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IONIC TRANSPORT COEFFICIENTS IN RARE-EARTH 
AND ACTINIDE DIQUID METADS

SPERANŢA COLDEA

1. Introduction. Up to the present day the measurement of the viscosity 
and the diffusion of liquid metals has interested metalurgists. In recent years 
the liquid metals have been used as heat transfer fluids in several systems. So 
there are „the heat pipes” and the nuclear power reactors, where the viscosity 
is an important engineering property. For many other reasons the knowledge 
of the viscosity coefficients of a rare-earth or actinide liquid metal is essentially 
needed.

Empirically derived viscosity values for liquid metals have been somewhat 
successful, but because of inadequate understanding of the liquid state, these 
values are questionable. These data must be compared with several proposed 
models for the ionic transport coefficients in liquid metals.

On the other hand the relationship between viscosity and selfdiffusion of 
these fluids is of a great theoretical interest.

In this respect we shall propose a useful approach which permits to estimate 
the viscosity and self-diffusion coefficients of the rare-earth actinide liquid metals. 
For this purpose we shall take into account the previously analysed empirical re
lationships with some other physical properties of the liquid metals, as Debye's 
temperature, the activation energy, the temperature -dependent diameter and 
entropy [1]. The so calculated values were shown to be in good agreement with 
the available experimental data for the viscosity of most liquid metals, but far 
less so for diffusion results [1]

• 2. Viscosity of rare-earth and actinide metals. The viscosities of all fluids 
are strongly dependent upon the temperature. The data for most liquid me
tals — over a temperature range of several hundred degrees — are adequately 
represented by the Arrhenius equation [2] :

p =  A. exp (E/RT) (1)

where A is a constant, E is the activation energy for viscous flow, R is the gas 
constant and T  — the temperature

But this empirical equation does not account for any variation in the den
sity of the liquid which is also dependent upon temperature. In order to account 
for these density variations this equation was modified by A n d r a d e  in the 
following manner [3] :

3  5,7.10-* (A.TJWIW*  (2)

which relates the viscosity at the melting point to the atomic weight A, the 
melting temperature Tm and to the molar volume V.
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On the other hand one obtains, in the case of self-diffusion, from a simple 
kinetic approach for ionic transport coefficients of liquid metals [1] :

D = D0 exp y  exp (—E /R T ) (3)
where

D 0 =  4,8686 • IO-? zD . (7 S)v. (4)

F“ is the atomic volume at the melting point, &D being the Debye's temperature 
which can be expressed by the Dmdemann’s relation as [4] :

&D £  C ■ *Jt /A (72)*/. (5)

The activation energy at the temperature T  can be written a s .
El< = E - y R T  (6)

where E  is the contribution to activation energy which does not depend on tem
perature, whereas the latter term depends upon the temperature and entropy
Ca using the Stokes-Einstein relation [5]—[6] .

[z =  kT /6D-a (7)
one obtains the shear viscosity of a liquid metal as [1] .

B.T. exp (—y). exp (E/RT) (8)
where

В =  3,9915 ■ 10- 3/(F”),'= • 0D (9)
and

exp ( у) =  Aex;>/Ateor. ■ (10)
Inserting now the experimental values of B, E and the calculated 

values of В and y, we can easily estimate the theoretical data of the viscosities 
by means of the realations (8) —(10) These data are presented in table 1 and are 
compared with the values of the viscosity of lanthanum, cerium and prasheo- 
dymium, which are calculated by the V a d o v i c - C o l v e r  modified hard- 
sphere theory [7] and with the ones obtained by the P a s t e r n a k ' s  corres
ponding states theory [2] of the ionic transport coefficients The expressions for 
the shear viscosity of liquid metals in these theories are [7] .

US 0,23-1 . —  (RTM/uyi2 [9,385 Í^ 2 _ p) -  l l  (11)
7)m rN A [ T  ■ pmJ J

where rt and v)m are the packing fractions at the temperature T  and at the melting 
point Tm, r is the hard-sphere radius , p being the density and N A — the Avogadro’s 
number, and respectively [2]

H =  [(V*)Wu*]l(MR e /k )W ■ (12)
with [X* — the reduced viscosity, V* — the reduced atomic volume and M — 
the atomic mass.
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The above-obtained results for viscosity of La, Ce and Pr are given m 
table 1, together with the ones of the computation of tj on the base of Andrade’s 
formula (2) and with the experimental data. The hard-sphere calculations are in 
good agreement ( ±  7%) with the experimental viscosity-values (at Tm) for La, 
Pr andYb (table 1). However, the calculated values are too small for Ce, U and 
Pu (by 17,22 and 31% respectively; table 2).

The viscosities which have been calculated by means of the relation (12) 
were too large for La, Pr and Yb (by 16, 13 and 18% respectively) and too small 
for Ce, U and Pu (by 4%,7% and 20% respectively, table 1 and 2).

Table 1

Viscosity values ot the rnre-cnrth metals calculated by several theoretical methods and the
experimental data

Liquid
metal TM(°K)

[П ]
V-exp (cP) Pcalc’ expic

[3]
lAAndradc(cP)

[7], [12] 
№ s(cP)

[2]
Hcs(cP)

[ 8 ] - [ 9 ]  
Pxr(cP)

La 1203 2,65
2,45

2,452 2,86 2,61 3,01 2,7

Ce 1077 3,20
2,89

2,882 2,91 2,66 3,07 2,707

Pr 1208 2,85
2,80

2,796 3,04 2,79 3,22 -

Table 2

Viscosity values of actinide liquid metals calculated by several theoretical methods and
the experimental data

Liquid [И ] [7], [12] [2] [ 8 ] - [ 9 ] [3]
metal Tm(°K) V-exp (cP) Mtr(cI>) tTCs(cP) [AAndrade (cP)

U 1406 6,53 5,12 6,05 5,88 5,8744

Pu 913 5,93 4,11 4,75 5,04 5,89
6,0
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Using the relations (8) — (9) one obtains the viscosity of liquid uranium as ■

Jip s  1,91.10 e T  • exp ( -  y) exp (10 245/227')' (13)

or, with exp (—у) =  0,56, Tm =  1406°K, &D =  157°K then also obtaining the 
final expression :

PuS 1,07 • IO“ 8 ■ Г • exp (10 • 245/RT) (13')

and similarly, for the viscosity of plutonium one obtains

6,12 • 10-3 exp (4120/7? T) (13")

Consequently there is =  5,8 cP (Tm =  1406° K) and ilJ. =  2,8 cP (at 
T  =  2000°K), whereas for liquid plutomum we obtain : Ppm=  5,04 cP 
(TM— 913°K).

The above viscosities are m agreement with the results which have been 
obtained by using the hard-sphere theory [7], the Andrade’s formula [3] and 
the corresponding states theory [2] (table 2). However, our values are too small 
when compared to the experimental data : pjm= 6,53 cP and pjm= 5,93 cP or
6,0 cP.

Taking the melting point of Thorium as Tm =  2020°K, the formula (8) 
shows that plm= 5,04 cP, as well as uTm. ~Ah mi

We have to mention that the shear viscosity of this actinide metal was 
not measured yet.

In spite of his relatively not too laige activation energy (£=3100 cal/atg) 
there is the experimental value of the viscosit}'' ■ of uranium which takes the 
largest value among the viscosity coefficients which are given in the 
present day literature. In this respect it seems that the only liquid metal whose 
viscosity approaches that of plutonium and uranium, are iron, cobalt and nickel 
PFe =  5,8 cP, pco =  5,2 cP and [ani =  5,6 cP

3. Self-diffusion of rare-cartli and actinide metals. Using the well-known 
Stokes-Binstem relation (7) and the result for shear viscosity (8) we can write 
the self-diffusion of liquid metals as [6] •

D =  kTj[L a . (14)
where k =  2,8 • 10~17 erg/grd anda is the Pauling’s ionic diametei

Similarly, using the Sutherland modification of the above equation [5], 
there is :

D =  0,84 • АГ/ц • a (15)

where и is a function of temperature T, which has the form [1] 

0,644 (MIpw)1/3[1 —-0,112 (T/TJ4*] • (10-«°“) (16)
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We have to notice that whereas the viscosity has been measured in 32 li
quid metals, self-diffusion has been measured for only 9 of these metals. In this 
respect the use of the above relations (14) —(16) permits the estimation of self
diffusion-for the rqetals for which this coefficient has not been measured.

Taking into account the relations (3) — (4) for self-diffusion of liquid metals 
it is possible to calculate this coefficient, if the values of 6ВеЬуе, V™, E  and у 
are known for the considered metals. The so obtained results are given iu tables 
3 and 4, for rare-earth and actinide liquid metals respectively.

Analysing thé tables 3 and 4 we can remark that the values of self-diffusion 
of molten lanthanum and cerium are in good agreement with both the experi
mental data and the values of this quantity, obtained from the relation (14) and 
from another theoretical method [10]. But the value of D for uranium (at the 
melting point) is too small in comparison with the value estimated from the 
relation (14). Unfortunately, the relations (3) —(4) cannot be used to estimate 
the self diffusion of molten plutonium, because the data for F“ and у are 
not yet available.

As a conclusion, it is quite evident that the relation (15) for the self-dif
fusion is unuseful because it gives too small values in the case of lanthanum, ce
rium and praseodymium.

But, in any case, the self-diffusion coefficient of rare-earth and actinide 
liquid metals changes with temperature according to the well-known relation [5] :

Dt =  D0 - exp ( -Q /R T )  (17)
where D0 is a constant and Q is the corresponding activation energy.

4. Conclusions. Making a comparison between several approaches to es
timate the viscosity values of the lanthani de liquid metals (cerium, lanthanum 
and praseodymium), it can be observed a good agreement of the values calcula
ted from hard-sphere theory [7], from the Andrade’s relation [3] and from the 
simplé kinetic theory [1], with the experimental data. The corresponding states 
theory values [7 ] for the lanthanide liquid metals viscosities are greater than the 
other results of table 3.

Table 3

Self>dlffesion vaines of the lanthanide metals, calculated by several theoretical mothods and the
experimental data

Liquid
metal

V r tll calc . ret . (U)
(10» em'/s) 1>/Г тса1с .ret . (15)-(16) 

(10* cm®/s)
TD tficalc. 

rel » (3) —(4) 
(10* em'/s)

D r m[io]
teor • (10* 

cme/s)
Т>Г п ц  12] 
exp (10*. 

cm*/

La - 3,45 0,2965 3,53 3,614 3,45
3,53 '

Ce 2,89 0,243 2,97 2,627 2,942
2,842

Pr 2,80 0,235 3,66 3,06 2,936
3,79



8 S. COLDEA

Guetering the value of [irm (at the melting point) predicted by A n 
d r a d e  [3] with the value of activation energy E  anticipated by G r o s s e  [8], 
there results the possibility to define suitable equations expressing the change of 
viscosity with temperature. So, the comparison of the sets of theoretical equa
tions [8] :

pLa =  5,714 • 10-3 exp (3850/КГ) (18)
He, =  5,56 • 10“ 3 exp (3550/2?Г) (19)
trPf =  6,243 • 10-3 • exp (38001RT) (20)

and of experimental equations [9]
V-u =  1,464 • 10~2 • exp (1231/2?T) . (21)
liCe =  1,310 ■ 10“ 2 exp (1679/2? Г) (22)
IiPr =  1,758 • 10-3 • exp (1118/RT) (23)

indicates that the predicted values for the activation energy E  is about two to 
three times larger than the corresponding experimental values for E of lanthanum, 
cerium and praseodymium.

Similarly, we can write some theoretical [9] and experimental expressions 
(from viscosities data) [5] for the lanthanide liquid metals diffusion. As theoretical
predictions :

DLa =  5,94 • 10-<* exp (-7171 fRT) (24)
DCe =  5,91 • IO-4 exp (-6420 /RT) ■ ' - (25)
Dp, =  5,91 • IO“ 4 exp (-7201 /RT) _ . (26)

and experimental equations
DLa=  1,789 ■ IO“ 4 exp (-3880/2?Г) (27)
Dc =  1,945 • IO“ 4 exp (-4044/АГ) (28)
DPr=  1,673 • IO“ 4 exp (—36481RT) (29),

The theories of G r o s s e  [8] and of Sutherland for the self-diffusion [5] 
predict much higher activation energies (E and Q) for lanthanum, cerium and 
praseodymium, than experimentally observed

Table 4

Self-diffusion valuos of the actinide metals, calculated by the relations (3) —(4) and by the
relations (15) —(1G)

Liquid
metal

T(°K) TT(10> cm) D calc  (15) (10b cm*/s) D calc  rel £3) — (4) (105 em'/s)

T 913 1,355 2,28 _
P u =  921 1,3898 2,2857

=  972 1,387 2,5285
1190 1,3765 4,2857

U T m =» 1406 1,354 3,178 1,95
2 OOO 1,3375 10,68
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However, the temperature ranges of the present experimental investiga
tions are too small Since the viscosities of these molten metals (at the melting 
point) are low ( ~ 3 cP) and all three have long liquid ranges and moderate densi
ties, these liquid metals must be studied at very high temperatures.

(Received December 10, 1977)
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COEFICIENŢI DE TRANSPORT IONIC ÎN  METALE LICHIDE LANTANIDE ŞI ACTINIDE
(Rezumat)

Pentru a  calcula coeficienţii de transport ionic ca viscozitatea laminară şi autodifuzia în 
metale lichide, în prezenta lucrare se aplică o teorie cmetică simplă a lichidelor.

în  prima parte a lucrăm este prezentată metoda de calcul a coeficientului de viscozitate 
în met'ale lantanide şi actinide în stare lichidă în  partea a doua a lucrării se calculează autodi
fuzia în aceste metale lichide simple, pe baza aceleiaşi teorii cinetice a fenomenelor de transport 
în lichide. Se face o comparaţie a valorilor obţinute pentru viscozitatea şi autodifuzia lantanidelor 
şi actinidelor lichide cu valorile experimentale cunoscute şi cu valori ale acestor coeficienţi de 
transport, obţinute pnn alte metode Se găseşte o bună concordanţă a diferitelor valon ale viscozi- 
tăţu în cazul actinidelor lichide (uraniu şi plutoniu) şi valori mai mari decît cele experimentale 
în- cazul lantanidelor considerate

Valonle autodifuziei, calculate pentiu lanthanum şi cerium, sínt în bună concordanţă atît 
cu datele expenmentale, cît şi cu cele obţinute pnn alte metode Coeficientul de autodifuzie a 
uraniului este mic în comparaţie cu valoarea sa calculată dm relaţia Stokes-Emstein,' mărimea 
sa expenmentală nefiind cunoscută.
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AN IMPROVED SCALE-INVARIANCE IN QUANTUM FIELD
THEORY

AL. AXGHEL, M. CRIŞA\

The aim of the present paper is to propose and demonstrate an improved 
form of scale invariance in Quantum Field Theory (QFT).

As it is well-known the scale invariance arguments have been proved to 
be of great interest in QFT in conjunction with the renormalization group (RG) 
problem and the asymptotic behaviour at large momenta. The standard form 
of scale invariance in QFT is .

Ф(Хя) =  Х ^ Ф  (x) (1)
where Ф(г) is the field operator, Дф the canonic dimension of the field operator 
and X is a real, arbitrary parameter. For a free-field theory in d — space-time 
dimension :

Дф =  ( d - 2)ß  , (2)
Consider now a self-interacting theory described by the following Lagrangian 
density :

L(x) = j  (дцФ)2 + Ф» + £ •  Ф4 (3)

As it is now a well-established fact [1—3] the dimension of the field Ф
(») . . .

and of other composite field operators like Ф (x) (« — arbitrary integer number) 
is changed when the interaction term is switched on from its canonicaly free- 
field value (2). Using the RG method this deviation from canonical scaling can 
be determined as a power series expansion in the parameter $ — 4 — and a spe
cified value of the fixed-point of RG — equations

We propose now an improved scaling relation which' leads directly to the 
idea of RG and fixed point behaviour. We postulate that in the presence of the 
interaction term in the lagrangian density, the field operator Ф(ж) and the corn

et«)
posite field operators Ф (x) become functions of the renormalized coupling constant 
UR. The improved scaling relation which we propose is :

Ф” (Х*. UK) =  Х-"ЛФ Ф<"> (*; 0K(X) FH (X, UR) 
The boundary conditions X — 1 and UR — 0 impose :

(4)

ÜR (1 ; и я) =  UR (5 a)
Fn (1 UR) =  1 (5 b)
0 R (X; UR =  0) =  0 (6 a)
F„ (x; UR =  0) =  1 (6 b)
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Taking the derivate with respect to X and then put X =  1, the result is :

or :

« Г ф(,,) ( u *) = ~ nA ф(я) (*’ Ur) +8x

+
8Фп{х; UR) 8U(X, UR)

+

8ur

8F„(X, Ur )
dx

8X
+

Ф<п)(х, UR)

[ 8 , AX ----f- n Д
8x Ф

3F„(X-, UR) 
8X L =l|'

ЙФ(") (*, UR) 8Ur  (X; и д)|
8Ur  8X IX = l

Eq (8) is a first-order, inhomogeneous differential equations '
Suppose now that there is a particular value of UR : UR — UR* such that

(7)

(8)

or :

£ф(и) (#; t/g)
duR

(9 a)

duR(X; ur)
8X

Then from eq. (8) we get :

+  n  д фbx
8Fn{X, ur)

8X

=  0
X® 1

X - l
ФСп) {X ; UR)=  0

(9 b)

( 10)

which is an homogeneous first-order differential equation. Upon 
integrating it  we arrive at:

where :
Ф(Я) (ХЛГ , U r ) =  Х-(ЛЯФ + V  Ф(Я> (X , U r )

* 1 8F {X; URо ф— ----------------
n 8X X =  1

( 11)

( 12)

I t  is clear now that starting from the assumption of improved scaled invariance 
(4) we get anomalous dimension Дф-)- §ф of field operators for a specific Value of 
the coupling constant UR =  UR. This is indeed a fixed-point-like behaviour.

Our aim is now to determine the functions ŰR (X, UR) and F„ (X; ÜR), 
perturbatively. To this end we consider the renormalized N  — point vertex 
fimctions TN({pi}; UR) with all external momenta [pi ;} of the same order of mag
nitude p. I t  is obvious tha t these functions will also satisfy the improved scaling 
relation in momentum space .

r *  (bp  ; UR) =  Xrf -  Г „  (P ; 0 R(X)) F„ (X , UR) (13)
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Calculating perturbatively the N-point vertex function Г , we get the 
following general result :

ГУЛ ^ л) = В Д ) + £ ^ т . ( А
i = l

Developing VN{p ; £/д(Х)) în power series in UL

r N(K URW ) = r°N( P ) + 5 2 U ’RY(p) 3*UR[X. UR)

1=1 3U'R UR=0
and similarly

f n(x , u R) = i +  Y;U'Rm
»=1

and matching eqs (13), (14), (15) and (16) we get

(14)

(15)

(16)

W ) + E « i  y,M )  =  x'-*'*®
t = l

W )  +  E ^ y,(í )Y,(x)
(17)

1 +  £  u *f>W>=i
which is the most general result one can obtain in the perturbation theory. From 
eq (17) the coefficients f m(x) and •

Y ,(X )
B'UR (K UR)

3U r UR = 0
(18)

can be determined, and thus the functions ûR =  uR ( X, uR) and Fn — FW(X ; 
uR) are obtained for different models of interacting fields. Finally, we can sum
marise the result as follows , the scale invariance in QFT can be improved in 
order to include implicitly the fixed point behaviour. This generalised scale 
invariance relation, which was hypothetical assumed can be proved in RNG — 
framework. This result will be used m order to determine the anomalous dimen
sion for different models in QFT

(Received January 14, 1978)
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ÎMBUNĂTĂŢIREA INVARIANTEI DE SCADĂ ÎN  TEORIA CUANTICĂ A CÎMPUUUI
(Rezumat)

în  lucrare se propune o variantă îmbunătăţită a invananţei de scală în teoria cuantică a 
câmpurilor, care stabileşte o legătură directă cu comportarea de punct iuţ.
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ELECTRICAL SWITCHING PHENOMENA IN xFea0 3 • (1—*)[3Ba0 3 -PbO]
GLASS SYSTEM

I. ARDELEAN and V. SEVIANU

1. Introduction. The electrical switching phenomenon in some chalcogenide 
glasses was irrst reported by O v s h i n s k y  [1]. This effect comprises a sudden 
increase of magnitude of conductivity when a sufficiently high electric field 
is applied to the material This low-resistance state (on state) is stable even 
after the external potential was removed.

D г a к e et al [2] have observed memory phenomena in oxide glasses 
(CuO : P20 6) containing a large proportion of oxide of certain variable valence 
transition metal ions (Cu + and Cua +) The switching phenomenon m silicate glasses 
m the presence of Fe20 3 clusters was evidenced by E  r s о v et al [3] C h a k r a -  
V о r t  y [4, 5 ] has observed such memory switching effects induced in some 
phase-separated oxide glasses by ion-exchange treatments.

The study of switching phenomenon is important both for his eventual 
applications and for clearing, and understanding the conduction mechanism in
glasses

In this paper we present some results regarding the switching phenomenon 
evidenced in xFe20 3 • (1—x)[3B20 3 • PbO] glass system

2 Experimental. 2.1 Glass preparation..The xFe20 3 • (1— x) [3B20 3 • PbO] 
glasses preparation was described previously [6]. The structure has been studied 
by X —rays [7], I R  absorption spectra [6], the Mossbauer effect and electron 
microscope [8] and by magnetic measurements [9]. These measurements eviden
ced that the iron ions in 3B20 3 • PbO glass do not form clusters. The iron cations 
seem to be randomly distributed in the matrix The measurements based on the 
Mossbauer effect demonstrated the presence of both the Fe3+ and Fe2+ 10ns.

Electrical conductibility measurements indicated a semiconductor beha
viour of xFe20 3 • (1—x)[3B20 3 • PbO] glasses [10].

In order to study the switching phenomenon, samples of thickness of about 
20 \un and of dimensions of about 5 x 5  mm were prepared The measurements 
were carried out at room temperature.

2 2 Switching circuit The block-circuit that we used in order to evidenciate 
the switching phenomenon is given in Fig. 1. In this circuit we used a dc power 
supply BM 20S, pulse generator PG P—2 and electronic multimeter E  0403. 
The impulses are rectangular with an amplitude up to 10 V and a width up 
to maximum 10 111s

The sample-holder consists of an insulator plated with copper. The con
tact between the sample and the copper plate was obtained by using silver paste. 
The other electrode was a silver wire contacting the sample through silver paste. 
The sample-holder construction is so that the attachment of an upper electrode
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allows the application of an 
electrical field. An electric field 
of 103V/cm was used

3. Results and discussi
ons. Measurements on samples 
in xFea0 3. (1 —x) [3Ba0 3- PbO] 
glass system lead to voltage- 
current characteristic specific to 
the behaviour of glasses which 
contain transition metal ions in 
different valency states [2]. 
Figure 2 shows a typical vol
tage-current characteristic of 
samples with 50 mol% Fe20 3 
upon application a dc field, 
and voltage pulses. The initial 
resistance of samples was of 
1,5 x  108£2 (off state) and at 
23 V it switched in a state 
having resistance of 1,1 X P ü  
(on state). In the main for 

various samples this jump varied between 103 and 108£1 (3—8order of mag
nitude). We notice^ that after the transition into the high conductibility state 
(on state) the sample keeps up this state until the return at zero voltage when 
it passes again into the low conductibility state (off state).

Both the application of voltage pulses with amplitudes up to 10 V and 
a width up to 10 ms and of an electrical field of 103V/cm determined the 
switching phenomenon previously described, but the switching voltage was 
changed depending on these parameters.

We specify that by repeating the jump from on state into off state, the 
switching voltage does not reproduce exactly, fact evidentiated also by other

F i g .  1.

F i g .  2a. F i g .  2b.
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authors [2, 4, 5]. In our samples switching voltage changed between 15 V and 
30 V.

4. Conclusions. We may conclude that the xFesOá ■ (1—x)[3B2Os PbO] 
semiconducting glasses show marked deviations from normal semiconductor 
behaviour. These glasses can be reversibly switched electrical 1}', between two 
states which differ in resistance by 3 —8 orders of magnitude Switching pheno
menon can appear with or without applied electrical fields or voltage pulses.

(Received January 20, 1978)
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FENOMENE DE COMUTARE ELECTRICA ÎN  SISTEMUL DE STICLE 
iFejO j • (1 -  i )  [3B,Qa • PbO]

(Rezumat)

Sticlele din sistemul xFe30 3 • (1 — x) [3BS0 8 • PbO] prezintă fenomenul de comutare rever
sibil între două stări de conductibilitate a căror rezistenţă electrică diferă prin 3 —8 ordine de 
mărime.' Fenomenul de comutare apare atît în lipsa cît şi în prezenţa cîmpului electric. Prezenţa 
cîmpului electric şi aplicarea unor pulsuri de tensiune nu schimbă forma caracteristicu volt-amperice 
dar modifică tensiunea de comutare.
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SPIN WAVES IN INTERMETALEIC COMPOUNDS Ho2FexAl17_s

V. CHIŞAN

1. Introduction. The intermetallic compounds Ho2 Fex Al17_* showing an 
ferrimagnetic behaviour [1] have an Ni2Th17 type of structure. In each unit cell 
there are 2 formulae eq. 4 atoms of Ho, 2x atoms of Fe, and 2(17—#) atoms 
of Al. In  the present calculations x =  2 The model used, for spin waves calcula
tion, is shown in fig. 1. The Ho atoms are in 2(6) and 2(d) positions [2], the 
atoms of Fe in 2(a) and 2(c) positions and the positions of Al atoms, which are

not shown in the picture, in 12(6) \2 (j) 
and 6(g) [3].

I t  is convenient to introduce „lo
cal coordinate frames” associated with 
the various spin states. The structure in 
question contains 4 spins per primitive 
magnetic unit cell pointing along and 4 
spins pointing against the z directions. 
These spins form 2 sublattices and we use 
the indices X and X'( =  1, 2) as labels 
for them. The components of the spin 
operator for the к th  spin in the 1th cell 
and X th  sublattice are denoted by :

3 ■ • /
5

06 ? ^ A
/

1 U /

о на a*oms 
a '  8 37 Д

F i g  1 ißfk,x> Sfk,y> Sfk,z)

к runs over 1, 2, ..  .4 for X - 1 or 2,
2. The equations of motion. We used a Heisenberg Hamiltonian with 

isotropic exchange and an effective anisotropic field [4]

Ж =  -  
2 EEffi‘31.5» + E E E  -  s L . ,s h „  -

ÍV kW IV A ~ I 3 > 1IkïlV

S Ik,z Syjc.t) +  E  É E  ^ д а  $п,х $ y h,y S]?x* ^n,s) "f"
II' 1 k=l

+ E E
11' ‘X , ‘X'=1

I h ï l ’k'

п Г Х ’г'/д а 7?2 e 2 OJIX ^l"X' + E E h  ль s L  E ^■bck^ij'.t
l k = l  ГХ -1

The quantity denotes the effective anisotropic field associated with 
the sublattice X and with the kth atom of the cell, and is directed along the z 
axis. [J.B is the Bohr magneton and g£ the g — factor are the exchange
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integral associated with the pair of sites (lk\, l'k"K') (i. and v .are the number 
of atoms in the unit cells of the two sublattices. The exchange integrals have 
translational periodicity and also have permutation symmetry. The negative 
signs before the y  and z — i component terms in the second and the third summa
tions arise from the relativè orientations of the local frames for the two subla: 
ttices 1 and 2. The spin operators will be regarded as expressed in the Heisen
berg representation. We suppose that the structure in question contains (i spins 
per primitive magnetic unit ceil pointing along and v spins pointing against the 
z direction.

Using the raising and lowering operators S + =  Sx ±  iSy the Hamiltonian 
becomes

3*5 = , -  
2 E  +.7 (s»,+ + s ’„ .+

IV hk'

+ £ £ £  да* I -  si., Sf.x ., +  { (Si,+ s?x+ +  Si,. S’a . .  ) j +
if  * 31 l y  i

Ç  Ç  52 @1X2 j ~  {^IX ,+ Sl%+ +  ^ fx ,-  +

+  22-52 @\х2 ^fx.M^f'X,: +  2  {^fx.+ßf’X',- +  Sf-XK- SZX',+)
1Г X X '  
U X ti’X ’

+

+ 52 52 v-в s i H lAk sffrj + 52 ÿ-eSy -x s2x» ]
I L a X  J

Using the following commutation rules 1 :

[S;*,*, p] ~  * ^  ^fk, T ^ ir  ^kk’ ,,
((a, 0i Y) -► cyclic {*, y, 1 ))

" ■ [ S k +. s ^ . - ]  = 0  -

■ % -,-] =  2  ä  S * t 8U, <$kk, 8 XX,

[^«,1» SjX i] =  +  ^ ^tt,± V  X̂X'
the Heisenberg equations are :

±*sb,± =  - 5 2 5 2 Q™ 1 (5 k ± s ,V ,- s,V,± s u  +  2 2 5 2  Æ 2{ ^ U +
V A'=l 
Vk'^lh

V OC-l

+  - ^ U  — \lb  g h H A hS l k ± , ± t S ; x ± =  — 5 2  5 2  Q ‘X2  { s i x ± s i’X ',t —
к = 1,2, ., H I' X '~ l

V X '* iX )

—  S r X ’,±  ■ ix « }  +  5 2 5 2  Q llX z { S * X ,±  S l ’k',: +  S;2',T Sj2̂ ,x} — [LB g l H Ah S 23-|±
( ' A '  A =  1, 2, . ,  V

2  — Physica — 2/1978
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We now inaké the linearisation of the above equations ïh a t  is whenever 
a product involving S«,. and a raising or lowering opefator occurs in the above 
equations, then we replace, S f  by the c — number S*>0 where the latter 
denotes the equilibrium, spin value for the sublattice (k X). The resulting linearized 
equations are

zt iSik,± — EEl' i'eX 
(I'AVIA)

f/lA X R c*
±  ° A 'f0

s l W V  /<?X Sr
Xl̂ X'

S U  ~  И-в £a Нль SjâA » 1, 2, , цЩ<1
A 1, 2* , y i l  Л *=» 2

Tbe notation k ' e  x implies that A' runs over 1, 2, . . .  p if X =  1 and over 1, 2,. . . 
. . . ,  V if X =  2.

We now introduce the spectral representations of SA* _ (t) as follows .

SÍa,+ —
■çX 1  i/a

13 A, 0

JV

+ 00
Г S X -11/2 V

E  5*.+ (?)exP \-4R WJ =  [-^-°| J f a  E  s *',+ (?, «)

exp (i [qR (l) — of])

çx — 
° / a, -  —

çXДА,0
ÍV

1/2

E s*.- (-?) exP [*?■£ W]
"11/2 +”
j J do* E  Sa,- (— q, — to) exp(* (l) — со/])

Here R(l) denotes a vector of the primitive magnetic lattice and N  is the number 
of magnetic unit cells in the crystal which, as usually, is presumed to be sub
ject to cyclic boundary conditions. The wavevector q ranges over the first Bril-

I Sx 11/2louin zone of the magnetic lattice. The factor I has been introduced for
normalization convenience.

The equation of motion will be :

coS*,± (±  ?, ±  o) =  ±  [ E  ^  ) Sa',4. (±  q, ±to) -f- T,D(q. kk XX )t'6). , , Fsx'’ (X*V)
s?.t (t  q. T “ )]

where

D{q, AA'XX') =

-EА"ел"(WX)

[Sa,o S*,o] 1/2 Q\\ (q) — Sxv §aa' X {gl |x£ Нль +  E  Q** (0) Sv-.o —
А" е л

( f f  (0) SaX::,0}, r / f  (q) =  2  ^ ' е х р М В Д  -  R(l)])
!

D(q,kk'XX') is a 2(p v) dimensional matrix for which we have to solve the 
eigenvalue problem
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3. Numerical results. The numerical calculation was performed in the 
vicinity of Г using the following approximations : Q\kJ  =  J HH =  exchange 
integrals between Ho atoms are constant for any kk'll' (л =  X' =  2). For X =  
=  X' =  1 the exchange integrals between Fe atoms J FF are constants for any 
kk'll'. The same approximation is valid for the intersublattice interactions J FH.

In fig. 2 is shown the spin vaves 
spectrum for different values of exch
ange parameters .
fig 2a : J huIJff — 0.18,

J fhIJff,=  0.25
fig. 2b J m lJFP =  0.18,

J fhIJff ~  ~  0-^0
lig. 2c . J hhIJff — 0-18»

J fhIJff ~  0.75
fig. 2d : J hhIJff =  °-2°.

J fhIJff =  0 75
and

s U b h *aAh ■■ 7  45 for all k  an X.
Q f f

The branches from 14 m fig 2a, 21 in fig. 2b, 2S in fig 2c and fig. 2d are 
degenerates. The, branch number 8 has the values between 108 and 1010 and was 
not drawn in the pictures.

The author wants to thank prof Iulm Pop for helpful discussion on the subject

(Recewed January 24, 1978)
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UNDE DE SPIN ÎN  COMPUŞII INTERMETAUICI НоаРе*А117_ т

( R e z u m a t )

' Folosind metoda ecuaţiilor de mişcare, se calculează, spectrul undelor de spin în compusul 
intermetalic Ho2FejAl15. S-au obţinut opt ramun una acustică şi şapte optice Calculele numerice 
au fost făcute pentru lungimi de undă mari (k —» 0)
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INSTABILITY OF CIRCULARLY POLARIZED ELECTROMAGNETIC 
WAVES' IN THE RELATIVISTIC ELECTRON BEAM-PLASMA SYSTEM

J. KARÁCSONY

Tile study of the wave instability in the electron beam-plasma system is 
the subject of many investigations. However, most of these works are restricted 
only to the treatment of the electrostatic instability Our aim is to examine the 
stability of the electromagnetic waves propagating parallel to the beam direction 
into a relativistic electron beam-plasma system immersed in a magnetic field

In most experimental situations, the relativistic electron beam propaga
tes parallel to the external magnetic field, therefore it is important to consider 
this case for a theoretical study. Unlike the other papers concerned' with the 
study of electron beam-plasma interaction and which neglect the self-magnetic 
field of the beam, in our paper, to avoid any contradiction with Maxwell's 
equations, arising from the omission of this self-magnetic field, we will assume 
that in the plasma there is a homogeneous return current. I t  is well-known that 
an intense relativistic electron beam can propagate in the presence of a dense 
plasma by inducing a plasma return current which is approximately equal and 
opposite to the beam current [1—4]. In this way the self-magnetic field of the 
system is nearly zero, but on the other hand in the unperturbed state the plasma 
electrons are no more at rest, so the plasma contains a current flow.

In our model, we will consider a relativistic electron beam having the number 
density of electrons nbo and the average velocity of electrons v0 oriented parallel 
to the external magnetic field B 0. This magnetic field is assumed to be oriented 
along the positive Oz axis, B 0 =  В 0сг (ec is the basic vector of Oz-axis.) The 
unperturbed plasma electron mean velocity vlt producing the return current, 
is oriented in opposite direction to the beam electron velocity and it is equal 
with — (nbojn0)v0. (n 0 is the plasma electron density and it satisfies the con
dition n0 >̂ nbo ) The last expression for plasma electron mean velocity results 
from the current neutralization condition

h o  +  U o  =  0  (1)

where j b0 and ip0 denote the unperturbed beam current density and plasma 
current density, respectively. Since we are concerned with high frequency oscil
lations we will assume the positive ion at rest, they only forming a stationary 
background of charge which neutralizes the unperturbed electron gas at each 
point.

The stability of the oscillations can be investigated by solving the dispersion 
relation that we will obtain in the following way.
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The' linearized .equation of motion is

f  +  * V V8i
«o(»ô • «')

V l  -  ' c * ( l - v l l c * f 12

for the beam electrons, and

e
m

+  »i ■ V ] » i =  E ' + l (< X S 0) +  - ( » i x S ' )
) m  [ с c

ë  +  i , u  < ß 0] +  1 ( ? o X ß ') ]  (2)

(3)

for the plasma electrons. In these equations the perturbed electric field, magnetic 
field and velocities are denoted by E ' , B'/o ' and v[, respectively For plane waves 
of the form exp [г(Ы — kz) ] the perturbed velocities for the beam and plasma 
are :

v ,= tey0(a —  kv0) [((0 -  ky0)Ex +  Uùc y0Е ’У]
wcú[(ct) — кь0у — C0*y2J

и ; =  " т °(м ~  ^  .  ■ [ -  *сосТ ое ;  +  (о, -  ь 0)Е'у]
ты [(со — kv0)3 — со| Y§] 

Vx =  -
»»(со — hv0)

■ E ’

V u

Vly =

»fi(cO - f  kvj)

»»co[(co +  A ü i)a —  “ c]
[(ü) +  ko^Ex +  UùcEy]

(4)

(5)

(6 )

(7)

(8) 

(9)
т(ы +  kvj)

In the above expressions a>e =  еВ0/mc is the cyclotron frequency and

To =  V1 _ volc*
From Maxwell's equations we obtain the wave equation

»«(<0 +  Allj)
»ICO [(со +  ÄDj)2 —  COc]

V u

[— uùc И х +  (ci +  k v j  Ey]

■E,

—  +  c°~ V  X  ( V  X  E ' )
d-i

Ait д{]ь +j p )  
öt

which becomes

(Æ2c2 — (úг)Е' — kc2(k ■ E ’) =  — 4raco(j ь~\~ J p) 

for plane waves. The perturbed currents j'b and jp are of the form

]ь=  — е{пюу' +  n'bVu)

Jp =  —  e { n 0v'x +  n 'vx)

( 10)

( П )

( 12)

(13)
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From the continuity equations, the perturbed beam density nb and the pertur
bed plasma density n ’ are :

and

nb

n

nb0 kv, 
ы — kv„

n0 kvu
to +

respectively.
Combining equations (4) —(15), we then obtain

(14)

(15)

{Du D12 0 \ [ЕЛ
D*2 D22 0 и м (16)

Vo 0 D33I U J
where

DX1 = D2j =  c2k2 — coz -f— “41 kvo )J
.,2 a

+
-I- AoJ*

[a — kv0)* — о  yl (“  +  Ä«i)‘ -  »"

A
“ c foMĂ I (и  — kv0) (to +  hv2)J ------ - -----------j- î ---- -----------
(“ -  hva)* -  “CY?

2

А» =  -  to» +  "

(û) -r Ât/J* — Ci)“
2 «

(o  — Ad0)* (to +  kvJ 1

(17)

(18) 

(19)

The D*2 term m expression (16) is th e ’complex conjugates of D12 The electron 
plasma frequency, transverse beam frequency, and longitudinal beam frequency- 
are о2 =  4nn0e2jm, co^ =  Ar.nh(]c-'{ ajm and cù̂  =  4ппЬое2уЦт, respectively

Since D13 — D„j =  0 the expression (16) yields

a>2 _
2 , “Ml“ a"coJ

(<*> -  kvç)1 (tù -f kvtf (20)

from £>„ =  0 and

, , ,  . , “i i (“ -  kvoY . + A»i)* _c2k2 — Ma -j------—------------- 1----- -------------=
(<■> — kv̂ y — <ö̂y3 (“ + hviY — “c

( 2 1 )

T “ cYo“ i l ( “  — *»«) +  k v l)

(“ -  Awol’-to^rl (“ + bv%Y -
from {Dn D22 — D12D*2) =  0.



INSTABILITY OF CIRCULARLY POLARISED WAVES 23

The equation (20) is the electrostatic dispersion relation and from (21) 
we obtain the dispersion relations for right-handed and respectively left-handed 
polarized waves, under' the following forms

u. M _2 + kv'] “ьх(“ - ^ о ) _ 0 
Ci) kvx — (ùc CO — kv0 — COcYo

(22)

n ,, , ai±(*> -  kV»î n CO2 — k2C2 ----------------------- —----------  =  0 J
a + kvt -b a>c a — kv0 + acYo (

(23)

Both the equations (22), and (23) can be represented as
FP + *Fb =  0 (24)

where
cot(ci) 4- kb*)

Fp -  w* k*c* p 1
co — hv̂  o>̂

(25)

j ,  ' Yo“  ̂(ш -  Ä»0)
6 a — Ap0T«cYo

(26)

and the upper or lower sign corresponds to the right or left-handed 
polàrized waves, respectively.

The expression Fp does not depend on the parameters of the 
hence the equality

circularly 

beam and

оII■e. (27)

represents the dispersion equation for the plasma waves which can be transmitted 
through the plasma in the absente of the beam. The expression zFb represents 
the perturbation produced Ьзт the beam. Since it has been'assumed that <  n0 
which is 'equivalent to :  < 1, and if the expression F b is bounded) then for 
sufficiently small values of e, the contribution of the sFb term to the dispersion 
equation-(24) is negligible. Thus the effect of the beam is singificant only in the 
neighbourhood of singularities of the expression F b. Motivated by this consi
deration, those waves will be analyzed according to the fact whether they satisfy 
the condition .

w =  kv0 ±  tocY„ +  Y) (28)
where

h i  \ko0 ±  cúeYo| (29)
An instability occurs when Imv) <  0 and |Imv) | denotes the rate of growth 

of the excited wave. i;
Approximating Fp in the neighbourhood of со — kv0 ±  ысу0 by Taylor 

series and retaining the first two terms in the series, we obtain :

(FpU {Fp)a » *i',±o.y, +  ^(dFplëo)) a “ b0±acY. (30)
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Inserting this expression toghether with (28) into the dispersion equation 
(24), it results : 1 • 1 ’

fï2{SFPld(ù)a = kv.±o>cy, +  f\{FP)и = T  =  0 (31)

The discriminant of (31) is
Л =  [{Fp)w = a».±«cY.]2 ±  4:zylü>î(ûc{dFpld(ù)a = ± ̂  (32)

In  order to exist an instability this discriminant must be negative. The 
expression (32) is negative if we have the following inequalities :

{dFp/8co)tó„ A„s+0)(;Yll <  0 ' ' (33)
and

[ F p )  и  =  Ac, +

\(ЗРр1ды)а=к„'+асГ'\
<  4еуоЫ*ыс

for right-handed polarized waves, and

and
(idFp/d(ù)a _ >  О

(34)

(35)

for left-handed polarized waves
Since c is very small the inequalities (34) and (35) are satisfied only when

' ‘ (Fp)a = kv, ±ысч, ~ 0 '> ' ■ 1 (37)
The expression (37) shows that the beam .electron cyclotron frequency as seen- 
by a stationary observer, kv0 +  « cyf„ nust be in the immediate neighbourhood 
of the roots of the equation Fp(<ù, k) =  0. This condition signifies a resonance 
between the cyclotron frequency tof the electrons m the beam and the frequency
of plasma waves.' ' ' ' . ,

Inserting (37) in the' equation (31), we obtain for the rate of growth the 
following expression -

IttVTj
1/2

(8Fpl8<ù)a = hV' ± i
(38)

the plus and minus sign corresponding to the right or left-handed circularly 
polarized waves,"respectively. " u - j

We will now discuss the implications of the relation (33). Taking into account 
the expression (25), we ob tain :1 . ■ 1 ■

|2co
2

шра с

(<a +  hvx -  o,.)* _01 — tvl + <ac T, < 0 (39)
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The above inequality can be satisfied only if w takes negative values, 
therefore kv0 +  « су0 must be negative This expiession becomes negative if 
V о <  — c^J^k 2c2Jr w*, that is for the beam propagating in the direction opposite 
to that of B 0. Because the phase velocity'и/Л of correspondent waves has a 
negative sign, it follows that these waves will propagate m the same direction 
as the beam.-

Consequently, an electron beam may excite a right-handed circularly 
polarized electromagnetic wave in the relativistic electron beam-plasma system 
if the beam moves in the same direction as ţhe wave and both propagate in the 
opposite direction to that of the external magnetic field Since the phase velocity 
of the excited waves is lower than that of the beam, the physical mechanism 
responsible for their excitation is the anomalous Doppler effect.

A similar discussion applied to the relation (35) shows that a relativistic 
electron beam can excite a left-handed circularly polarized wave in the plasma 
if the beam moves in the same direction as the wave, and both propagate in the 
direction of the external magnetic field. The physical mechanism responsible 
for the instability is also the anomalous Doppler effect.

1 M l l !  I 1 ' ‘ 11 . , (Received January 26, 1978
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INSTABILITATEA UNDELOR ELECTROMAGNETICE CIRCULAR POLARIZATE ÎN  
SISTEMUL FASCICUL RELATIVIST DE ELECTRONI-PLASMĂ

, ( R e z u m a t )  ■ > >,

Se studiază undele electromagnetice circular polarizate în sistemul fascicul relativist de 
electroni-plasmă, aflat într-un cîmp magnetic omogen Ţinînd cont de existenţa curentului invers 
Indus în plasmă, se determină condiţiile în care pot fi excitate undele polarizate la dreapta şi 
cele polarizate la stînga.
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PROPRIETĂŢILE STRUCTURALE ŞI CATALITICE ALE OXIZILOR DE 
ALUMINIU PROMOTAŢI CU Ce02(II)

IULIU POP. VASILE CRIŞAK, MCOLAE DULÂMIŢÂ, HEiVATE GOSS, LÍVIA DÄHÄBAX

1 1.' Introducere. Modificările sturcturale şi ' proprietăţile catalitice ale oxi
dului de aluminiu promotat cu Ce02 obţinut prin descdmpunereà termică a hidro- 
xidului de aluminiu, depind esenţial de condiţiile în care s-a obţinut şi s-a tratat 
termic hidroxidul de aluminiu ’

Folosind tehnica difracţiei de raza X;,în oxizii de aluminiu promotaţi cu 
Ce02 s-au identificat o serie de modificări .structurale. Alături de rezultatele struc
turale,, iu lucrare se mai prezintă date .referitoare la suprafaţa specifică şi,dis
tribuţia de pon în catalizatorul solid.

2. Prepararea probelor. Probele studiate de oxizi de aluminiu promotaţi 
cu CeO,, au fost obţinute prin calcinarea hidroxizilor de aluminiu la temperatura 
de 823 К Hidroxizii de aluminiu au fost obţinuţi în prezenţa a 200 cm3 de glicol 
la temperatura de 295 К  (denumite probe cu glicol la rece) o serie, şi altă serie 
la temperatura de 328 К (denumite probe cu glicol la cald), substanţele de pornire 
fiind azotatul de aluminiu şi azotatul de ceiiu [1]. în  funcţie de cantitatea de 
azotat de ceriu utilizată, în oxizii de aluminiu .rezultaţi apar diferite cantităţi 
de Ce02 Astfel, în cele două serii de probe, cu glicol la rece şi la cald, pentru 
simplitate s-au introdus notaţiile la, lb şi lc,' corespunzător conţinutului de 
Ce02 de 10 , 20, 30% şi analog 2a, 2b, 2c, 2d pentru concentraţia de 0 ; 10, 
20, 30% Ce02

3. Tehnica experimentală. Spectrele de raze X  au fost obţinute cu un spec- 
trometru tip TUR—M62, folosind radiaţia K a. a unui anod de Cu cu lungimea 
de undă X =  1,5418 Â prin filtru de Ni în camera Debye-Scheerer. Indexarea 
liniilor de pe rontgenogramă s-a făcut prin metoda analitică Suprafaţa specifică 
şi microporozitatea (5—300 Â) s-au determinat cu ajutorul, instalaţiei BET. 
Porii cu dimensiunile cuprinse între 150 şi 75 000 Á au fost măsuraţi cu ajutorul 
unui porozimetru cu mercur de tip Carlo-Erba (1 — 1 000 at) [2]

4. Rezultate şi concluzii. Proba la cuprinde un amestec de două faze cu- 
simetne cubică caracterizate prin parametrii de reţea a =  5,41 Á, respectiv 
7,69 Â Faza cu a =  5,41 Â corespunde modificării <xCe02, iar faza cu a  =  7,69 Á 
modificării 7]-alummei Liniile intense cu indicii Miller 400 şi 440, caracteristice 
7)-aluminei [2] apar la 1,92 Â şi 1,24 Â (vezi tabelul 1)

Proba lb constă tot din amestecul a două faze cu simetrie cubică, carac
terizate prin parametrii de reţea a =  4,67 Â, corespunzător modificaţiei aCeQ, 
şi a =  8,16 Â corespunzător modificaţiei t)A120 3 (vezi tabelul 2).
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Tabel 1

10% CeO,

Xr. Int d[A °] Ш
CeO,

Ш
A lj03

1 s 2.8770 1 0 0
2 5 2 5359 3 0 0
3 fii 2.1913 2 1 1
4 fi 2 1320 3 2 0
5 fl 1.9258 2 2 0 4 0 0
6 S 1 8175 3 0 0 4 1 1
7 m 1.5466 4 3 0
8 i 1.3612 4 0 0 4 4 0
9 m 1 2636 6 1 0

10 i 1.1590 3 3 4
11 s 1.1263 6 3 1
12 m 1.1001 7 0 0

a[A] 5 41 7 69

Tabel 2

20%CeOj

■Xr Int d[A °] hkl
CeOj

hkl
A1q0 3

1 s 3 0793 1 l 0
2 fl 2 0798 2 1 0
3 1 2 0405 4 0 0
4 s 1,8736 2 1 1 3 3 1
5 s 1 6210 2 2 0
6 1 1 4271 3 1 1 4 3 3
7 s 1 3117 3 2 0
8 1 1 2070 6 3 1
9 s 1 1391 4 1 0 7 1 1

a [A] 4.67 8.16

în  mod analog, proba lc cuprinde amestecul a două faze cu simetrie cubică 
cu parametrii a =  5,38 Á, corespunzător modificaţiei aCe02 şi a — 7,68 Â, 
corespunzător modificaţiei r)Al20 3 (tabelul 3).

Tabloul structura] al probelor din seria cu glicol la cald apare modificat 
şi mai complex faţă de cele cu glicol la rece. Proba fără bioxid de ceriu, 2a, constă 
dintr-un amestec de două faze, una cubică cu parametrul de reţea a =  7,894 Á, 
corespunzătoare modificaţiei y]A120 3 şi alta tetragonală cu parametrii a =  3,2 
Â şi c =  2,9 Á, corespunzătoare modificaţiei y'Al20 3 (vezi tabelul 4).

Tabel 3 Tabel 4

, 30%CeO, 0% CeOj

Xr Int d[A °] Ce03
hkl

Ala0 3
hkl

1 s 3 1759 2 1 1
2 Ш 2 7227 2 2 0
3 fl 2 4362 3 0 1
4 1 2 3742 2 1 1
5 1 2.1130 2 2 0 3 0 2
6 fs 2 0021 2 2 1 3 2 1
7 fa 1 9297 4 0 0
8 fa 1 8416 3 '0  1 '
9 fs 1 6184 3 0 2

10 fs 1 5350 5 0 0
11 î 1 4570 4 0 0
12 5 1 4062 5 2 1 '
13 s ’ 1 3326 5 0 3
14 IU 1 2198 6 2 0
15 5 1 1601 6 2 2

Xr Int. d[A °] i)Als0 3
hkl

yAIjOj,

1 ffs 3 4800 2 1 0
2 ffs 3 2094 2 1 1
3 ffs 2 88â9 1 0 0
4 fi 2 4170 1 1 0
5 1 2 1280 3 2 1
6 fi 1 82Ó0 3 3 1 1 I 1
7 s 1 6750 3 3 2
8 s 1 5850 4 3 0 2 0 0
9 1 1 4590 2 1 0

10 fs 1 4010 4 4 0 2 1 0
11 s 1 3380 5 3 1
12 1 1 2251 2 1 1
13 i 1 1656 2 2 0

a [A] I 7 894 I 3.2
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Proba 2b cuprinde un amestec de trei faze : două faze cu structura de 
simetrie cubică, avînd parametrii a =  8,132 Á şi a =  4,20 Â, corespunzător 
modificaţiei tqA120 3, şi respectiv aCe02, iar faza a treia cu structura tetragonală, 
caracterizată prin valorile parametrilor a =  3,03 Â şi c =  3,62 Â, corespunzător 
modificaţiei y'A120 3 (vezi tabelul 5).

Tabel 5
10%CeO„

N r I n t . d [ A ° ] 7)A 1,0 , 
h k l  ,

CeOj
h k l

Y 'A Ij O j
,h k l

1 fs 4 008 2 0 0 ,
2 " fs 3 0354 2 0 0 1 0 0
3 fs 2 6961 3 0 0 2 1 0
4 s 2 4727 3 1 1 2 1 1
5 1 s 2 1110 1 1 0
6 m 2.0429 4 0 0 3 0 0
7 i 1.8468 ' 1 1 1
8 m 1 8294 4 2 0 3 1 1
9 i 1 6300 4 3 0 3 2 1

10 , ffs 1.5267 ,4  0 0 2 0 0,
11 ffs 1 4999 4 3 2
12 ffs 1.4375 4  4 0 4 1 1
13 tn 1 3104 2 1 0
14 m 1.1694 7 0 0 5 1 1 2 2 0
15 fs 0 1084 7 2 1 5 2 1 2 2 0

, a [A ] 8 132 ,, 4 20 3.03
c  [A ] 3 62

Pentru probele 2c şi 2d compoziţia structurală este analogă probei 2b, 
însă din cauza conţinutului mărit de Ce02 valorile parametrilor reticulari pentru 
fazele cubice şi tetragonală sínt diferite. Astfel, proba 2c are parametrii a =  
=  7,887 Â corespunzător modificaţiei t)A120 3 şi a =  5,495 A corespunzător 
modificaţiei aCe02, iar a =  4,14 Â şi c =  3,266 Â corespunzător modificaţiei 
y 'A 1 2O s (vezi tabelul 6).

Tabel 6

20%CeO3

Nr Int d[A °] 7)A l2O a
hkl

CeOj
hkl

y'AIjO,

1 m 3.1399 1 1 1 1 0 ,0
2 fs 2.7281 2 0 0,
3 , и 1.8974 4 1 0
4 s 1.8364 , 1 1 1
5 ' fl 1 6380 2 0 ,0
6 ffs 1.3974 4 4 0 4 0 0 2 1 0
7 s 1.3042 6 1 0 , 2 1 1
8 m 1.1717 6 3 0

s[A] 7.887 5.495 3 14
c[A] 3 266
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• în  cazul probei 2d valorile parametrilor pentru- modificaţiile similare sínt 
a =  8,058 Á pentru т)А12Оз ; a =  5,36 Â pentru aCe02 şi a =  2,721 Â ; c =  
=  3,329 Â pentru modifieaţia y'A120 3 (vezi tabelul 7).

Tabel 7

(30 % CeOj)

Nr Int d[A °] t)A120 3
hkl

CeO,
hkl

Tf'Al.Oj
hkl

1 SS 3.1322 1 1 1
2 s 2.7146 3 0 0 2 0 0 1 0 0
3 fs 2 3562 2 1 0
4 fs 2.1031 1 1 0
5 fs 2 0147 4 0 0
6 fs 1.8956 4 1 1 2 2 0
7 fi 1.8451
8 1 1.7975 4 2 0 3 0 0
9 fs 1 6106 4 3 0 3 1 1

10 fs 1.5191
11 fs 1 4756 5 2 1 3 2 0
12 fs 1 4428 3 2 1 I 0 2
13 fs 1.3896 5 3 0 2 0 0
14 s 1 3054 5 3 2 4 1 0
15 fs 1 2811 7 1 2
16 fs 1 2198 6 2 2 2 1 0
17 i 1 1682 4 2 1
18 s ■ 1 0923 4 2 2

a [A] 8.058 5 36 2 721
c[A] 3 392

Dependenţa sistematică a parametrilor reticulari pentru modificaţiile 
structurale observate în funcţie de concentraţia adaosului de Ce02 în oxizii de 
aluminiu, este reprezentată în figura 1, pentru setul de probe cu glicol la rece, şi 
în figura 2, pentru setul de probe cu glicol la cald.
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în  figura 3 este redată dependenţa volumului celulei tetragonale de concen
traţie în Ce02 pentru setul de probe cu glicol la cald

Dependenţa suprafeţei specifice de concentraţia de Ce02 pentru ambele 
seturi de probe este ilustrată în figura 4, pentru probele cu glicol la rece, iar în 
figura 5 pentru cele cu glicol la cald

Variaţia volumului total al porilor în funcţie de concentraţia în Ce02 pentru 
ambele seturi de probe este prezentată în figurile 6 şi 7

' 9
Corelînd datele structurale cu cele cata

litice rezultă un model de interpretare al re
zultatelor prezentate mai sus Dilataţia celulei 
cristaline sau creşterea parametrilor de reţea 
duce la micşorarea corespunzătoare a volu
mului porilor catalizatorilor şi implicit a 
parametrilor caracteristici, adică a suprafeţei 
specifice. Această concluzie este valabilă 
în condiţiile în care prevalează microporii 
(5—300 Â) pe lîngă numărul total constant 
al porilor din probă (cazul cînd nu apar pori 
suplimentari).
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în  cazul macroporilor (300—75 000 Â) o dilataţie a celulei cristaline poate 
duce la o transformare a macroporilor în micropori şi deci la scăderea volumului 
total al porilor şi concomitent la o creştere a suprafeţei specifice

Suprafaţa specifică a modificaţiilor yjAla0 3 şi y'Al20 3 este mult mai mare 
decît pentru aCe02.

în  felul acesta, rezultatele obţinute de noi pun în evidenţă o transformare 
a macroporilor.- în micropori pentru setul de probe ,cu glicol la, cald în intervalul 
de concentraţie de Ce02 cuprins între 0 şi 10% aCe02

Pentru setul de probe cu glicol la rece, cu concentraţule între 10 şi 20% 
aCeCh, apare o creştere a parametrului de reţea pentru modificaţia, 7)А12Оз de 
la 7,69 Â' la 8,16 Â şi o scădere a parametrului pentru aCeO, de la" 5,41 A la 
4,67 Â. Luînd în considerare valorile suprafeţei specifice de aproximativ 170 m2/g 
pentru y]A120 3 şi 50 ma/g pentru Ce02, în ansamblu rezultă o creştere a 
parametrului de reţea însoţită de o micşorare a volumului porilor şi a suprafeţei 
specifice. în tre  concentraţiile de 20% şi 30% se obţine o scădere a parametrului 
reticular pentru modificaţia v)Al20 3 de la 8,16 Á la 7,68 Â şi o creştere de para
metru pentru «CeOa de la 4,67 A la 5,38 A. Rămîne însă preponderentă variaţia 
reţelei pentru A120 3. Astfel, prin contracţia reţelei se obţine o creştere a volumu
lui porilor şi implicit a suprafeţei specifice

Pentru setul de probe cu glicol la cald, cu concentraţiile dintre 10 şi 20% 
Ce02, se obţine o scădere a parametrului reticular pentru modificaţia 7)Al2Oa 
de la 8,132 A la 7,887 A şi a volumului celulei tetragonale a modificaţiei yAl„03 
de la 33,2 A3 la 32,2 A3, urmată de o creştere accentuată a parametrului pentru 
aCe02 de la 4,20 A la 5,495 A Cu toate că valoarea suprafeţei specifice pentru 
aCe02 este mai mică decît pentru modificaţiilc tj şi y '  ale aluminei, în  variaţia 
rezultantă a suprafeţei specifice contribuţia cea mai mare o aduce aCe02 Prin 
urmare, se obţine o scădere a suprafeţei specifice şi a volumului porilor

I,a concentraţiile cuprinse între 20 şi 30% de Ce02, parametrul reticular 
pentru 7)A120 3 creşte de la valoarea 7,887 A la 8,058 A iar pentru aCe02 scade 
de la valoarea 5,49 la 5,36 A, iar volumul celulei modificaţiei y'Al20 3 de la 
32,2 A3 la 24,6 A3 Scăderea valorilor pentru aCeO, şi y'Al20 3 compensează creş
terea parametrului pentru A120 3 şi, deci, suprafaţa specifică şi volumul porilor 
cresc. Astfel se poate afirma că probele studiate constau dintr-un amestec mecanic 
de faze din modificări cristaline de vjAl,03; y'Al20 3 şi aCe02. în  plus, parametrii 
reticulari ai modificărilor 7) şi y' alumină se schimbă foarte mult în funcţie de con
centraţia de aCe02, obţinîndu-se anomalii în dependenţă de concentraţie. De ase
menea tratamentul termic cu glicol are o mare influenţă, după cum se poate 
constata din compararea datelor pentru cele două seni de probe studiate

Corelarea datelor structurale cu cele catalitice a permis interpretarea în 
mod unitar a datelor de suprafaţă specifică şi a distribuţiei porilor în cataliza
torii studiaţi

: a i

(Intrat in redatfu ia 2f*bruar%§ 197SJ
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STUDIUL, STRUCTURAU AU UNOR CATAUIZATORl DECe02 PE  SUPORT
DE AUUMINÄ

IULIU POP, VASELE CRIŞAN, NICOLAE DULĂMIŢĂ, LIA OLARU şi COftNELlA PETHUŢlti

1. Introducere. Aluminele promotate cu bioxid de ceriu, sau cu oxizi ai 
altor elemente de tranziţie, prezintă o serie de proprietăţi catalitice, ceea ce le 
conferă posibilitatea de aplicare în diverse procese tehnologice din industria 
chimică şi petrochimică.

Unele schimbări în structura şi însuşirile catalitice ale aluminelor obţinute 
pnn calcmarea hidroxidului de aluminiu şi promotate cu bioxid de ceriu depind 
esenţial de condiţiile în care s-a obţinut şi tratat termic hidroxidul de aluminiu. 
Astfel aluminele sínt parţial sau total deshidratate, aşa cum s-a mai arătat 
anterior [1, 2]

Prin driracţie de raze X s-au identificat toate modificările structurale 
survenite în oxizii de aluminiu promotaţi cu Ce02

Datele structurale obţinute au fost corelate cu parametrul catalitic deter
minat, respectiv cu valorile suprafeţei specifice

2. Prepararea probelor. Aluminele s-au obţinut prin calcinarea hidro- 
xizilor de aluminiu la diverse temperaturi Pentru obţinerea probelor, supuse 
studiului, s-a disolvat azotat de aluminiu şi azotat de ceriu în apă încălzită la 
328—333 K. Hidroxidul de aluminiu şi hidroxidul de ceriu s-au precipitat în 
prezenţa carbonatului de amoniu S-au preparat două seturi de probe, notate 
cu A şi respectiv cu Б.

Setul A de probe s-a obţinut prm uscare la 373 К  şi calcinare în curent de 
aer cald. Setul B de probe a fost îmbătrînit lăsîndu-se timp de 20 ore în soluţia 
în care s-au precipitat hidroxizii de aluminiu şi de ceriu. După îmbătrînire, pro
bele au fost supuse unui tratament similar ca şi setul de probe A, rezultînd în 
felul acesta probe cu concentraţii diferite de Ce02, în funcţie de cantitatea de 
azotat de ceriu utilizată Din ambele seturi s-au preparat cîte patru probe avînd 
concentraţiile 2, 4, 6, 8% Ce02.

3. Tehnica experimentală. Studiul structural al probelor catalitice inves
tigate s-a făcut prm metoda Debye-Scherrer, folosind o instalaţie tip TUR— 
M62 cu radiaţia Ka. a unui anod de cupru, avînd lungimea de undă X =  1,5418 
Â, trecută pnn filtru de nichel. Indexarea roentgenogramelor s-a făcut prin 
metoda analitică, reuşindu-se identificarea tuturor liniilor detectate.

Suprafaţa specifică a catalizatorului s-a determinat cu ajutorul unei insta
laţii BET.

4 Rezultate experimentale şi discuţii. Din tabloul de difracţie al razelor 
X se desprinde un fapt esenţial şi anume, că modul de preparare al probelor 
influenţează asupra spectrului de raze X şi implicit asupra structurii probelor. 
Astfel, spectrul de difracţie pentru setul A de probe prezintă un număr mai redus 
de linii faţă de setul B de probe. Prin urmare, tratamentul de îmbătrînire la
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care a fost supus setul B de probe a determinat o scădere a vitezei de cristalizate 
şi prin aceasta un grad mai ridicat de cristalizare. Aşa se poate explica prezenţa 
numărului mai mare de linii apărute pe roentgenogramele setului B de probe. 
Pentru comparaţie, la proba cu concentraţia de 2% Ce02 în setul A de probe 
au putut fi citite pe roentgenogramă 9 linii, în timp ce în setul B de probe 21 
linii.

Datele roentgenografice pentru setul A de probe sínt sintetizate în tabe
lele 1—4, în care sínt prezentate intensităţile absolute ale liniilor de difracţie,

Tabel 7
2% CeO,

Nr Int d[A°] (hkl)
A12Os

(hkl)
(CeO,)

1 1 2 4964 2 2 1
2 1 2 4187 3 1 0
3 s 2.1434 2 2 2
4 m 1 8864 4 0 0
5 in 1 8265 4 1 0
6 s 1 6285 3 1 1
7 m 1 4780 5 1 0
8 s 1 3238 4 4 0
9 s 1 2251 4 2 0

Tabel 2
4% CeO,

Nr Int 96%A1,0,
d[A °]

(hkl)
A1,03

(hkl)
(CeO,)

1 s 2 4589 3 0 0
2 s 2.0213 2 2 0
3 i 1.8613 4 0 0
4 1 1 8264 3 1 0
5 in 1 6285 4 2 0
6 s 1 4780 4 3 0
7 s 1 3400 4 1 1
8 s 1 1732 6 2 0

a (A) 7401 5 702
a (A) 7 52 5 44

Tabel 3
6% CeO,

Nr. Int d 0[A°] (hkl) 
Al,O,

'(ЬЫ)
CeO,

1 s 2 4619 3 0 0
2 s 2 1484 2 2 2
3 m 2 0600 3 2 0
4 m 1 8471 3 0 0
5 i 1 8264 4 0 0
6 i 1 8280 3 1 1
7 m 1 6180 4 2 1
8 fs 1 5212 4 1 0

-9 fs 1 4822 4 3 0
10 -fs 1 4662 4 3 1
11 s 1 3111 4 4 4
12 s 1 2749 4 2 2
13 m 1 1685 5 2 0
14 s 1 1066 5 2 1

a(A) 7 4028 6 0823

Tabel 4
8% CeO,

Nr Int. d„[A°] (hkl)
A130 3

[hkl]
CeO,

1 fs 2 9228 2 0 0
2 fs 2 594 2 1 0
3 1 2 2777 2 2 2
4 1 2 2240 3 2 1
5 m 1.9914 4 0 0
6 fs 1 8824 4 1 1
7 fb 1.7996 3 1 0
8 Ш 1 3975 4 4 0
9 m 1 2940 3 3 1

10 m 1 2186 4 2 2
11 s 1.0353 6 3 2

a (A) 7 943 5 74

i s foarte slab, s — slab, m — mediu,marcate prin simbolurile de prescurtare 
i — intens în  tabele mai sínt date distanţele interplanare, indicii Miller şi 
valorile parametrului reticular în  aceeaşi manieră sínt redate şi datele pentru 
setul B de probe în tabelele 5—8.
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Tabel 5

2% CeO,

Nr Int. doCA1-] hkl
Ala0 3

hkl
CeO,

1 s 3 5060 2 1 0
2 s 3.1550 2 1 1
3 s 2 8600 2 0 0
4 1 2 5684 3 0 0 2 1 0
5 s 2 4164 3 1 0
6 m 2 1294 . 3 2 0
7 Щ 1 9496 4 0 0
8 ra 1 7936 3 1 0
9 m 1 6500 3 3 2 3 1 1

10 m 1 6129 2 2 2
11 fs 1 4209 4 3 2
12 Ш 1 3827 4 0 0 3 3 0
13 m 1 3351 4 4 1
14 fs 1 2941 5 3 1 3 3 1
15 s 1.2700 6 1 0
16 fs 1 2559 6 1 1
17 fs 1 2027 6 2 1 3 3 2
18 fs 1.1454 6 3 0 4 2 2
19 s 1 1371 6 3 1
20 s 1 0703 7 1 1
21 s 1 0310 7 2 1

a (A) 7 76 5 69

Tabel 7
6% CeOa

№ Int. a, [a  •]
hkl

AloOj
hkl

CeO,

1 s 3.5262 1 1 1
2 fs 2 9297 2 0 0
3 fs 2 8387 2 2 0
4 1 2 7007 3 0 0
5 1 2 6295 2 1 0
6 m 2 5628 3 1 0
7 m 2 3064 2 2 2
8 s 2 160 3 2 1
9 s 2 0910 2 2 0

10 s 2 0660 4 0 0
11 s 1 8050 4 2 0 3 1 1
12 3 1 7522 4 2 1
13 m 1 5768 4 3 1

- 14 s 1 4900 5 2 1
15 s 1 4848 4 4 0 4 1 1
16 m 1 323S 4 2 0

- a(A) . 8 03 - 5 89

Tabel 6
4% CeÖ,

Nr lut. a .[A e] hkl 
Al,O,

hkl
CeO,

1 s 3 4502 2 1 0
2 1 2.5862 3 0 0 2 1 0
3 1 2 4183 3 1 0
4 m 2.1926 2 2 2
5 m 2.1430 3 2 0
6 fs 1.9087 2 2 0
7 fs 1.7083 4 0 0
8 sd 1 4823 4 2 0 3 1 1
9 sd 1 4139 5 1 1

10 ts 1 3916 5 2 0
11 ts 1 3528 5 2 1
12 sd 1 3528 4 4 0
13 m 1 2353 4 2 1

a(A 7 64 5 68

Tabel 8
8% CeO,

Nr Int d0[A°] hkl 
Al,O,

hkl
CeO,

1 s 2 7158 3 0 0
2 ts 2 6534 2 0 0
3 1 2 4569 3 1 1
4 I 2 4262 2 1 0
5 1 2 2452 3 2 0 2-1 1
o fs 2 0870 3 2 1
7 s 2 0423 4 0 0
8 fs 1 9914 4 1 0
9 s 1 7494 3 3 2

10 s 1 7004 3 1 0
11 m 1 5124 4 3 2 3 2 0
12 ts 1 4992 4 4 0 3 2 1
13 fs 1 4143 4 3 3
14 m 1 3711 5 3 1

a (A) 8 178 5 43



3 6 Í POP, V. CRJŞAN, N DULÂMIŢA, b. OLARU, C PETRUŢIU

Din tabele se poate constata că în ambele seturi de probe s-a identificat 
existenţa unui amestec mecanic de două faze : faza y]A120 3 şi aCe02, ceea ce 
justifică denumirea catalizatorului de bioxid de ceriu pe suport de alumină. 
Se vede de asemenea că valorile parametrilor reticulari pentru cele două faze 
se modifică în funcţie de conţinutul de Ce02. Da concentraţii mici influenţa 
adaosului de Ce02 se reduce numai la variaţii ale parametrilor reticulari, în timp 
ce la concentraţii mari, pe lîngă acest efect, mai apare alături de modificaţia 
7]A120 3 şi modificaţia y’ADOg sub influenţa unor tratamente diferite, cum este 
cel cu glicol la cald.

Apariţia fazelor y]A120 3 şi aCe02 se explică prin diferenţe foarte mari între 
razele ionice, aluminiul avînd raza ionică de 0,57 Â iar ceriul de 1,08 Â Avînd 
raza mai mare, ionul de ceriu nu poate ocupa poziţiile tetrăedrice vacante din 
reţeaua spinelului t)A120 3, şi nici nu poate substitui ionul de aluminiu din reţea 
pentru formarea unui compus sau a unei soluţii solide.

Variaţiile observate în valorile parametrilor reticulari pentru cele două 
faze, în funcţie de conţinutul de Ce02, pot fi totuşi corelate într-un anume mod.

Reprezentînd grafic dependenţa parametrului reticular pentru t)A120 3 de 
concentraţia Ce02, aşa cum este redat în figurile 1 şi 2, se vede că aliura curbelor 
pentru cele două seturi de probe A şi B este asemănătoare.

F i g .  3.

Dependenţa parametrului reticular pen
tru y]A120 3 prezintă un minim la concentraţia 
de 4% Ce02, în timp ce pentru aCe02 are un 
maxim la concentraţia de 6% Ce02.

Dependenţa valorilor suprafeţei specifice 
pentru setul A de probe, redată în figura 3, 
în funcţie de concentraţia de Ce02, este în bună 
concordanţă cu dependenţa parametrului reti
cular de concentraţia de Ce02 prezentată mai 
sus. Această concordanţă duce la concluzia 
că suprafaţa specifică şi parametrul reticular 
al modificaţiei K]AlaOa se pot corela prin con
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centraţia oxidului elementului de tranziţie. Contracţia reţelei cristaline în 
domeniul concentraţiilor 2—6j/0 Ce02 concordă cu creşterea suprafeţei speci
fice a catalizatorului, Da 6% Ce02 parametrul reticular al y)A120 3 prezintă un 
minim, în timp ce suprafaţa specifică prezintă un maxim. Dilatarea reţelei 
cristaline pentru î]A120 3 implică o micşorare a suprafeţei specifice a ca
talizatorului.

Prin urmare, introducerea bioxidului de ceriu în alumină îi imprimă acesteia 
proprietăţi catalitice remarcabile, fără a produce modificări structurale radi
cale, efectul concentraţiei repercutîndu-se asupra valorii suprafeţei specifice a 
catalizatorului.

(Intrat in redacţie la 4 februarie 1978)
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STRUCTURAL PROPERTIES OF ALUMINA PROMOTED WITH СеОг
(Summary)

The structure properties of aluminium oxides promoted with Ce02 m low concentration, are 
sensitive to the preparation method and C e02 concentration
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CONTRIBUŢII UA STUDIUL PROPRIETĂŢILOR MAGNETICE ŞI 
TERMICE ALE SISTEMULUI 50% Cr,O3-5 0 %  Sn02 (ECHIMOLAR)

Л. NËDA, M. МЛТПЕ şl O. POP

Introducere. Proprietăţile magnetice, electrice şi termice ale sistemului 
Cr20 3—Sn02 au fost studiate detaliat în lucrările [1, 2, 3, 4] Din punct de 
vedere magnetic s-a precizat că, în cazul compusului Cr20 3, în afară de anomalia 
corespunzătoare temperatul ii de tranziţie ordine-dezordine, situată în apropie
rea temperaturii de 314 K, susceptibilitatea magnetică mai depinde anomal de 
temperatură pînă la aproximativ 600 K La temperaturi mai înalte comportai ea 
magnetică corespunde unei stăii paramagnetice normale Măsurătorile privind 
dependenţa de temperatură a coeficientului dc difuzivitate termică, în cazul 
fiecărui compus al sistemului x(Cr20 3) -f (1—x)(Sn02) (pentru x Ф 0) au pus 
în evidenţă o comportare anomală în iurul temperaturii de tranziţie semnalate 
mai sus. La temperatura amintită panta curbei de variaţie a coeficientului de 
difuzivitate termică în funcţie de temperatură suferă o schimbare pronunţată 
[3, 4]. în  cazul probei de Cr20 3, care este antiferomagnetic, peste temperatura 
Neel (314 K), dependenţa coeficientului de difuzivitate termică de temperatură 
este anomală, prezentînd minime şi maxime, fapt ce arată că nu s-a stabilit încă 
o fază paramagnetică normală Corelînd această constatare cu cea referitoare 
la dependenţa anomală a susceptibilităţii magnetice, s-a tras concluzia că ordinea 
la distanţă a fost distrusă la temperatura Néel, dar ordinea apropiată se mai 
menţine încă pînă la 600 К  Acest rezultat este în bun acord cu datele i dative 
la dependenţa de cîmp a susceptibilităţii magnetice [5].

Studiind proprietăţile termice (coeficient de difuzivitate termică şi căldură 
specifică) ale sistemului x(Cr20 3) -}- (1— x) Sn02 (0<ж<1),  pentru x = 0,5 
s-a obţinut o dependenţă singulară în funcţie de temperatură

Coeficientul de difuzivitate termică a fost determinat pnn metoda impulsu
lui de căldură [6], iar căldura specifică cu un calorimetru adiabatic [7]

Rezultate experimentale şi discuţii. Pentru proba 50% Cr20 3 +  50% Sn02 
variaţia coeficientului de difuzivitate termică (curba a) şi a căldurii specifice 
(curba b) cu temperatura este prezentată în figura 1 Urmărind variaţia în funcţie 
de temperatură a coeficientului de difuzivitate termică, se poate constata că în 
intervalul de temperatură 180—205 К  apare un minim şi un maxim local. Peste 
temperatura de 210 К  variaţia coeficientului de difuzivitate termică este ase
mănătoare cu cea a oxidului Cr20 3 [4] Aproximativ pînă la 310 K, temperatură 
foarte apropiată de temperatura critică Néel, coeficientul de difuzivitate termică 
scade monoton, iar peste această temperatură prezintă o dependenţă anomală 
cu minime şi maxime

în  lucrările [3, 4] s-a demonstrat că în sistemul Cr20 3—Sn02 conducţia 
termică este pur fononică, iar schimbarea pantei de variaţie a coeficientului 
de difuzivitate termică este cauzată de modul diferit de împrăştieie al puită- 
torilor energiei termice pe magnoni, în starea magnetic ordonată faţă de cea
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dezordonată. In felul acesta se poate trage concluzia că anomalia semnalată la 
temperatura de 310 K, apare datorită tranziţiei de fază magnetică

Comparînd variaţia cu temperatura a căldurii specifice şi a coeficientului 
de difuzivitate termică, se constată că temperatura la care apare saltul (picul) 
în căldura specifică coincide cu temperatura (cca 180 K) la care apare minimul

semnalat al coeficientului de difuzivitate termică Aceste comportări denotă 
o tranziţie de fază la această temperatură, saltul căldurii specifice fiind caracteris
tic unei tranziţii de fază de speţa a Il-a

în  condiţiile noastre de preparare a probelor şi la raportul echimolar de 
amestecare există posibilitatea apariţiei combinaţiei chimice Cr2Sn20 7 [8] Dacă 
randamentul reacţiei ar fi ideal, proba ar conţine un amestec mecanic de 50% 
mol. Cr20 3 şi 50% mol. Cr2Sn20 7 într-adevăr, din măsurători electrice şi ter
mice [2, 3] rezultă că domeniul soluţiilor solide este foarte îngust, astfel soluţia 
solidă pe bază de Cr20 3 se limitează la cca 1% molar de Sn02, iar cea pe bază 
de SnOa la aproximativ 2% molar Cr20 3 în  restul domeniului de concentraţie 
există numai amestec mecanic de două faze.

Oxidul Cr20 3 este antiferomagnetic, avînd momentele magnetice compen
sate. Valoarea momentului magnetic pentru Cr3+, determinat prin măsurători 
de susceptibilitate magnetică, este de 3,84 foarte apropiată de valoarea teore
tică (3,872 pB).

în  lucrarea [2] se afirmă că odată cu introducerea Sn02 în Cr20 3 pe lîngă 
ionii de Cr3* apar şi ionii Cr4+. Astfel, este posibil ca în compusul Cr2Sn20 7 momen
tele magnetice să fie necompensate. în  favoarea acestei afirmaţii se poate cita 
lucrarea [9], în care se arată că în proba avînd concentraţia de 50% mol. va
loarea momentului magnetic este intermediară, (3,66 jj.b ) ,  între valorile teoretice
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obţinute pentru Cr3+ (3,8 \lb) şi Cr4+ (2,88 \iB). Această constatare atestă prezenţa 
ionilor Cr4+.

Presupunînd că în timpul preparării probei are loc reacţia
2(Cr20 3) +  2(Sn02) =  Cr2Sn20 7 +  Cr20 8 (1)

şi luînd în considerare că pentru momentul magnetic al probei s-a obţinut va
loarea de 3,66 [9], se poate calcula valoarea momentului magnetic pentru
Cr2Sn20 7, cu relaţia

mcxP =  V/1 ' m\ + Л  ' ml  (2)
în care : f x şi / 2 reprezintă fracţiile molare pentru Cr20 3 şi Cr2Sn20 7 {f1 — / 2 =  
=; 0,5), în amestecul rezultat, тг şi m2 valorile medii ale momentelor magnetice 
pentru un ion de Cr în Cr20 3, respectiv Cr2Sn20 7 Utilizînd această formulă, se 
obţine m2 =  3,15 y.B. Pe baza acestei valori s-au determinat fracţiile molare 
ale ionilor Cr34- (/() şi Cr4+ ( /2) în amestecul de concentraţie 50% folosind relaţia

m2 =  V />гсг3+ +/'z « 4 4+. (3)
unde: tnCr*+ şi mCr*+ reprezintă momentul magnetic pentru un ion Cr3 + 
(3,8 jab), respectiv Cr4+ (2,88 pB). Calculate astfel, pentru fracţiile molare se obţin 
valorile f [  — 65,8%, respectiv 34,2%.

în  această idee considerăm că tranziţia de fază semnalată în jurul tempera
turii de 180 K este o tranziţie de fază din starea ferimagnetică în cea paramagne- 
tică pentru Cr2Sn20 7. ‘ Utilizînd datete experimentale refeiitoare la coeficientul 
de difuzivitate termică şi căldură specifică, respectiv densitate, s-a determinat 
valoarea coeficientului de conductibilitate termică cu relaţia

X =  C ■ a • p, (4)

unde C — reprezintă căldura specifică, a — coeficientul de difuzivitate termică, 
iar p—densitatea Variaţia coeficientului de conductibilitate termică în funcţie de 
temperatură este dată în figura 2. Se constată că această mărime în vecinătatea 
temperaturii de 184 K are o valoare minimă. Comportări asemănătoare au mai fost

observate în cazul oxizilor fenmagne- 
tici, la temperatura ordonăm magnetice, 
de către autorii lucrărilor [10, 11]. Ace
astă constatare vine în sprijinul ipotezei 
noastre.

Urmărind figura 1 se poate cons
tata că, peste temperatura de 200 K, 
variaţia coeficientului de difuzivitate 
termică este asemănătoare cu cea obţi
nută pentru Cr20 3 [4]. în  felul acesta, 
presupunem că în cazul probei cu con
centraţia 50% avem un amestec mecanic 
de compoziţie stabilită cu relaţia (1) şi 

2 50 TW deci apar două tranziţii magnetice Ua 
temperatura de 180 К  apare tranziţiaVig. 2.
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de fază din starea ferimagnetică în cea paramagnetică pentru compusul 
Cr2Sn20 7, iar în apropierea temperaturii de 314 K, din starea antiferomag- 
netică în cea paramagnetică pentru Cr20 3

Concluzii. Din studiul dependenţei de temperatură a coeficientului de 
difuzivitate termică, a căldurii specifice şi a coeficientului de conductibilitate 
termică pentru proba avînd concentraţia 0,5 Cr20 3 +  0,5 Sn02, rezultă două 
temperaturi de transformare magnetică (180 K, respectiv 310 K). Considerînd 
că acest compus este un amestec mecanic format din Cr2Sn20 7 şi Cr20 3, s-a arătat 
că temperatura de 180 К  corespunde tranziţiei din starea ferimganetică în cea 
paramagnetică pentru Cr2Sn20 7, iar temperatura de 310 К  tranziţiei din starea 
antiferomagnetică în cea paramagnetică pentru Cr20 3

(Intrat tn redacţie la 2 februarie 197S)
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ON MAGNETIC AND THERMAL PROPERTIES OF 50% Cr3O3-50% SnO 3 COMPOUNDS

(Summary)

The temperature dependence of thermal diffusivity, thermal conductivity, and specific heat 
for sample 50% Crs0 3 +  50% SnOa were investigated Two critical temperatures were obtained 
(180 К  and 310 K). Supposing that the investigated compound represents a two-phaslc mixture 
formed from Cr,SnaO, and Cra0 3, it is pointed out that 180 К  corresponds to femmagnetlc-para- 
magnetic transition, for CraSnaO,, 310 К  being the Néel temperature of Cr30 3
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THE DOPING OF Na Cl—TYPE SINGEE CRYSTALS 
WITH PARAMAGNETIC IONS

AL. DARABONT, P. FITO RI aDd AL. NICULA

Introduction. The growth of NaCl-type single crystals with iron group 
paramagnetic ions presents a special interest in the studies of the paramagnetic 
ion-vacancy associations by the magnetic resonance absorption method, and 
m the problem of the elucidation of the mechanism and the parameters of the 
intrinsic conductivity.

There are many papers about the iron group paramagnetic ions doped 
in alkali halide single crystals Some of them are still intended to elucidate the 
growth mechanism of these crystals with paramagnetic ions

The present work deals with the growth of the NaCl single crystals with 
Mn2 + —, Ee3+—, Cu2+ — and Ni2+ — ions, as paramagnetic impurities, using 
the following methods crystal growth from solution by evaporation procedure, 
fiom melt by the Czochralski-Kyropoulos technique, zone melting technique 
and impurification by diffusion These methods used by us are described, in the 
special reference materials and to enumerate all of them would not be practically 
possible here. We are guided by the works [1,2,3,4,5, ]. The existence and the 
valency of the paramagnetic ions in the samples were controlled by the E P R — 
method and chemical analysis The EPR measurements were carried out by 
means of an ESR —spectrometer of JE S —3B type in X —band

Experimental results. 1 NaCl • Mn2+ system • To obtain this system we 
have used the same growth procedures which were described in the papers [6,7,8,9] 
and we have also observed that the E P R —spectrum of the Mn2 + ion was not 
resolved completely when the crystal was not annealed, a fact we have met in 
the papers [8,10,11,12]. Mn2+ ions agglomerate at the crystal defects and for 
this reason the spectrum remains unresolved The elimination of the agglomerates 
and the resolution of the resonance spectrum can be done by annealing the crys
tals, that is a heating up to 400—500°C and a subsequently cooling to the room 
or liquid nitrogen temperature But the resolution of the spectrum disappears 
m time because of the reformed Mn2+ ion agglomerations at the lattice defects 
This reformation process takes place — at room temperature — m a couple of 
days

To increase the stabilba of the Mn2+ ions diffused m the lattice we have 
introduced these ions simultaneously with the Fe3+ ions The paramagnetic re
sonance spectrum of the Mn2+ and Fe3+ ions doped simultaneously in NaCl single 
crystal shows a broad line with a factor g =  2,009 ±  0,007 due to the agglomera
tion which contains Fe3+ and the resolved spectrum of the Mn2 + ion superimposed 
on it [13], these ions are in substitutional positions of the cubic symmetry [13]. 
The Mn2+ and Fe3+ ions were doped in NaCl single crystals by diffusion at 360— 
—400°C

2. NaCl Fe3+ system In connection with the growth of the alkali halide 
single crystals with iron impurities there are indications in [6,9, 21] In these
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papers it is also analysed the EPR absorption Andrews and Kim [14] give a 
resonance spectrum for Fe3 + in NaF obtained by X-ray irradiation of the crystal. 
They do not indicate the crystal growth and doping procedures

We have proposed to study the impurification procedure of NaCI with 
Fe3+ and then to identify by the paramagnetic resonance method The tests 
used to obtain single crystals of NaCI with Fe3 + by crystal growth from solution 
by evaporation procedure or from melt by the Czochralski-Kyropoulos technique 
m argon atmosphere were not successful We consider that m the first case the 
iron ion is absent from the samples but in the second case, if it is present, it is 
m the Fe2+ state due to the decomposition of the FeCl, (440°C) To avoid the 
decomposition of the FeCl3 we have resorted to the impurification by low tempe
rature diffusion method (301—360°C) for 3—4 months For this we have used 
little pure NaCI single crystals and FeCl3 purified by repeated sublimations 
which were closed together in a quartz tube at a vacuum about 10~5 mmHg 
Besides the diffusion method we have tried the growth of the crystals in chlorine 
atmosphere by zone melting technique From these crystals we kept homoge
neous crystals about 5 x 5 x 8  mm3 The crystals obtained by both methods 
had a light yellow-brown colour These crystals give a paramagnetic resonance 
spectrum at room temperature and at the liquid nitrogen temperature too, which 
consists of a broad line without the fine structure with factor g =  2 007 ±  
±0.006 and 114 ±  6G hnewidth due to the Fe3+ agglomeration at the lattice 
defects. The chemically determined iron concentration is about 0 017% in weight 
for crystals impurified by diffusion.

NaCI Cu2+ system To obtain this system we tried the Czochralski — 
Kyropoulos technique in argon atmosphere adding anhydrous CuCl2 to the melt 
The crystals obtained in this way have not presented paramagnetic resonance 
spectrum we consider that the copper is present in the sample in Cu+ state 
as CuCl2 decomposes to CuCl and Cl2 In order to avoid this we have resorted 
again to the zone melting giowth in chlorine atmosphere The crystals obtained 
in this way present a light yellow colour The average copper concentration in
dicated by the chemical analysis was about 0 05 % in weight These crystals give 
paramagnetic resonance spectrum at room temperature as well as at the liquid 
nitrogen temperature only after their annealing The annealed samples present 
a paramagnetic centre with tetragonal symmetry having its symmetry axis paral
lel to the cube edge ([100] direction) The g — values determined from the line 
positions a r e . gjj =  2.298 ±  0.004 (for the centres with symmetry axes parallel 
to the applied magnetic field) and gj_ =  2 058 ±  0 004 (for the centres with sym
metry axes perpendicular to the applied magnetic field) The complete paramag
netic resonance study of this system constitutes the subject of papers [15,16] 
The isolated Cu2+ ions produced by X — rays or Co — y-rays were studied in 
single crystals of NaCI by B o r c h e r t s  et al [17], in single crystal of 1дС1 
by Pilarow and Stevenson [18]. A b c  et al [6] studied the EPR spectrum 
of copper m polycrystalhne NaCI

NaCI N iz+ system For this system we have used the same technique as 
for the NaCl'Cu3+ system The Czochralski-Kyropoulos technique was unsucces
sful as the NiCl2 has been separated from the crystal during the growth or the 
nickel was present m a monovalent state m the NaCI Positive results were ob
tained in this case also by the zone melting technique m chlorine atmosphere
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working with NaCl and anhydrous NiCl2 mixture The crystals obtained in this 
way were coloured in yellow-violet. The violet colour was accentuated by the 
annealing of the crystals at 550 °C. The chemical analysis indicates an average 
concentration in nickel about 0 08 % in weight The paramagnetic resonance 
spectrum we have got at 77 °K for this system gave a single line with 120 ±  60  
width and has a factor g =  2 245 ±  0 006 The crystals did not present a para
magnetic resonance spectrum at room, temperature even if they were annealed 
All our measurements were carried out m 500—10 500 G range. In this range we 
have not observed other lines for Ni2+, as it was indicated in [19] which studied 
the EPR of Ni2+ ions m AgBr. Other EPR studies are found for Ni2+ ion doped 
in alkali halides in papers [6,9,20]

Conclusions.
1. All the methods used by us m order to obtain impurified NaCl single 

crystals : crystal growth from the solution, form the melt, zone melting, impuri
fication by diffusion give positive results for Mn2+ ions.

2. In the case of the Fe3 + only the slow diffusion for 3 —4 months and the 
zone melting technique in chlorine atmosphere give positive results.

3 For the Cu2+ and Ni2+ only the zone melting technique in chlorine at
mosphere was successful The diffusion method was not tried for Cu2+ and 
Ni2+ cases

Our second and third observation confirm that Fe3+, Cu2+, Ni2+ states of 
the added impurity ions are promoted by the presence of the chlorine atmos
phere. The fact that the valency of the impurity ions depend critically on the 
chlorine pressure surrounding the crystal it is easy to understand if we apply the 
mass action principles for the chemical equation •

2MC12 45 2MC1 +  Cl,

where M stands for the metal m question. I t  follows that a high external chlorine 
pressure will favour the oxidation of the metal to the oxidized state from the 
l educed state This fact has been also observed in the case of silver halides and 
other metal oxides [3]

(Received Februaiy 4, 1978)
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DOPAREA MONOCRISTALELOR DE TIPUL NaCl CU IONI P ARAMA GNBTICI

(Rezumat)

Această lucrare prezintă condiţiile de dopare ale monocristalelor de tipul NaCl cu ioni 
paramagnetici ca Mn*+, l'e3T, Cua+ şi Ni*+ A fost utilizată metoda RES pentru controlul prezen
ţei acestora în cristalul gazdă
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SUPERHYPERFINE INTERACTIONS IN KDP : Cu2+ SINGEE
CRYSTALS

AL. IVICULA, 31. PETEANU and C. IIĂGAN

1. Introduction. As it is known, KH,PO(, (KDP) belongs to the hydrogen- 
bonded ferroelectrics The structural studies performed on KDP single crystals 
and its isomorphs reveal a tetragonal lattice structure at room temperature 
(paraelectric phase), which changes in an orthorombic one below the Curie tem
perature (123°K) The basic units in this structure are the P 0 4 tetrahedra dis
posed in a diamond type lattice, connected by hydrogen bonds of about 2 48 Â

Structural analyses by means of X rays ( W e s t  [1], F r a z e r  and 
P e p i n s k y  [2]) or neutron diffraction ( B a c o n  and P e a s e  [3]) gave 
the KDP lattice unit cell constants m paraelectric phase, as being a = b  =  7 43 Á 
and c =  6.94 Â. The four molecules composing the unit cell are spatially dis
posed in such a manner that each potassium ion is surrounded by eight oxigen 
atoms, distributed in two almost regular tetrahedra (S4 symmetry) having a 
common weight center, occupied by the potassium ion The dimensions of these 
two tetrahedra being different (К—О distances are 2.82 A and 2 89 Â respecti
vely) it results, from a crystallographic point of view, two unequivalent s.tes 
for the potassium atoms [4].

KDP crystals do not exhibit electronic paramagnetism Therefore, para
magnetic centers must be artificially induced by doping these crystals with 
transition elements ions, or by irradiating them with X or gamma rays. Conse
quently we used the ionic impurifying method, by controlled doping of Cn2 + 
paramagnetic ions into the KDP host crystals

2. ESIl spectra of Cu2+impurities in KDP. In order to study the peculiari
ties of the ESR spectra due to Cu2+ ions in the KDP crystal lattice chosen for 
magnetic dilution, we have grown single crystals from an aqueous KDP solution 
containing 5 mol % cupric mtrate, Cu(N03)2 ■ 3H20 The growth was stimulated 
by using phosphoric acid, H3P 0 4 of 20 mol % against KDP The temperature 
of the solution was kept constant to be 25 °C for prevent the ci^stals stressing 
and to assure a uniform growth of them. As result, we obtained platelike, color
less and transparent single crystals of about 2 x 1 x 5  mm

The ESR spectra recorded m paraelectric phase, at room temperature, 
for H//c show the existence of two unequivalent positions of the Cu2+ ions in the 
host lattice, for each one corresponding a four-lines-group m the spectrum. This 
is due to the hyperfme interaction between the 3d electrons and the cooper nuc
lear spin, I =  3/2 The spectra corresponding to these two positions are A and 
В in figure 1 Further, the A spectrum lines are splitted into equidistant compo
nents

By rotating the crystal m the ac (or be) plane, we noticed that more we 
depart from the c axis the spectrum A becomes more complicated, each line being 
splitted in four groups of signals, these indicating the unequivalence of the A 
type positions too. This situation is clearly plotted in the angular dependence of 
figure 2. One can also observe a deviation of the z axis of the paramagnetic center
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F i g  1 ESR  spectrum of KDP Cu2+ crystals recorded for a H | | c direction

from the c axis of the single crystal, the resonance spectia having maximum ot 
their extention m the angular dependence at a position at about 23° against the c 
axis Taking into account the lattice symmetry (tetragonal in paraelectnc phase) 
one can explain the unequivalency of the A type sites by four possible directions 
of their bonds in the crystal lattice [5] The presence of groups of resonance sig
nals, therefore an additional structure of the spectra, proves the existence of 
some interactions which must be taken into account for a complete understan
ding of the spectra O t a n i  and M a k i s h i m a  [5] explained this additional 
splitting by means of the isotopic effect, both Cu83 and Cu05 having I =  3/2, 
and of slight nnsonentation of the crystal.

The isotopic effect appears clearly in our spectra too, but as presented m 
fig. 3 for the H//a (or b) direction, it is visible especially at the bordering lines 
of hyperfine structure, the hyperfine coupling constant values characteristic for 
the two isotopes not differing very much In fact, for the above-mentioned spec
trum, we estimated for the В type centers the values A03 =  135 09 x  10~4 
cm"1 and A85 =  147 5 x 10 1 cm-1 in good agreement with the magnetic 
moment values (in multiples of the nuclear magneton) jr03 =  2 2206 and u85 =  
=  2.3790. We have chosen the В centers spectrum for estimating the hyperfine 
coupling constants of the two isotopes because of their simplicity compared to 
the A type spectra Of course, the isotopic effect is identical m the case of the A 
centers, but cannot explain the additional splitting of the central lines in the 
hyperfine transitions group

Having in view the additional splitting typical for all the hyperfine transi
tions of the four superposed spectra due to the four unequivalent A type sites 
(fig. 1) and the fact that these lines are split in groups of signals almost equidistant 
we are able to explain this structure by means of the superhyperfine interac
tions between the paramagnetic ion and the phosphorous nuclei (I =  1/2) from 
the neighbouring tetrahedra For a H//c position of the crystal, when the four 
directions of the possible partial directions for the A type centers bonds are equi
valent, that is their spectra coincide, remain visible only the hyperfine. structure, 
isotopic effect and the superhyperfine interaction in the spectrum. The borde
ring groups of transitions have more peaks than the central ones because of the 
isotopic effect.
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F î g . 2 Angular dependence of the ESR  signals by rotating the KDP crystal m the resonant 
cavity , the magnetic static field lies in  the (ab) plane.
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The В sites spectra, whose angular dependence is also indicated in fig 2, 
show the occupation of almost uniaxial field sites, the z axis of the paramagnetic 
center being nearly parallel to .the a (or ;b) axis.

The resonance spectra gave us the possibility of evaluating the experimental 
values for the g factors and hyperfme coupling constants. These values are ta 
bulated in Table 1, compared with other experimental values of already published 
papers.

Table 1

Substance g|| . gj. -A-//
(xlO < ‘cm *)

•A-//
(xlO *cm *) (xlO ‘cm t) Ref.

K-DP : Cu

A 2 364 2 080 142 19 -

--i[5]
' В 2 340 2 072

Î : ’ f .
145 20 -

KDP : Cu 2 388 2 060 - 11148 5 - 19' 1 - [6]

Cu[S2P(OC2H6)2]2 2 085 2 025 149 0 (C3Cu) 
160 8 (e3Cu) f 32,5 9 6 3̂ t_1

Cu [SjP (OC2H5) 2 ] 2
‘ l

, 2 081 , 2 024 .146 7 ,; 26; 5 8 5 [8]

KDP Cu

A 2 33261 r 2 0655 129 36' 23 04 8.8
our

В 2 3151, 2 0648; 135.09 '(«Cu) 
147l5 (asCu) 18.11 . - [9]

4  -  Physica — 2/1978
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3. Theory. Taking into account that Cu2+ ions substitute for K + in the 
host lattice, we must consider its effect in rearranging the P 0 3—4 ions in such a 
manner that every Cu2+ ion to be octahedrally surounded by six oxigen atoms 
[6] : four of them almost tetragonally in the (ab) plane, and other two above and 
below the (ab) plane respectively, at the same distance from the K+ ion. The 
ionic radius of Cu2+ being 0 54 times smaller than that of K 4, it tends to take 
an octahedral coordination with six oxigen atoms This would explain the fact 
that ESR spectra show the effects of an axial crystal field of symmetry higher 
than C8.

The features of the resonance spectra which have a strong axial character, 
may be described by using the spin hamiltonian

Tù =  gn$HSz +  g_Lß(Sji/t -f- SvHy) -j- Я/у/Д. +  Л_1_(1Д H- IySy) ( 1 )

The angulai dependence for the ESR transitions characteristic for the 
Cu2+ ions, may be described by

/ív =  g f iH  +  K m  +  S r  |-^ + - g - ) [ / (Z  +  1) -  wi2] +  S  l éJ ^ l Y Í Ú l A í .

■ m2 sin26cos20 4- ~Q 2 sin2 6 cos2 0 m [8w2 +  1—4/ ( / +l ) ]  +

+  sin4 0 m [21(1 +  1) -  2 m2 -  11
2АГ I Kg J (2)

where
g2 =  éTi cos20 +  g‘± sin2 0

K 2g~ = A ]\g)\c°s20 +  sin20
Using the ESR spectra recorded for H // a and H // c, that is the transi

tion field values into equation (2) written for 0 =  0° and 0 =  900 respectively, we 
obtained theoretically the spin hamiltonian constants These values are •

Q =  1.735 X 10-4 cm“ 1

АЦ=  101.56 X IO"4 cm“ 1 (3)

A± =  17.54 X lO“ 4 cm“ 1

The discrepancy between them and those already given in Table 1 is caused by 
the fact that the experimental values are the field separations between the ESR 
central lines of the hyperfine group and would correspond in first approximation 
to the hyperfine coupling constant only if the transitions equidistancy would be 
rigorously respected Because the line separations are gradually increasing we 
had to use theoretically a higher order of approximation

The additional splitting observed in the A type spectra we attribute to 
the superhyperfine interactions of the electron spin with the neighbouring ions



nuclei. The equidistancy between the signals oi such a 
group (fig. 4) supports this statement. Consequently the 
spin hamiltonian will contain the term

3tW =  £  SAnprp (4)
n

corresponding to these interactions In (4) jS is the 
electronic spin 1/2 of Cu2+ ions, A nP is the superhiper- 
ime interaction tensor with the n-th phosphorous 
nucleus, and 1 = 1 / 2  the nuclear spin of this.

I t  is easy to observe from the angular dependence (fig. 2) that the superhy- 
perfine interaction is isotrope, having the coupling constant A =  8.8 X 10_1cm—1.

Our statement regarding these interactions is supported by the similarity 
of our spectra recorded for H//c, when site unequivalents are eliminated, and 
that characteristic for copper diethyl dit iophosphate [7], [8], where Cu-P inter
actions are not doubted. The spin hamiltonian parameters reported in [7] and 
[8] are in good agreement with those obtained by us (Table 1) These arguments 
seem sufficient to us to consider superhyperfine interraction as explaining quite 
well the structure of our spectra.
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F i g . 4 Superhyperfine 
group of lines, showing 
typical characteristics for 

shf interactions.

( Rcceued February 4, 1978)
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INTERACŢIUNI SUPERHIPERFINE ÎN  MONOCRISTALE KDP . Cua+
(Rezumat)

Lucrarea prezintă concluziile obţinute prin RBS în  identificarea diverselor tipuri de poziţii 
neechivalente ocupate de ionii Cu*+ în reţeaua monocnstalelor de KH2POt. Se explică structura 
spectrelor de rezonanţă pe baza interacţiunilor de tip hiperfm, a efectului izotopic şi a interacţiu
nilor superhiperfine cu nucleele 31P.
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THE FERROELECTRIC PHASE TRANSITION IN THE ©3+ ? 4 — MODEL (I)

M. CRIŞAN, D. tJHSCHITZ, AL. AXGHEL

I. Introduction. The theory of the second order phase transitions was 
recently developed by Wilson using the <p4—model. The presence of the 
Ф3—term plays a crucial role in the Landau theory of phase transitions and 
up to now it is not clear what the role of the cubic term is.

A l e x a n d e r  [1] pointed out that the second order phase transition 
is possible in the <ps -f- <p4 model, using the Gmsburg-Landau theory. A more 
sofisticated theory was developed by A l e x a n d e r  and A m i t  [2] for this 
model the main result of this paper being the existence of the ciitical point 
in the first order phase transition. This critical point „seems to be” the isola
ted Landau point which may exist in the first order phase transition. Such 
a problem was treated by L u b e n s k y  and P r i e s t  [3] in connection with 
the phase transitions in the liquid crystals, but the model is also a good one 
for ferroelectrics as SrTi03 [4]. In  these papers as well as in [5] the RNG 
method which was used, pointed out the possibility of the phase transition 
in 4 — e  —dimensions. However there is a point in which all the calculations 
performed in [3—4] fail, namely if the bare interactions V3 respectively U4 
are taken zero the recursion relation and the dimensions are not identical with 
those of the <p3 or <p4 pure models.

We believe, that in 4 -  e  dimensions which are considered by A l e 
x a n d e r  and A m i t  [3] the model is correct for a small value of U3. In 
the language of the perturbation theory Crişan and Anghel [5] used only a 
class of dyagrams (divergent in 4 — e )  to analyse the F 3<p3 +  U'̂ ep* model.

The purpose of this paper is to use the W i l s o n  [7] recursion relation 
method in order to analyse the <p3 -f- <p4—model.

A l e x a n d e r  and A m i t  [3] started this problem using the field theo
retical method given by B î e z i n et al. [6] However it is our intention to 
get correct recurrence relation. More exactly, we look for such recursion rela
tions that if we consider ?J4= 0 we get the recursion relations for cp3—model 
and if U3 =  0 we should obtain the recursion relations for ç4—model

Before we apply the Wilson recursion relation we are going to analyse 
the model in the Ginsburg-Landau theory in section II.

II. The Ginsburg-Landau Theory. The free energy of the F 3<p3 -f 174<p4 
model is

F( cp) =  rep2 +  7 3<p8 +  U4ep4

and in this relation we write down <p as

( 1 )

9 =  Ф +  ф (2)
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Using (1) and (2) we get for ф the value
V,

V = ~ 4 ^ (3)

if the cubic term is eliminated from the free energy. The free energy (1) beco
mes

F( Ф) =  C(VS, UJ -  ^  [2r -  Ф +  [r -  Ф8 +  U4Ф‘ (4)

and the phase transition appears if the ’’effective external field"

Hc!f ==  J W 2 r - - Z L )
4 Ut [ 2 U j

is zero, then
Vs = 0 

— I L
r  ~  4 Ut

(5)

(6.a)

(6.b)

The relation (6.a) will give the usual 0 4-theory and (6 b) describes an ordered 
phase

if
r = rc < 0  (7)

The next case is much more interesting ; indeed if (6 b) is used in (4) we get
ПF (0 ) = C ( F 3, V i ) - j± .< P + U t Ф4 

4 U ,

and this Hamiltonian describes а Ф1—model with the ordered phase if

(8)

I L
4U t <  К I

In this case there is a new critical point defined as

(9)

(10)

for V3 Ф 0 and F 4 Ф 0.
These results present a real interest because m the next chapter we have 

to analyse, by RNG method, the real gaussian point obtained for U3 =  0, 
UI =  0 and the other critical points obtained for U3 ^  0 and t /4 ф 0.

III. The Recursion Relations. The Hamiltonian associated with the free 
energy 11) is

where

H  =  $[} |V 9|(*) 12 +  Q fM
X

<M‘p) =  VP2 +  vi9s +  «i<P4

( H )

( 12)
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The general form of the Wilson [7] recursion relation is

е,+,ы = -2 -т ^ -а-^1
where the integral I t is expressed as

/((0)

4-00

I f {z) =  J e x p ^ -y *  -  1  Q,(z + y ) - ±  Qt(s - y )
—  00

Using (11 — 13) we get the following recursion relations •

r,+I =  4rt + I2q[ul — 36çf u\ — 9 q]v\ — — q\utv\ — — фД

Ui+i - 24~D (щ — 9qtu] — ~  <fiutv? — — q*uj +  • • ■ 
\ 8 8

=  2 ^V i+ 1
135 . . 81 , ,)

q m v i — -  qm  )

(13)

(14)

(15)

(16)

where a, = ----- .
1 + r

These relations are quite general and selfconsistent Indeed if Vt =  0 
we get the usual recursion relations for the c?4 —theory, and if Ut =  0 we get 
the recursion relations

/'i+i =  4rl — 9q,vî (17)

«/+i = 2  2 («z-j-gî?«?) (18)

which are in fact the recursion relations for cpa —theory The fixed point obtained 
from (18) is

in D =  6 — e.

V *
/In 2 U/2 (19)

IV. The Phase Transition. Now we analyse the problem of the existence 
of phase transition in the model described by the Hamiltonian (1). From (14) 
results that in this phase transition we have the condition

3d?
— =  1 
4 и

( 2 0 )

in order to have ?l — r}+1 =  0
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The fixed points of the recurrence relations (15 — 16) are

{ u* =  0 the gaussian fixed point

V* — 0  

u* — 0
' v* =  0,314 +  0,078 e  In 2

u* — 0
V* =  -0 ,314 -  0,078 e  In 2

(23)

u* =  -0 ,276 -  0,007 e  In 2 
V* =  0,286 +  0,061 e  In 2

(24)

u* =  -0 ,276 -  0,007 e  In 2 
V* =  -0 ,286 -  0,061 me In 2

(25)

These fixed points show the existence of the second order phase transi
tion in 4 — e dimensions for the <p3 +  cp4—model.

In the next paper we are going to point out the eigenvalues of KJSTG 
and the critical exponents. However, we can conclude that for some ferroelec- 
trics with a special symmetry where the <p3—term is present, the phase transi
tion can he strongly affected by this interaction. Our self—consistent treatment 
is a good starting point in the problem of the phase transitions m ferroelectrics 
with ç3 -f- o4 interaction

(Received February 6, 1978)
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TRANZIŢIA D E  FAZĂ FEROELECTRICÄ ÎN  M ODELUL ç 8 +  «p1 (I)
(Rezumat)

Se studiază existen ţa  tianziţic i de fază în  m odelul ç 3 -f  <р‘ folosind m etoda grupului de 
renormare. Termenul de interacţiune <ş3 +  <p4 este folosit în descrierea tranziţiilor de fază în feroe- 
lectrici
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EIN E NICHTSTATIONÄRE METHODE FÜR MESSUNG DER 
WÄRMELEITFÄHIGKEIT DER KLEINEN PROBEKÖRPER

FBIEDRICH KELEMEN

Einleitung. Die Äutoren [1] beschreiben eine nichtstationare Methode, 
deren Vorteil es ist, die Möglichkeit direkter Bestimmung der Wärmeleitfähig
keit bei Probekörpern mit kleiner Dimension und mit Wärmeleitfähigkeit 
der Grössenordnung von 10—1 bis 10“ 3 Watt/cmograd zu bieten. Die Funktion, 
die die zeitliche Änderung der Temperatur und die systematischen .Fehler dieser 
Methode beschreibt, wurde theoretisch von [2] geprüft

Die vorerwähnte Methode wird in der physikalischen Literatur oft zitiert 
[3, 4]. Aber sie wurde experimentell nur durch Messungen bei Zimmertempera
tur geprüft. Im allgemein aber ist die Messung der Wärmeleitfähigkeit in einem 
grosseren Temperaturintervall notig. Unsere Studien über Verwendungsmöglich
keiten der vorerwähnten Methode zwischen 100 und 450 К  führten zum Ergeb
nis, dass das experimentelle Verfahren praktischer wird, wenn die Variations
geschwindigkeit der Temperatur ungefähr linear proportmal mit der Zeit ist, 
und nicht so schnell wie bei der [1] bezeichneten Methode., In diesem Fall ist 
die Registrierung der Temperaturvariationen genauer Unser experimentelles 
Verfahren ist neu, und deshalb beschreiben wir dessen Prinzip.

Prinzip der Methode. Der Probekorper wird zwischen zwei Kupferblocke 
gefasst (Abb. l.a.), und der untere Block B2 wird .langsam mit einer konstanten 
Geschwindigkeit gekühlt, z.B. mit Stickstoff dampf en Kurze Zeit nach dem 
Beginn der Kühlung, bildet sich im Probekorper P ein Tempeiaturgefalle 
dTjdx, das sich in der Zeit langsam verändert, und die Temperaturveräderung 
des Blockes Вг wird gerade proportional mit dem Temperaturabfall des Blockes 
B2. Indem man den Warmewiderstand der Kontakte zwischen der Probe P
und den Blocken Bi und B2 dTvernachlässigt, kan man — = 'Л

L
beschreiben,

! 4Ş.1,__J_i
\

(da 
t  d t

!
I o f

b)

A b b .  l.a, und 1 b. Zur Erläuterung des Prinzips 
der Methode.

' dx
wo Tx und T2 die Temperaturen 
an den Enden der Blocke Bx und 
B2 darstellen, und L die Länge 
der Probe P bedeutet.
V ■' Wenn man vom Wärmeü

bergang zwischen Bx und der 
Umgebung abseht und die Wär
mekapazität C der Probe P 
gegenüber Cj, des Blockes B} nicht 
m Betracht gezogen wird, (also 
C<SC0, so kann der Warmestrom, 

„der durch den Querschnitt S der 
Probe P geht, als gleich mit 
der von B, in der Zeiteinheit
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verlorenen Wärmemenge betrachtet werden. In diesem Fall kann man 
beschreiben •

d T x _  T t -  T 2
Ht wHT ’ ( 1 )

wo

Wm (2)

und repräsentiert de Warmewiderstand zwischen den Punkten 1 und 2, auf ge
nommen in Bj und B2 (Abb.l a ) , К,„ ist der Koeffizient fur die erwähnten 
Verhältnisse bestimmten Wärmeleitfähigkeit der Probe P.

In algemeinen aber wachst die Wärmeleitfähigkeit der Kristalle schnell 
mit der Temperaturabfall Im Falle der Proben mit 1—2 cm Bange kann man 
den Wärmewiderstand der Kontakte nicht unbeachtet lassen im Vergleich zum 
Waimewideistand der Probe, das bedeutet, dass die Temperaturen Tx und T2 
von den Temperaturen Ti und Ti der Enden des Probekörpers verschieden 
sind (Abb. 1. a, b) Wenn durch die Kontaktoberflächen Sx und S2 und durch 
den Querschnitt S der Probe derselbe Warmestrom ubergeht (Abb l.b), kann 
man schreiben

d T 1 _ T-L — T t

dt ~  Wo,2 + w + wc,i ’
wo

(3)

wC, 1
Le, 1

K e, 2 • Sj. ’
W,c, 2 Lc'2 w  — L  

Jic, 1  • ’ к .  s
(4 a, b,c)

Die letzteren drei Formeln repräsentieren die Wärmewiderstande der Kontakte 
und der Probe Aus den Gleichungen (1) und (3) folgt

Wm = 2 Wc +  W, (5)
wenn man voiaussetzt, dass We,i -f- Wc,2 =  2Wc. Weil die Blocke Bx und B2 
aus demselben Metall (Kupfer) bereitet sind, kann man schreiben W c,i= W c,2 =  
— W , wenn die Temperatur Tx sich nicht sehr von T2 unterscheidet.

Aus den Gleichungen (2), (4c) und (5) folgt :

K  =  K j \
\

( 6)

Von hier ist ersichtlich, dass der systematische Fehler, der aus dem Wärmewi
derstand Wc der Kontakten stammt, nicht unebbeachtet beliben kann, ausser 
Falle, wenn 2WC nicht hloher ist als ungerfahr 3% der Wc.

Den Wärmewiderstand W c bei einer gegebenen Temperätur kann man 
mit einem Probekörper bestimmen, dessen Wärmeleitfähigkeit bekannt ist. 
Nach [1] kann man eine aus Blei verfertigte Probe benutzen. Aber der Wert 
von Wc, bezogen auf die Oberflächeneinheit, hängt von der Qualität (Glattheit) 
der Kontaktoberfläche ab, und, eventuell, auch von der Eigenschaft der Körper, 
die in Kontakt sind. Den Wärmewiderstand Wc kann man auch so bestimmen,
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dass man die Messiungen an zwei Probekorpern aus demselben Stoffe aber 
verschiedener Länge macht Wenn die Querschnitte der Proben sich nicht auch 
in der Länge verändern, dann kann man nach den Gleichungen (4 a, b, c) 
und (5) für alle Proben schreiben ■

L _  L _ 2  L c
К ~K ~m Kc

(7)

Wenn die Messungen an zwei Proben, mit Langen Li und L2 (eventuell mit glei
chen Querschnitten, Sx =  S2) vorgenommen werden, ist die Wärmeleitfähigkeit

К  = (8)

wo К,„д und Iv„,2 die Werte der Wärmeleitfähigkeit an den zwei Proben nach 
der Gleichung (1) erhalten sind. Ebenfalls aus den Gleichungen (4 a, b, c) 
und (5) folgt, dass der Warmewiderstand der Kontakte von der Gleichung 
gegeben ist :

2Wc =  - 1. Í - J -  -  I ] , oder 2W c =  - 2 • ( ~ ----- - }
Si l^m.l K) S2 V K)

(9a, b)

Wenn die Beidngung C < (£ mcht erfüllt ist, so ist der Temperaturuntci- 
schied (Tx — To) messbar beeinflusst auch von der bei der Probe verlorenen 
Wärmemenge Der Wärmestrom, der von der Kühlung der Probe stammt, ist
dQp _  £  _ d(Ti + тг) j-jjgggg о_дес[ muss man zu der linken Seite der Gleichung
dt 2 dt
(1) oder (3) hinzufügen, damit man den realen Wert des KCT erhallt, also

К m
LC t

5  (Гх -  Гг)
d j\(  1 , d7\+JT\\

dt [ 2C1 ' } '
( 10)

Wenn die Messungen durch Erwarmung des Blockes B2 gemacht wurden, ist 
das zweite Glied in der Klammer der Gleichung (10) negativ, weil man den 
Warmestrom döp/dt zur Erwarmung der Probe benutzt

Wenn die Messungen sowohl durch Kühlung als auch durch Erwärmung 
gemacht werden, kann man den Quotienten С/Сх annaherend bestimmen aus 
der Gleichung

c
2Ci

Л
2

'dh è  +  í f V l l ,
dTi,k dTi J \  ’

( П )

wo K„>e,, resp К„,д der Wert von K,„ ist, bestimmt aus Gleichung (1), aus 
den Messungen durch Erwärmung, resp Kühlung, und dTiin, und |dT2>ni resp. 
dTliA und dT2,i sind die Variationen der Temperaturen Tx und Ta in Zeit 
dt bei Erwärnung, resp Kühlung.

Beschreibung der Versuchsapparatur. Der vertikale Schnitt dessen Teiles 
der Versuchsapparatur, in welche die Probe montiert ist, wird in Abb. 2. darge
stellt. Um das System Block Bx-Probc P-Block B2 wird ein parallelepipedförmiger



EINE METHODE FUR MESSUNG DER WÄRMELEITFÄHIGKEIT 59

Messigschutzmantel A verwendet Der niedrigere Teil dieses Mantels ist an der 
Block B2 befestigt, und seine vordere Seite ist abmontierbar Das System Mantel 
A- Block B2 wird im Block B3 in eniem zylinderförmiger Hohlraum montiert 
Durch den Hohlraum C, der sich im niedrigen Teil des Blockes B3 befindet, 
strömen Stickstoffdampfe, die denselben akbuhlen. Ausserdem kann den Block 
B3 mit Hilfe eines Heizdrahtes, der auf seine seitliche Oberfläche gewickelt wurde, 
erwärmt werden Auf diese Art kann die Temperatur des B3 sowohl durch 
Kühlung als auch durch Erwärmung geandeit werden. Das gesamte beschriebene 
System ist in einem Vakuumgefass montiert

Bei der Kühlung, resp. bei Erwärmung des Blockes B2 bildet sich in den 
Wanden des Gefasses A, sowie in seinem inneren Teil ein Temperaturgefälle 
m dieselbe Richtung wie in dem System Probe P — Block Bj-Stab D. Durch 
die Benutzung des Mantels A sinkt gleichzeitig die Warmeströmung, die dem Bet
rieb der Vakuumpumpe entstammt In dieser Art fallt der Wärmeübergang 
zwischen dem System Probe P — Block Bi und der Umgebung wesentlich 
ab.

Block Bx wird an die Probe P mit Hilfe eines zugespitzene Glasstabes 
D gepresst, um die Kontaktoberfläche zwischen ihnen zu verkleinern Der 
Glasstab D wird durch die Springfeder R. gedruckt Dieses Befestigungssystem 
bietet eine genügende Elastizität für die Warmeausdehnung des Probekörpers.

Die Eisen-Konstatan Thermoelemente Teb Te2 und Te3 sind aus Drah
ten von 0.2 mm Durchmesser hergestellt. Tex misst die Temperatur des Körpers 
B^ Te2 die des Blockes B2 und Te3 die Temperatur in dem Gefäss A an der 
Höhe des Blockes Bv Die thermoelektrische Spannung wurde mit Hilfe einer 
Kompensationsbrucke, von Präzision 10~7 V, gemessen. Der zu dieser Brücke 
benutzte Galvanometer hat eine Empfindlichkeit von 10~e V/div. Aut diese 
Art haben die Temperaturmessungen eine 
Präzision von umgefähr 0,02 К  Das bedeutet 
einen experimentellen Fehler von 0,2 bis 0,4% 
bei Messungen de Temperaturunterschiedes 
(Tx — T2), und von 0,3 bis 0,6% bei Messung 
der Temperaturänderung AT3. Um die Präzi
sion Izu vergrössen, wurden die Temperaturen 
Ть T2 und T3 nacheinander gemessen

Mit kleinen Ergänzungen kann man die 
Versuchsapparatur auch fur stationäre Mes
sungen gebrauchen.

Versuchsergebnisse. Um die vorliegende 
Methode und die Versuchsapparatur expeii- 
mentell zu prüfen, wurden Messungen mit 
NaCl-Proben durchgefuhrt. Es wurde NaCl 
gewählt, weil die experimentellen Ergebnisse 
der verschiedenen Autoren fur die Wärme
leitfähigkeit dieser Substanz ubereinstimmen 
Deshalb können die NaCl— (oder KCl—)
Proben als Wärmeleitfahigkeitsetalon verwen
det werden [5]. Die NaCl Monokristalle 
wurden mit der Kiropoulos-Methode aus
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chemisch reinen Stoffen verfegtigt. (Auch bei dieser Gelegenheit danke ich dem 
Kollegen A. Darabont fur die NaCl Monokristalle, die er mir zur Verfügung 
gestellt hat.).

Die ersten Messungen wurden m it drei Proben verschiedener Dange Di =  
=  0,385 cm, D2 =  0,692 cm, D3 =  1,478 cm), ohne Verbesserung der Kontakte 
zwischen den Blocken Bx, B2 und den Proben P, duchgeführt. Sie haben bewie
sen, dass die Wärmewiderstände der Duftkontakte beachtlich grosse sind. Um 
die Warmewiderstande der Kontakte zu vermindern, sind bestimmte Flüssigkei
ten, Vacuumsöle, oder Amalgame (z B. In-Ga) benutzt. Ich habe fur diesen 
Zweck Zapfenschmiere benützt. Vor den Messungen wurde der Probekorper in 
der Versuchsapparatur bis zu ungefähr 500 К  ervarmt, und nach der Tempera- 
turstabilisierung wurden die Messungen durch Kühlung durchgefuhrt. Ohne 
vorhergegangene Erwarmung der Probe war der Warmewiderstand der Kontakte, 
bei der Benützung der Zapfeischmiere, grosser.

Abb. 3. zeigt die Änderung der Werte des Koeffizienten K, nach der 
Gleichung (lO)berechnet, als Funktion der Temperatur T. Die Werte der 
Kurwe Km,i beziehen sich auf die Probe m it Dange Di =  0,7237 cm, die Kurve 
K„,,2 zu D3 =  1,1555 cm, und К,„,з zu D3 =  1,7282 cm. Die ununterbrochene 
Kurve К stellt die Wärmeleitfähigkeit des NaCl nach den Messungen [5] dar 
D ie.m il kleinen Kreisen dargestellten Werten wurden aus der Gleichung (8).

A b b  3 Die Änderung der Koeffizienten! К,„ ,, K m2, K w|>3 und К  als Funkt
ion der TemperaturaT. K)fJ j, K m 2, K);, 3 sind bei Proben mit Dange 

Dj =  0,7237 cm, D3 =  1,15555 cm und. L3 =  1,7282 cm gemessen.
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auf Grund der Kurven K„jb K„,j2 
und K„,i3 berechnet. Die Übere
instimmung zwischen unseren 
und den von [5] erhaltenen 
Werten ist entsprechend.

Abb. 4. stellt den Wärme
widerstand Wc,o =  W ä • S dar. 
Die Kurve 1 bezieht sich auf 
Kontakte mit Zapfenschmiere, 
und die Kurve 2 auf jene mit 
Duftschichten. Aus den Werten 
der Kurve 2 ergibt sich, dass 
die Dicke der Duftschicht 
zwischen der Probe und den 
Blocken Bx und B2 ungefähr 
1,3 • 10—3 cm ist und sich mit 
der Temperatur erhöht. Deshalb 
kann die Vorliegende Methode 
auch fur die Bestimmung der 
Wärmeleitfähigkeit der Gase und 
Flüssigkeiten angewendet wer
den

T----1----1----T---------i----1---- . ■ 1 ' I “r

0 L-- -1—«—I—I—I—I—1—: 1—I i ■ » ■ j » I . »
60 W  V,0 123 220 260 330 340 3S0 420 /50

1 ( K )

A b b  4 Die Änderung des Wannewiderstandes Wc.o 
als Funktion der Temperatur Die Kurve 1 bezieht 
sich zum Kontakte mit Zapfenschmiere und die 

Kurve 2 zum Kontakte mit^Luftschichte

Messfehler und Fehlerquellen. Die Präzision, mit der man den Koeffizienten 
K,„ bestimmen kann, hangt von den Messfehlern der Temperaturen Ti und T2 
ab. Wie sich erwähnt habe, bleiben diese Fehler unter 1%, wenn die Messungen 
sorgfältig durchgefuhrt waren Deshalb kann man die Bestimmung des K,„, 
entsprechend der Gleichung (1) oder (10), mit einer Präzision von 2 —3% erzie
len.

Der relative Fehler bei der Bestimmung de Koeffizienten К  nach der 
Gleichung (8) ist ungefähr •

ГД*»
к +

A K

"U K.„

m,2 m, 1 b

Km,2 -
( 12)

dementsprechend kann man den Wert des К  mit einer Präzision von ungefähr 
10% bestimmen Die Fehler, die aus den experimentellen Daten bei veschiedenen 
Temperaturen stammen, sind auf der Kurve К  in Abb. 3 angezeigt Die 
Präzision ist grosser, wenn die Messungen mit zwei Proben sehr verschiedener 
Bänge Di und B2 durchgefuhrt wurden.

Wenn der Warmewiderstand We der Kontakte bekannt ist oder unbeachtet 
bleiben kann (Wc < W), unterschiedet sich AK nicht von AK„(.

Es gibt Fehlerquellen auch aus folgenden Gründen ■ (a) Warmeleitung 
der Duft m der Umgebung der Probe ; (b) Wärmeübergang zwischen Bi und 
seiner Umgebung ; (c) Wärmeleitung durch die Kontaktoberfläche zwischen 
Bj und D. Die ersten zwei erwähten Fehlerquellen sind nicht beachtbar, wenn 
das in der Versuchsapparatur erzeugte Vakuum besser als 10-3 Torr ist. Weil 
die Temperatur der Stabes D sich von der T t unterscheidet, kann der Warmes-
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trom durch die Kontaktoberfläche der Bx und D nur in dem Kalle vernachlä
ssigt werden, wenn der Wärmewiderstand des Kontaktes viel grösser ist als 
der der Probe P.

Die erwähnten Fehlerquellen erklären es, dass bei Temperaturen über 
350 К  die aus der Gleichung (8) berechneten Werte des К  grösser werden als 
die aus der Arbeit [5] entnommenen Werte

(Etngegangen am 9 Februar, 7978)
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O METODĂ NESTAŢIONARĂ PENTRU MĂSURAREA CONDUCTIBILITĂŢII TERMICE
A PROBELOR MICI

(Rezumat)

Se descrie o metodă nestaţionară pentru măsurarea coductibilităţu termice a probelor mici 
Ea se bazează pe măsurarea rezistenţei termice între cele două capete ale probei Proba este mon
tată între două blocuri de cupru şi blocul inferior este răcit sau încălzit în mod continuu. Pentru 
determinarea precisă a coeficientului de conductibihtate termică a probei este necesar să se cunoască, 
sau să se determine, şi rezistenţa termică a contactelor între probă şi blocurile de cupru Măsurătorile 
de verificare s-au făcut cu proba de NaCl de lungimi diferite
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MOLECULAR g VALUE CALCULATIONS FOR AXIALLY DISTORTED 
d7 LOW SPIN CONFIGURATION IN STRONG CRYSTAL FIELD

LIV1UV. GIURGIU*, AL.NICULA

I. Introduction. Metal complexes, based on platinum atoms, which possess 
a columnar structure and contain an infinite number of directly interacting 
metal atoms arranged in a linear chain throughout the crystal, have attracted 
considerable attention [1 ] as a result of the highly anisotropic character of their 
electrical properties The ESR measurements were reported for some of these 
complexes [2, 3, 4, 5] showing that the observed magnetic centers are holes in 
(isiiké states. In  the case of Pt(NH3)PtCl4, such states are formally equivalent 
to the localized P t3 + like states [2]. As ESR provides a tool for determining 
the relative ordering of the d-orbital energy levels, one has to compare the 
experimental g values with the calculated ones, in order to determine the charac
ter of the ground state. Being involved in a systematic study of one-dimensional 
complexes containing platinum species, we undertook a theoretical calculation 
for the case of a Pt3 + complex, with axially symmetric g value, in a 5d7 low spin 
configuration, S =  1/2

II. The first-order g tensor calculation in strong crystal field The d-orbital 
energy level schemes in tetragonally distorted octahedral complexes and m 
planar complexes, can be predicted by considering symmetry arguments [6] 
For P t species in a 5d7 configuration, S =  1/2, with an axially tetragonal dis
torsion, the d&, dxy or d,:. _ y, orbitals are the possible ground states.

The metal ground state is subject to admixture of various excited states 
by spin-orbit coupling I t  is possible to calculate the g tensor elements directly 
from a well-known general formula [6]. In  the case of strong crystal field pro
blem, it is better to perform the sequential perturbations of spin-orbit coupling 
over the ground state wave function |0> , followed by the Zeeman interaction 
[7]. The pnncipal g tensor elements are •

gxx =  2 E  <  a \l>* +  2si* I ß >%

gyy =  2iJ2<<*- \ky +  2s,-, I ß >  * ( 1 )

&  =  2 E < “ l^ +  2s,..|ß>*

where ]a> and |ß >  are the doublet ground state improved wave functions.

* Institute of Isotopic and Molecular Technology, Cluj-Napoca
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As an example, the case of a complex with an axially symmetric g value 
(ga =  g I [, gXX =  gyy =  g±) and the unpaired electron in and dxy orbitals 
will be examined. In the hole formalism, the zero order Kramer’s doublet, for 
a à? ground state is :

j0 +> =  \[x2 - y 2)2(z2)+> 

|0- >  =  \(x2 -  y2)2(z2)~ >
and for a dxy ground s ta te .

|0 +> =  \(x2 - y 2)2{xy)+> 

|0~ >  =  \[x2 — y2)2 (xy)->

(2)

(3 ),

where j0> refers to the ground state wave function. The calculation is facilitated 
by the use of two tables : the first, the effect of the operator l • s on the d-orbital 
set is represented in B a l l h a u s e  n’s book [8 ] , the second, giving the matrix 
elements of the orbital angular momentum within the d-orbital set, is compiled 
in Me. G a r v e y ’s review [9] The first-order improved configurational 
wave function |a >  for d^ ground state, is obtained by applying the spin-orbit 
interaction Hamiltonian, as a peturbation, and using standard first-order per
turbation theory :

I k>  =  iV{ 1 (л:2 — y 2)2{z2)+> +  гах |(æ2 — y2)~{xy)+{z2) J >  —

— iax \(x2 — y 2) +[xy)~(z2) +> — iasj2\(x2 — y 2)~(yz)~(z2) +> —

— i a j 2 \(x2 — y2) +{yz) +{z2) + >  -f я2/2 \ ( x 2 — y2)~{xz)~(z2) + >  — (4)

— a j 2 \{x2 — y2) +(xz)-(z2) +> — a3 д/3/2 \{x2 — y2)2{xz)~> —

— га3 \/3 /2 1 (x2 — y 2)2(yz)~>}

where N  is a normalization constant and at are the mixing parameters, я, =  
=  Ç/AE„ Ç being one-electron metal spin-orbit coupling constant (Ç is always 
positive), and ДE t a configurational excitation energy. The first order |(3 >  
function is found from (x2 — y 2)2(z2)~>  in a similar manner 

For dxy ground state, the wave function |a >  is •

I « >  =  N{\{x2 — y 2)2{xy) +> — ia j \{x2 — y 2) +{xy)-{xy) +> —

—m2/2 \(x2 — y 2)~{yz)~(xy) +> — ia4/2 \{x 2 — y 2) +(yz) +(xy) +> -f
(5)

+  лг/2 \ (x2 — y2)~{xz)~(xy)+> — a j2 \(x2 — y2) +{xz) +{xy) +> +

+a3j2\{x2 -  y 2)2(yz)~> +  гя3/2 \{x2 -  у2)2(хг)~>}

-and similarly we can obtain the first order |ß>function.
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With ..doublet ground state wav.e functions \x>  and |ß > , by using 
the Zeeman spin-Hamiltouian .expressions of Équation (1), the following princi
pal g tensor elements were found :

— for ă,* ground state : '

& I ! =  2N* +  N:(4af 2al +  4 a2) 

gL =  2iV2 -f 6Na3 +  iY2(4«f +  Щ -f a\)
(6)

— for dxy ground state :

glj =  21V2 — SAVq -f lV2(2a? — 2a\ — 2 а3аг — a3 — 3 a\ — 2 a8a4)
(7)

g± =  2 N* -f 2 NaB +  lV2(a| - f a 2 -  2a\ -  axa4)

The perturbation coefficients;-a;, being usually small'enough, any product of 
two coefficients can be ignored, and equations (6) and (7) become :

gw = 2N2

"■ g± =  2iV2 +  €NţJAE3

and

i in  =  ?1V2 -  8NZ/AE, 

' g± = 2N- +  2NX/AE„

(6')

(7')

where AE x =  \E (x2 — y2) — £(yy) | ; ДБ2 =  \E{xz, yz) — £(яу) | ; AES =  
— ‘Щ х г ,  yz) — E (z2) I

In the case of a complex with y. ground state, by using the same 
method, the principal g tensor elements are :

£ ,,.=  2^  + 8W£/A£b 

g± =  21V2 +  2NK/AE,
(8)

where AEa =  |E(xz, vz) — E(x2 — >>2) |
III. The second-order g tensor calculation in strong crystal field.
Due to the large spin-orbit coupling constant of 3?ts+ ion, an improved 

set of crystal field g values was calculated by carrying the treatment to 
second order. The second-order correction terms can be computed by the method 
of T i p p i n s  [10], or one has to derive a ground state wave function correct 
to second order în  X, and then apply the magnetic perturbation. .By calculating

5  -  Physics — 2/1878
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the third-order correction to the energy of the ground state, Tippins obtained 
thefollowing general formulae for the second-order g shifts (Дg,k — g>k — 2) :

Ag'u =  C2 [^ '( i/A E jA E ^ (zo, xjfiy ko +  x9ly]kzM -j- x0МьУю) —

-& (l/À E ?)(l*c ,|a 4- \ y M
3

(9)

Agi2)=  ^[Yï'iil&EjA.EJlyojXjbZbo +  x0jy]kzh0 + y ^ x *  0) —
}J> ao)

-  Ç ' ( i № 2)( \yoj I2 +  N i 1)]

where x}k — <j \ls \k> and similarly for the other components of the angular 
momentum l, A£, being as before.

For the d,« ground state, the nonzero matrix elements of the angular 
momentum are : ■ .

<d*\h\dy, >  = i V 3

<d,>\ly\ix, >  =  — »V3 (11)

''C dXz \lz \dyzy> — i

and from the expressions (9) (10), also considering the normalization constant 
N  of the zero-order configuration in the wave function that arises from the 
spin-orbit interaction, we obtained :

A^>.= -3N*?jAE*a 

Agf =  -  6JVaÇ*/A£|

For the dxy ground state, similarly were found :

Agfl =  -iNK'IAEj^AEz -  3NKa/AEl

AgW =  - 4 N K 2IAE*

For the £ ground state the results are :

Ag<2> =  - 4 N K iIAE1AEi -  ЗМ^/АЕ*  

A gf> = -A N ^ /A E *

( 12)

(13)

( 1 4 )

The calculated g values for d7 low spin state are summarized in table 1.
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Table 1

5d
orbital °ll- order

** 2N* -  3N*Î?/AE1 2N» -)- 6N ţlA E 3-  6N ‘ ţ aIAEI ^ i ^ n - 2
2N 2 -  S N ^ A E , -  4N ‘^ IÂ E 1AE Î -  ЗЛ ^ /Д Е * 2N l +  2N  ţ/A E s — 4N 2 Ç8/ AEţ g ± > z > g {{
2N 2 +  eiVÇ/AEj -  4N 2t̂ ‘jA E lA E i -  ЗМ ^/Д Е 8 2N* +  2N Ç /A E*- i N '^ jA E 2 gtt> g± > *

à.Ei =  |£'(л'2 — у 2) — E{xy) I , AE 3 — IE(xz, yz) — E[xy) | , ДE3 =  |E[xz, yz) — E(z2) | ; 4 Я , =
=  \E{xz, yz) -  E (x3 -  у8) I , .

- IV. Conclusions. The comparison between the magnitudes of the experi
mental g values with the calculated ones (table 1 ), allows a correct determi
nation ot the ground state for d7 low spin complexes [2 ].

(Received February 20, 1078)
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CALCULAREA VALORILOR g MOLECULARE PENTRU CONFIGURAŢIA DE SPIN MIC 
d7, DISTORSIONATĂ AXIAL ÎN  CÎMP CRISTALIN PUTERNIC

(Rezumat)

Pentru configuraţia electronică d7, de spin nuc S =  1/2, nu fost calculate expresiile teoretice 
ale tensorului g axial în aproximaţia cîmpuhu cristalin puternic Funcţiile de undă caracteristice 
stărilor fundamentale de tipul dr_, d şi d (, _  yts-au obţinut în urma aplicăm interacţiunii de cupla) 
spin orbită asupra, funcţiilor de undă ale dubleţilor Kramers respectivi S-au determinat corecţiile 
de ordinul doi ale tensonlor g axiali pentru fiecare stare fundamentală
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SUR UN MODÈRE DE PLASMA COSMIQUE AVEC UNE DENSITE
VARIABLE

M inCEA VASIU

1. Introduction. Dans le présent mémoire nous voulons déduire l’équation 
de dispersion d’un modèle de plasma infini, compressible, visqueux, doué d'une 
pression anisotrope et d’une conductivité électrique finie, avec une densité 
variable, en mouvement de rotation, en présençe du courant Hall, sous l'action 
de son propre champ gravifique et aussi sous l'action d'un champ magnétique 
uniforme-axial.

Nous utilisons les résultats obtenus par S h a r m a ,  P r a k a s h  [1] et 
par B h a t i a ,  G u p t a  [2]. À la difference des travaux cités, nous prenons 
en considération, simultanément, l’action des grandeurs physiques qui définis
sent le modèle de plasma analysé : la compressibilité, la viscosité, Гanisotropie 
de la pression, la conductivité électrique finie, la densité variable, le mouvement 
de rotation, la présence du courant Hall, l'action de son propre champ gravifi
que et d'un champ magnétique uniforme-axial.

Nous choisirons comme système de référence le système de coordonnées 
cartésiennes Oxyz. On suppbSe que, dans l'état d'équilibre, le plasma possède 
une vitesse nule (v0 =  0), une composante Q du vecteur vitesse angulaire Í2, 
dirigée d’après l’axe Oz (Q(0, 0, Q))et .aussi une composante H 0 du Vecteur 
champ magnétique H 0, dirigée d’après l’axe Oz (H0(0, 0, H 0)). La densité p0 
et aussi le potentiel gravifique V 0 sont fonctions de variable z [2] :

Po(*) =  Pi exp (P*) ' (1)
et

У  Àg) =  ~ ~  [-exp(ßz) +  P* +  1] ; - (2)
j p

où est la densité p0 pour z — 0, ß est une constante et G est la constante 
gravitationnelle.

Nous admettons des variations de type adiabatique pour la pression du 
plasma '

2. L’état perturbé du plasma. Admettons maintenant que de petites 
perturbations de la densité, de la vitesse, de la pression, du potentiel gravifique 
et du champ magnétique se superposent à l’état d'équilibre du plasma, de 
manière qu’on peut écrire

v =  v0 + v'(x, y, z, t) =  v'(x, y, z, t),
P =  Ро(г) +  p'(-L У, z, t), p = p 0 + p \x ,  y, z, t)

V =  V 0(z) +  V'(x, y, z, t), H =  H 0 +  H’(x, y, z, t)
(3)
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Les perturbations peuvent être considérées comme petites, de sorte que 
leurs carrés et leurs produits peuvent être négligés. En remplaçant les .pertur
bations (3) dans les équations magnétohydrodynamiques pour le modèle de 
plasma étudié, on obtient le système d’équations

P o  Ş  =  -  4 (P ' +  P') +  y  (V X  H ’) X  H  +  PoV^' +  p ' v P ' o +
ci 4 7t

+  2p0(u’ X Í2) +  ~  V  (V ‘ v )O

(4)

% +  PoV • ? = - ( £ ' ■  V)po
dt

(5)

— =  V  X ív’ X H 0) +  vm AH' -  K\7  X [( VX H') X H 0] (6)dt

V  • &  =- 0 (7)
A V  =  —InGfj' (8)

♦■4
où V  est l’opérateur nabla, A est l’opérateur de Laplace, fi' est la perturbation 
du tenseur de la pression, fi’ est la perturbation de la pression du plasma, p' 
est la perturbation de la densité, V , est la perturbation du potentiel gravifique, 
v' est la perturbation de la vitesse du plasma, H ’ est la perturbation du champ 
magnétique appliqué, jr est le coefficient de. viscosité du plasma, v„. est le
coefficient de viscosité magnétique du plasma, K  =  , où c est la vitesse

4 -N e
de la lumière en espace libre, N  est le nombre de densité des particules char
gées du plasma, e est la charge électrique. On suppose que les perturbations 
se propagent dans le plasma sous la forme

<p =  <p0 exp i{kxx  +  ktz -f ùit) (9)
où 9 ' est la perturbation considérée, kx, k. sont les composantes du vecteur
d’onde k, w est la pulsation d'onde.

Les composantes fi’}b {j, k =  1, 2, 3) du tenseur fi’ s’écrivent sous la 
forme [1 ]

, ^ Í dv’\

où p0v == (T  est la température du plasma, u>L =  —° est la pulsation 
4ti>£, . M

cyclotronique pour le plasma, M  est la masse des particules (ions) du plasma).
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On peut écrire les  ̂vecteurs (V  X  H') X  H 0, V  X  f (v  X  Я') X  Я 0], 
X (w' X Я 0), t 'X f l  sous la forme

v x  [ ( V  X  Я') X  Я 0] =  e> 0 ( - Ş
1

ё'н: ё'Н'Л -, f8>H'x 84i's
8s1 J У ° I 5 ; 3 dzdz

-  z.Hn
•02я; ь'н’л  í 8гн ‘х дгн ’а у
дхду 8x8zJ \ дуВг дхёу J

V  X  (t? X  Я 0) = н 0~ ~  I f l o V  • W'
Bz

v' X  £2 =  ехг>у£2 — eytq£2

où er, sy, e, sont les verseurs du système de référence Oxyz.
La substitution des perturbations (9) dans les équations (4) —(8) 

conduit, en négligeant les carrés et les produits des perturbations et tenant 
pte de (11) —(14), au système d’équations, qui, eu projections sur les axe 
Oy, Oz, prend la forme

CO f  (ЗА2 +  kl) V x  =
Po

— [2 iQ  — iv(A2 -{- kl))Vy

+  i  w  +  (k,H'x
3 4 - Po

k J Q

(со — i\Lk2)vy =  [—rv(A2 +  Щ +  2tCl]v’x — 2ivkxkyo'x 4— —  А.Я(,
■t̂ Po

Г - Kсо — га A2 -)----
L 4  3

v'e =  2ivkxk,v'y +  kxk,v'x -*ÛÎ +  iDV0A5
U ' 
! ?»

p =
(Po*i -  г-°Ро)̂  -  Ро̂ г»»

(feo +  v„k2)H'x =  i h f i  0vx — K H 0k]H'y 

{iu +  уиА2)Яу =  ikfloVy — KH a(kxk,H'. — А|я;)

V  X

n i)

( 12)

(13)

(14)

nous 
com- 
s Ox,

(15)

(16)

(17)

(18)

(19)

(20)
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(wù +  ')mk2)H', =  — ikxH 0v'x +  K H 0kxkfl 'y 

гкхН'х -b =  0 

k*V  =  4-Gp'

(21)

(22)

(23)

où k3 =  +  /г’, p' =  V‘p', Vs est la vitesse du sou dans le plasma et D = — •
Si l’on applique l’opérateur diveygence ( v )  dans l’équation (4) et tenant 

compte des égalités suivantes

v  • [v X  H ')  X  S 0] -  - к хк Д Д ’х +  к \ Н Д '„  

v  • (Aï7) = v 2 • [v ■ »')] = -  *ä1(ä,w; + kfl,,)

V  • ( P o v n  =  vpo  • V I7' +  ?A V ' = ik,(DPo)V' -  4*Gp0p',

V  • (P'V ^o) =  V p'V ^ o +  p'A^o =  tk,(DVo)p' -  4тгСроР'

où V  =  ~  sx ~b — s, 1 Д =  v a =  — +  — ; D2 =  — , on obtient l’égalité

+  е»|"^Г ~  ikxPo4(kx +  AkfjVy, (24)

( 2 5 )

+  [«» -  OfoiCT -  =  0,

où ü m =  itû +  V ^ . Ü’W(S) =  F ’â2 +  —  [i'Â3(X>p0) — Â2p0] +  ik,(DV0)
hz
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Remplaçons maintenant dans, l’équation! (15) et aussi dans l’équation 
(20) la composante Щ donnée par l’équation (21). On obtient

et

/ tï(3Â* +  Ai) lk\ VA \  , . roo  , , ,  , ,û>--------- ------------- -— ^  +  î [2£2 — v(£2, -f k\)]vy\ 3 Om I

-  l&éiv; - Ы ± Н ’Х+ к ^ - >л Ну +  f —Qjïç* =  0
3 4np0 O,,, \ k l J

(26)

[£!», +  (КН0)* т ]Щ  =* QJtkJBov',) +  K H 0klH'x) +  iK  Hlk\k:ox. (27) 

Introduisons les notations suivantes

Ou “  № ,  û$y, =  f  (W  -1- k l) , üg;} =  ^  (3k* +  k]

r\~ . ___  niznM------ ----I = -------. iz/i ‘W
■VM------- 1 ‘ > ----- ^  -----T bó Ó Uvf

+  A- ^ ~  ; flvfx) =  2Ш  -  i'j(k 2 +  k l ) , Q ,ww =  2 » vM ,

ni(L)(j) =  tkx['i(k'i +  3kl) — 2iî] , =

П K ^ v \  w K k ^ A
«ii(ï)(ï) =  ----------  , **4(*>M —

(28)

üô/w — £2/(»)(S) +  D2(V0) ; £î/w =  ü /(j) =  ^  O7 ; 0 /(1, =  iD (V 0) +ni • nti T
AJ

+  i;£2>; Лм = ^ ,  A wm = & & ;  C = iD?0,
A» 4тгр„ 4тср0

ö w -  i k ß ü, Dg} =  K H 0kl ; Dww =  iKH%k\k, ; D,„w =  тД А ^о 

A%) -  K H 0Ümkl-, D%]{:) = Ú‘m +  (KHtfklkl.



SUR UN MODÈLE DE PLASMA COSMIQUE 7 3

Le système d’équations (16), (17), (19)л (25), (26)* et (27), tenant compte 
de notations (28), prend la forme

Q-i(x)v'x +  (ß[7— iù)v'y — -f- A^H'y =  0, t (29)

ß[I(j>0(«)v* Ht í2y(*)(í)Wy — (со — ßj^,) )v'i — =  0. ; (30)

Dwv'x -  ajB'x -  = 0 •_ (31)

Qa£{x)V'x +  ßv(*)(*)ü? —-(Ccù — Dj(r;)Uj +  -
(32)

+  A (x ) ( i) H x  —  Í ÍA {x )H y  -j- ' (tO2 —  Q à j(x ))K ' —  0

(d) — 0 (̂1 ) ’ — O.A(x))v'x +  Í2v(i)̂ y —
, (33)

— Ílítíi)(jr)̂ í — А (ж)Нх Ц-'ПЬщмНу +  Q.j(x̂ ’ — 0. -

D(x){t)v'x +  5 ц (Л  +  Dml^H'x — Dm̂)(,)H'y— 0. (34)

3. L’cquation de dispersion.' L’équation de dispersion pour le modèle de 
plasma étudié s’obtient par l’annulation du déterminant D formé par les coeffi-

„ Г ‘ Ъ >  E J '  1d e s  g r a n d e u r s . V xt Vy, D jj tî'x , H'y e t  ' C
V 1

ßv(t) ß ~  - C0 —
î * w w 0 - ‘ l À w 0

Ö«WW
Q Í1) C0 0

j < •

1 \
0 o 0 )  

— il!JW(

D(s) 0 - 0 - Q n (D '
~ u w 0

^AÎl(x) n i »
- ^ Í M  ~ - Ceo A  w w — , w2 --  ßo/(«)

n !V“  — ßpi(i) — *

— ß^U ) - ßv(i) — ßjlMM ' - Л {.) ß /tM W ß/(*)

D  MM -Dm(í(- 0 - D % ) — D;H{x)[,r) 0

=  0 (35)

On obtient alors l'égalité , . >

[QmDm(.)W +  D[‘) D«(,)]{(tù2 — Qö/w) [(ß|7 —w )ß ^ (r) -j-

-Í , /  ' — ßv(»)ßv(j>)(>) й*фг)(>) —  —  Cü) +  ,

+  (ßiT — — 6>)(co — ü~w — ß^(xj) —

— Оц(«)(|)0*М(|)йу(|) 4~ (to — ß|Tw ~  ßa(tj) ûv(<)(i)] +
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+  (ЦГм — Cco)[(D|T— й,Г(ж)(г) +  (« —

— fi^.o — (í̂ iT — w)íí/w — (í2v(jt)w fi л*) +

+  ^ v(j) fiyw) ] +  (fi|T — ш) [ОлДд) í2(T(i)(«) fi/й —

“  № % )  ~  ^Л*)] +  ^v(v)W (ßv(*)(«) [(«  —

— Ц ф ) — &A(x)) íij(s) +  ^Д*)(2)£2л *)] +

+  ßvi-j [fi л*) (Q-jij — ы) — fíjr(l)fíí(,к«)]) —

— &Aß(x) (ßv{i) v̂WW Í2/W +  Qv(*)M —

— [Í2mü ^w(l) +  ^(я)-Ом]{[(Лд^ — w)íívW +  Дф)(я) ÚÍmw] [(“ 2

— fio/(t) ) A»(j) ] +  (^Д.(г) — Сы) f i v(j) fij(,) /?„,(„) —

— ~  ~  “ )(“ * ~  ^o/w) ö (»)(«)} —

— [n,„Q^w +  Л (*)(,) — и) flvw +

+  ^vMW&dww] Qj(x) Dm(») — «)(£V —

— и )/?(*)(,)fíj(,) — £2vw fiíw w

+  [f i«  f i  (*)w 4- A*)^»íw3{[№r(«) — C cií)QA(X)(:) —

— ЙД*)(я) +  («2 — Í20/(í))(íí̂ (*)(»)fiv(*)(5) —

— ^Д-ом-^м) — (fi^/j ~  m)QV(,)/1 (S)] +  [(fi-^ — w)Q%w —

(Í2v(j) Ccú)QvWW ]П7МЛ(1) +  [(üiww Û.4(*)(_.) +

+  [О Й ^М И  — fi(í)fiw(*)(*)]{(fi;r — ы )[(О д г) — Сы)0.%)А{!) —

— +  C K  ~  Фщ*))^Ф)М ^м 4- 

+  Í2v(*)wíí/(i)-4(x)(í) +  íi/W^(i)W +

+  ^vw(î)ii/w-^w]^vww} +  Qï{x)(s'fijl)A (г) [Ом(0^й.г) D,„w —

— &v(x)(:)D(xW)] +  (fi~^ — w) (cùa — Qöj(.-)) [A\ïP-mDm(t)((ù —

— ЯД*) — fi,((*)) — A(,)D(C) £*Ж(г) — Dtf(Q~— ы)(Л(3)D~„(X)(,) —

^  f iлмм£>тм) ] +  (f i^ j  — “ )Q jW [(fijr — co)Z)(í)(í2^wDÍÍ|,) —



SUR UN MODÈLE DE PLASMA COSMIQUE 7 5

— +  Д А й*))] —
— Л ф й^Ц цв) — CD){.Dw(zl |,)D»(,) -f А н(8)А>(1)) +

+  A i  \Pm(f) (AlM  +  ДГ(*) — « ) +  D {OmA m ~  Аи(г)АГ(*)(*)]} +

+  A  M A.A»(») (“ 2 — A /(»))^7WW =  O

C a s  p a r t i c u l i e r .  Pour le cas d’un modèle de plasma .infini, non 
visqueux, compressible, en mouvement de rotation, doué d’une conductivité 
électrique finie et d’une densité constante, avec une pression anisotiope, en 
présence du courant Hall, sous l’action de son propre champ gravifiquc et 
aussi sous l’action d’un champ magnétique uniforme-axial, nous avons satisfait 
aux conditions suivantes . p =  0, p0 =  const., V 0 — const, D(ç>0) =  0, Da(p0) =  
=  0, D(V0) =  0, D2(V0) =  0 et les grandeurs Дг, 0 ~w, йд ,)М, , û ^ w, Arw,
&ïly A JM , С /w , c  deviennent Д г  =  0, Одл) =  0 , Пд,)М =  0 , 0 .,~ (x) =  —^  , 

Од») =  0 , O^j =  0, Oo/(») =  O}, Oj}t) =  OJ{>) =  ^  O2, C — 0.

Dans ce cas paiticulier, l’équation de dispersion (36) se réduit à l’équation 
de dispersion obtenue par S h a i m a  e t P r a k a s h  [1]

D’équation de dispersion (36) a une grande importance pour l ’établisse
ment du critère de l’instabilité magnétohydr о dynamique du modèle de plasma 
étudié, problème qui sera analysé dans un autre mémoire

(Manuscrit reçu le 10 juin 1978)
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ASUPRA UXUI MODEL DE PLASMĂ COSMICĂ СО DENSITATE VARIABILĂ
(Rezumat)

în  lucrare se stabileşte ecuaţia de dispersie peutiu un model de plasmă cosmică. Autorul 
ia in considerare acţiunea simultană a compresibilităţn, a viscozităţn plasmei, anizotrópia presiunii, 
conductivitatea electrică finită, prezenţa curentului Hali, mişcaiea de rotaţie, densitatea variabilă 
a plasmei şi acţiunea propriului său cîmp gravitaţional şi a unui ctmp magnetic uniform-axial 

Ecuaţia de dispersie obţinută generalizează ecuaţiile de dispersie stabilite de autorii citaţi 
în lucrare.
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LE SPECTRE D’AMPLITUDE DU CHAMP ÉLECTRIQUE PRODUIT
' PAR DES ECLAIRS

STELA GÎJU

1. Introduction. Pour déterminer le nombre des décharges électriques atmos
phériques dans une région quelconque, on avait créé de nombreux types d*ap- 
pareils Parmi ceux-ci, les compteurs d'éclairs jouent un rôle important, grâce 
à leur multiples possibilités d’utilisation [1, 2, 3] Les compteurs d'éclairs sont 
des appareils à l’aide desquels on peut compter les impulsions à basse fréquence, 
provenues des éclairs dont le champ électrique induit dans l’antenne dépasse 
un certain niveau indiqué • le seuil de sensibilité de l’appareil.

'  2 . La description de l’appareil. En partant du schéma du -compteur de 
type Pierce à tubes de décharge [4], nous avons construit un compteur d’éclairs 
formé par trois étages, mais ayant en commun l’antenne,, le circuit d’alimenta
tion et le circuit d’étalonnage (fig. 1). Les trois étages ont les seuils de sensibilité
1,25 — ; 2,5 — et 3,75 — à correspondre aux tensions 5 V; 10 V, respectivement

n i  Ш  Ш

15 .V. Le .comptage des éclairs est accompli par voie électromagnétique. A l’ap
proche d'un orage, celui-ci est signalé d’abord par les - compteurs à sensibilité 
majeure, puis en ordre de succession par les. autres, selon la sensibilité décroissante 

L’appareil permet l’étude du spectre d’amplitude du champ électrique 
produit par les éclairs à l’endroit du récepteur, en enregistrant le nombre d'éclairs 
qui produisent au récepteur un champ électrique au-dessus de la valeur de seuil 
E n bien définie

3. Les résultats expérimentaux. L’amplitude du champ électrique E, causé
par une décharge électrique at
mosphérique, est soumise à l’endroit 
de la source à une loi logarithmi
que normale de distribution D’a
près' H o r n e r  [5], la probabilité 
de la formation d’une décharge 
électrique à l’amplitude du champ 
électrique E, est définie par la 
relation :

où [i=ln E, et te représente l’écart 
normal de la distribution.

Institut pédagogique de Tîrgu-Mureş
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Pour distances suffisamment importantes et pour de plus longues périodes 
d’observation, on peut admettre, à bonne approximation, que les éclairs sont 
uniformément distribués, c’est-à-dirc le nombre moyen des décharges électri
ques dans l ’unité de surface ne dépend pas de la distance. En ce cas, le nombre 
des décharges électriques, qui produisent dans l’endroit du récepteur un champ 
électrique à l’amplitude p > p 0, c’est-à-dire comptable par un appareil à sensi
bilité de seuil р0 — ^o, résulte [5] de la relation •

2o' r
£(£o ) =  Ь г Г  (2)

où G représente le nombre moyen des décharges électriques produites dans une 
unité de surface. Ea relation (2) peut être vérifiée expérimentalement

E’appareil construit fonctionne à partir de l’été de l’année 1974, chaque 
jour, entre 8 heures du matin jusqu'à 20 heures du soir, sauf l'hiver, la lecture 
ayant lieu de trois en trois heures

Ее spectre d’amplitude du champ électrique produit par les éclairs à Ten- 
droit du récepteur (fig. 2), en considérant le nombre des éclairs enregistrés pendant 
les mois de juin, juillet e t  août des années 1974, 1975 et 1976, montre que le nombre 
des éclairs, qui produisent au récepteur un champ électrique à amplitude mineure 
est beaucoup plus grand par rapport aux autres, parce qu'à cette valeur de la sen
sibilité de l’appareil, son rayon de réception est plus grand et peut détecter plus 
d’éclairs. E n  comparant les enrégistrements de 1974, 1975 et 1976, on pent cons
tater qh’ïndifféréniment de la période de temps considérée, le nombre des éclairs' 
enregistré en 1975 est pins -grand. Ce fait -pourrait être en corrélation avec les

éclairs au récepteur.
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phénomènes, météorologiques déterminant les inondations de juillet 1975 dans 
notre pays.

En vérifiant la relation (2), on avait obtenu les résultats suivants :

Tableau 1

*r=)
Nombre d’éclairs g(E0) • E q

Я (km)
1974 1975 1976 1974 1975 1976

1,25 1551 3217 1906 2423,43 5026,56 2978,12 60
2,5 ■ 391 859 418 2443,75 5368,75 2612,50 30
3,75 ’ 197 319 145 2770,31 4485,93 2039,06 10

Il est a remarquer que g[E0) E q =  e2o*7tG, représente eu bonne approxi
mation une constante pour les premiers deux étages, qui ont le rayon majeur 
de réception. Pour le troisième étage on peut constater des écarts plus importants, 
parce que le rayon de réception est trop réduit et le nombre d'éclairs, ne peut 
pas être considéré uniformément distribué, selon l'hypothèse admise.

I/appareil peut fournir des données évaluables en ce qui concerne la dis
tance jusqu'à l’endroit de production des éclairs.

Chaque étage à seuil de sensibilité E 0 a un rayon moyen de réception R. 
Pour les distances suffisamment importantes, on peut admettre que l'amplitude du 
champ électrique, pi odúit par les éclairs à l’endroit de réception, soit soumise à 
une loi de proportionnalité inverse à la distance R En ce cas •

E 0 ■ R =  constante (3)

Cette constante doit être la même pour tous les étages inclus dans l'appareil 
respectif [5, 6]. Si l’on peut déterminer le rayon de réception à l’un des étages 
conformément aux données expérimentales, alors le rayon de réception des au
tres étages sera donné par la relation (3).

En nos cas, selon la pratique, le rayon de réception de l’étage à seuil de 
sensibilité E 0 =  2,5 — monte à R =  30 km. Alors, pour l'étage à seuil de sensibi-

m
lité E 0=1,25 — , on obtient un rayon de réception de 60 km. Le rayon de réception

Ш
de l'étage à E 0 — 3,75 — ne peut plus être déterminé de cette manière, parce qu’il

m
ne s’encadre pas dans l’hypothèse admise. Ее rayon de réception de cet étage 
s’étend à 10 km, et cela grâce à la sensibilité réglée de la sorte qu’il ne détecte que 
les éclairs produits par un centre rapproché d’orage, dont les tonnerres sont mê
me audibles.

4. Conclusions. E’appareil peut être utilisé pour la détection des éclairs 
produits à distances jusqu’à environ 60 km. Ее compteur d’éclairs à trois étages 
peut fournir des données évaluables en ce qui concerne la distance jusqu'à l’en
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droit de production des éclairs. On pourrait obtenir des résultats plus complets 
à l'aide des appareils avec un nombre plus important d’étages et à une sensibilité 
plus élevée. Mais, en augmentant la sensibilité, ces types de compteurs risquent 
d’être autoexcités ou bien de réceptionner de faux éclairs.

(Manuscrit refit le 29 janvier 1977)
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SPECTRUL d e  AMPLITUDINE a l  c î m p u l u i  e l e c t r i c  PRODUS d e  FULGERE
(Rezumat)

Lucrarea prezintă un contor de fulgere de tip Pierce cu tuburi de descărcare, cu trei etaje 
(tig 1), avînd în. comun antena, circuitul de alimentare şi circuitul de etalonare. Cele trei etaje

V V V
ale contorului au pragurile de sensibilitate 1,25 — , 2,5 — şi 3,75 —

m m ' m
Aparatul permite stadiul spectrului de amplitudine al cîmpului electric produs de tulgere 

la locul receptorului, prin înregistrarea numărului de fulgere care produc la receptor un cîmp 
electric mai mare decît o valoare de prag £ 0 bine definită (fig 2) Contorul triplu de tip Pierce 
poate lurniza date estimative cu privire la distanţa pînă la locul de producere a fulgerelor
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R E C E N Z I I

Luerűrlle Simpozionului naţional de fizica 
solidului (Proceedings of the National Sym
posium on Solid State Physics), redactori coord 
A l N i c u l a ş i O  C o z a r ,  Cluj-Napoca, 1978 
339 pag.

This volume contains 123 papers presented 
at the Naţional Symposium- on the Solid State 
Physics, which took place ш Cluj-Napoca on 
13 — 14 Hay 197S The Symposium covered 
the new aspects oi solid state physics, problems 
refermg to some crystalline and noncrystalhne 
materials

The volume is divided into three sections
(A) — New materials and preparation technologies,
(B) —JXodern conceptions in the physics of 
crystalline and amorphous state, (C) —Up-to- 
date experimental methods in solid state phy
sics

Section A contains 38 papers dealing with 
superconductive materials with high critical 
temperatures, alloys with special magnetic pro
perties, semiconductors and photoelectric mate
rials and preparation technologies of some one
dimensional molecular complexes

'Section В contains 44 papers about. electric 
transport phenomena, radiative processes in 
p —n junctions and heterojunctions, contribu
tions on amorphous semiconductor modelling, 
some problems refermg to the critical tempera
ture and susceptibility in excitonic transitions, 
Hall and Seebeck effects in hopping conduction

Section C contains 41 papers presenting some 
R P R .  results on the ferroelectric phase transi
tions, localized vibrations in solid and magnetic 
properties of iron ions in oxidic glasses The 
other papers are dealing with Mössbauer spectro
scopy on some mtermetalhc compounds, solide 
state-ligand interface phenomena, fluorescence. 
X-ray diffraction and N M R  studies of magnetic 
dipolar relaxation m uranium hexafluonne

R CÂMPBANU

И  C r i ş a n, Teoria cuantică a magnetismului
(Quantum Theory of Magnetism), Ed Dacia 
Cluj-Napoca, 1977.

The book starts with a chapter treating th 
exchange interaction ш the insulators, met-.1 
and alloys The second chapter contains a sh< 
review of the Green function method, with 
the perturbative dyagramatic expansion, t'.. 
motion equation method, and the Bethe-Salpet 
equation tor the -vertex function The thud  
chapter deals w ith the Heisenberg ferromaguc' 
treated by  the motion equation method bf tin  
Green function in the Tyablikov and Colli . 
approximations The antiferromagnetic ordered 
phase аз well as the spin waves approximation 
are also discussed in this chapter The forth 
chapter contains the theory of the itinerant 
electron ferromagnetism. The fifth surveys Co
extensive theoretical results (Soviet ~ schob’ 
Swiss School) on the coexistence between su 
conductivity and magnetic order of impu- и . 
in the superconducting alloys.

The sixth chapter contains the probier 
the itinerant-electron antiferromagnetism in , 
tals and alloys A part of these results L 
been obtained by the author in his Ph-D -tl , • 
and published in prestigious journals The seven;.: 
chapter treats the Anderson theory of-diluted 
alloys and the Kondo effect ’ The last chapter 
describes the theory of critical plienomei: i 
The Ginsburg-Dandau theory is presented auc 
the perturbative calculation (on the basis - 
Sudakov equation) of the critical index is givU' 
The method presented by the author gi , c . 
by the Soviet School from Landau Iustit.i ' ■ 
of Theoretical Physics is quite general " • 
equivalent with the RNG-Wdson theory

IULIU i*4 ”
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în  cel de al X XIII-lea an (1978) Studia Universităţii Babeş — Bolyai арате semestrial în 
specialităţile :

matematică

fizică
chimie

geologie—geografie 

biologie 

filozofie

ştiinţe economice 

ştiinţe juridice 

istorie 

filologie

, l .  °Д 
-гэф-

îo n 
-ош 
orar 
•iaşi

Ha X X III году издания (1978) Studia Universitatis Babeş— Bolyai выходит, два раза в 
со следующими специальностями:

математика

физика

химия

геология—география 

биология 

философа я 

экономические науки 

юридические науки 

история 
филология

Dans sa X XIII-e année l(1978) Studia Universitatis Babeş—Bolyai paraît semestriellement 
ms les spécialités :

mathématiques
physique
chimie
géologie—géographie
biologie
philosophie
sciences économiques
sciences juridiques
histoire
philologie
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