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THE HYDROGEN AND DEUTERIUM TRANSFER THROUGH THE 
PAUDADIUM-SODUTION INTERFACE AT CONSTANT CURRENT*

F. BOTA, К. V. BUCUB, I. COVACI

The possibility of the interference between adsorption and absorbtion 
process in a P d—H system has been suggested by C. W a g n e r [1]. 
W i c k e  and M e y e r  [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.

I t  seems that m 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 ДE  vs log(r — t) •

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 th r t  
for four different initial concentrations of hydrogen in palladium, the slopr 
is constant, and it means that the slope is not depending on it.

Fig 5 shows the dependence of AE vs log(r — 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 :

«я =  0*74 an(I oq> =  0,67.
In conclusion, the experimental data are m good agreement with the 

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

(Received January 29, 1977)

* Tins work was presented a t  the In ternational Meeting on isotope effects in 
physical and chemical processes (1973).
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TR A N SFER U L H ID R O G EN U LU I ŞI D E U T E R IU L U I P R IN  IN TER FA ŢA  PALADIU- 
-SO LUŢIE, LA CURENT CONSTANT 

( R e z u m a t )

Se verifică teoria stab ilită  într-o lucrare anterioară pen tru  sistem ul [Pd — H ], \_Pd — 
— D ] în  care se studiază dependenţa ДE  vs log(-r — t) Se constată că dependenţa este 
liniară, cu pan ta  negativă, independentă de concentraţia iniţială Se pune în evidenţă efectul 
izotopic prin determ inarea coeficienţilor de transfer pen tru  hidrogen şi deutenu.
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SOLVENT DEPENDENT E.P.R SPECTRA OF COPPER ( I I ) -  
MONOETHANOLAMINE COMPLEXES IN  WATER -  ETHANOL

MIXTURES.

O. COZAR, V. ZNAMIROVSCHI, I. HAEDUC

1. Introduction. I t  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 CuCl2-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 chosenfor our study the blue compound[Cu(H2NCH2CH2OH)4]Cl2 
and the emerald-green compound [Cu(H2NCH2CH2OH)3]C12 In the blue 
compound (A) the four molecules of monoethanolamine are coordinated 
only through nitrogen, whereas in the compound (B) the ligands are 
coordinated both through oxygen and nitrogen as : 2

H 2 H
HOCHaCHaN . ,N H 2CH2CH2OH 

;}C u;
H 2C - 0 .  .N H aCHaCHaOH 

1 *Cu*f
НОСНаСНаЖ  4 N H 2CHaCH2OH H aC—3Sr NN H aCH2CH2OH

H a H 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 К  (frozen solutions) with a JES — 
3B spectrometer in the X band, with a field modulation of 100 Kc/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 components 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|i) being practically unnoticeable, except the signal 
corresponding to m1 =  — 3/2, situated on the right hand of the perpendi
cular absorption (gj_). On addition of only 2% ethanol to water, complete 
resolution of the hyperfine structure m parallel absorbtion is obtained.
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P i g .  1. Influence of the 
ethanol concentration upon 
the  E P R  spectra of th e  
blue Cu(II)-m onoethanola- 
mme in w ater-ethanol m ix

tu re  a t  77K.

Compound (B) exhibits a resolved hyperfme structure m 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 35%BtOH+ 
+  65% H 20  mixture, show a single 
absorption band in the visible range at 
15000 cm-1. This band can be assigned 
to nonresol ved \Eg, B2g) — |ß jÄ> 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
unds investigated are [7] :

|Big> =  a — a' Фа(х2 — у 2)
IB2gy =  £dxy -  (1 -  Р)'1*Фп(ху)

( Ы „ \-  (1 -  Ь ^ Ф п{хг)
I bdy7 ~  (1 -  V y ^ y z )

P i g .  2. Influence of th e  ethanol concentration 
upon th e  E P R  spectra of the  emerald-green 
Cu(II)-monoethanolamine in  water-ethanol m ixture 

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

a2 =  \AÜ\IP +  (g„ -  2.002) +  3/7(gj. -  2.002) +  0 04
=  2.002 -  8Ха2р2/Д^

g_L =  2.002 -  2Хаг82/Д„

where P  =  0.036 cm-1, X =  — 828 cm-1, Axy and Д1г represent the 
electronic transitions |Big> -»• \B2ey and |B]g> —>• |£ g> respectively. For 
both transitions the experimental value of 15000 cm-1 is taken. The a2, ß2 
and 82 parameters are listed in tables 1 and 2.

Table 1

The EFR parameters and MO coefficients îor complex (A)

Solvent *11 * 1
Hill a' ß2 S2

(IO“ 1 cm-1)

H aO - 2.084 - - - - -

98% H 20 +  
2% E tO H 2.216 2 056 183.6 30.2 0,79 0 61 0 62

80% H 20  +  
20% E tO H 2,223 2 050 188.0 25.2 0 80 0 62 0,54

E tO H 2.226 2.049 188 3 21 6 0,81 0,63 0.53

Table 2

The EPR parameters and MO coefficients lor complex (B)

Solvent *11 *L
Hill И±1 ß2 S2

(10-* cm-1)

h 2o 2 195 2 050 175 3 25.0 0.74 0 59 0 59

98% H 20  +  
2% E tO H 2 201 2 046 175 8 24 3 0 75 0 60 0 53

80% H 20  +  
20% E tO H 2.212 2.044 181.3 23.0 0,77 0 62 0.49

60% H 20  +  
40% E tO H 2.216 2.044 186.3 23.0 0 79 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 
CuON3 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.

I t  seems that in this case a slight extension of the distance between 
the Cu(II) ion and the ligands occurs This is supported by the observed 
increase (Tables 1 and 2) in the ionic character of the и (a2) and Tc(ß2) 
bonds in the xOy plane. The тс bonds, both in — plane (ß2 < 0.63) and 
out-of- plane (82 4 0.62) have a strong covalent character, and these 
are responsible for the stability of the complexes investigated.

In water and in a 98% H 20  +  2% E)tOH mixture, the out-of-plane тс 
bonds are more ionic, due to the coordination of water molecules on the 
Oz axis ; this involves dxz and dyz orbitals, thus perturbing the тс bond 
formed with the donor atoms of the ligands. By increasing the ethanol 
content in solution, water is fixed in the structural matrix, it becomes 
less available for coordination, and thus the covalency of the тс bond in
creases.

(Received February 5, 1977)
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D EPEN D EN ŢA  D E  SOLVENT A SPECTR ELO R  R .E .S . PE N T R U  COMPLECŞII 
Cu (II)-MONOETANOLAMINÄ ÎN  AM ESTECURILE APÄ-ETANOL

(Rezumat)
Se face un  stud iu  R E S  a doi complecşi de Cu(II)-m onoetanolamină în  amestecuri apă- 

etanol, observîndu-se o dependenţă a spectrelor R E S  de concentraţia de etanol în apă Acest 
fap t se explică prin  acţiunea deformatoare a m atncu  vitroase apă-etanol la  77 К  asupra 
complecşilor studiaţi.



STUDIA UNIV BABEŞ—BOLYAI, PHYSICA, 1, 1978

UNE METHODE ULTRASONIQUE D’AGGLOMERATION DES
p a r t ic u l e s  d e s  s u s p e n s io n s

CORINA ŞERBAN, IOANA MACAVEI, D. AUSLÄNDER, ŞT. MAZUR

Introduction. L’agglomération et la précipitation des particules solides 
suspendues dans un milieu gazeux constitue un problème 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 à 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 être 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)
où 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.

La valeur optimale de la concentration est de 5 — 10 g/cm3. La con
centration au-dessus de 15 g/cm3 a un effet négatif, dû à l’absorption 
de l’ultrason. Pour chaque fréquence il y a un rayon critique des particu
les rQT =  Л /  9— pour laquelle l’absorption est maximale et qui doit, par 

V 4*Ppf
conséquence, être évitée.

L’mtensité acoustique minimale nécessaire à la coagulation est de 
130 dB.

En ce qui concerne la fréquence, on préfère l’utilisation des ultrasons 
au-dessus de 16 kHz, afin d’éviter le caractère fâcheux des sons intenses 
et l’emploi d’un spectre large de fréquences pour pouvoir actionner sur un 
domaine étendu de dimensions [3]

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

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

Les particules participent au mouvement oscillatoire du gaz dans une 
mesure qui dépend du rayon de la particule r, de la fréquence du champ
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acoustique / ,  de la viscosité du gaz v] et de la densité de la particule pp. 
De rapport des amplitudes du mouvement des particules et du gaz

—  = ----  - -  (2)

™ v ,+r a
exprime la mesure de la participation des particules aux oscillations du 
milieu sous l’action des ultrasons. Dans le cas des particules polydispersées, 
la condition optimale de participation aux oscillations qui déterminent 
l’agglomération est

0,2 <  <  0,8 (3)
( * f )

Des forces hydrodynamiques prennent naissance entre les particules, 
en fonction de leur position relative à la direction de propagation de 
l’onde. Da force d’attraction maximale est donnée par

F  = 3 W °  / Т /
14 Vp) (4)

où 1 est la distance entre deux- particules D’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 
à des forces proportionnelles à leurs surfaces

F = IOtiVTE

3X
sin 2k x ( 5 )

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

Da probabilité des heurts résultés des mécanismes décrits est favori
sée par le mouvement brownien des paiticules, qui a un rôle important 
surtout dans le cas de petites particules

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

où m est le nombre identique d’orifices du rotor et du stator et n — le 
tournage du rotor Des dimensions des orifices ont été calculées en fonc
tion de la consommation d’air comprimé (75 N m3/h), limité afin d’éviter 
la dilution excessive du milieu. Pour pouvoir travaillér à des fréquences 
variables, on a prévu le réglage du tournage jusqu’à 15 000 rotations/min.,
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ce qui donne pour tn =  78 f =  19 500 Hz. L’interstice rotor-stator de
0,1 mm a assuré un rendement acoustique élevé.

La sirène 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 système de refroidissement rigoureux, 
étant donné que l’on travaillait dans un milieu gazeux, à une température 
élevée

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

On a déterminé les paramètres de fonctionnement de la sirène au 
froid (la fréquence et l’intensité de l'ultrason en fonction du tournage 
et de la chute de pression), dans l’absence de la suspension, avec un 
décibelmètre 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 sirène 
et à 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 n = / ( Ф) donnent le purcentage de particules à 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 réfèrent aux épreuves de poudre récoltées après 
le passage de la suspension à travers le champ acoustique de la sirène, 
à la fréquence de 12 100 Hz, respectivement 14 100 Hz.

Pour les mêmes épreuves ont été calculées les courbes différentielles
de distribution — =  /(Ф), représentées dans les figures 4—6.

%

80

60
<

P  i g . 1. Courbe intégrale de distribution des particules dans l ’épreuve témoin.
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F i g .  2. Courbe intégrale de distribution des particules 
dans l ’épreuve ultrasonorisée à  v =  12 100 Hz

F i g .  4. Courbe différentielle de distribution dans l ’épreuve 
témoin.



1' g 3 Courbe intégrale de d istribution des particules 
dans l'épreuve ultrasononsée à v =  14 100 Hz

b" î g 5 Courbe différentielle de d istribution dans’Г épreuve 
ultrasonorisée à v =  12 100 Hz
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P  1 g . 6 Courbe différentielle de distribution dans l ’épreuve 
ultrasonorisé à v =  14 100 Hz.

Le pourcentage des particules aux diamètres compris entre les deux valeurs 
données Фх et Ф2, représente l’aire incluse entre la courbe et Taxe Ф, limitée

par les valeurs respectives du diamètre : An =  j  ~  <1Ф
ф1

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, relèvent l’effet de l’ultrason. L’on constate que sous l’action du 
champ il y a une tendance nette de déplacement des dimensions vers 
une distribution à caractère de monodispersion qui s’accentue concomitam
ment avec l’augmentation de la fréquence. Par conséquence, si dans 
l’épreuve témoin au domaine des particules à dimensions entre 15—20 [un 
revient un pourcentage de 11%, sous l’action de l’ultrason, on obtient 
pour le même intervalle une valeur de 20% à 12 100 Hz et de 37% à 
14 100 Hz.

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

(Manuscrit reçu le 31 janvier, 1977)
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AGLOM ERAREA UETRASONICÄ A PA RTICU LELOR D IN  SU SPE N SII

(Rezumat)

în  lucrare sín t prezentate rezultatele cu privire la  acţiunea ultrasunetulu i asupra 
procesului de aglomerare a particulelor dm  suspensii. Determ inările experimentale efectuate 
cu o sirenă aerodinamică pun  în  evidenţă o creştere a  randam entului aglomerării, sub 
acţiunea ultrasunetului Efectul se manifestă în alura curbelor de distribuţie granulometrică, 
integrale şi diferenţiale.
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DÉTERMINATION DE DA SODVATATION D E QUEDQUES 
EDECTRODYTES PAR UNE METHODE UUTRASONIQUE

CORINA ŞERBAN, D. AUSLÄNDER

Considérations théoriques. De phénomène de solvatation, causé par 
l’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 liées â l’ion sont en mouvement avec celui-ci, 
ayant une énergie potentielle plus grande que l’énergie thermocinétique, les 
molécules du solvant perdant leurs degrés de liberté; et une solvatation 
secondaire, où. 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 
voies 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’hydrogène. 
De même a-t-on constaté que les grands ions, tels que K +, R b+, Cs+, 
NOr, J — ont le rôle de désorganiser la structure, tandis que les ions forte
ment solvatés, comme Di+, Be++, Mg++, Ca++ ont l’effet d’ordonner 
la structure du solvant.

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

Méthode de travail. Des 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 l’ultrason dans différentes solutions 
d’électrolytes, en calculant ensuite le nombre de solvatation Z  pour une 
molécule, d’après la formule de Mihailov :

AT

~Ma (1)

où p, p„ — densité de la solution respectivement du solvant 
c — concentration en g/cm3

M, M 0 — masse molaire du soluté, respectivement du solvant 
ß, ß0 — compressibilité adiabatique de la solution et du solvant

n 1
a 2 p

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

Résultats expérimentaux. Dans les recherches effectuées on a poursuivi 
l’action des sels monovalents et bivalents (DiCl, DiBr, DiJ, NaBr, Na J, 
MgCl2, SrBr2) 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, l'on constate l’indépendance de la tempéra
ture dans le cas des sels énumérés.

Des résultats obtenus ont été représentés graphiquement pour t =  
=  30 °C ; l’on constate dans tous les cas la reduction du nombre de solva
tation avéc la croissance de la concentration, l’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 l’on a représenté comparati
vement le nombre de solvatation des différents ions dans le même solvant. 
Sur la figure 1 le solvant étudié est le méthanol, un alcool fortement associé, 
dans lequel se trouvent solutées quelques chlorures : BiCl, SrCl2, MgCl2. 
On remarque la diminution plus rapide avec la concentration du nombre 
de solvatation pour les sels bivalents vis-à-vis des sels monovalents Des 
molécules de MgCl2 ayant un diamètre plus petit que SrCl2 sont plus forte
ment solvatées. De nombre de solvatation des molécules de DiCl a, généra
lement, des valeurs plus réduites. Des résultats similaires ont été obtenus 
aussi par A. D i n d h e u m e r  et B. B r u n  pour des solutions de DiCl 
en méthanol, appliquant une méthode de résonance magnétique nucléaire.

De la figure 2, qui donne la variation des nombres de solvatation 
du MgCl2, SrBr2, SrBr2 et DiCl en éthanol l’on constate un comportement 
analogue à celui décrit sur la figure 1.

F i g  1 V ariation du nom bre de solva
ta tion  avec la  concentration dans les 
solutions de MgCl2, SrCl2, 1лCl en mét- 

lianol.

F i g  2. V ariation du nom bre de solvatation 
avec la  concentration dans les solutions de 

MgCl2, SrB r2, 1дС1 en éthanol.

2  — Physics 1/1978
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P i g  3. Variation du  nom bre de solvata
tion avec la concentration dans les solutions 

de I,iCl e t N a l en butanol

P i g  4 V ariation du nombre de solvatation 
avec la concentration dans les solutions de 

quelques sels m onovalents en glycol

Sur la figure 3 le solvant représenté est le butanol, dans lequel ont 
été soluté deux sels monovalents 1дС1 et NaCl D’on observe de même 
la diminution de la solvatation avec l’augmentation du diamètre moléculaire 

Des effets semblables on été obtenus aussi 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 ion-ion 
devient plus puissante Pour pouvoir apprécier l’influence du solvant sur 
le nombre de solvatation, on a représenté graphiquement la varaiation 
pour 1ДС1 dans trois alcools différents • méthanol, éthanol et butanol (fig 5). 
On remarque que le nombre de solvatation le plus grand apparaît, dans 
les solutions d’éthanol, étant fortement affecté par la variation de la concen
tration, tandis que dans les solutions de butanol le Z est petit et presqu'indé- 
pendant de la concentration

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

P 1 g 5 Variation du nombre de sol
vatation  avec la  concentration dans 
les solutions de 1дС1 en méthanol, 

éthanol e t butanol.

Tableau 1

Énergie d’interaction ion — dlpôle

Ion
Rayon 

V an der 
W aals Â

S o l v a n t

Methanol É thanol Butanol

IA+ 0,76 18,20 18,40 17,85
Na+ 1,01 7,25 7,34 7,23
K+ 1,34 3,70 3,74 3,63
c i - 1,81 1,91 2,02 1,90
B r- 1,95 1,74 1,75 1,69
I - 2,16 1,40 1,41 1,37
Mg-f-f- 0,78 2,15 2,17 2,11
Sr++ 1,27 0,81 0,82 0,79

Énergie d ’in ter
action dipôle-dipôle 

eV 1,44 0,98 0,39
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par l’interaction dipôle-dipôle d’autre part, ces interactions étant gouver
nées par la permitivité de la solution.

D'interaction ion-ion mène à la diminution de la polarisabilité d’au
tant plus que le cation est plus petit et l’anion plus grand, la conséquence 
étant la diminution de l’interaction ion-dipôle. 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 l’éner
gie d’interaction ion-dipôle, au moyen de la relation

E  == —
tD r2K T

où [i — moment dipolaire des molécules du solvant
r — distance entre le centre de la molécule de solvant et l’ion 

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

ТГ — ___

Des résultats sont portés dans le tableau 1. Des calculs il s’ensuit que 
l’énergie d’interaction ion-dipôle des petits ions, tels que 1Д+, Na + est 4—10 
fois plus grande que l’interaction dipôle-dipôle, ce qui peut déterminer 
un ordre éloigné dans le liquide En poursuivant l’énergie d’interaction 
pour le même ion dans trois solvants, on remarque que la valeur la plus 
élevée correspond à l’éthanol. Analysant les autres valeurs du tableau, on 
voit que la disposition des courbes des graphiques est en grande partie 
confirmée.

Des ions négatifs sont toujours plus polarisables que les ions positifs 
de mêmes dimensions à cause de la charge positive de ces dermers qui 
établissent leur nuage électronique Ba polarisation étant dépendante de 
la densité de charge des ions, elle va augmenter avec le rayon des ions 
monovalents

Conclusions. Dans les solutions d’électrolytes il y a une tendance 
d'organisation, respectivement de désorganisation de la structure du solvant, 
sous l’influence des ions, ce qui détermine le changement des paramètres 
structurels. Da contribution différencielle des ions détermine le renforce
ment du caractère d’organisation de la structure avec l’augmentation de 
la densité de charge de l’ion, respectivement d’atténuation de la tendance 
de désorganiser la structure du solvant, dû à l'accroissement de la sphère 
de solvatation.

(Manuscitt reçu le 7 février 7977)
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CALCULATION OF SHEAR AND BULK VISCOSITY COEFFICIENTS 
IN SIMPLE LIQUID METALS

SPERANŢA COLDEA

1. Introduction. 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 of 
temperature ; the use of a correction factor to correct the errors in the 
Enskog theory [1], [3]. This correction factor is obtained 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 viscosity. The Enskog theory for dense hard-sphere 
gases and liquids gives [1]—[2]:

цЕ =  0,3125a~2bp(mkT/n)1/2 • [ y -  +  |  +  0,7614 &PXj (1)

where
bp ~  2кпта3т13 =  4т]г (2)

with nT — the density, aT — the hard-sphere diameter and -r\T — the 
packing fraction of the liquid metal; X =  §(°) the pair correlation function 
at contact for the hard-sphere fluid, or the Enskog correction factor An 
approximate formula for x can be obtained from the C a r n a h a n -  
S t a r  1 i n g equation of state [5] •

X =  £(ffr)
z  -  I _  2 -  чг

4V 2(1 — 7]r)3 (3)

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

---- • f 2,832"M  y / 3

l P m>*A J

1
f T ,1/2

1 -  В (4)

where В =  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 
[1 ] :

V-'b = (nRTIM)4*pT ■
V Чр

O - v ) 3 . 
(2 ~ M  +

+  0,166 +  0,3218т]г (2 Ч г П
О - ъ У )

(5)

The physical quantities M  (the atomic weight of the metal), R, T  — the 
temperature, pr , aT, and v)r  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 :

CawM  =  V-lv-'в (6)
and then the real shear viscosity p is :

V- =  C a w M  ’ V-'b  (7 )

We use the values of this factor CAW(-q), which are deduced from molecular 
dynamics calculations for the dense gases (argon and kripton) [4]. The 
table 1 gives the correction factors CAW{f\) as a function of density v/v0 
(v0 being the corresponding packing volum of the metal atoms) and for 
various packing fractions. For the intermediate densities and various 
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, 
nT, 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 .viscosity 
data [6]—[10], and we observed a good agreement between these data.

3. The bulk viscosity. The following expression for the bulk visco
sity of the dense fluid was predicted from the Bnskog theory [2] :

ЖЕ s  1,002 p0(&p)2z (8)
where

p0 =  1,016 • -  {m k T I-K )W a-z  
16 (9)
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Table 1

The values of the correction factor Ca w  f°r various densities and various packing fractions 7)

®/»0 ^A w fo) — V-IV-E -Ц c a w № il Ca w W

100 1,01 ± 0 ,02 0,500 2,25 0,440 1,30
20 1,00±0,02 0,495 2,04 0,430 1,24
20 1,00±0,04 0,490 1,91 0,420 1,20
10 0,99 ±0,04 0,485 1,820 0,410 1,17
5 0,99±0,05 0,480 1,74 0,400 1,14
3 1,02±0,01 0,475 1,65 0,350 1,075
2 1,11 ± 0 ,06 0,470 1,58 0,375 1,095

1,8 1,10±0,03 0,465 1,52 0,325 1,07
1,6 1,44±0,07 0,460 1,46 0,300 1,06
1,5 2,16±0,09 0,455 1,41 0,200 1,03

Table 2

The values of the calculated shear viscosity and the experimental data of these transport
coefficients in  liquid metals

Liquid
Metal T m(°K) T(°K ) пт 1023 РГ

(g/cm3) CAW M p > t̂ corec

Na 370,5 427 0,241 0,914 1,5 0,00343 0,00515
[6]

0,0045
[7]

0,00532

К 335 381 0,1257 0,817 1,38 0,0026 0,0036
[8]

0,0035
[6]

0,0042

Bi 551 681 0,2876 9,98 1,37 0,0137 0,0187
[9]

0 0164
[10] 

0,0166

Hg 234,3 477 0,393 13,103 1,1125 0,001 0,0105
[11] 

0,0105 
[8], [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 •

SCE 0,393 M k T \112 ,  
-------  п т

n a  J  T
,  ( 2  -  

r 0 - v ) 3
( 10)
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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(ri), analogous to that of the 
shear viscosity and which can be deduced from molecular dynamics 
data [4] :

K = V ( 1 i ) - 3 t E (11)

where К  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 TQ, will be given in the table 3

Table 3

The values of the correction factor F(t]) of the bulk-viscosity 
at various densities d/»0

o.оО-IIe»»

F(4) » К  =  po/p

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 calculated and experimental results for bulk-viscosity for some liquid
metals

Metal Tm(°K) Т(°К) м [ — \
\ шо! * ■пт Pt ó ) К Е ^ К[Р) *ехр (?)

Na 370,5 377 23 0,47 0,926 0,00413 1,58 0,00653 <0,0179
[ 1 2 ]

К 335 423 39 0,466 0,824 0,00356 1,6 0,006 <0,007
[ 4 ] ,  [ 1 2 ]

РЪ 600 673 207,2 0,461 10,6 0,018 1,055 0,019 0,019
[6] [13]

B l 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 F(vj) from the 
molecular dynamics calculations. Up to the present molecular dynamics 
calculations for bulk viscosity were not effectuated, apart from those for 
shear viscosity [4]. The experimental data for the bulk viscosity are in 
many cases inaccurate (for example the cases of Na, К  and Bi). So much 
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 ionic transport coefficient [1], but it is an electronic 
one.

(Received January 31, 1977)
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CALCULUL CO EFICIEN ŢILO R D E  VISCOZITATB LAM INARĂ ŞI DE VOLUM ÎN
M ETALE L IC H ID E  SIM PLE

( R e z u m a t )

în  prezenta lucrare este re luată  problem a calculăm  coeficienţilor de tran spo rt îomc în 
m etale lichide, abordată de autor într-o lucrare anterioară, care se bazează pe utilizarea teoriei 
lm  Enskog pentru  procese de transport în  fluide dense Polosmdu-se aceleaşi consideraţii ca şi în 
cazul autodifuziei şi generahzînd m etoda pen tru  coeficienţu de viscozitate se obţin, în  urm a 
calculelor efectuate, expresii ale acestor coeficienţi ce po t fi utilizate la  evaluarea lor num eri
că Se compară datele calculate cu aju torul acestor expresii teoretice cu rezultatele experimen
ta le  cunoscute în  cîteva cazuri de m etale lichide unicom ponente Na, K , Bi, Pb  şi Hg. Se 
găseşte o bună concordanţă a aceastor rezultate a tî t  în  cazul viscozităţii lam inare, cît şi în 
cazul celei de volum.
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DETERMINAREA UDTRASONICÄ A UNOR CONSTANTE DE 
MATERIAU PENTRU TOUUEN ŞI m-XIUEN

M. ILXJŢIU §1 C. STEŢIU

1. Introducere. Se ştie că factorul ce condiţionează mărimea constan
telor fizice de material în lichide este structura lor moleculară Constantele 
de material fiind măsurabile experimental, în cursul timpului au existat 
o serie de încercări de a le lega prin relaţii empirice, semiempirice sau 
riguros demonstrate Dintre aceste relaţii ne vom referi în continuare la 
cele ce leagă viteza de propagare a undelor în lichide de densitate, coeficien
ţii de compresibilitate şi de coeficientul de dilatare volumică.

între viteza de propagare a undelor v şi densitatea p a lichidelor s-a 
stabilit o relaţie de forma [1]

v =  — A +  Bp (1)
unde A şi В  sínt constante ce depind de natura lichidului şi de presiune, 
fiind independente de temperatură.

Pe de altă parte, viteza de propagare a undelor este legată de coefici
entul de compresibilitate adiabatică ßs a mediului lichid prin relaţia

relaţie ce reprezintă de fapt singura metodă directă de determinare a coefi
cientului de compresibilitate adiabatică Dacă se cunoaşte valoarea coefi
cientului de compresibilitate izotermă ßr (din măsurători piezometrice), 
se poate calcula exponentul adiabatic у =  ßr /ßs 

Din termodinamică se cunoaşte relaţia

Cp =  C. +  ^  (3)pßr
ce leagă căldurile specifice de coefici
entul de dilatare termică a, tempera
tura T, densitatea p şi coeficientul 
de compresibilitate izotermă ßr .

2. Prelucrarea datelor experimen
tale. în  scopul verificării ecuaţiilor 
(1) şi (3), ca lichide de studiu s-au 
folosit toluenul şi m-xilenul. Aparţi- 
nînd aceleiaşi serii, este de aşteptat ca 
proprietăţile lor fizice să se supună 
aceloraşi legi de interdependenţă

Dependenţa de densitate a vite
zei de propagare a undelor în toluen 
şi m-xilen este reprezentată în fig. 1.

TH m S1)

F  î g 1 Dependenţa de densitate a vitezei 
de propagare a undelor ultrasonore în 

toluen şi m-xilen.
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P i g  2 D ependenţa de tem peratură  a 
coeficientului de dilatare volumică a tolue- 

nului şi m-xilenului

Tabel 1

t o l u e n m - x i l e n

T vmăs vcalc Vmăs Aalc
К m s '1 ms—1 ms—1 ms 1

293 1328 1288 1344 1264
303 1284 1256 1303 1239
313 1241 1223 1262 1192
323 1199 1188 1222 1179
333 1157 1153 1182 1150
343 1117 1118 1143 1123
353 1076 1075 1104 1093
363 1036 1036 1066 1052
373 1004 1036
383 977 996
393 937 970
403 889 948
413 857 915
423 810 856
433 775 816
443 725 787

în  ambele cazuri se obţine o variaţie lineară a vitezei cu densitatea, varia
ţie conformă ecuaţiei (1) Constantele ce intervin în ecuaţie au valorile 
A =  1 807, В =  3,57 pentru toluen, respectiv A =  1 612, В =  3,33 pentru 
m-xilen Folosind aceste constante, precum şi date asupra densităţii luate 
din tabele [2], s-a calculat valoarea vitezei pentru un interval larg de 
temperaturi (tabel 1) Abaterea valorii calculate a vitezei din (1) faţă de 
valoarea măsurată a vitezei se încadrează în limitele erorilor de măsură. 
Ecuaţia (3) s-a verificat prin compararea datelor existente în literatură 
pentru coeficientul de dilatare al lichidelor cu cele calculate conform 
acestei ecuaţii Valorile căldurilor specifice au fost luate din [3]. Figura 
2 ilustrează variaţia cu temperatura a coeficientului de dilatare Schimba
rea de pantă ce apare indică temperatura corespunzătoare schimbării de 
fază în  tabelele de constante fizice [2] coeficientul de dilatare volumică 
pentru toluen a =  1109 IO- ® grd“ 1 în intervalul 0—90°C. în  aceleaşi 
condiţii, din (3) se obţine acaic =  П48 • 10-6 grd- 1 Pentru m-xilen după 
[2] a =  990 • 10-0 grd-1 între 0 —30 °C, iar din (3) rezultă în acelaşi 
interval de temperatură ar,ir =  992 • 10-0 grd- 1 Concordanţa datelor 
confirmă valabilitatea relaţiei (3)

3 Interpretarea rezultatelor obţinute. Existenţa unei dependenţe 
lineare între viteza de propagarea a undelor prin lichide şi densitatea aces
tora poate fi explicată ţmînd cont de variaţia lor cu temperatura Atît 
viteza cît şi densitatea scad linear la creşterea temperaturii. De aceea, în 
cazul lichidelor ale căror molecule prezintă o oarecare simetrie sferică şi 
cînd nu intervine o asociaţie moleculară, verificarea unei relaţii simple de 
tipul ecuaţiei (1) este posibilă, constantele A şi В  nu vor depinde de tem
peratură, ci numai de structura moleculară a lichidelor şi de presiune
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Relaţia (3) se cunoaşte din termodinamică, fiind obţinută prin folo
sirea metodei potenţialelor termodinamice [4] Verificarea ei experimen
tală confirmă utilitatea metodelor termodinamice în studiul fazei lichide

(Intrat in redacţie la 8 februane 1977)
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ULTRASONIC DETERM IN ATIO N  OP SOME CHARACTERISTIC CO EFFICIEN TS OF
TOLUOL AND m-XYLOL 

(Summary)

In  this paper i t  was investigated the dependence between sound velocity and density« 
On the other side, i t  was proved a relationship between sound velocity and the  volume coef
ficient of therm al expansion
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SPECTRUI, ELECTRONIC AE FEUORCEORBENZENIEOR ÎN 
MATRICE DE CICDOEEXAN DA TEMPERATURA DE 77 К

M. IU GA

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

Ca să se păstreze proprietăţile moleculei izolate, se alege o matrice 
a cărei interacţiune cu moleculele solvite să fie minimă.

în  această lucrare se prezintă rezultatele pe care le-am obţinut din 
studiul spectrului de absorbţie al fluorclorbenzenilor în soluţie de ciclohe
xan la temperatura de 77 K, iar datele obţinute le-am comparat cu cele 
din spectrul de absorbţie al vaporilor.

Spectrele de absorbţie U. V. ale vaporilor acestor molecule au fost 
studiate de Ţ i n t e a  [2], K r i s h n a m a c h a r i  [3] şi V a r s ă n y  
[4] iar spectrul I. R şi Raman de N i e l s e n  [5].

Instalaţia experimentală a fost cea descrisă de I l i e s c u  [6]. 
Fluorclorbenzenii şi ciclohexanul au fost purificate prin metodele 

clasice.
îngheţarea probei s-a făcut lent, deoarece ciclohexanul prezintă două 

forme cristalografice : una monochnică, care este stabilă sub 186 К  şi 
alta cubică, care este stabilă deasupra temperaturii de 186 K. Prin răcirea 
probei la 77 К  lent, predomină forma monochnică

Spectrele sínt formate din bande fine pentru domeniul de concentraţii 
5M—4 — 2M—2, ceea ce înseamnă că sistemul fluorclorbenzenul formează 
o soluţie substituţională cu locuri echivalente

Deplasarea bandei 0,0 pentru cei trei derivaţi este redată în tabelul 1.
Tabel 1

Molecula vo,o cm 1 
în vapori

V|,.0 cm 1 soluţie 
de ciclohexan

Deplasarea Av0>0 
cm-1

orto 37035 36668 t 367
m eta 37027 36703 324
РаГа 36297 35788 509

Rezultate. în  figurile 1, 2 şi 3 sínt prezentate spectrele de absorbţie 
al fluorclorbenzenilor în matrice de ciclohexan la temperatura de 77 K.

Orto-fluorclorbenzenul. S-au măsurat 23 de bande de absorbţie cuprinse 
între 36668 şi 38741 cm-1. Analiza electrono-vibraţională a spectrului 
s-a făcut cu frecvenţele prezentate în tabelul 2, făcîndu-se o comparaţie 
cu spectrul Raman şi I.R. în stare lichidă şi cu spectrul de absorbţie al 
vaporilor din U.V.
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P i g  1 Spectrul de absorbţie al orto-fluorclor- 
benzenulm în ciclohexan la 77 K, C =  }I-2

1? î g 2 Spectrul de absorbţie al para-fluor- 
clorbenzenului în ciclohexan la 77 K,

C =  3,5 M3

]? î g 3 Spectrul de absorbţie al para-fluorclorbenzenului 
în  ciclohexan la 77 K, C =  M—3

Se observă o bună concordanţă între valorile frecvenţelor din stare 
de vapori şi cele din soluţia de ciclohexan la 77 К

Meta-fhiorclorbenzenul. S-au măsurat 21 benzi de absorbţie cuprinse 
între 36703 şi 39568 cm-1.

Analiza electrono vibraţională a spectrului este prezentată în tabelul 3.
Para-jluorclorbenzen. S-au măsurat 27 de benzi de absorbţie cuprinse 

între 25788 şi 39642 cm-1. Analiza electrono vibraţională e prezentată 
în tabelul 4.
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Tabel 2

Starea lichidă oi' cm-1
Nr. crt a "  c m '1 со' cm 1 absorbţia în Modul de vibraţie

I  R R am an vapon

1 167 154 s 147 10 b
2 _ 231 206 s — 10 a
3 679 679 643 î 639 6 a
4 698 698 692 î 692 4
5 804 804 792 î 794 11
6 844 850 845 î — 17 a
7 934 925 936 î 940 17 b
8 992 991 985 î — 5
9 1068 1071 1086 î 1076 9 b ’

10 1126 1127 1128 î 1117 9 b
11 1239 1237 1234 fs — 13
12 1288 1287 1286 fs 1182 3

Tabel 3

Starea lichidă ci' cm-1
Nr crt oi" cm-1 о/ cm 1 absorbţie în Modul de vibraţie

I  R R am an
vapori

1 341 s _ 15
2 _ — 632 1 636 1
3 673 683 674 s — 4
4 729 _ 720 s 735 6 b
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 lichidă ы' cm-1
Nr. crt со" cm-1 со' cm 1 

autorul absorbţie în Modul de v ibraţie

I R R am an
vapon

1 136 s 11
2 _ — 205 s — 15
3 _ 371 361 î 344 7 a
4 556 556 559 î 553 16 b
5 634 634 648 s — 6 b
6 779 781 796 î 793 10 a
7 936 928 933 s — 5
8 1069 1068 1070 î 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 măsurători rezultă că s-a găsit o matrice potrivită pentru 
studiul spectrului de absorbţie al fluorclorbenzenilor care permite obţine
rea de benzi fine iar analiza spectrelor s-a făcut cu un număr mai mare 
de frecvenţe decit cele găsite în spectrele de vapori

(Intrat in redacţie la 15 februarie 1977)
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ELECTRONIC SPECTRA OP PLUORO -  CLORO -  BEN ZEN ES IN  CYCLOHEXANE
AT 77 К

(Summary)

We report the results which we have obtained studying the absorbtion spectra of 
fluorcolorobenzenes m  cyclohexane solutions a t 77 X
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UV TRANSMISSION OF BORATE GRASSES

I. NICXJ1A, IiAVINXA СОСШ, I. MILEA, AL. NICULA

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

— the S t  e V e 1 s’ 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 nonbndging oxygens 
which have lower excitable electronic levels in the UV than those of the 
bridging oxygens,

— M c S w a i n ,  B o r r e l l i  and S u [4] studied the effect of the 
composition of the sodium borate glasses, on the UV absorption edge ; 
a t about 15 mole % of Na20, they found an important movement of the 
UV cu t-o ff to longer wavelengths which was attributed to a) the appearan
ce of nonbridging oxygens andj 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 
mg, of the ternary borate glass having molar composition of 1 .0 Ka0 .1 . 
0A120 3.4 5B2Os which does not favor the presence of nonbridging oxygens.

2. Experimental and results. The investigated glasses, formed by 
melt supercooling, contained B20 3, Ri20, A120 3 and ZnO in different concen
trations. The glasses were melted in corundum crucibles in an electric 
furnace a t the digestion temperature of 1150°C. The composition of the 
sample which presented a good UV transmission, as it is seen from figure 
1, is 75%Ba0 3 15%1ДаО 10%A120 3 (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. 
I t  is known [2, p 135), in glasses, boron usually shows a sp2 hybridization 
and oxygen shows a sp2 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 G r i s c o m ,  T a y l o r ,  
W a r e  and B r a y  [3] in order to explain the boron hole center, the mole
cular orbital scheme is that presented in fig. 2. I t  is observed : from fig. 2a,
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that in the case of the sp2 hybridization, two electrons of oxygen forth 
а 7Г donor-acceptor bond with рг orbital of boron. In the absence of the 
modifier the three bonds from the boron triangle are equivalent. The 
presence of the network modifier gives rise to a distortion of a boron 
triangle : a bond is shortened and the other two are lengthened. This 
means a better localization of а тс 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 is 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.

(Received August 26, 1977)
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TRANSM ISIA ÎN  UV A STICUEEOR P E  BAZĂ DB BOR 

(Rezumat)

S-a obţinut o sticlă cu transm isie satisfăcătoare în  domeniul UV. E ste da tă  o explicaţie 
calitativă a deplasăm  m a r g in i i  de absorbţie în  UV spre lungim i de undă m ai m ari, luîndu-se 
în considerare influenţa modificatorului de reţea  asupra triunghiului de bor.
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THE KORTEW EG-DE VRIES EQUATION EOR A TWO ION
SPECIES PEASMA

MARIA CRISTEA

In the past decade there has been considerable interest in nonlinear 
effects in plasma. W a s h i m i  and T a n i u t i  [6] have shown that a 
weakly nonlinear description of one-dimensional ion sound wave disturban
ces travelling near the ion sound speed, is given by a Körte weg—de Vries 
(KdV) equation. The KdV equation has the form

W + a U d- E + b ™ =  0
ÔT dB, dB* ( 1)

where £ and т are independent variables and a and b are real, nonzero 
constants. Equation (1) is nonlinear through the convective term UdUjdZ,, 
and dispersive through the term 83Ujd^3 [1 ].

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

Щ1. T) =  ~  sech2 J i  У |  [ü -  -  c(r -  T 0) ] j  (2)

where and -r0 are integration constants.
The solitons, given by (2), interact nonlinearly and preserve their 

soliton identity [3], [7]. Z a b u s к у [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.

T r a n  and H i r t  [4] used a simple macroscopic model to derive a 
KdV equation for a two ion species plasma (Г, =  0 for both species) and 
found the dependence of the soliton’s amplitude on the light ion concen
tration. They showed that the amplitude of the solitons is reduced dras
tically by a few percentages of light ions. Eater, T r a n  [5] studied the 
propagation of ion acoustic solitary waves in a two ion species plasma 
with T% Ф 0,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 estabhsh 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 light ions depends on the 
phase velocity of the wave.
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The basic equations can be written in the dimensionless fofnl

ï  +  s w - 1

\ sn + V l t i
I 8t 3 x

_  -ß__ ° 8n 1
% 3 x

Ş  +  f  M  =  о
8t 8 x

В 8v. 8v «

3i
— J£__ ^и»

«а Ő*

—' =  - n ß
8 x

дЕ■ —  =  п1 +  щ — пе, 
S x

(3 )

(4)

(5)

(6)

(7)

(8)

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

Ű (9)

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

<4 =  - ^ - ( l  — a +  froc), (10)
®0̂ 2

velocity to ion sound velocity
cs =  (H)

and the electric field is normalized to the quantity kBTJq\D. A and В 
are given by

A =  -----g + , В =  1 — a +  pa,

where a is the concentration of light ions
«1 _a =

and p is the mass ratio
«1 +  «a «a

p =  — >  1 .

(12)

(13)

(14)

Assuming equal ion temperatures, we have noted
=  T JT t. ,(15)
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Let us make the'coordinate transformation' [6]
Ç =  ell2(x - t ) ,  T =  z3l2x, ( 16)

where e is a small parameter (0 <  e <  1). The equations (3) — (8) become

- ^  +  ^ M + z ^ ( n lVl) = 0  (17)

8vi Süi I S»!-------- h » 1-----H ezb —
3 Ç  81 St

g  CT S«1 <J S«!

« 1  SÇ «1 sç

-  S '8 +  i  +  e 7 ;  (ŵ 2) =  о3Ç 5Ç dr

в  Г - Ë Î  +  о  +  e r ,  Ü ? i '
L S i;  2 3 ç  2 St J

_g  __  a 3«a_ о 3«s
« 2  SÇ « a  S t

—* +  e —* =  - » ,E
SÇ St ^

8E

81
. о 8E .

s —  +  e2 — -  =  n t  +  n 2 — n e, or

(18)

(19)

(20) 

(21) 

(22)

where È  =  e~ll2E.
We assume that пъ n2, vlt v2, ne and E  have power series expansions 

in s about a homogeneous field-free equilibrium :

»x =  a  +  s » !1* -f- еаи[2) +  • • •

— ( 1 — ®) -)- SW2  ̂ -f- 2^22  ̂ •

»X =  ewi1' +  e 2̂  +  • ■ • 

v2 =  eV2 ] +  &0(г +  • • •

»« =  1 +  +  e2»«2) +  • • •
B  =  s # 1) +  e2Í?<2> +  . . .

In lowest order, equations (17) — (22) become
s»'1)
~дГ

=  ос-
Sü'1»
35

- 4 a
s»?)
"ÍT

oc ÊM
3»^
"si"

з»£>
SÇ

(1  -  a)
Sü̂

sç

(23)

(24)

(25)
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âu l1' ~ 8nL1'
— B( 1 — а )----- =  (1 — а).ЕТ> — er

ő i

г»!11
ő |

ő ?

■ =  — £(>>

*Р) +  »tf’ -  *»?’ 0.

To the next order in s, equations (17) — (22) become

őő42)
ől

4

őuí2) a , m ms őw!1J
а —-----1- — (w >4 ) +  ot — - О

ő |  ő |  ŐT

—  a -
ő « f >

И Г
(U dvl ] (l) 8vl ]4  ( - 4 -  +  a4  ’ —

ő ? ől

=  aí?<2> +  n[1]EM -  cr
ö«f) őn'11
ől ŐT

ő4 2) M ő42>
+  (1 -  a • 2 ő|

В -(1 -  «)-

ől
ő42)

a и « 1) +  (1 -  « ) 4 "
ől

ől «2!1) +  (1 -  «)4 1J 1/1,2

Őr
ő4!) '

=  0

ől

=  (1 -  a)£<2> +  -  cr ő4'>
ől

ő4'>

ő*2> ő»1)
ől ŐT

ől

-£ < 2> -  4 1!£ (1>

Ő£ — JV  1 *,(2>---- -- fl\ -f- Ï12
dl 4 2).

Integrating (23) — (28) with the boundary conditions
П, ->■ 1, % -> «, и2 ->■ 1 — а, vx -*■ 0, V2 ->-0

> as |Ç|
»?l -  о, » P  —• 0 , 4 "  — 0 J

we obtain

-  °пУ -  (Аа * ) 4 Ц  =  В - °1  — а 4 1’ -  (в —

From (28) and (35) it follows that
а , 1 — а

A  — g ' В  — ст
1.

(27)

(28)

(29)

(30)

(31)

(32)

(33)

(34)

(26)

00

(35)

(36)
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Hence, for a given light ion concentration, only two values of a are 
permitted, namely

1 — a +  [i“a=  0 and a (37)

The value a =  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

40 -  П _  =  K(1 _  p) v *> ^  JLn'. (1
1 .40 _  (h- — 1)(1 — «■) „.(1) -----7I2 —------------’-----  v2 •(X [Л (38)

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

8n[ 0 a»*1’ a3«'11
+  5 ^ - ^ -  +  R8r 81 8i?

=  0 . (39)

This is a ELdV equation. But whereas m equation (1) a and b are con
stants, in (39) 5 and R depend on a and [i, their explicit expressison 
being

c  _  ih l -  “ +  H“) |"j _  2  (1 -  а)2 — (4а2
2(1 а +  (4а) L

R = a(l

|ia (l — a)((i — 1)(1 — a +  (ta) 

■ «)((i- I)2

(40)

We notice that for a 
дп[ 0

dr

(41)
2(1 — а +  [ла)(1 — а +  (4а)

0, the following KdV equation is obtained

where
S — —- h ° -  2

3(1 — а +  (х2а)
(1 — а  +  (ia)2

In this case only the amplitude of the 
soliton varies with a and (i, while its 
width remains unchanged. Equations 
(40) and (41) show that if а ф 0, both 
the amplitude and the width depend 
on a and p.

Figure 1 illustrates the variation 
of S~~-1 (continuous lines) and S^1 
(dotted lines) with a. We notice that 
the amplitude of soliton is proportional 
to one of these quantities, for а ф 0 
and а =  0, respectively. Two values of 
the mass ratio p have been considered 
[i. =  10 and (1 =  40. For each curve 
the corresponding value of ix is indicated.

33K(1)
+ * •  «  - ° -

(42)

- Л ,  Яо =  у  • (43)
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Figure 1 shows that for small values of a the amplitude is larger 
in the case of warm ions, while for large a 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 ions 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.

(Received September 3, 1977)
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ECUAŢIA K O R T E W E G -D E  V R IE S  PE N T R U  О PRASMÄ CU DOUĂ SPE C II D E IO N I
(Rezumat)

în  lucrare se deduce o ecuaţie K ortew eg—de V nes pentru  o plasm ă cu două specu de 
ioni, ale căror tem peraturi sín t egale. Se găseşte că în  cazul unei concentraţii m ia  a ionilor 
uşori form area solitonilor este îm piedicată dacă ionii sín t r e a  şi este favorizată dacă ionii 
au tem peratură  finită.
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DYNAMICAL SYMMETRY BREAKING DUE TO RADIATIVE COR
RECTIONS IN THE SCALAR X<p4 +  g? 3 -  THEORY

AL. ANGHEL and M. CRIŞAN

I. Introduction. Quantum field theories with spontaneous broken 
symmetry were extensively studied in the literature, beginning with the 
works of G o l d s t o n  e-S a 1 a m-W e i n b e r g  [1], N a m b  u-J о n a 
Da  s i n i  о [2] and V a k s  b á r k i n  [3].

I t  was shown that even at the classical level the ground state of 
a scalar field with interaction has an assymmetric solution Ф =  const. 
Ф 0 if the bare mass of the theory : mj] <  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, i e. 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 m 02 >  0. In the work of C o l e m a n  and W e i n b e r g  
[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 X<p4 — 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, Y o f f e  — N o v i k o v  — S h i f m a n  [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 B o u l w a r e  and B r o w n  [9] and 
S a l a m ,  S t r a d t h e e  [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 X<p4 +  g<ps 
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 X<p4 +  gcp3 
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. Bet us start with a quantum field theory with a set of quantum 
fields Фa(x), a — 1 . . . N, described by a local lagrangian

£ =  £{фв(*); д„Фа(х)}
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The corresponding Euler — Eagrange equations are :

^{Ф} =  d 82
» дФ„

82

8Фа (1)

The quantum nature of the fields Фа{х), which is not explicitly considered 
in eq. (1), is given by the following prescription : the canonicaly conjugated 
fields :

n.(*)
32

d*a,0
satisfy the commutation (±) or anticommutation relations” :

[ Ф a(X>t). n 6 ( T ^ ) ] ( ± )  =ШЪа,ьЧХ—У)

(2)

(3)
The vacuum average <0| |0)of a time ordered product of exponentials 

containing a set of external sources ţ a(x) ■

Щ ) =  <0 |sr e x p ^ j ^ ^ d x  l a{x) Фа(х) |0> (4)

is the generating functional of the Green functions of the theory
8”h

* ] ) sçan(*„) %{1} = <P I Ф ^ О  .

фа„(хп) exp I j- ç   ̂d* \ a{x) Фа{х) j  Ioy

<0|{<M*i) . . . Фвя(*„)К|0> =  [A]"
1 * I 85<h(*l,

S”S{Ç}
.) &&»(*„)

=  о

(5 )

(6)

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

ФЯ{Х) Ч-+ —

* 85.M (7)

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

r j — — —̂1
Ъ  *5MJ (8)

we get :

< o \
I 32
зф.М

дд^ Фа{х)

ехР^~^У1ь{у)Фь{у)^+ 10} (9)
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After some straightforward calculations, eq. (9) gives :

(10)
The generating functional of the connected Green’s functions :

X2 ■ • • Xn)
is :

and :

Цп iXl • • xn) — ft ft— 1

8«*0 8Ç(*„)
From eq. (11 ) and (10) we simply get :

h Sl a{x) =  exp
- i ’ w I M T ü k M i * » ]

( 11)

( 12)

(13)

Expanding the righ t-hand  side of eq. (13) in powers of — we 
-- h

get the final result :

U x) =  si™ ™ -  +  -  ——  • l l  (14)

I t  will be useful in what follows to perform a Fegendre transformation : 

Щф} =  ЧРЩ +  $ dx U x) Ф*(х) (15)

such that :

a n d .

Фа{х) = - а ш
s U*)

Ш
8Щ{Ф}

8Ф„(*)

(16)

(17)

The new generating functional 1 £(Фа) when inserted in eq. (14) gives:

™  =  9  I  ф.(*) +  Ш у  §ab(xyl ф) ^ _ |  (18)
8Фв(*) L * J 8®j(y)J

III. ХФ4 +  ^Ф3 — Model. In  this section we are going to study the 
problem of dynamically broken symmetry for the ХФ4 +  ^Ф3 — model 
of quantum field theory as we claimed at the beginning of the present



44 AL ANGHEL, M CRIŞAN

paper For the sake of simplicity we have limited ourselves to a onecom- 
ponent scalar field Ф. The local lagrangian of the problem is :

£  =  I  (я ф )«  _  <  ф а  _  J _  ф з  _  h .  ф* (19)

and is obviously not invariant under the discret group of transformations : 
Ф —► — Ф.

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

=  □  Ф(*) -  Ş  [ Ф2(X) +  2 A q {xx I Ф)] _

-  ^  [ фз(*) +  3 ±  Ф(х) Ц{хх\Ф) +  (ţ )2 • ţ dy, dy2 dy2

ф) Ц{ху2\Ф) §(*Уз|Ф)-

________ s3oe{ ф >_______
ЗФЫ 8Ф(у3) у8Ф(у3) (20)

and :

§-i(x,y  |Ф) = snt{ Ф} 
8Ф(ж) 8Ф(у)

(21)

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

=  -  □  Ф(ж) -  m2Ф(х) -  I  ; Ф2(х) -  ±  Ф3{х) (22)

and :

_1(л;, |̂Ф) =  — □  Ь[х—у) — m2S(x—y) — gФ(x) 8(x—y) —

-  ±  Щх) Ц х -у )

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

=  -  □  Ф(*) -  т 02Ф(х) -  £  Ф*(х) -
8Ф(лг) 2

_ ^ ф з (* ) _ А  
6 %

(23)

g q 0(xx\Ф) +  J  Ф(ж) <?0(**|Ф)] (24)
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and :

Ş ЧХУ I Ф) =  — □  S(m—y) — m% b{x—y) - go®(*) +  ~  ®2(*) Ц х - у ) -

-  7  {(g +  \  ф) ((g +  ХФ)D2(mph) +  ~  b{x—y)D1(mph) (25)

where :
n / \ f S4â l

l ( % i )  — ^ ^  inph -  Aa

J (2тг)4 J (2it)4(2tc)4 J (2it)4 {mph -  Aa) [mph -  (P -  A)2]

and is the physical mass parameter:

mph ~  m2 +  g® +  — Ф2

(26)

(27)

(28)

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

=  0 (29)
8Ф(*)

If such a symmetric solution exists then it must be the solution of :

mo ®c 4~ "r go ®2 +  ~  Х0Фсг +  — ig + — к Фе] D^Mph) =  0 (30)
2 6 г \ 2 j

in which case the physical mass mph is obtained from eq. (25) for p2 =
=  0:

% =  <  +  (go фс +  I  Xo ф?) +  £  X (* ) Щ ш р ь )  -  

~ [ g + ~22 * Ф, I (g +  * фс) -f D2{mph)

where :

К p -  *2) К *  -'pb рг = 0

(31)

(32)

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 :

фCS =  V '2 фе> S =  go Ч /2 Й_1
A =  X0 3% S- 1 (33)

With a usual mass counterterm 8m2, the interaction term of the re
normalized lagrangian reads :

*.(*) = - f  « ! - * - , ( * - Ч
(34)

- j ( » - l )  Ф^ +  ^(®Ф- 1) ( ^ФД)2 

The additional counterterms are depicted in fig. 1.

-----Я-------- - =-(гф-11Рг
P P
—.----*—»---- = - <f rn

P P X ° Л

Л ( г - ii -g ( z - ц

Fig. 1

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

X X X  = О) = — m;h

г® m  =  oi =  g

(35)

(36)

(37)

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

G'tpl H o -

♦ — X-

+ 1- — фr ;̂ — I

P i g  2
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Adding the contributions we get :

Z® =  1 +  -  ■ B'(0, mph, A) (38)2

Sm2 = j A ( 0 ,  mph) +  — B(0, mph, A)

% -  1 + ~  (7 ) ^ 0. *»**. A) 

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

Щр, mph, A) =  J —  _ щ [m°„ -  (#.—*)»] 
0

(39)

(40)

(41)

I t  is obvious then that B(0, mph, A) is the same with D2(mph) defined 
by eq. (32).

We end this renormalization program by notting that the renorma
lization constant %ф =  1 +  O (g2) and S =  1 -j- 0 (X) so in the following 
calculations we will always put %>ф =  1 .

V. The critical region. At the critical point mph =  0 and since D2(0) = 
=  00 if there is to be a critical point we must have :

а) Фсд =  -  % b) Фея =  -  j- (42)

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

for the case (a), and:
£
X

ml % £ *  

3 X
(44)

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

m\ =  ~~ 2 x (tJ  Dl{0) =  mlc (я) (45)
and :

=  x(t )Dl{0) 3  m l  (b) (46)
We disregard the trivial solution g =  0.

VI. Conclusions and discussion. We have shown that in a scalar 
field theory which has a. g Ф3 interaction in addition to ЛФ4 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 
i.e. <0 | Ф|0> changes continuously from zero to a non — zero value, but 
there is no spontaneous symmetry breaking. For g >  gc the transition 
is of first order i.e. there is an abrupt change in the value of <0 | Ф[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 A l e x a n d e r  and A m i t  
[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.

(Received October 13, 1977)
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R U PE R EA  DINAMICĂ SPONTANĂ A S IM E T R IE I D ATORITĂ CORECŢIILOR RADIA
T IV E  ÎN  M ODELUL SCALAR ХФ1 +  g<Da

(Rezumat)
Folosind formalismul funcţional se analizează ruperea dinamică spontană a simetriei 

datorită  corecţiilor radiative în  modelul ХФ1 +  g Ф8. Sub o anum ită valoare a constantei g 
nu  există ruperea de simetrie, deci n u  este posibilă tranziţia  de fază.

în  punctul gc apare o tranziţie  de speţa a doua iar pen tru  g >  gc tranziţia  este de 
speţa  întîia.



STUbIA UNIV. BABEŞ—BOLYAI, PHYSICA, 1, 1978

CRITICAI^ BEHAVIOUR OR THE SPECIFIC HEAT IN INHOMO
GENEOUS BIDIMENSIONAL, SUPERCONDUCTORS

D. DĂDÎRIAT, M. CRIŞAN

1. Introduction. The starting point in studying the specific heat of 
a dirty superconductor is the generalized Ginzburg-Uandau 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 ]

F(<P) =  й ^ ^ [ а Й |Ф Р -ь | б |Ф14 +  С|УФ12] (1.1)

where ф(х) is the order parameter, d is the film thickness and A (x) =
=  A 0 A- SA(x) • SA(x) is proportional to the local fluctuations of Tc,

^ o =  1V0^ - 1 ) = A 0t

В = 0.106 N 0

4»
(1.2)

C =  N 0 U
where Ç(0) is the amplitude of the correlation length and No is the 
density of states a t the Fermi level for a bulk superconductor.

Using the generalized Ginzburg-Bandau 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 : pÇ 1 and 
p£> 1. The section 5 is devoted to the conclusions.

2. The selfenergy of an inhomogeneous bidimensional superconduc
ting system. —♦

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

G (x = x .  t=0)

Go Co /  "G~ ' .  G 
■9 0

where G0, in the Gaussian model {B =  0, A =  A 0), is

G .-©  =  " ( ? + £ )

and G has the analytical expression

G“ 1 =  Go-1 +  2-1

(2.1)

(2.2)

4  — Phystca 1/1978
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The selfenergy S is given by :

£ ( ? ) = Í G p  =  J' ,  i =  0 ) - ï | g ; S ( ï - ? ) G ( ? )  (23)

In eq. (2.3) S\q) = S(q)v2(q), where S(q) is the Fourrier transform of the 
correlation function of ЪА(х), and v(?) is the vertex function

For bidimensional films, \i(q) is given by [2]

<q) = 1  +
T  to '*■ {á+11 + Ш‘]>}
Tco ЯЧ5(5) А

2 К 1 + 12Т.1

where

W
0.106

4т: N t dţ{LT ,ouţ»(0) «

[К(Т)]* =  -V 
Но)

т + No-d (0)]

Using (2.2) and (2.5)

< # - * ■  ' = °>=Шад=^ й‘о
il + -
( К 3

(2.4)

(2 5)

(2.6)

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

Coo =  — —
n 8t3

Using also the Ward identity 

we obtain for the specific heat :

- — =  ” C(0)ŐT 2

From (2.1)
Coo =  -  ^

r - \  d N 0 TСто =  ——

(2.7)

(2.8)

(2.9)

(2 . 10)
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With (2.6) and (2.10) introduced in (2.3), we can express the selfenergy 
as :

£ < 0> 4> ( 1 +  £ )

— dq exp Í -  — ) va(g)
d* <ÔT?> f 2“' l 4a«1 
Г* ° Г * J Cd

— (î‘ + к 1)

(2 .П)

3. The ease 1

In  this limit (2.11) becomes :

V4 (Q\ _  d NS <s r c> 1 (3.1)

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

which gives

E ( 0 , ^ [ ( , + 4 < f ) i _ T] (3.2)

In the following, we consider

T =  T -  Te «  1
Tc

(3.3)

and, in this approximation

E ( 0) = ^ [ p - T ] (3.4)

where

ß =  2 4 _ e/2■L CO

Gf1 = Æ T +  ^ ( 3
2Г 2T (3.5)

From (2.9) and (3.5)

Соо= ^ [ т +  Р П  dN0
(3.6)

Bq. (3.6) shows a monotonie critical behaviour of Cœ in the limit 
qc, < 1 . This behaviour is in agreement with the experiment [3], but the 
theory is not complete because we must consider the 0 (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 selfenergy is

8Fs =  i C- ^ - &* [ 1 + П 0(?Д)]
2 J (2я)2 (3.7)

where

П o(q,K) =  í - f f a£(/> +  q,K) g(P,K) 
J (2lc)

(3.8)

with

g(p,K) =  — —^  ' q*+K* (3.9)

Using (3.7)

ÖJT„
8(SFs) _  1 dKC d‘q dK 

őr 2 <ít J (2tc)2 1 + 7t0 (3.10)

In the limit q К,П0 is given as:

П0 s  1 fl 2 f * f U  14пК2 1 3 ( 2 â J J  4kK* (3.11)

0П„ ______1_
8K 2itK3

(3.12)

Introducing (3.4) in (2.5) we obtain :
8K(T) _  1 1 

őr 2 Ç(o) K (T)
(3.13)

and for the correction to the free-energy
3(8Fs) (q0V l t 0 

Öt r [at; 1 + 4  tzK1
(3.14)

In conclusion, we have not a screening-correction, 
the total specific heat is given by (3.6).

and in this limit

4. The ease q\ > 1 
In  this approximation

In Í—)
v l? ) - '-  4TW ' K ’ .(4.1)

and the [Şşlf energy is given as :

^  2 (0) s  l n i—\л '  4nC Iä>J
(4.2)
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Using (4.2) in Dyson equation we obtain for G

G(0)
T  4teC ( я *;

(4.3)

From (2.5) and (4.2)

m = у ( 1 ------ — ) s  y1 ?.P(0) J
(4.4)

where
0.106

т  - f e T V J ţ f o (4.5)

In the same limit т «1

G ( 0 )
* C

and

(4.6)

C00 +  0.008------£ ----- 1 2
dN„ T n  dN 0 ” (0)J

For the screening-correction we must reanalyse (3.10)

(4.7)

тс?» ’ авг О (4.8)

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 т > 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 c because 

of the impurities.
Using the same method we obtain :

and

G( ° ) = ^ —  v < KdN 0 t

G(0) = Г + 1 q > K

Coo I jl I
d N 0 t*

q < K

(4.9)

Coo dNg _________ 1_________

r* H f - Я
q < K ( 4 . 10 )
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In  order to develop the screening-correction, we approximate in (3.10)
n „« u

ln (1 + n 0] Ä П0

and

(4 11)

bFs — — G™
2 1

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

SC,

sci =

q < K

q < K

(4 12)

(4.13)

5. Conclusions. The main result of this paper is the monotonie be
haviour of the specific heat in the critical region for T  >  Tc. The scre
ening-correction is zero for t <̂  1. For т > 1 the screening-correction is 
not zero, but it doesn’t  bring any divergence in the specific heat.

(Received October 13, 1977)
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COMPORTAREA CRITICĂ A C ĂLD URII SPE C IFIC E  ÎN  SUPRACONDUCTORI NEOMO
G EN I BID IM ENSION ALI

(Rezumat)

Se calculează căldura specifică a unui film supraconductor neomogeu în  aproxim aţia 
de ecranare. în  regiunea critică se obţine o comportare fără  singularităţi.
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E.S.R AND OPTICAL SPECTRA OF V4+ IN BORATE GLASSES

This paper presents the results of a study of some borate glasses 
internal structure, (100—x)% B20 3 — x% V20 5 with x ^ 12 and (100—x)% 
Na2B40 7 — x%V20 5 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 V20 6, respectively borax and V20 6, which were 
previously dehydrated 48 hours at 200 °C. The mixtures were heated up 
to 1 100 °C, respectively 1 000 °C. The samples were allowed to fall in 
drops on a heated rust-proof steel plate.

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

Experimental data and their 
discussion. The ESR spectra 
obtained by us (see fig 1) are
characteristic ion which has a rt 95% b2o3-5% v2o5
3<P(S =  1/2, I  =  7/2) electronic , 2 3 U . -
configuration. The hiperfine '— Ттм/ l A Г___  __  -
structure which may be observ- 21 II/ у 6 1 ‘
ed is due to the interaction U
of the unpaired electron with U
the V61 nucleus.

AL. NICULA, E . CXILEA, L. STÄNESCU

These spectra can be ana
lysed by means of the spin ha- 
miltonian of axial symmetry
H  — ßten H.S,  +  gj_ H XS X +  g_L 
Hy Sy ) +  А и Sx I ,  +  A j_ Sx I x -)-

+ A ± SyIy (1)
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m -  magnetic cuantic number,
6 =  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 e  ţo, ^  , the strong
anisotropy of the hiperfine coupling tensor A permits us to find A | and 
A y easily.

The ESR parameters obtained by us are given in table 1.

Table 1

BaO3(100 —x)%  — VaOs% glasses

v a0 5
%

A\\ • 10» 
cm-1

A ±  • 10* 
cm-1 £11 e i

1 5 194 69 1,938 1,982
2 9 194 69 1,938 1,982
3 12 194 69 1,939 1,983

N a2B 40  (100—x)%  — Va0 6x%  glasses

v ao 5
%

A\\ • 10» 
cm-1

A ± .  10» 
cm-1 £11 £ 1

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+ ion, in 
oxidic glasses with 1—5% V20 6, appears as vanadyl ion V02+ and f o r m s  
molecular complexes of octahedral symmetry (Cs4). The ESR data show 
that this tendency is also maintained in our glasses, having a greater 
content of V20 3. We have obtained A u <  A±  and £ц <  gj_ which means 
tha t the spectra are given by V02+, but in this case the spectra could 
be registered at room temperature only if the ligand field has an octa
hedral symmetry [4].

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)% B2Os — x% V20 5 glasses matrix (where only B 03 
groups appear), or in (100—x)% Na2B40  — x% V20 5 glasses matrix 
(where B 04 groups also appear).
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I t  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 3d1 electronic configuration A\\ and Aj_ 
are essentialy dipolar (Лм and A±  ~ (r~3y, where r =  electron — V81 nu
cleus distance).

HSR and optical data could be correlated using the simple expres
sions calculated by K i v e l s o n  and Н е е  [5] in the hypothesis that 
the unpaired electron of V4+ is located on b\ (ß22^ l )  orbital:

á̂ ll Se

S± =  Se -

All
„ , *2gete„
A±

jjr  _  II +  2Aj_
’  А П- А ±

РГ Pv =
2

(5)

(6)

(7)

(8)

where Д„ =  Eb* -  E b*, A± =  E *  -  E J ,
X =  spin — orbit coupling constant 

K v =  Fermi contact interaction constant 
Pv =  2 Y!U <hlr~sb2y, 
ß f . ß*, ej molecular orbital coefficients.

Using (5), (6), (7), (8) relations and the HSR and optical absorption 
data it is easy to compute ß*2, s*2, K v and Pv. The results thus obtained 
are presented in table 2 .

Table 2

4 r
1 s
•o

(q

•O
4

' ra * К о « H
b it

(N*
CÜ.

* Ku

4O

■7

4#O
1-H

‘ g
H

"4
C>

a
ЙЧd* d
C O .

95% B20 3— 
- 5 %  V20 6 — 12900 1.938 1,982 ___ 0,769 194 69 0,759 146

95% N a2B<0 -  
- 5 %  V20 5 16700 10500 1,939 1,979 0,776 0,719 174 58 0,714 135

X - 170 cm 1 has been used.
Conclusions. The HSR results indicate a decrease of the covalency 

degree of paramagnetic ion — ligand bonding from (100—x)% Na2B40 7 — 
— x% Va0 6 glasses to (100—x)% B20 3 — x% V20 6 glasses.
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The variation of e*2 indicates the decrease of covalency degree of 
71 (out-of-plane) bonding from (100—x)% Na2B 40 7 — x% V20 5 to (100— 
—x) % B20 3 — x% V20 5 glasses. The variation of K v indicates the decrease 
of covalency of a 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)% B20 3 — x% V20 5 
glasses than in (100—x)% Na2B40 7 — x% V2Os glasses.

The P„ values indicate the decrease of electron—V51 nucleus distance 
in (100—x)% B20 3 — x% V20 5 glasses (when the electron is situated 
on the b2 orbit).

The increase of V20 6 concentration does not influence BSR para
meters, but it increases the stability of samples in moist atmosphere. 
We have also obtained glasses with less than 5%PbO, more stable and 
more hard (the BSR parameters don’t  change)

(Received October 14, 1977)
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R E  S ŞI SPECTR E OPTICE Л ЕЕ IO N U LU I V4+ ÎN  STICLE BORATE

(Rezumat)

Lucrarea de fa ţă  prezintă rezultatele studiului structurii interne a unor sticle boiate 
(100—x)%  B20 3 -  x%  V20 6 cu 12 şi (1 0 0 -x )%  N a2B 40 6 -  x%  V20 , cu x  <  12, u tih- 
zînd ca mijloace de investigare R .E  S şi spectrele optice. Datele obţinute au fost in ter
pretate  prin prism a teoriei orbitalilor moleculari
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D.C. CONDUCTIVITY OF xFe20 3 ■ ( l - x )  [3B20 3 • PbO] GLASSES

I. ARDELEAN and V. SEVIANU

I t  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 Fe2+ and Fe3+ 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 xFe20 3 • (1— x) [3B20 3 • PbO] glass system, with x 
increasing up to 50 mol • % of Fe20 3.

The Experimental Technique. The samples were prepared by melting 
H3B 03, PbO and Fe20 3 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 num ber 1 2 3 4 5 6 7 8 9 10 11

3B2OaPbO mol% 98 95 90 85 80 75 70 65 60 55 50
Р еа0 3 mol% 2 5 10 15 20 25 30 35 40 45 50

The homogeneity of the xFe20 3 • (1—x) [3B20 3 • 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 Fe2 + 
and Fe3+ ions.

For measurement purposes the samples were polished m parallelipi- 
pedic forms, of 0.5 — 3 mm thickness and 1 — 15 cm2 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 xFe20 3 • (1— x) [3B20 3 • 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 xFe20 3 • (1— x) [3B20 3 • PbO] system displays a temperature de
pendence which is characteristic to the semiconductor materials, that is : 
p =  p0 exp (q/kT), where q is the activation energy.
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In the case of the sample with 50 mol % Fe20 3 the measurements 
were performed at both increasing (filled circles) and decreasing (empty 
circles) temperatures. I t  may be noticed that the results were reproducible 
within the temperature range studied (300 К  — 700 К).

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 Fe20 3 greater than 15%. 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 % of Fe20 3 have a negative 0ÿ [10].

Figure 2 shows the dependence of log p on the Fe20 3, at two tem
peratures : 400 К  and 600 К  (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 iron [5] and with vanadium [12]. One may notice the sud
den resistivity increase at 400 К  taking place in glasses with more than 
15 mol % Fe20 3. I t  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 % Fe20 3 sample, the same dif
ference equals 4 orders of magnitude in the case of the 15 mol % Fe20 3 
sample.

Conclusions. We may conclude that the glasses belonging to the 
xFe20 3 • (1— x) [3B20 3 • PbO] system manifest a semiconducting behaviour 
in the temperature range 300 — 700 К  and that their conductivity in
creases with increased Fe20 3 contents. Two activation energies are evi- 
dentiated in the case of the samples with a molar percentage of Fe20 3 
greater than 15.

(Received October 15, 1977)
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CO ND UCTIB Н ДТАТЕ A ÎN  CURENT CONTINUU A STICLELOR D IN  SISTEM UL
xFe20 3 ■ ( l - x )  [3B20 3 • PhO]

( R e z u m a t )

în  această lucrare se prezintă conductibilitatea sticlelor dm  sistemul 
x F e ,0 , • (1—x) ГЗВоО, • PbO ], unde x  variază în tre  2 şi 50% mol, în funcţie de tem pe
ra tură , în  domeniul de 300—700 К

Sticlele dm  acest sistem sín t semiconductoare. Ele conţin ionii m etalului tranziţional 
în două stări de valenţă, Pe2+ şi Fe3+, transportu l de curent realizîndu-se p n n  electroni.

Conductibilitatea probelor creşte odată  cu creşterea conţinutului de Fe20 3
La probe cu conţinut m ai mare de 15% mol Fe20 3 se pun în  evidenţă două energu 

de activare
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COMPORTAREA MAGNETICĂ A COMPUŞILOR INTERMET ALICI
Ho2Eei7_x Al*

GULÁCSI ZSOLT, MIHCEA POPESCU, IL IÉ  BTJS

1. Introducere. Compuşii intermetalici Ho2Fei7_x Al* (x =  2 ; 3 ; 4) 
eu structura de tipul Th2Ni17 prezintă interesante proprietăţi fizice, о 
parte din ei constituind materiale ce se utilizează la confecţionarea magneţi
lor permanenţi. în  acest sens au fost studiaţi şi compuşii pseudobinari 
Ho2Fe17„xAL, în care o parte din atomii de fier au fost substituiţi prin 
atomi netranziţionali, cum sínt cei de aluminiu. Scopul unor asemenea 
substituţii este determinat de posibilitatea virtuală de modificare a den
sităţii de stări electronice şi implicit a interacţiunii de schimb, prin mărirea 
distanţei dintre atomii elementelor de tranziţie din compuşi. Realizarea 
unei asemenea modificări, ar conduce la consecinţe cu largi implicaţii 
practice.

2. Prepararea probelor şi metodica experimentală. Compuşii inter
metalici Ho2Fei7_xAlx (x =  2, 3, 4) au fost preparaţi din metale de înaltă 
puritate provenite de la firma Fluka, utilizîndu-se un cuptor cu inducţie, 
în atmosferă neutră de argon, prin metoda suportului de cupru răcit. Pre
pararea compuşilor s-a făcut în laboratorul Departamentului de Chimie 
de la Universitatea din Pittsburgh, prin amabilitatea profesorului W. E. 
Wallace.

Susceptibilitatea magnetică şi 
intensitatea de magnetizare s-au mă
surat cu o balanţă de susceptibilităţi 
de tip Weiss-Forrer, avînd o sensibi
litate de IO-8 cm3/g, între 100 şi 
800 К

3. Rezultate experimentale şi 
discuţii. Dependenţa de temperatură 
a susceptibilităţii magnetice recipro
ce între 400 şi 800 K este redată în 
figura 1.

După cum se poate vedea, de
pendenţa de temperatură x 1 =  f(T)  
este neliniară şi poate fi descrisă 
prin legea lui Néel pentru compor
tarea substanţelor ferimagnetice în 
domeniul paramagnetic :

_l_ _  _l_ , r  _  a 

Xo+  c r - 6

100 -

80-

60 -

tO-

20-

HûpFê AL̂

/
/

too 600 800 
T [к]

B i g .  1.
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unde Xoi cr şi 0 sínt constante ce depind de coeficienţii cîmpului molecular, 
iar C constanta Curie-Weiss.

Valorile constantei Curie-Weiss determinate din curbele experimentale 
sínt redate în tabelul 1, în care mai sínt cuprinse şi valorile momentului 
magnetic efectiv, calculate din valorile constantei Curie-Weiss.

Tabel 1

№ .
crt. í ío 2F6jg Alg HoaPenAla H oaPe13Al4

1 C 0,3012 0,281 0,266

2

T. gram  
u.e.m.
Ы

com pus 54,47 52,05 50,03

Din tabel se constată o scădere sistematică a valorii momentului magne
tic pe formula unitate a compusului, odată cu creşterea concentraţiei atomi
lor de aluminiu care substituie atomii de fier.

Dependenţa de temperatură a intensităţii de magnetizare în domeniul 
de ordine magnetică între 100 şi 500 K, la diverse intensităţii ale cîmpului 
magnetic pînă în apropierea cîmpului de saturaţie magnetică, este redată 
în figurile 2, 3 şi 4.

P i g .  2.
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Din figuri se constată o dependenţă specific ferimagnetică pentru 
compuşii studiaţi.

Pentru interpretarea curbelor experimentale au fost comparate, pe 
regiuni de temperatură, cu relaţiile teoretice de tipul : a =  / ( T3/2) ; a =  
— /(Г 2) şi a2 = /(T ) , care reprezintă trei familii de drepte ce descriu corect 
rezultatele experimentale (fig. 5, 6, 7).

în  prima regiune rezultatele sínt descrise prin modelul undelor de 
spin cu legea T3/2 a lui Bloch. în  regiunea a doua apare interacţiunea 
dintre undele de spin, care se descrie cu o lege pătratică de temperatură, 
în  regiunea a treia, regiunea fenomenelor critice, descrierea se face cu o 
lege de forma : a =  const (Tc — Г)1/2. Aici are loc tranziţia de fază magnetică 
ferimagnetism-paramagnetism. Prin extrapolarea dreptelor pînă la inter-

P i g  7.
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secţia cü âxa temperaturilor s-au obţinut valorile temperaturii critice T c. 
Relaţiile de comparaţie a datelor experimentale sínt reprezentate în tabe
lul 2.

Tabel 2

Nr.
crt.

Domeniul de 
tem peratură, К °  =  o*e<(T)

1 8 0 -4 0 a =  40,5 +  0,013435 T 3/2
2 14 0 -3 7 0 o =  -0 ,000964  T» +  0,4974 T  +  11,5328 

I T  p/2
3 3 7 0 -4 3 8 o =  157,8524 1 -  —  

l  438J

în  ipoteza că momentul magnetic al atomilor de pămînt rar se con
servă prin aliere şi pe baza reprezentării teoretice a rezultatelor experi
mentale, s-a făcut analiza curbelor dependenţei de temperatură a inten
sităţii de magnetizare pe subreţele magnetice, pentru cazul compusului 
Ho2Fe14Als, aşa cum rezultă din figura 8.

P i g .  8.
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Relaţiile analitice pentru separarea intensităţii de magnetizare pe 
subreţele sínt redate în tabelul 3.

Tabel 3

T ,K Subreţea Ho Subreţea Pe

8 0 -1 4 0 o =  96,2 -  0,0124 T3/2 a =  55,7 -  0,0258 T 3/2
140-370 o =  -0 ,00076  T 2 +  0,651T +  17,25 o =  0,000204 T 2 +  0,154 T  +  6,01

3 7 0 -4 3 8
Í T  V I2 

a =  220,99 1 -  —  
438]

f  T  V/2 
a =  63,14 1 -  —

[ 438j

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

Tabel 4

HojPe! Als H o2Pe11Al3 H ojPe13Al4

1W" V-B 0,99 0,92 1,02

în  limita erorilor experimentale, mai mici de 10%, momentul magnetic 
păstrează o valoare aproximativ constantă, în jur de ljxB/Fe.

De aici rezultă că momentul magnetic al atomului de fier în compus 
este puternic afectat de prezenţa atomilor de aluminiu în reţea, mai cu 
seamă de către sistemul electronilor de conducţie.

Se constată de asemenea că efectul de substituţie prin atomi de alu
miniu, care trebuie să mărească densitatea de stări electronice în banda 
de conducţie, constă în compensarea electronilor cu spinul necompensat 
din pătura „3d” a atomilor de fier.

*
A utorii s ín t recunoscători prof, d r Iu liu  Pop, lect. d r Ш гсеа Cnşan şi asist, dr 

M arin Coldea pen tru  propunerea temei, pen tru  indicaţiile şi discuţiile utile  avute pe parcursul 
efectuării lucrării.

(Intret in redacţie la 19 octombrie 1977)
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MAGNETIC BEH A VIO UR OP INTERM ETALLIC COMPOUNDS Н оаРе17-,А 1 ^
(Summary)

W e have studied th e  magnetic behaviour of m term etalhc compounds H onPe^-^A l^ 
(x =  2, 3, 4) in  th e  77—800 К  tem perature interval. The compounds have displayed a 
fem m agnetic behaviour, th e  tem perature dependency of magnetic susceptibility in  th e  p ara 
magnetic region being described by  Néel law.

W ith  respect to  the  magnetic order domam, the in tensity  of magnetization was com
pared in each of th e  three tem perature regions w ith th e  following theoretical relationships 
a = / ( T 3/2), a =  f { T 2), = / ( T ) ,

The experim ental curves a = f ( T )  were also decomposed after the magnetization of 
undem etworks, assuming th a t  th e  magnetic m om entum  of rare  earth  ions does no t change 
under alloying conditions.
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STUDIUL DETERMINĂRII Е1ТГО1ДЛ-6 PRIN METODA 
ACTIVĂRII INDIRECTE

j
T. FIA T şl L. DÄRÄBAN v j  ! >

1. Introducere. Pentru determinarea concentraţiilor izotopice de 
litiu-б prin metoda transmisiei neutronilor termici sînt necesare cantităţi 
mari de probă [1]. O metodă mai avantajoasă ar fi cea a activării cu 
neutroni, deoarece activitatea indusă într-o probă în urma bombardării 
ei cu neutroni este proporţională şi cu abundenţa izotopului ţintă [2]. 
în  cazul izotopilor litiului, litiul-6 nu se activează, dar litiul-7 se poate 
activa cu neutroni rapizi formînd în urma reacţiei 7Ei(n, у) 81д un nucleu 
ß~ activ cu T\j2 =  0,84 sec. Prin măsurarea radiaţiei ß— (Émax =  13 MeV) 
cu contoare Cerenkov [3—4] se poate determina 7Li. Metoda nu prea este 
comodă din cauza perioadei de înjumătăţire foarte scurtă a nucleului 
de “Li.

Se pot produce, însă, nuclee radioactive în probe cu conţinut de «Ei 
folosind produşii reacţiei :

«Ei +  n =  4He +  3H +  4,80 MeV (1)
şi în special tritonii cu energia de 2,74 MeV ca particule bombardante în  
literatură s-au studiat o serie de reacţii cu tritoni de acest fel [5—8]. 
Pentru determinarea litiului-6, pînă în prezent nu s-au folosit decît două 
reacţii : 180(i, a) 17N [9], unde se măsoară neutronn emişi de nucleul 
17N cu Т 1/2 =  4,14 sec şi 160  (t, n) 18F[10—17] în care se măsoară 
radiaţia gama de anihilare a pozitronilor emişi de nucleul 18F cu Ti/2 =  112 
min Ultima reacţie este cea mai convenabilă din cauza secţiunii eficace 
foarte mari a reacţiei cu tritoni, de 0,5 barni [6], şi uşurinţei pregătirii 
probelor în care «Ei trebuie să fie în contact intim cu 10O(Ei2CO3 sau soluţii 
cu H 20).

Ea activarea cu particule încărcate, pe măsură ce acestea pătrund 
în probă, ele îşi micşorează energia datorită frînării, astfel încît secţiunea 
eficace a reacţiei 160  (t, n) 18F depinde de energia tritonilor în momentul 
impactului cu nucleul de 160. Funcţia a(E) se numeşte funcţia de excitare 
şi este reprezentată printr-o curbă de excitare [18—19]. O astfel de curbă 
nu poate fi obţinută sub o formă analitică ci se determină experimental 
pe baza unor etaloane Astfel, metoda activării indirecte primeşte un 
caracter relativ.

2. Partea experimentală. S-a urmărit aplicarea metodei la determina
rea abundenţei de «Ei din materia primă ce se vehiculează în instalaţiile 
de separare şi la determinarea unor impurităţi din probe prin activare cu 
neutroni.

Probele sub formă de Ei2C03 şi soluţii apoase cu EiCl în cantitate de 
5 ml au fost închise ermetic în capsule cilindrice de polietilenă cu dimensi
unea de 20 X  35 mm Iradierea s-a efectuat la reactorul nuclear de la
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IFA-Bucureşti în condiţii de perfectă etanşeitate a capsulelor, timp de 43 
ore, la un flux de neutroni termici Ф„ =  4 • 10® n/s.cm2.

Ţinînd cont de perio_ada de înjumătăţire a 18F, se observă că activa
rea indusă a fost la saturaţie.

După un timp de răcire de 2 ore s-au făcut măsurătorile pe un spec- 
trometru gama echipat cu un detector Ge(Ih) de tip 722X coaxial, cu un 
volum de 36 cm3 şi o rezoluţie de 3,5 KeV. Eficienţa maximă pentru picul 
de 1,33 MeV, la o distanţă sursă-detector de 25 cm, era de 20%. în  final, 
se obţin datele calculate referitoare la suprafaţa picului de 511 KeV, .ener
giile celorlalte picuri precum şi reprezentarea grafică a spectrului.

3. Rezultate şi concluzii. S-au comparat abundenţele naturale de 
eDi pentru două tipuri de carbonaţi de litiu şi trei tipuri de cloruri de litiu 
din surse diferite, pe baza activităţii picului de anihilare, care este proporţio
nală cu suprafaţa lui. S-au identificat impurităţi de Mn şi Na înI,i2C03 
livrat de firma Merck (fig. 1) şi Br, Ca, Na, К  în Li2C03 de un alt ţip
(fig- 2). . .

în  figura 3 se reprezintă spectrul gama al apei potabile cu ajutorul 
căreia s-au preparat soluţiile de 1ДС1.
S-au identificat de asemenea Ba, I, Mn, Na într-un tip de clorură (fig. 4) 
Mn, Ca, I, Na într-o clorură comercială de tip reactiv chimic pur, (fig. 5) 
şi I, Mn, Na în alt tip de clorură de litiu (fig. 6).

Se observă reacţia nucleară de activare a clorului 37Cl(n, y)38Cl şi o 
substanţială activitate pe picul de anihilare datorată litiului-6.

Proba L i COj -  Merk Enerqia Reacţia
Cantitatea 3,3456 g 511 KeV б|_|(по<)Зн 160(t,n ),8F
Tirrp de răci re 2 h 847KeV 

1022 KeV
bbMn( n,j-)bbMn 

pic de an ih ila re
136S KeV 28N a (n ,f )24 Na
1732>KeV oie de scápare2754.1022
1 810 KeV 55M n(n, f  ) 56 Mn
2243 KeV pic de scăpare 2754-511
2754 KeV 22Na(n , ) 2S Na

511

1368

. , , . L .V. X .  - -

Pig. 1.
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P r o b a  и 2 СОз Energia R eacţia
C a n tita te a  3,3424g 511 KeV 6 L itn .ip H  16o(tn)18 F

Timp de răc i re 2,141 h 554 KeV 81 Br C n , t  ) 8 2 B r

1368 776 KeV 81 В r ( n , ţ  î 82 В r

1297 KeV ^6 C a (  n , f  ) A7C a

1368 KeV 23N a ( n ,  / - ) 24Na

1490 KeV O O ^
,

.с-* o

1732 KeV pic de scăpare 2754-1022
2243 KeV pic de scăpare 2754-511

X 65

1297

[1461
.14E

2754

'C 1732 2243к 1880 2040 ~~íV*T»**N * W  i .  \ f * r
24Элм/г*‘i0■X* £ iW»wjL

Fig. 2.

Proba1 apă potabilă Enerqia Reacţia

C antita tea . 5 ml 124 KeV 13̂  B a (n , ţf )131 Ba
T im p d e ră c u e  2j883 ore 443 KeV 

511 KeV
127 I ( n , V Я28 I 
pic deanihilare

540 KeV 127 1 (n , £ l 128 I
847 KeV M n la ^ M n
1368 KeV 23 N a(n , ÿ-)2/*Na
1732 KeV pic dc scăpa i e2754- 

88Mn (n . r ) 88 Mn '8221811 KeV
2243 m pic de scăpa r e  2754-511
2754 KeV 23Na(n . f ) 24Na

124 1368

5 l11 443J
|Ş40
it«:*

847 1732
25.74

1289 J 1011 2243

P i g .  3.
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F i g  4

110

>

511

Proba'solutie LiCI-reachv
chim ie

Eneraia R e a d  i a

443 KeV 1271 < п , Д 2 8 1 o
Canlitatea 5m l,2gLiCl ' 511 KeV 6L i(n ,j^H  ,60(t,J-)18F

40 m 1 H 2 0 847KeV 55m n ( n,^)56 M n
Timp de mené 3,5 ore 1297 KeV ^ 6 Ca ! n . j i  F  Ca

1363 KeV 23 Na (n Na
1642 KeV 3 7  c l  ( n , ) 3 B c i

1732KeV Die de scăpare 2754-1022
2166KeV 37  Cl (n , J-)38 Cl

1363
2243 KeV pic de scăpai e 2754-511
2754KeV 23 N a(n,^ )2Z|Na

A43
1 5í»0 Ő47

1297
I**“!

1732 

1642 2166 
N  2 243

2754

F i g  5.
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Proba soluţie LiCI Enerq ia Reacţia

Cantita’ea 5 ml 
Timp de răcire 4,066 

ore

443 Ke V 
511 KeV
540 KeV

i27I ( n  J 
6 Li(n,’J r iH 160 (tn j8 F 

1 2 7 i ( r v r )128 !

23 Naţn )24 Na 
37 CI (n,

1368 K e V  

1649 KeV
173 2 KeV 
1810 KeV 
2167 KeV 
2243 KeV 
2754 KeV

pic de scăpare 2754-1022 
5 5 Mn(n,ir)56Mn 
37С1(К,(Г)зеС1 
pic de scăpare2754-511 

23 N a ( n ,n 2Z*Na

51

443

1368

540 
'4-Чнг,._

1732
1649i -1810 2167 Ш 3

2754

J L

Pig. 6

Contribuţia la picul de anihilare datorată 24Na s-a estimat din activi
tatea picurilor de scăpare ca fiind de ordinul 60, ceea ce faţă de activităţi 
pe fotopic de ordinul 20 000—40 000 devine neînsemnată O altă interfe
renţă ar putea proveni de la reacţia 180(p, n) 18F, care se produce cu 
protoni de recul în soluţiile apoase. Contribuţia acestei reacţii este neglija
bilă ţinînd cont că secţiunea eficace de formare a 18F  în apă prin iradiere cu 
neutroni este egală cu 0,1 mb şi aceasta numai pentru o energie a neutroni
lor care lovesc protonii mai mare de 3,7 MeV [18], fiind vorba despre o 
reacţie cu prag. Această metodă prezintă man avantaje pentru cantităţi 
mici de litiu. La concentraţii mari de eLi, curba de etalonare se abate de 
la liniaritate din cauza efectului de autoecranare [4, 19] Metoda este 
nedestructivă, cantitatea de eLi consumat în urma unor iradieri repetate 
fiind foarte mică [4], are specificitate izotopică absolută şi este foarte 
sensibilă (cantitatea limită detectabilă de 6Li fiind de 1,5 • 10—3%). De 
asemenea, metoda se poate adapta la determinarea oxigenului pînă la 
urme de 7 ■ IO-9 grame şi la măsurarea unor straturi subţiri de oxizi.

*

A utóm  mulţumesc prof d r doc V. Mercea şi conf dr F  Koch, pen tru  sprijinul acor
d a t la  alcătuirea acestei lucrări

(Intrat in redacţie la 19 octombrie 1977)
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T H E  LITHIUM -6 D ETERM IN ATIO N  STUDY BY IN D IR EC T ACTIVATION METHOD
(Summary)

A method for ®Li isotopic concentrations determ ination by indirect activation accord
ing to  the nuclear reactions eLi(n,a)3H, leO(t, n)18F, is given

The authors also m ake an identification of th e  im purities from samples using the 
neutron activation analysis
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N O T E

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. В P r i c e  and R. M. W a l k e r  found already in 1962, [1], [2] that 
mica is suitable to record the fission fragments, then R. L. F l e i s c h e r  
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. S c h m i d  t-B u r b a c h  determined 
with another method [6] that in the dosimetric problems at the particles 
with an activity of 3 -10-9 Ci and at a distance of 1 pm it appears a 
dose of 104 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 10-10Ci, 1018 atoms) and their fission fragment in the 2iz geometry.

In  figure 1 we represent the tracks of the a particles on celulose 
nitrat after an exposure of a day. I t  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 40%. One can see the characteristic lomb tracks of the

F i g .  1. F i g .  2.
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fragments. With an. Am- 
Be neutron source of a 
103n/cm2s flux, after 2 days 
about 200 tracks appeared.

J , The track’s study con-
’ i, _ eludes the following : by an

.’Ц. a. decay and by the fission
may appear the tearing 
off of some radioactive 
fragments from the granu- 

- les, caused by the recoil 
effects in а-emission or by 
the pulverisation given by 
the fission fragments. In 
2tc geometry measure- 

’ ments it is possible that 
< the effective mass of fis- 

p ig 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 Biró T.) 
around some а-tracks (Fig. 3).

(Received January 29, 1977)
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IM AGINEA UNOR GRANUEE RADIOACTIVE ÎN R E G IST R A T E  CU D ETECTO RI
D E CORP SORID.

(Rezumat)

Radiaţiile a, precum şi fragmentele de frînare se înregistrează în  jurul unor fragmente, 
granule radioactive, cu detectori S S N  T D Cercetarea urm elor perm ite să observăm acţiu
nea aerului înconjurător, desprinderea unor aglomerări de substanţe de pe granule, rezultînd 
astfel un contur m ult mai şters decît cel geometric.
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STUDIU RES AU (NH4)3AlFe : Ca

0 . C0ZAH, GH. ILONCA

Una dintre metodele de obţinere a centrilor paramagnetici este aceea 
a doparii unei substanţe cu ioni diferiţi de cei ai reţelei proprii [1]. în  
cazul de faţă se urmăreşte apariţia unor centrii paramagnetici în (NH4)3A1F6 
prin dopare cu ioni de Ca2+.

Spectrul RES obţinut la temperatura camerei pe probe sub formă 
de pulbere constă din 7 linii, cele extreme fiind foarte slab rezolvate (fig. 1). 
Despicarea dintre liniile centrale este de 23,5 gauss, valoare comparabilă 
cu cea obţinută pentru despicările superhiperfine datorate nucleelor de 
fluor în cazul centrilor paramagnetici H,° din CaF2 ■ H [2]

Valoarea factorului g este de 2,0039. Întrucît aceasta este mai mare 
decît pentru electronul liber (2,0023), putem considera că avem de a face 
cu un centru paramagnetic format prin captare de goluri. Ionii Al3+ sínt 
substituiţi de Ca2+, care pentru păstrarea neutralităţii locale captează un 
gol pozitiv. Prin interacţiunea acestuia cu cele şase nuclee de fluor echivalen
te rezultă 7 linii (2n i  -f- 1) de structură superhiperfmă.

Hamiltonianul de spin caracteristic poate fi sens sub forma [3] .
k  =  g №  - S + Y ^ I a (aa + ba)S (1)

a

unde aa reprezintă interacţiunea izotropă de contact Fermi cu nucleele 
de fluor, iar ba cea de tip dipolar.

D o y l e  [4] a arătat că în astfel de cazuri se obţine o structură super- 
hiperfină bine rezolvată atunci cînd 
constanta de interacţie aa a primului 
strat de coordinate este mare în com
paraţie cu toate celelalte constante 
de interacţie superhiperfină.

Deoarece spectrul obţinut (fig. 1) 
este bine rezolvat, considerăm că 
mteracţia dipolară ba poate fi negli
jată. Cu aceasta, valorile proprii ale 
energiei sínt :

E - g$Bms +  ms ■ «<* (2)
a

Dacă ţinem cont de regulile de 
selecţie pe care le satisfac tranziţiile 
RES, adică Ams =  ±  1 şi AMr =  0, 
obţinem următorul set de frecvenţe :

ÄV =  g $ B  +  Y ) M I  • aa (3) P i  g 1 Spectrul R .E .S  al (N H ^ A IP ,.
a “ Ca la  tem peratura  camerei.
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Folosind valorile experimentale aa, putem calcula densitatea de 
probabilitate |Ф(0)|2 la nucleele de flour, după relaţia [3] :

« « = 8- " ^ г Л 1 Ф(0)18 (4)
О

Se obţine astfel |Ф(0)|а =  0,10 (A-3), ceea ce indică o localizare relativ 
mare a golului captat de ionul Ca2+. Aceasta este comparabilă cu localizarea 
electronilor captaţi la formarea centrilor F din fluorurile alcaline NaF 
şi KF, unde s-a obţinut pentru |Ф(0)|2 valoarea 0,16 [4] şi respectiv 0,06 
[5]. Ţinînd cont de aceste date, în cazul nostru rezultă o distanţă- intera- 
tomică Ca—F de cu 3,5 Á.

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

(Inttat tn~ redacţie la 26 iulie 1977)
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E .S .R . STUDY OF (NH4)3A1F, Ca 
(Summary)

A param agnetic center, due to  a  hole trapped  a t  Caa+ io n 'is  presented. The proba
bility density a t  the nearest-neighbour F — nuclei is found to  be about 0,10.

în tre p r in d e re a  P o lig ra fică  C lu j, Mumcdipául Cluj-Napooa cd. 670/1978
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