (S5Mn(n,;)%0Mn

1022 eV | pic de anthilare
1368 KeV [BNa(n, £)124Na
1732KeV |pic de scapare2?54.4022
1810 keV 55Mn(n, 5 )56 Mn
2243 KeV pic de scapare 2754 - 511

X 65 2754 Ke V|23Na(n, )26 Na
511
1368 B
N 847 ! 2754,
e 1022 1130 A 1730104 2 ﬁ N
P g L ARY, SR feomgy Ll Lung 43?1510‘1,@@_ o, ‘f"_é_‘.m,_.gﬁq'w o A

Fig. 1.
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Proba Ll2C03
X275

Cantitatea 3,34244
Timp derdacire2,%41h

Energia

Reactia

511 KeV
554 KeV

1368

X 65

776
":".-V:{)\‘i‘\:‘#\z:!- LN N

bt

-]

511

1461

R4

&

Jarern,

— p——
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Contribujia la picul de anihilare datorati Na s-a estimat din activi-
tatea picurilor de scipare ca fiind de ordinul 60, ceea ce fati de activitidfi
pe fotopic de ordinul 20 000—40 000 devine neinsemnati O alti interfe-
ren}d ar putea proveni de la reacfia ®0O(p, n) 18F, care se produce cu
protoni de recul in solutiile apoase. Contribujia acestei reactii este neglija-
bild finind cont ci secfiunea eficace de formare a '®F in api prin iradiere cu
neutroni este egald cu 0,1 mb i aceasta numai pentru o energie a neutroni-
lor care lovesc protonii mai mare de 3,7 MeV [18], fiind vorba despre o
reacfie cu prag. Aceastd metodd prezinti mari avantaje pentru cantitif
mici de litiu. La concentrafii mari de €L, curba de etalonare se abate de
la liniaritate din cauza efectului de autoecranare [4, 19] Metoda este
nedestructivd, cantitatea de ®Li consumat in urma unor iradieri repetate
fiind foarte micd [4], are specificitate izotopici absoluti si este foarte
sensibild (cantitatea limitd detectabild de °Li fiind de 1,5 - 1073%). De
asemenea, metoda se poate adapta la determinarea oxigenului pini la
urme de 7 - 107° grame $i la mésurarea unor straturi subjiri de oxizi.

»

Autorn mulfumesc prof dr doc V., Mercea §1 conf dr F Xoch pentru sprijmul acor-
dat la alcituirea acestei lucriin

(Intrat in redacpre la 19 octombrse 1977)
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THE LITHIUM-6 DETERMINATION STUDY BY INDIRECT ACTIVATION METHOD

(Summary)

A method for I1 1sotopic concentrations determination by indirect activation accord-

ing to the nuclear reactions ¢La(n,«)3H, *0O(t, n)®F, 1s given

The authors also make an identification of the impurties from samples usmng the

neutron activation analysis
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NOTE

IMAGE OF SOME RADIOACTIVE GRANULES WITH SOLID-STATE
TRACK DETECTORS

F. KOCH

The track detectors or dielectric detectors are used for the study
of the heavy particles, such as the a — particles or the fission fragments.
P. B Priceand R. M. Walker found already in 1962, [1], [2] that
mica is smtable to record the fission fragments, then R. I. Fleischer
realised how to use plastics for this and published a summary article in
1965 [4]. Recently the problem of studying some radioactive granules
with this method appeared to determine the geological ages and the supposed
new elements from halos. [5],[9]. G. M. Schmidt-Burbach determined
with another method [6] that in the dosimetric problems at the particles
with an activity of 3.10-° Ci and at a distance of 1 pm it appears a
dose of 10* r/h. Investigations of this type were performed in Bucharest
[8]. The general study of granules is in [7].

The following records represent the image of some U granules of 1—5mg
(activity 10-20Ci, 10 atoms) and their fission fragment in the 2r geometry.

In figure 1 we represent the tracks of the o particles on celulose
nitrat after an exposure of a day. It can be clearly seen that many
particles reach the plate after a diffusion in air and therefore’ the form
of the granules can’t be distinguished

Figure 2 contains fission tracks on mica after a developing of 6—7
hours in HF of 409%,. One can see the characteristic 1omb tracks of the
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Tt S fragments. With an Am-
Be neutron source of a
10%n/cm?s flux, after 2 days
about 200 tracks appeared.

The track’s study con-
cludes the following : by an
« decay and by the fission
may appear the tearing
off of some radioactive
. fragments from the granu-
- les, caused by the recoil

effects in «-emission or by
+  the pulverisation given by
=< the fission fragments. In
" 2n  geometry  measure-

Y% %;ii ments it is possible that

e “¢m$"’l the effective mass of fis-

Flg 3 sion fragment involved in

track detector and so the

energy distribution between the two fragments is changed and this in-

fluences the detection probability. Anyway, it won’t appear rings aro-
und the circular granules yet.

We found some rings in plastic track detectors (noticed by Biré T.)
around some «-tracks (Fig. 3).

( Recesved January 29, 1977)
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IMAGINEA UNOR GRANULE RADIOACTIVE INREGISTRATE CU DETECTORI
DE CORP SOLID.

(Rezumat)

Radiatitle «, precum i fragmentele de frinare se inregistreazd in jurul unor fragmente,
granule radioactive, cu detectori SSN T D Cercetarea urmelor permite si observim acfiu-
nea aerului inconjuritor, desprinderea unor aglomeriri de substanfe de pe granule, rezultind
astfel un contur mult mai1 gters decit cel geometric.
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STUDIU RES AL (NH,)AIF,: Ca

0. COZAR, GH. ILONCA

Una dintre metodele de obiinere a centrilor paramagnetici este aceea
a dopirii unei substante cu ioni diferi{i de cei ai refelel proprii [1]. In
cazul de fatd se urmdireste aparifia unor centrii paramagnetici in (NH,),AlF,
prin dopare cu ioni de Ca%+. .

Spectrul RES obfinut la temperatura camerei pe probe sub formd
de pulbere consté din 7 linii, cele extreme fiind foarte slab rezolvate(fig. 1).
Despicarea dintre liniile centrale este de 23,5 gauss, valoare comparabild
cu cea obfinutd pentru despicdrile superhiperfine datorate nucleclor de
fluor in cazul centrilor paramagnetici H, din CaF,' H [2]

Valoarea factorului g este de 2,0039. Intrucit aceasta este mai mare
decit pentru electronul liber (2,0023), putem considera ¢i avem de a face
cu un centru paramagnetic format prin captare de goluri. Jonii AB+ sint
substituifi de Ca?*, care pentru p#strarea neutralititii locale capteazi un
gol pozitiv. Prin interacfiunea acestuia cu cele sase nuclee de fluor echivalen-

te ( 1, = %) rezultd 7 linit (2nl + 1) de structuri superhiperfini.
Hamiltonianul de spin caracteristic poate fi scris sub forma [3].

é\fs=g[3§ §+E}'a (aa+ba)§ (1)

unde a, reprezintd interacfiunea izotropi de contact Fermi cu nucleele
de fluor, iar b, cea de tip dipolar.

Doyle [4] a ardtat cd in astfel de cazuri se obfine o structuril super-
hiperfini bine rezolvatd atunci cind
constanta de interactie @, a primului
strat de coordinatie este mare in com-
paratie cu toate celelalte constante
de interactie superhiperfini.

Deoarece spectrul objinut (fig. 1)
este bine rezolvat, considerim ci
mteracfia dipolard b, poate fi negli-
jatd. Cu aceasta, valorile proprii ale
energiel sint:

E = gﬁBms + my ;Mla - (2)

Daci tinem cont de regulile de
selecfie pe care le satisfac trauzitiile
RES, adicd Am, = 4+ 1 si AM; =0,
obfinem urmatorul set de frecvente:

hv = oBB M, -a 3) Fig 1 Spectrul R.E.S al (NH)AIR,.
gﬁ + ; Ta @ ( ) Ca la temperatura camerei.
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Folosind valorile experimentale @, putem calcula densitatea de
probabilitate |®(0)[? la nucleele de flour, dupi relajia [3]:

ax = = gBer, B, D(O)P (4)

Se obtine astfel |®(0)|* = 0,10 (A—a)’ ceea ce indicd o localizare relativ
mare a golului captat de ionul Ca?*+. Aceasta este comparabild cu localizarea
electronilor captati la formarea centrilor F din fluorurile alcaline NaF
si KF, unde s-a obfinut pentru |®(0)[* valoarea 0,16 [4] si respectiv 0,06
[5]. Tinind cont de aceste date, in cazul nostru rezultd o distanta intera-
tomici Ca—F de ~2 3,5 A.

Probele au fost preparate la Center for Materials Research, Stanford
University, California, S.U.A.

(Iniras 4n- redacile la 26 (ulie 1977)
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E.S.R. STUDY OF (NH,,AIR, Ca
(Summary)

A paramagnetic center, due to a hole trapped at Ca®t iom 1s presented. The-proba-
bility density at the nearest-neighbour ¥~ nuclei is found to be about 0.10.

——

_In‘urepﬁcnderea Poligraficid Cluj, Mundcipiul Cluj-Napoca cd. 670/1978

cau3
N



In cel de al XXIll-lea an (1978) Studia Universitatis Babes—Bolyai apare semestrial
in specialitatile :

matematicd

fizica

chimie

geologie—geografie

biologie

filosofie

stiinte economice

stiinte juridice

istorie

filologie

Ha XXIII rogy nsganusa (1978) Studia Universitatis Babes—Bolyai BbixoguT fnBa pasa
B r0f4 CO CneaylolwumMn cneLunanbHOCTAMM :

maTemaTuka
hunsnka

Xumus
reonorna—eorpagpuns
6uonorus

unocogus
9KOHOMUYECKME HayKu
I0pUANYECKNE HayKK
ncropus

hunonorus

Dans sa XXIll-e année (1978) Studia Universitatis Babes—Bolyai parait semestriel-
lement dans les spécialités :

mathématiques
physique

chimie
géologie—géographie
biologie

philosophie

sciences économiques
sciences juridiques
histoire

philologie



43 874

Abonamentele se fac la oficiile postale, prin factorii postali Si

prin difuzorii de presa, iar pentru strainatate prin 1145X1M, Depar-

tamentul Export-Import Presd, P.O. Box 136—137, telex 11226,
Bucuresti, str. 13 Decembrie nr. 3

Lei

10



