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SASE DECENII DE REALIZARI IN DOMENIUI, FIZICII
LA CLUJ-NAPOCA

Inceputurile fizicii la Cluj sint legate de Universitate. In cadrul Facul-
tigii de stiinte, incd incepind din 1920 au functionat doud catedre de fizici,
ca unitdti didactice §i totodatd-ca unitdti de cercetare sub forma a doud insti-
tute: cel de Electricitate-cilduri-fizici teoreticid si cel de Mecanicd-optici-
fizicd moleculari. Inci de la inceputurile ei, desi restrinsi ca numdr, fizica
clujeani s-a distins prin personalitifi de seami, creatori in domeniul gtiinfei.

Astfel, prof. A. Maior (membru al Academiei de stiinfe) a fost, pe plan
mondial, primul care a dat solujit teoretice si practice privind telefonia mul-
tipld pe un singur circuit, el a fost un remarcabil teoretician, distingindu-se
prin lucriri privind gravitafia, mecanica cuantici etc Prof. G Athanasiu,
membru al Academiei R.S. Roménia, s-a remarcat, In perioada cit a lucrat
la Cluj prin cercetdri in domemiul radioactivitd$ii mediului ambijant. Prof
V. Marian, profesor emerit, s-a distins prin lucrdri de magnetism §i prin con-
tributii la istoria fizicii, editind pentru prima dati in limba roménd operele
fundamentale ale lui Newton, Pascal, Galileu, cit i o serie de lucrdri privind
inceputurilé fizicii in fara noastri Prof A. Ionescu, distins prin lucriri de
spectroscopie moleculari, s-a remarcat ulterior prin lucriri de electronicd si
mai ales prin cracarea in arc electric a gazului metan care a dus, in ani1 1949—53
la crearea unui procedeu industrial de producere a acetilenei este una din
primele cercetiri de fizici care s-a finalizat in productia industriald chimica
din tara noastra.

Adevidrata dezvoltare a fizicii incepe dupd ce regimul democrat-popular,
instaurat in {ara noastrd in 1945, sub conducerea Partidului Comunist Romin
trece la reorganizarea sistematici a invidtimintulur superior i a cercetdrii
in fizica.

Din 1949, treptat, fizica clujeand cunoaste o dezvoltare rapidd. Dacd
in perioada interbelici numirul fizicienilor era redus, cu putine laboratoare
st o dotare modestd, situafia evolueazi rapid incepind cu anii 50.

In Universitate invifamintul fizicli cunoaste o crestere firi precedent.
Se introduc — in facultatea nou organizati de matematicid-fizici — domeni1
de actualitate ca fizica atomicd si nucleari, fizica teoreticd, electronica fizicd,
ultraacustica, iar incepind din anu 60 se dezvolti fizica solidului, a semicon-
ductorilor, a temperaturilor joase, fizica moleculer Intre timp se infunpeazi
Facultatea de fizicd, care, pe lingd cadrele didactice, a cdror numéir crescuse
de peste sase ori, organizeazi §1 un laborator propriu de cercetare in care,
din 1962, incep si se dezvolti cercetdri de rezonantd magneticd nucleard, re-
zonanti electronici paramagneticd, magnetism, analize de activare prin neutromni,
cresteri de cristale $1 studu de semiconductori, constructia de aparaturd sti-
intificd de laborator

In paralel cu dezvoltarea fizicii in cadrul Umiversitifii se creeazd in 1950
sectia de fizici a Academiei, trecuti apor la Institutul de fizici atomicd sub
form# de filiald st dezvoltati treptat astfel incit in 1970 devine Institutul
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de izotopi stabili g1 in 1977 Institutul de tehnologie izotopicd §i moleculard
ITIM).

( chtivitatea aceste1 institufit de cercetare se axeazi pe probleme de fizici
nucleari cum ar fi separarea izotopilor stabili. In 1962 se reuseste punerea
la punct a unei tehnologit de separare a apei grele, apoi sint separafi izotopii
elementelor ugoare: carbon, oxigen, bor, azot, neon, orgon etc. care situeazi
fara noastra printre pufinele {ari producitoare de izotopi stabili si de substante
marcate cu acesti izotopi. Legat de aceste cercetdri se dezvoltd spectrometria
de masd, gaz-cromatografia, cercetiri de noi surse de enmergie (hidrogen), cer-
cetdri de biofizicdi moleculard, aplicatii ale izotopilor in industrie, hidrologie
si prospectiuni petrolifere. Colectivul institutului dezvoltd comstructia de apa-
raturd de laborator si reuseste in 1974 si realizeze primul aparat de comstruc-
jie roméneascd lansat cu un satelit artificial in cadrul programului Intercosmos.
Se continud i se dezvoltd cercetari de fizicd spafiald, iar recent s-a abordat
domeniul separidrilor izotopice prin excitarea selectivi cu radiatii laser a ato-
milor si moleculelor.

In celelalte institufnn de invatimint superior din Cluj-Napoca fizica joacd
un rol din ce In ce mai important. La Institutul politehnic, fizicienii se gru-
peazd intr-o secfie didacticd §i de cercetare care acoperi nevoile de pregitire
in domeniul fizicii a virtorilor ingineri de diferite specialitd$i si efectueazi cer-
cetdri in domeniul fizicii solidului, a semiconductorilor, a opticii cuantice si
diferitelor aplicatii practice ale fizicii. La Institutul de medicind s1 farmacie
fizica se dezvoltd ca disciplind de invd{dmint §i ca disciplini de frontierd in
unitatea de medicind nucleard. De asemenea se semnaleazi o activitate crescinda
in domeniul fizict §1 in Institutul agronomic, in Institutul de igiend etc., pre-
ocupdrile avind un caracter fie didactic fie aplicativ.

Invitdmintul preumversitar din domeniul fizicii cunoaste gi el o rapidid
dezvoltare. In prezent funcfioneazi in Cluj-Napoca doud licee cu profil de
matematicd-fizicd, pregitind cadre medii pentru industrie si fiind totodata
rezerva de tinere talente pentru invidfimintul superior de fizici.

Se remarcd o puternicd legdturd cu cadrele din invitimintul mediu de fi-
zicd, a cdror pregitire §i perfectionare este organizati in cadrul Facultitii de
fizicd , de asemenea, ma1 ales in ultima vreme, legiturile fizicienilor cu industria
atit cea clujeand cit gi din restul $irii devin tot mai ample si mai eficiente.

Privitd in ansamblu, dezvoltarea fizicii clujene este impresionantd. Este
de subliniat ci numdirul mare de fizicieni din invatimint, cercetare §i industrie,
a fost format cu precddere in cadrul invagimintului clujean de fizici, formin-
du-se specialisti cu o calificare superioari, capabili si atace cu succes probleme
de actualitate. Aceastd stridanie de formare a cadrelor de fizicieni este poate
cea mai importanti realizare, asigurind in final materialul uman care a ficut
posibil progresul general al fizicii in aceasti parte a tiril noastre.

Evident, aceste realizdri sint consecinta unei politici deliberate, de dez-
voltare a stuntelor in general, a fizicii in particular. La cea de-a 60-a aniver-
sare a Partidului Comunist Roméin se cuvine si subliniem ci acesti politicd
a dus la succese remarcabile, ridicind fizica clujeani pe o treaptid superioara.
Era moderni a fizicii roménesti in general, a celei clujene in particular, este
0 realizare a acestei politici.

V. MERCEA
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EFFECT OF ION DYNAMICS ON THE PARAMETRIC INSTABILITIES
OF AN UNMAGNETIZED PLASMA (II)

C. BALEANU

In what follows we will consider a perpendicular propagation of the elec-
tric field perturbation to the pump field in a two component fully ionized plasma.
Before treating this problem, we consider suitable to recall that in the first
part of this paper we have taken the wave vector of the perturbation paralel
to the pump field. Our present investigation is based on R Prasa d’s method
given in [5].

Starting from Boltzmann’s equations for the considered electron-ion plasma
with relaxation collision terms in which v,, and v, are the effective electron-
ion and ion-ion collision frequency, after aplying the same method as in [1]
we obtain for the components of the response field

Bo), 1] = Bale, 1) — explilkx — of)] 33 Bu(k)e—m @7)

#=—00

the following system -
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The ¢, and ¢, in the above expressions are given by :

” © —1/20, ,
es(n) _ v ue ’

1 = . —
q) 0:!‘2(21:95")1/2 S b — o +nv+av,, du (31)

—
B —1220, ,
(n) v 1% ’
$2 = 7% S — (32)
0,,(2r0, )/ D ke,

From equations (28) and (30) we immediately see that the transverse field
E* and the longitudinal field E* are coupled to one another.

We eliminate E* from (28) by help of (30), then using also the well known
expansions of the functions ¢§*™, ¢7*™ and 3*” and by limiting ourselves to
the main terms 1n the expans1qns, we obtain the following dispersion relation
for the longitudinal field up to the second order of parameters e, and s, -

o 320, — 2, v 0?

4 ce .
QF — &)2; — ‘021 _‘“’peT + wﬁe Y + unﬁ‘kﬂ_ee f(Q) —
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1 2 2 v? 1 1
- e Ce T t S/ T = O 33
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k(20m)1/2

2 kze—vz) mz(k26 _VZ)
G Q = Szz — !! :}: 2 wp’( ¢ ce b ) ¢
(@ f0) =& = Q'+ o @ %

— 10R b £IQ £ Y) — tah =2 L@ £ ) (36)

Qk = c2k? -+ wpe + (—opz (37)
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We immediately see from (33) that an instability may appear near the frequency
Vw3, + i, with the growth rate-

0)25 Vo (1)2‘ m2‘+ m2t 1/2
TR LR e

2 2 2
2 Dy + Oy, 2 k%8,
2 2 1/2 —
) v % + o2
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1 ( 12’6 e ?w ')2 v ”(1)2 ( v 2 2
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+wp,(J -+ 1 (Vo + wp — v))] [0F — (Voh + of — )" +
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and the threshold condition -
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Using (28) to eliminate E* from (30), we obtain the following system for the
components of the transversal electric field :

vE? vE* vE*
b_é a d (% —L=O. 40
”2m+71—2v+ ”m+nv+"+2m+‘n+2v ( )

For small v,,/v, v,/v, #26,/v® and %%6,/v* and up to higher orders of & and &,
we have -

1

b = —v2(n? » — . N et — 41
n v¥(n +”)p(s+1) (p 0° + ©pe ) AT (41)
— 3} o2 2 soa [ Voo 1 '2("-’-'1
a, = —v {s — a? 4+ tcoﬂ(— " +f,(sv)) + tl | = " +f,(sv)) —
— o o 1 1 (mﬁ‘ "+ m)"n‘), 1
(1 +")(u(s+1)+u(s—1)] w ((s—l)’u(s—l)
1
—_— 42
+ (s + Dipfs + 1))} (42)
— ——y2(ne 4 1 — € i 2__1—.
¢y = —V¥(n" +9 )F(s_l) (0pn° + @pen’) T— (43)
w? = £2 = Al m2°+m?” (44)
V3 vl
s=R_otw (45)
v v
“’33 “’:l mfzw Vee sl Dps [ Yoo s
w(s) = s? - + 1 ul b + 0 fosv) )+ ¢ ( ” + 40 Al ))
(46)
e ) e 47)
2 v

Now we firstly proceed to seek the roots of the dispersion equation up to ?
and %*, i e g, = 0. One sees at once from (42) that a significant root lies
arround

- 2 2
_ Vg, + o,

v

- s ax 1
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Denoting by 3 a small difference between « and

_ Nejrep,

v

1

Ao+ dl

and by X the correction term we have s = o« + * = [1
v v

v

+ﬂ+l-

After some manipulations one gets:

1=%[_[s+i(d+b)]i(ss— (@ — B)F + 208(d — b) —

v
. @y N + 0,0t 1/2
[r4 s L2522 ]v.) ]
be idd
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where
w2 v Q w2 v Q
_ e (Y O o (Y S
= (2 + 2 i) + o (e 2 ) (50)
025 ce (‘)2 +m2l
d= : F] ( 2" 2 +-* fe(‘/"’ie + mﬁ,)) +
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m?” Ve, m;, + mjz” J———z 3
e |+ FNepe + ) (51)
ZV\/mﬂ-i- Wy \/"’pa + g, k26,

By requiring that the root with positive sign given by (49) sould have a posi-
tive imaginary part we obtain the threshold condition -

, m,"]a‘*‘m"’]‘ 2
[726,4—77‘4-(#0)2 +:2 )"]v‘ .
9t Ope > 4db(1 + 2 ) (52)
0, Vo3, + o3, @

If in the above expression we put 6,, -0, 8 =0 and v, =v,=0 and we
limit ourselves to terms of order m/M we obtain the same expression as D. Mont-
gomery and I. Alexeff [3].

Next, with the help of the infinite determinant of the system (40) we will
deduce a dispersion equation in which corrections of order »* and n* are sig-

. Vo2, + o,
nifiant. ¥or the case of cold plasma we assume that a1 4 —F—"-
v
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Following the same method as in [1] we obtain the following expression for the
growth rate-

0 m |3 5x [ ¢Ewwy, 4 o )
(7\g7) max — (7\gr)max + (-J‘—I_) "6;' (’?‘f‘) .VT - 2:::2 Ves (53)

where (Ay)msr Was already calculated by R. Prasad [5].

From our calculations one concludes that ion dynamics introduce for the
longitudinal mode a decrease of the threshold field and an increase of the growth
rate, whilst for the transverse mode an increase of the threshold field occurs
and a decrease of the growth rate

Our results are in agreement with those given by other methods [2] These
results may be explained in the following way

As it 1s well known [4] if the pump wave in the considered plasma has
a long wavelength compared with the wavelength of the excited waves, then
the energy is transferred to the particles via collective effects. If an increase
of the frequency oscillations occurs due to the ion dynamics then the energy
of oscillations grows on account of the ions energy Since a smaller energy is
necesary from the pump wave than in case of fixed ions in order that a turbu-
lent state should appear, the threshold field is yet smaller By a similar reason,
when a frequency decrease occurs a growth of the threshold will appear

The dipole approximation is fulfilled if the difference between v and
\/ wﬁ, -+ mf,, is sufficiently small and if in the same time one has a« > 1
Stimulating discussions with Professor M Driganu are gratefully acknowledged

(Recerwwved March 15, 1980)
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EFECTUL DINAMICII IONILOR ASUPRA INSTABILITATILOR PARAMETRICE ALE UNEI
PLASME NEMAGNETIZATE (II)

(Rezumat)

Folosind o metodd dati de R Prasad in [5] este studiat efectul dinamicn tonilor asupra
instabilitifilor parametrice ale unei plasme total iomizate nemagnetizate formatd din electrom: si
1om1 de o singurd specie S-a considerat cd propagarea perturbatiei cimpului electric se face perpen-
dicular pe cimpul pompa s1 s-an luat in considerare clocnirile electron-ion $1 ion-jon prmtr-un model
de relaxare Studiul a fost efectuat atit asupra modului rdspuns longitudinal cit $1 transversal, S-a
dat o explicatie a rezultatelor obtinute
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EFFECT ON THE SODA-BORATE GLASSES STRUCTURE OF NICKEL,
COPPER, COBALT AND TITANIUM OXIDES AND OF MELTING
TEMPERATURE

S. SIMON, V. SIMON, AL. NICULA

1 Introduction. In order to understand the complex physical and chemi-
cal properties of glasses, it is of great importance to know the short range order
in these materials. One of the most rigurous methods utilized in the obtaining
of this information is the magnetic resonance method, in form of EPR for
the glasses with transition metal ions, used as colouring centers or to confer to
matrix special electrical and magnetical properties or to study the effect of
radiation on them [1], and in form of NMR, especially in case of borate glas-
ses [2]. .

Generally, due to their low stability, the borate glasses have a practical
application range more limited than the silicate glasses, while the boro-silicate
ones dominate the world glass production. It was demonstrated that all the
properties of borosilicate glasses are determinantly influenced by the composi-
tion and properties of borate glasses which would obtain whether the silicon
diexide wouldn’t be present, which explains the considerable increase of studies
carried out on the borate glasses [3]

By means of ®B—NMR were identified the different structural units frac-
tions, existing in the alkali-borate glasses, according to their composition [4]
and it was evidenced the effect of SiO, [5], Al,O, [6] and P,O, [7] on these
fractions.

In the present paper it is shown the influence of CuO, Co,0; NiO and
TiO, on the boron coordination in the soda-borate glasses with R =02 and
05 For the samples with TiO, it was pointed out also the preparing tempera-
ture effect on this coordination.

II Experiment and results. The studied samples were prepared by mel-
ting in desired proportions of H,BO,, Na,CO, and CuO, Co,05 NiO and TiO,
respectively at 1000°C, 1100°C (samples with TiO, and R = 025) and 1210°C
(samples with TiO, and R = 035), for 30 minutes
The resulted mixtures were cast onto a stainless steel plate, at room tempera-
ture All the samples were homogenous The components proportions were cho-
sen so that R = y/x takes the values 0 2 and 0.5, where y and x are the molare
percentages of natrium oxide and boron oxide respectively, at these matrices
adding 5 mol %, 10 mol %, 15 mol % and 20 mol 9%, copper, cobalt and nickel
oxides In case of samples with titanium oxide, for R = 0.5, in addition to
the above mentioned concentrations there were prepared also samples with
25 mol 9, TiO,.

The "B—NMR spectra were recorded on a JEOL spectrometer. The sig-
nals are characteristic of B nuclei from soda-borate glasses (Fig. 1). They con-
sist of a large line, determined by the three-coordinated boron-atoms nuclel
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Fig. 1 Tipical boron nuclear resonance
i alkali oxide — boron oxid glass,
showing notation used in text.

superposed on a narrow line determined by
the tetra-coordinated boron-atoms nuclei. The
experimental recording conditions were kept
constant, which allowed, according to Bray
and Keffe [8], to use the ratio c/a between
the intensities of the two lines in order to
estimate the value of tetra-coordinated (N,)
and three-coordinated (N,;) boron-atoms frac-
tions. Fig. 2 indicates the manner in which
the increasing of copper and cobalt oxides
content influences the ratio between the
number of [BO,] and [BO,] units. Fig. 3
shows the modification of the N,/N, ratio
value when the titanium oxide concentra-

tion increases and the melting temperature
differs.

III Discussion. 1 Effect of metallic oxide concentration For the alkali
borate glasses was shown that the phase separation phenomenon presents a
maximum at R = 0.2 and is unsignificant for 0.5, while the share of main
structural units existing in these glasses (Fig 4) presents a distinctive develop-
ment [4]. Thus, in the samples with R = 0.2 the tetraborate units are preva-
lent and the boroxol and diborate units are in small quantities, while for the
samples with R = 05 the diborate units are predominant.

C
o 2 —
R
/"\ R=02 /2——O}N‘z
2 / PO _"A}RCu,
I \\ - A—-A
iRl // 0\\R-05 \- IR
17 \ e _'} e c
“)F// LN AN N
o N * ~
~
, e 10 05y,
8*—\ \ ~ 5 1
, \ \
- . \ ‘
(38 N \ s b 05
S,
5 - Wb - \A\ , , T3
Sz N~ E\“‘a’A
L - —— ~ 2
"’2 4 © “,:,’\ .\\ 2+ TirTy
K]S \” 10 -~
025
? * 1 ) ] ¢ . Te T2
5 1 15 20 z mol% e

Fig. 2 Dependence of ¢/a ratio on copper (A, 4)
@) oxidé con-

cobalt ([], w) and mnickel (O,
centration.

0 5 10 15 20 25 2z mel%

Fi1g 3 Dependence of ¢/e ratio ‘on tita-

njum oxide concentration, at different mel-

ting temperature of samples (T, = 1000°C,
Ty = 1100°C, T, = 1210°C)
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Starting from the results shown in Figs 2

and 3, one can appreciate that the effect of dif- 2 ~
ferent metallic oxides on the glasses with R=0.2 b
is small, which testifies to the great stability of

tetraborate units and leads to the conclusion that
these oxides are disposed around the [BO,] units,
their distribution being not statistical.

Due to this unstatistical distribution the
possibility to form crystalline microdomains with ¢ ¢
high metallic oxide concentration increases res-
tricting the formation range of glasses, this con-

clusion being supported by the results obtained in Fig. 4. The four crystalline struc-
case of TiO,, where, opposite to the samples with tural groups found in sodium

_ _ : : : borate glasses (a — boroxol,
R =0,5, for 525— 02 ;t v'vlfl_s not possible to acquire 7 pentaborate, ¢ — triborate
glasses with mol % TiO,. and d — diborate). The tetrabo-

For the samples with R = 0.5 1t was ascer- rate group 15 formed by connec-
tained that nickel, copper and cobalt oxides influ- nggt ‘l’;‘eﬂ‘l’:ygf&rﬁzm gi Diooti
ence more drastically the tetracoordinated boron [Bo,] umit of the g:ntfbomte
atoms traction, in comparison with the titanmum group. @ boron, O oxygen.
oxide, whose influence 1s comparable, 1n this case,
with that of samples with R = 0.2. The weak etfect of titanium oxide con-
firms that in addition to the modifier role, which have all the other metallic
oxides, the titanium oxide occupies also network former sites, without affecting
too much the ratio between tetraborate and diborate units number.

The considerable effect of cobalt oxide shown in Fig. 2 illustrates that
by addition ot Co,0, a part ot diborate units, wherin the ratio between the
tetra-coordinated and three-coordinated boron atoms number is one to one, are
changed into tetraborate units, where this ratio 1s one to three. One remarks
that for the samples with 209, Co,0, the value of N /N; ratio approaches the
value typical of samples with R = 0.2, in whose case the diborate units share
1s unsignificant.

The nickel and copper oxides have similar effects in the samples with
R = 0.5. The increasing of N,/N; ratio at smaller CuO and NiO concentrations
proves that a part of tetraborate units was changed into diborate units. As the
nickel oxid concentration increases a contrary process occurs also, but wholly
one can consider that the nickel oxide effect is much smaller than that of cobalt
or copper oxides The increasing of CuO concentration above 15 mol 9 leads
to a quick decreasing of N,/N; ratio value, which demonstrates the transforma-
tion of a great number of diborate umits into tetraborate units.

The relative disagreement with the results obtained previously [9] is due
to the different maintenance times of samples at the melting temperature, -

2. Effect of melting temperature According to Fig. 3, the effect of melting
temperature on the ratio N,/Nj, is considerable. The higher the melting tempera-
ture is the smaller the tetra-coodinate boron atoms share is. This result shows
that as the melting temperature increases, the number of [BO;] units also increa-
ses ; due to the high thermal agitation these structural units may be not compri-
sed in the boroxol type units and form chains of different length. This effect
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is extremely conclusive for the samples with R = 0.5, 1n whose case, when the
temperature increases with x200°C, there occurs a marked reduction of the
diborate units number in favour -of the tetraborate omes, the tetra-coordinated
boron atoms share being similar with that of the samples with R = 02 pre-
pared at 1000°C.

Thus, an 1ncreasing of melting temperature with 100°C compensates the
effect caused by an increasing by 159, of natrium oxide concentration This
effect of melting temperature was evidenced as well for the other two series
of samples with R = 0.2 (A) and R = 0.25 ([O)

It 1s known that as R increases the N, fraction also increases, therefore
1f the samples with R = 0.25 was prepared at 1000°C, then the values of the
ratio c¢/a would be greater than in case of samples with R = 02 It can be seen
that a melting temperature increase of 100°C led to a decreasing of these values
under the values obtained for the samples with R = 02 prepared at 1000°C,
Simular effects were obtained as well for soda-borate glasses with molibden oxide
[10].

IV Conelusions. It was established that the effect of nickel, copper, cobalt
and titanium oxides on the soda-borate glasses structure 1s specific of each
oxide type and his proportions depend on the soda-borate matrix composition.
The melting temperature has a considerable effect on the soda-borate glasses
structure, the increasing of this temperature leading to an appreciable reduc-
tion of tetra-coordinated boron atoms number

(Recewved May 31, 1980)
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EFECTUL OXIZILOR DE NICHEL, CUPRU, COBALT $I TITAN $I A TEMPERATURII DE
PREPARARE A PROBELOR ASUPRA STRUCTURII STICLELOR BOROSODICE

(Rezumat)

Cu ajutorul RMN a B g-au urmint efectele oxizilor de nichel, cupru, cobalt s titan $1 a
temperaturn de preparare a probelor asupra structurn sticlelor boro-sodice

S-a constatat cd amploarea efectelor oxizilor amintif1 este diferentiatd de la un oxid la altul,
fund ma1 pronuntatd pentru oxizn de cobalt s1 cupru, $1 depimnde de compozifia matrien boro-sodice,
fund considerabil mat mare in cazul sticlelor cu R = 0.5

S-a constatat de asemenea ci cregterea temperaturn de prepararea probelor determini o
reducere a numirulur de atomi de-bor tetracoordinati, efect mai pronuntat, de asemenea, in cazul
probelor cu R = 0,5.
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ASUPRA ECUATIEI DE DISPERSIE A UNUI MODEL DE PLASMA
COMPUSA (III)

MIRCEA VASIU

1. Introdueere. In doui lucriri anterioare ne-am ocupat de stabilirea
ecuatulor de dispersie pentru un model de plasmi compusi [1], [2]. In lucrarea
de fafd ne propunem si stabilim ecuajia de dispersie pentru un model analog
de plasmi compusi Spre deosebire de lucrérile mentionate, in prezenta lucrare
considerdm cd perturbatiile sint de forma

8¢ = ¢f exp [s(k, % + &, 2 — wi) ] (1)
unde R,, k, sint numerele de undid corespunzitoare propagirii perturbajulor
de-a lungul axei Ox, respectiv Oz, 1ar w este pulsafia perturbatiel respective

De asemenea, ¢impul magnetic aplicat E:, are componentid numai dupd
axa Oz (§0(0, 0, B,)) si se 1a In considerare acfiunea curentulur Hall asupra

componenter ionizate

2. Ecuatiile fundamentale pentru starea perturbatdi a plasmei. Pentru
modelul de plasmi analizat, ecuafule fundamentale magnetohidrodinamice
pentru starea perturbatd a plasme1 sint de forma [1]

31_; « -, .= — -
Po 7 = - V(8 ) - PoV(BV) +290u X Q-+ Pova(un - u) +
N @)
EAﬁ+—%V(v-ﬁ)+4i(v>< $B) x B,,
8_’,, nd - ~ nd = -
Pro Zf = - V(SP,,) - Pﬂov(SV) - Povc(u_ “) + (.L,,AM”—]— J;_”‘V(V - M), (3)
o) _ o o
ot - pov u, (4)
en) _ .
ot PnoV um (5)
9(8E) -~ - o o
T = V X (# X B,) + v,A(3B) — KV X [(V X 8B) X B,], (6)
A(V) = 4nG(3p + e, @)

nd . 3 . . 3 . .
unde # este perturbatia vitezei unui element al componente1 ionizate a plasmei,,

>
3P este perturbatia tensorului presiune, 3/ este perturbatfia potenfialului gravi-
tajional, 3B este perturbatia cimpului magnetic, '—»Z,, este perturbatia vitezei
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unui element al componenter neutre, 3p, este perturbatia presiunii componentei
neutre, 8p este perturbatla densitdfii componentei ionizate, dp, este perturbatia
densitdtii componentei neutre, p, este densitatea componentei ionizate pentru
starea de echilibru, p,, este densitatea componentei neutre pentru aceeasi stare,
y. este coeficientul de viscozitate dinamici a componente1 ionizate, p, este coefi-
cientul de viscozitate dinamicd a componentei neutre, v, este frecventa de cioc-
nire dintre ioni §i atomi, v, este coeficientul de viscozitate magnetici a plasmei,
K= QLN_‘ unde N este densitatea particulelor ionizate din plasmi, e este
nive

sarcina electricd a particulelor respective, ¢ este viteza luminii in spatiul liber,
V este operatorul nabla, A este operatorul lui Laplace, G este constanta gra-
vitationali.

Pentru componenta dupi axa Oz a cimpului magnetic, perturbatiile com-

>
ponentelor tensorului presiune P sint de forma [2]

3P, = 815 — ooV (61&, + 31@)

8P, = 8p + PoV(a“"f‘ a“yJ, (8)

3P, = 5p,

Oty 0
SP,y = 8P,, = pg au —-7;;—"),

S.Px‘z 8P1z= __290 (('hly + 3“:)

5, 22
ax dz

Tinind seama de formulele (8), precum si de relatiile vectoriale

(Vx 8B) x B, = (B, - v)8B — V(B, - 5B) = B,2®8) _ B v(3B,),
# x Q= gQu, — ¢,Qu,
vx(ﬁxB’o)=(1§’o-V)&—§av-EZ:B,%E—EOV-Z, ©)
4

VX [(V x 8B) x By]=

_ _ 888y - [ @38B;)  0Y3By) - 338y
- ﬁo[ % ozt + e ( ozt oxdx = oxox
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ecuatiile (2) si (6) capatd forma

o __ ndl K2 9 XA
po 2t = — (5[ Z 0P + 2 (0P) + 2 (3P| +

+5[Z (0] + L (3Pw) + - (3P)| +

+5[Z OPu) + 5 (3Py) + 5 (3P |) -

_po[ LU (aym+s‘a(sm]+

(10)
+ ZPO(EzQ“y - nguz) + pnovc(q;’" - ';t’) + }TA;—*‘
P- [V(V %)]—f— [Bo aSB _ BO(—» 3(83:) +—- 9(8By) +';' d(3By) )]’
oy dz
ah _ B2 BoV-% + vuA(dB) —
ot Oz
—KBo[ o, LBy | 2 (8”(8B,) _ 82(8B,)) z az(w,)]. 1)
o2 oz vz %oz

Considerind perturbatiile de forma (1), ecuatiile (10), (3), (4), (5), (11) si (7)
apitd forma (in proiecfii pe axele de coordonate carteziene Oxyz) :

—iwpol, = —ik,Vi8p — povhiu, — 2pvhiu,— 1k,0,8V + 2p,Qu, +

el — ) — o, — - (ki + ) (12)
+ %f—“ 3B, — ﬂf— 3B, |
—i0potty = povkiu, - 2eovhu, — 20,Qu, 1 2wk, + (13)
- OnoVy(tny — Uy) — phu, + 250 5B
—10pot, = —ik, V180 — 2povh,kyty — (k08 + (14)
+ enove(thne — %) — ng% - (kxk: Uet Fathy),

2 — Physica — 1/1981
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— 10 pagthny = — Tk, V 2,80, — 1RupnodV — poVo(thnr — ) — RpkUnz —  (15)
- % (kiunx + kxk.un:):

— 10 Pnotlny = — PoVe(tny — thy) — ;.”kzu,,y, (16)

— 80 ppothny = — ik, V2,80, — ih,onodV — W KMy — (17)

— poVe(thne — ;) — % (ko Ryttnz + kfu,,,),

w8p = po(ku, + k), (18)

@80, = pro(Rythys + Rithyy), (19)

—108B, = 1k, Bu, — v,k28B, — KB,k 8B,, (20)

— 108B, = 1k,B, u, — v,#*3B, + KB,}!$B, — KB,k 3B, (21)
—108B, = — th,B,u, — v,4*8B, + KBk },5B,, (22)

— B3V = 4nG(8p + 3p,), {23)

unde ¥ =k + k., 8 = Vidp, 8p, = V3 80,; V, 51 V,, este viteza sunetului
in componenta ionizatd §i respectiv viteza sunetulut in componenta neutri.
Inlocuind mirimile 8p, 8p, si 8V din ecuatiile (18), (19) si (23) — dupi
ce in prealabil in ecuatia (23) s-au inlocuit méarimile 3p si dp, cu expresiile lor
din ecuatiile (18) si (19) — in ecuatiile (12), (14), (15) st (17), se obtin, prin
ordonarea in mod convenabil a termenilor si impéirfirea cu mirimea p,, ecuatiile

By o B 4miG ookl
(—m F T By, — ’)“,+ [v(Es + 28;) — 201wy +
V2 ~ 4miGo, K
. ( hehVs S gh 4mGpok.¢kx)u’__ (Bvc + LP__) Unz — (24)
w 3 B3¢ ko
_ 4miGp,, kihe Yy — 1hsB, 8B, + kB SB, =0,
ko 4rp, 47p,
koh V2 v
( — W + ’ - + ‘3\" kzkx - 4mi:ok,k.) Uy + 2szkz“y +
W

dmGapgh? 4miGoyohsk
Il ) gy, — AmComokihs (25)

ko k20

k2V2 ~
+(" =t Py k-

(8]

4mGo, kf

—(Bvc+ )um= 0,

ko
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k2pVE,

4miGRe,, ki) u
- - BT

ko

(< b+ 2y S g o, -

©

4AmGPo k2 4GBRok
—(Vc+ Beo x)u‘__ TG Bpok ks u, +

k3¢ Rlw

n ( ihaReBVZ,

«

+ k,k,_iwf_wo_»okz_&);,,,,__.o,

ko

__ AmGBeohghs 4 _ (v N 4G Bpgh? )u n

ko ko

2 ~
(m,k.ﬂvs,, L - 4mGpp,,ok,k,)u”x n
3 %
¥ 2
4mG[5pmJ ky

ko

Zkfﬂan ~ 7 2
+ —uoﬂ—i——————}-v,,kz—i—?"k,—{—vc —

— (VA2 4 2vEE + 2Q)u, + (—iw +IE2 + By,)uy —

ke B
— 2uh g, — Bty —

5B, =0,
TPo

(— 0B + Yk + V)oy —~ v, = O,
(Vmk?® — 1) 8B, = 1k, Byu, — KB: 8B,,
(vt — i0)8B, = ik, Bou, + KBk: 8B, — KBk.k 3B,
(Vuk® — 1) 3B, = — th, By, + KBk,k3B,,

unde
e . ~ ~ ~
=2 V=217 =
° Po Po
Introducind constantele
. w2 o 5 4G ogh?
Ay = —io 1 VR 4 BB By, ——
© 3 Ro
A, = v(ki + 2kf) — 2Q,
Wk k. V2 ~ 4miGonk
Aa — M A + > k‘k‘ _ 4mGpe Ry )
o 3 R

) Upy = 0;

Ordonind termenii si in ecuatiile (13), (16), (20), (21) si (22) rezultd

19

(26)

(27)

(33)
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4mGo, k2 AniGp, ok K
A4=f3"c Puo®x . A5= PnOx:'
k2 Rl
Ae — thyB, . A7 _ RkeB, )
4mp, 4mp,
Wk k V> ~
As —_ ‘_2'(0 + ka 5 + _V_ k“k‘ — 41'!1Gp°k;k‘ ,
« 3 ke
272 = AniGpgh?
Ay = Wkl A= 4 By, + 2 p2 TR
o 3 ko,
4niGp, k2
A — v 0" ;
11 ﬂ © + He
) ) 4 ~ ™ 4mGpp k>
A= —iof + 4 T g e gl gy, T
© 3 ko
4miGPek> 4mGRpgk b
A13=Vc+Ti A14=T—':
h R, BVE 4mGPo, ok &,
Ay = - + ?" ks — ™S ’
4mGﬁpokf
A=y, + BT
) wiav: 3 4miGRp, h*
Ay = —df + = 4V R 4 2Ry ——-——L.k'.
7 © » 3 ¢ k3w

Ay =vEe + 2R+ 2Q; Ay = —in + Sk + By,
Asg = Wk, Ay = —iep + V8 v,
Ay = 1k,By; A= KBgk:, Ay = KBk, ;]
Ay = ik By; Q, = —v,R 4+ iw
ecuatiile (24)—(32) capiti forma
Ay - Agu, + Agn, — Ay, — Agnt,, — AgdB, + A,8B, =0
Agu, + Agu, + Ay, — Agtt,, — Ayt = 0,
Ayoth,, — Aythy — Agu, + Ay, = 0,
— Ay — Asgtty + Aggthyy + Azt = 0,
Aty + Argthy — Asoth, — Pyttyy, — Ag8B, =0,

Azlu"y —_ V‘uy = O,
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Azzuz + Q,”SB,‘ —_ AzaSBy == 0, (40)
Agsthy 4 Aps3B, + Q,3B, — 4,,8B, = 0, (41)
_‘Azaux + A2483y+ QMSB’ = O (42)

Pentru a ob{ine ecuatia de dispersie vom anula determinantul constituit din coe-
ficienfii necunoscutelor «,, #,, w,, #,,, #,,, 4., 3B,, 8B, si 3B, din sistemul
omogen de ecuafii algebrice (34)—(42).

Intr-o viitoare lucrare ne vom ocupa de ecuatia de dispersie pentru modelul
de plasmi analizat.

(Intrat i redacpse 1a 10 susnie 1980)
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SUR I’EQUATION DE DISPERSION D'UN MODELE DE PLASMA COMPOSE (III)
(Résumé)

Dans le présent travail nous voulons déduire le systéme des équations qui permet d’établir
I’équation de dispersion pour un modéle de plasma constitué d’'un composant ionique, compressible,
visqueux, en mouvement de rotation, doué d’'une conductivité électrique finie et d’'une pression ani-
sotrope, sous l'action d'un champ magnétique dirigé d’aprés I'axe Oz et d’un composant neutre,
compressible, visqueux. Le plasma se trouve sous l’action de son propre champ gravifique et aussi
sous l'action du courant Hall,
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THE POSITRONIUM FORMATION IN HYDROGEN

R. CAMPEANU and P. BECKER

In a previous paper [1] (here denoted by paper I} we gave the general
formulation for a variational approach to a two channels rearrangement problem,
such as the positronium formation in hydrogen. The use of the Hylleraas
type expansions for the short range part of the trial functions (I8) led us to
a matrix equation (I16), where the matrix elements are integrals on the space
of the two vectors 7, and 7,. The size of the matrices was 2N-+4, N being the
number of Hylleraas terms. Alternatively, the matrix equation can be split into
2 equations involving matrices with the size N4-2 and in this case the matrix
manipulation is very stmilar to the one shown explicitly by Humberston [2]

In this paper we shall discuss the integration of the matrix elements and
the results obtained after the matrix manipulation. Comments will also be made
about the accuracy and the convergence of the results

Method of integration. From all the integrals involved in (I16) only <{y,Ly;>
can be performed analitically. But even in this case, because of the large num-
ber of such integrals, we prefered the gaussian numerical integration, which
provides exact results with a relatively small number of integration points.

We devided the integrals into three categories, which were solved in three
different subroutines. Subroutine SINGLE delt with the integrals containing
only the long range terms (I]13) of the trial functions The integrals containing
-only the elastic channel wave functions s, and ¢; were calculated partly analitically.

Let us show for instance the {s;Ls,)> integration After the derivation
indicated in (I7) and the reduction of the terms this matrix element had the

form )
(s,Lsyy = = H (i‘“i)z e—”-(i - i) d7, a7, (1)
4z kry 7 32
which can be written explicitly as
0 =] ri+ry
{siLs;) =2 S (Sm—kyl)z r1dr S e 7,dr, g (i NS 7118712 (2)
hyy £} Y13
0 0 [r1—rsl

The notation is the same as in paper I The last two integrals in (2) can be
solved analitically. For #; > 7, the last integral is equal to zero and for », < 7,
we obtained the following results "

oo}

(slsiy = { [Z2 (g 4 ™ dy 3)
0

1

This integration can be performed only numerically and we employed 24 Gauss—
Laguerre points The precision of the integration was checked with the equation
(IA4) and was found to be better than 10—% for all the 7 energies considered.
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The integrals of SINGLE containing second channel long range functions
(ss and ¢,) were performed only numerically because of the complicated form
of p contained in s, and ¢,:

1
p=(1+73—2)°
We have changed our coordinates to a perimetric set defined as:
X =1ty + ¥y — 71o
Yy=r,+ 7 — 7 (4)
Z=17y 4 7y — 7

The Jacobian of the transformation is equal to 4 and consequently the new
volume element is dt = 2nr®,7,7,,dx dy dz. The use of perimetric coordinates
implies that the limits of all the integrals are 0 and oo and can be calculated
accurately with 24 Gauss—Laguerre points. Tests on the accuracy of the inte-
gration were obtained by using (IA1) and the second channel alternative of
(IA4). The accuracy was found to be better than 102 for the second channel
matrix elements and better than 10— for the channels interference matrix
elements It is interesting to mnote that the integrals {s.Ls,> and {c,Ls,)

are equal to zero because after aplying the hamiltonian (I7b) the potential L
1 1 . . . . .
becomes ( Pt B which is zero in the positronium channel.
1 2
The second group of integrals containes only short range wave functions
and the results are the elements of a square matrix for each incident energy.
The subroutine SQUARE integrates the expressions {y,Ly;> in the peri-
metrical coordinates space using, as mentioned before, a small number of Gauss—
Laguerre points. In order to use the same simplified hamiltonian (I7a) as in
SINGLE we used the modified Hylleraas functions -

X = X:(I)H(r2) (5)

where y, is given by (I9) This type of integrals depends on the positron inci-
dent energy only through %% contained in L We have therefore written -

Ly = Qo (=i = =+ ) o> = B Cud ®)

where now the integrals do not depend on % and can be solved once for all
the incident energies.

The third group of integrals contained both short and long range wave
functions, such as {s;Ly,). There are 4 columns of such integrals for each
incident energy. It is important to note that these matrix elements obey the
commutation rule

$ilyd = {ulsd ' 7

which can be used as a check on the accuracy of the numerical integration in
COLUMN We used again perimetrical coordinates and 24 Gauss—Laguerre
integration points
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Results. We have employed in our calculation the following nonlinear
parameters: A =05 used by Humberston and Wallace [3] in their
positron-hydrogen elastic scattering paper, « = B = 0.75 based on a study of
Schwartz [4] and §{ = 0.2 chosen for a smooth behaviour of the integrals
containing c,.

We have used up to 35 Hylleraas type wave functions (I9), corresponding
to w =4 After the matrix manipulation the trial R, and the coefficients e,

and d, were replaced in the equations (I14) to obtain the variational Rpy.

The results with the most elaborate trial function are given in table 1.
and are compared with the best results to date. We have also given our sta-
tic approximation results, obtained with no Hylleraas functions in the trial

functions Our calculation didn’t give a bounded R matrix. However, like in
the elastic case [3], we noticed a monotonious behaviour of R,, except for

k=0.866 where there were some small oscillations. The convergence of Ry, with
o is given in table 2. for two different energies As shown in table 2, the varia-

tional Ry, = R, and R,, had sharp oscillations in their variation with e espe-

Table 1
k Ron 35 terms static [5] 26 terms | [5] static [6] 7]
R, —0089 —0.438 —0065 —0.304
071 | r,, —0.003 —0080 —0.136 —0 0005
R,, —0.274 —0.406 —0.079 —0.268
Ry —0.074 —0441
072 | g, —0004 —0114
Ry, —0.602 —0760
Ry, —0079 —0.446
073 | R, —0.002 —0 142
R,, —1.269 —~1.008
Ry, —0089 —0458 —0086 —0347 —0133 —0315
075 | g, —00075 —0.209 —0025 —0005 —0.003 —0.048
R,, —1774 —1569 —0723 —1486 —0805 —0472
R, —0101 —0.507 —0111 —0.347 —0.159 —0.339
08 R, —0.064 —0.574 —0.047 —0.035 —0009 —0065
R,, —4.682 —5.050 —1.854 —5.490 —2 448 —0586
Ry, —0.130 —0.636
083 | g, —0.1505 —1.864
Ry, —9.324 —18.590
R, 0.2605 —0340 —0146
0866 | R, 17 032 1379 —0.243
R., 717 950 16.125 —9.662
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Table 2
o= 0 1 2 3 4
R R
N=0 1 4 10 20 35
Ry, —0.438 —0.407 —0.259 —0148 —0.090 —0.069
071 | R, —0.080 —0.026 —0.006 0 009 0.002 ~0.003
Ry, —0.406 —0.313 —0.283 —0.321 —0.291 —0.274
. Ry, —0340 —0.440 —0336 —0206 —0.175 —0.2605
0.866 | Ry, 1.379 —0.295 —0.340 0.200 —0.406 17.032
Ry 16.125 —11.721 —8558 5.000 13 110 717.850

cially at high energies. In a bounded calculation such a behaviour would mean
the presence of some resonances, but we cannot draw any such conclusions with
our method

Our 35 terms-R,; are very close to the 26 terms-R,; of Chan [5]. Except
for £ = 0866, our R,; can be cosidered bounded, like the results of Chan, and
are probably the best R;; to date. Our static approximation R,; are also com-
parable to the similar results of Chan [5] The results of Dirksand Hahn
[6] and of Wakid and L, aBahn [7] are much poorer than ours. Unfortu-
nately the good agreement with the bounded calculation of Chan observed in
the R,; case was not noticed for R, and R,,. The bad convergence obtained
for these R matrix elements precluded us from getting results in agreement
with the bounded results of Chan It is difficult to assess the accuracy of our
R,, and K,, and any guess-work, -based on the observed quasi-convergence for
some energies, was too risky.

The R-matrix elements were used in (I11) to obtain the s-wave elastic

gy, and the positronium formation a,, cross sections. These results are given in
the figures 1. and 2. respectively

As we expected, our 35 terms-oy, are in good agreement with the corresponding
cross sections of Chan. They are much lower than our static approximation cross
sections and than the results of Dirks and Hahn [6] and of Wakid and
LaBahn [7]. Our 35 téerms-o;, are in a poorer agreément with the results
of Chan than the elastic cross sections. However, the agreement looks reasonable,
with our cross sections being an order of magnitude smaller at low energies and
becoming almost equal to the results of Chan near the first excitation threshold.
In any case our positronium formation cross sections seem to be much more

»
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Fig. 1 S-Wave partial elastic cross sections Fig 2 S-wave partial positronium forma-
a) present calculation with 35 Hylleraas terms, tion cross sections, Notations as in figure 1.
b) present static approximation x 1071, except. d) Dirks and Hahn [6] x 10,
c) Chan and Fraser [5§], d) Dirks f) Bransden and Jundi [11], their
and Hahn {6] x 107!, e Wakid and approximation B(1) X 1079, g) Fels and
L aBahn [7], their approximation (e) x 1071 Mittleman [12], their model V

reliable than the resultsof Dirksand Hahn [6Jand WakidandLaBahn

[7], taking as a criterium the closeness to the elaborate bounded theoretical
results of Chan [5]

Coneclusions. The advantage of using the Kohn method for a rearrangement
problem is that a large body of calculations can be taken from the elastic scat-
tering programs, the matrix elements of SQUARE and many of the matrix
elements of SINGLE and COLUMN are identical with the matrix elements cal-
culated in the elastic scattering case and the computation of the others implies
only small modifications to the elastic scattering subroutines On the other hand,
the matrix manipulation can be performed as an extension of the elastic scatte-
ring case.

We have performed this calculation hoping that the good convergence
of the Kohn variational elastic scattering phase shifts will be preserved in the
two channels problem too Our expectations were only partially fulfiled as only

the variational R,; showed a quasi-lower bound behaviour However, our 35
Hylleraas terms calculation gave elastic and positronium formation cross sec-
tions in good agreement with the corresponding bounded results of Chan [5],
which remain the best results to date. Our calculation gave better cross sections
than all the other calculations reported in the literature On these grounds we
believe that a similar calculation in the helium case is worth to beé performed.
The results of such a calculation, which is a simple extrapolation of the elastic
scattering programs [8,9], can be compared with the experimental positroninm
formation cross sections of Coleman et al [10]

( Recesved September 20, 1980)
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FORMAREA POZITRONIULUI IN HIDROGEN

(Rezumat)

Sint prezentate rezultatele obtinute prin aplicarea metoder Kohn la problema formdirii pozi-
troniului in hidrogen, o problem4 tipicd de rearanjare in ciocnir: atomice. Se arati cd R,; variational
se modifici monoton cu cregterea numirulu1 de termeni Hylleraas din funcfia de undi a sistemului,
in timp ce pentru celelalte elemente ale matricet R se observd oscilatu. Rezultatele obtinute cu
35 de termeni Hylleraas sint in bun acord cu rezultatele obfinute de Chan cu metoda cuplajului
string intre canale 1 26 de termen: Hylleraas
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COMPETITION BETWEEN THE ASSOCIATION TENDENCY OF THE
METALLIC COMPLEXES AND THE STRUCTURAIL |DEGREE OF THE
SOLUTION

0. COZAR and V. ZNAMIROVSCHI

1. Introduetion. One of the most important properties of the molecules
is their association tendency. This fact has a great significance in biological and
related systems [1]. A typical exemple is given by metallo-prophyrins in which
the formation of the molecular aggregates in both solid state and solution was
revealed [2].

The association degree of the cations species depends in the first time
on the metallic ion concentration in the solution. This fact was evidenced in the
case of Cu?+ ions which were doped 1n the molecular space of y-irradiated poly-
vinyl alcohol gels [3].

The shape modification of the EPR spectra in terms of Cu?t jons con-
centration was explained by the superposition of two absorbtion lines, one
with well-resolved hyperfine structure, due to the isoldted ions and another
without structure due to the ionic clusters.

The clustering effect of the paramagnetic ions in solution may be also
influenced by the structural degree of the solvent. Thus the presence of the etha-
nol in water leads to an increase in the hydrogen bonding number and conse-
quently to a more highly ordered solution structure [4] The EPR evidence
for the structuring effect of the ethanol in water was reported in our previous
papers [5—8].

The structural degree of the solvent may also be influenced by H—D iso-
tope subtitution, because the heavy water has a stronger structural tendency
than the natural water [9].

In this paper we present some [EPR
results which confirm that the clustering
effect of metallic complexes is influenced
by the structuring degree of the solution.
(a) (b) 2. Results and Discussion. The EPR
spectra of Cu?*, VO?+ and Mn?* ions at
77 K in the water-ethanol mixture are mo-
dified by the increase of ethanol concen-
tration from their characteristic shape in
B water, without structure, due to the clu-
stering effect of ions, to the shape with a
well-resolved hyperfine structure, due to
the isolated ions in solutions (Fig. 1).

The water : Bnodel advanced by

Frank-Wen [10] and quantitatively

. 1. EPR. 2+
g;é %;SOE(H) an;”;?;, °és§f‘c‘,ﬂ fﬁngs;: developed by Nemeth y- Scheraga
H,0 (b). [117 suggests the polymeric nature of the
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water. Thus, the liquid water may be considered as a mixture of a free water
and a bond water.

The presence of matallic 10n in water has a breaking effect on the structure
of water in its immediate neighbourhood, imposing its own structure in the
hydrated complex form [12]. Consequently, the paramagnetic ions are surroun-
ded by the radial oriented water molecules. This fact has an unfavourable
influence on the hydrogen bond formation, on the structure of water.

By freezing, the water has a reorganizing tendency but this is only partialy
realized because of the clusters of ions appearance. The interaction force among
the metallic ions is greater than among the water molecules and the structural
degree of the water is insuficient for an isolated fixation of the jons The exchange
interaction among the clustered ions leads to a coalescence of the hyperfine
lines into a single EPR intensive line [3].

The presence of the ethanol 1n water leads to an increase of the rigidity
of the solution structure on the base of the hydrogen bond [4]. So, for a cer-
tain concentration of ethanol the association forces among the solvent mole-
cules are greater than those among the paramagnetic ions, determining by
freezing an isolated fixation of the catioms. In this case, the exchange inter-
action among the ions has disappeared and the EPR spectrum has resolved
their hyperfine structure.

Evidently, between these extremely cases in terms of the paramagnetic
ions and the ethanol concentrations in solution, may coexist as clustering ions
as isolated ions so that EPR spectrum is a result of the superposition of the
two described characteristic spectra. A similar beha-
viour was noticed in the case of [Cu(trien)SCN]SCN
complex. The EPR spectrum obtamed in water at
77 X (concentration of 5 mg/cm?®) consists of a
single line at g = 2,083 (Fig. 2a) indicating a for-
mation of [Cu(trien)SCN]+ clusters In a mixture of —
17% C.H;OH + 83%H,0O (Fig. 2b) was obtained an o
EPR spectrum with a well resolved hyperfine struc-
ture, indicating a fixation of the cations in isola-
ted positions. The characteristic parameteres are.
81=2,185, g; = 2,060, 4, =156,6 Gsand 4, =21Gs.

In the case of the substitution of H,O with D,0O
and C;H;OH with C,DsOD hasn’t observable effect in t
comparison with the spectra from fig. 2. This shows %
that the isotope effect 1s not able to modify the num-
ber of isolated or associated cations. #

By increasing the concentration of the cations
to 10 mg/cm?® it was noticed that the cations aren’t
in totality fixed in 1solated positions though the sol-
vent contains 359%,C;H; OH (Fig. 3a). The EPR spec-
trum will be characterized by an intense signal at
g = 2,083 which is attributed to the clustering ions Fig" 2. E.P.R. spectra of
and by a diminished hyperfine structure due to the [Cu(trlen)SCN]H:lconceum-
isolated joms. The number of the last is smaller tﬁzg (cf) san’gg{‘.;’;z c:‘éﬂnﬁ’
than those associated. 83% H,0 (b).

ta)
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The situation is modified for the

deuterated solution (Fig 3b) because the
fraction of the isolated cations increase
approximately three times, which is pro-
(@) (b) ved by the increase of the intensity of the
hyperfine structure signals (especially
"y =1? 3/2) andzb(})rsghe decrease of the
— signal from g = 2,083.

avll It is clearly pointed out the mo-
1 B A dification of the structural degree of
9 ;.;G: S the solvent by the H—D isotope sub-
— stitution and the fixation in the isola-
ted position of a great number of the

Fig. 3. E P.R. spectra of [Cu(trien) SCN]+ in cations. ] .
concentration of 10 mgjem?® at 77 K: 35% A similar result (Fig. 3b) may be
C,H,OH + 65% H,0 (a) and 35% C,D,0D + obtained in the undeuterated solutions
65% D,0 (b). by the increase of the concentration of

the ethanol

3. Coneclusions. The experimental results reveal that between the associa-
tion tendency of the metallic complexes and the structural degree of the solution
a permanent competition exists This determines the ratio of the associated
ions and isolated ions, which appears in the shape of the EPR spectra.

Also, the solvent H—D 1sotope effect is noticed only when the two mecha-
nism are comparable. In the case of a clear domination of one of them, the
additional isotope H—D structural effect isn’t enough for a sensitive exchange
of the clustered and isolated ions number

(Recewved September 23, 1980)

REFERENCES

I.E.D Goddard (Ed.), Advan. Chem. Ser., 84 (1968)

2.P.D.W Boyd, T D Smith, J. H. Price, J. R. P1lbrow, J Chem, Phys, 56, 1253
(1972).

S. Fujiwara, S Katsumata, T. Sek1, J. Phys Chem., 71, 115 (1967)

. C. F, Wells, Trans. Faraday Soc., 66, 204 (1970)

.V.Znamirovschi, O Cozar, Al Nicula, Molec Physics, 27, 273 (1974).
. 0. Cozar, V.Znamirovschy I Haiduc, J Molec Struct, 31, 153 (1976).

.V.Znamirovschi, O Cozar, Al Nicula, Studia Univ. Babeg-Bolyai, Phys. 21,
70 (1976).

. V.Znamirovschi O. Cozar, Acta Phys Polomica, 442, 3 (1972).

. I, Kirshenbaum, Physical Properties and Analysis of Heavy Water, N.V,, 1951,
10. H. S. Frank, W. Y. Wen, Disc. Farad Soc., 24, 133 (1957).

11. G. Némethy, H. A, Scheraga, J. Chem. Phys,, 36, 3382 (1962).

12, R, A, Horne, Encycl. Chem. Techn,, 21, 668 (1970).

NoO e W

©w mw



ASSOCIATION TENDENCY OF THE METALLIC COMPLEXES 31

COMPETITIA DINTRE TENDINTA DE ASOCIERE A COMPLEC$ILOR METALICI $I GRADUYL,
DE STRUCTURALIZARE AL SOLUTIEI

(Rezumat)

Se aratd cd intre tendinta de asociere a complecsilor metalic1 1 gradul de structuralizare al
solutiei existd o permanentd competifte Aceasta determuni raportul dintre i1onn asociati s1 cei 1zolati,
care se manifestd concret in forma spectrnlui R.P.E.

De asemenea efectul izotopic de solvent H—D este sesizabil numai atunci cind cele doud
mecanisme sint comparabile. In cazul domin#rn nete al unuia dintre ele, structuralizarea suplimen-
tard dat# de substitufia izotopici nu este suficientd pentru a schimba sensibil numdirul 1omlor izolat:
gl asociati .
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COMPORTAREA LA TEMPERATURI JOASE A CONSTANTEI
DIELECTRICE $I A UNGHIULUI DE PIERDERE A UNOR MATERIALE
DIELECTRICE ELECTROIZOLATOARE

GH. CRISTEA, V. CHIOREANU*, 1. BARBUR

In lucrare sint prezentate rezultatele misuritorilor experimentale, in dome-
niul temperaturilor joase, asupra permitivitdfii electrice relative e, §i a tan-
gentel unghiului de pierdere tg 3, pentru materialele electroizolatoare indigene 1
mylar, prespan, samicanitd, H,MSi si S;MSi. In literatura de specialitate exista
numeroase referiri la proprietatile dielectrice ale materialelor de acest tip la tem-
peratura camerei si peste aceastd temperaturd [1,2,3,4,5], dar lipsesc aproape
total pentru domeniul temperaturilor criogenice. Preocupirile mai recente din
tara noastrd in domeniul electrotehmicii au impus necesitatea extinderii mate-
rialelor electroizolatoare spre domeniul temperaturilor joase.

Descrierea materialelor [6, 7, 8]. Mylarul sau hostafanul este o risini sin-
tetici — tereftalat de polietilenda — cu molecule liniare, care se ob}ine in urma
polimerizédrii prin condensare a acidului tereftalic in etilglicol, dupd schema

0 0 ) N
] ] .
HO-C C-0H+ .-
2
. L=>[—c-(;>-c—o—(criz)2—]n
Acid tereflalic

HO—(CHZ)Z-OH
Etileng licol

) Polietilenteref talat

Grupirile CO imprim# materialului un caracter polar ceea ce determina in
esen{d comportarea sa in cimp electric.

Prespanul este un carton din (sau pe bazi de) celulozd (CyH;(Og), sub-
stan{i macromoleculard cu celula structurald de tipul:

— (I:H OH -
A
\g“

-

0—0

—————

L H OH

N/

* Institutul Politehnic , Traian Vwa', Timigoara,
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Din formula chimici a celuloze1 se vede cd fiecare el al lantului molecular con-
tine trer grupari OH care atribute substanfer o polaritate pronunfatd Prespanul
se obtine in urma presirn in stare umeda a mai multor stratun subfir: de celu-
lozéa. In cazul prespanului pe baza de celulozd, acesta este impregnat cu diferite
uleiuri sau lianf1.

H,MS1 st S,MS1 sint substanfe anorganice stratificate, in compozijia cirora
1ntra peste 509, mici naturald sub formé de muscovit [K,03A1,0;-6Si0,-2H,0]
sau flogopit [K,0-7MgO-Al,0,-6510,-3H,0]. Folule de micd sint presate Ia
cald, cu lant siliconic, intre doud folii de masd plasticd in cazul H,MSi g1
de tesdturd de sticld in cazul S,MSi Astfel de materiale se cunosc sub numele

de micamte sau micafolu
) Samucanita este un material pe bazd de micid. El se obtine din mici mici-
nati si lianf1 anorganici, printr-o tehnologie aseméndtoare obfinerii hirtier din
celulozi. Datoritd naturii lor anorganice micanitele s1 samicanitele pot fi folosite
ca material izolant la temperatur: pini la 180°C.

Tehnica experimentalda. Masuritorile, atit pentru e, cit $1 pentru tg s,
au fost efectuate in curent alternativ, la frecventa de 1 kHz s1 valoare efectivd
de 50V, cu ajutorul uner punf1 digitale automate, de tip E-3154A, de fabricatie
polonezd. Variatia temperaturi, intre 77 s1 273K, a fost obtinutd cu ajutorul
unui dewar de constructie spectald, prin evaporarea naturali a azotului lichid.
Condensatorul de masurd este ecranat de insisi perefnt dewarului (Fig 1). Electro-
dul inferior al condensatorului de mésura este prelungit cu o tije de alami care
asigurd conducfia termicd intre azotul lichid, cu nivel vanabil, s1 condensatorul
cu probd. Pentru a elimina influenta umiditatii asupra mirimilor dielectrice mésu-
rate, masuritorile au fost efectuate in atmosfera de
azot. Atmosfera de azota fost creatd prin evaporarea
azotulut in dewar, intrucit dewarul a fost inchis cu
ajutorul unw piston previzut cu un orificiu ingust de
evacuare, care are 51 rolul de a centra electrodul supe-
rior. Pentru ca toate probele si fie masurate in condifi1
1dentice de presare intre electrozi, electrodul superior
a fost apdsat prin forfa gravitafionald a unei mase
asezate pe electrodul superior Temperautra a fost
misuratd cu ajutorul unui termocuplu cupru-cons-
tantan, plasat in armitura inferioara a condensato-
rului, la o zecime de milimetru de probi, asociat cu
un milivoltmetru digital Precizia mésurétorilor a fost
de 40,19, pentru capacitate, 29, pentru tangenta
de delta si sub 1K pentra temperaturi

Rezultate experimentale. Observim de la ince-
put cd misuritorile fiind efectuate la frecventd joasd
(1kHz), proprietidfile dielectrice ale tuturor materia-
lelor sint determinate de toate cele trei mecanisme
principale de polarizare polarizare electronicéd, pola-
rizare ionici s1 polarizare dipolard, prin orientare
Pentru discutia ce urmeazd impéifim probele in doud
grupe ' a) probe din materiale organice-mylar (Fig. 2) g, 1 Schema dispozitivu-
s1 prespan (Fig 3), b)j probe din materiale anor- lm de misuri

Condensadtor
cu proba

3 ~— Physica — 1/1861
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ganice —H,MSi (Fig 4), S,MSt (Fig 5) $1 samicamtd (Fig 6) Mylarul este
proba cea mar omogeni din punct de vedere al compozifiél, deoarece la tem-
peratura camerel mylarul este o masd amorfid de polietilentereftalat, cu caracter
polar pronuntat Cu sciderea tempeiaturii, la aproximativ 245K, &, si mai
ales tg § prezintd un maxim dupi care ambele mirimi scad monoton pind la
temperatura azotului lichid De reguld, in substanjele anorganice astfel de maxime
sint puse pe seama tranzifulor de fazd Datd fund natura polard a materialului
o astfel de tranzitie de fazd se poate manifesta si in cazul materialelor de naturd
organici Prin urmmare, cu cxcepfia unut domeniu ingust de temperaturd, proprie-
titile electroizolatoare ale mylarului se imbunédtifesc odatd cu scidderea tempe-
raturit.

Aceleast observatu sint valabile si in cazul prespanului, cu deosebirea cid
datoritd lianfilor care au fost introdusi pentru imbunitdtirea proprietadfilor
mecanice ale probelor, lirgimea picului maximulul in valoarea lui ¢, este extins
asupra unul domeniu relativ larg de temperaturd Pierderile dielectrice in prespan
prezinta o dependenta de temperaturi destul de complicati, manifestind un minim
la aproximativ 265K, unde ¢, are maxim Pentru prespanul impregnat cu aska-
rel (amestec de difenili cioruratr) maximul in tgd apare la temperatura de soli-
dificare a impregnantului, temperaturi care depinde de concentratia difenilului.
La temperaturt apropiate de cea a azotulw lichud atit ¢, cit s1 tg § scad pronun-
tat, ceea ce conferd pregpanului calitif1 electroizolatoare superioare celor de la
temperatura camerel

Referindu-ne la micanite s1 la samicanitid iemarcdm cd in cazul tuturor
probelor la temperaturi in jur de 240K acestea mamifestd o tranzifie de fazd
in structura probelor, evidentiati prin salturt ale permitivitdtn si pierderilor
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dielectrice Din cauza structurii de tricomponente a acestur substanfe (mica
suportul si liantul) maximul in valorile lui ¢, $i tg 8 nu este unic ci se manifestd’
sub forma unei suprapuner: ale maximelor diferitelor componente. Hste insd
foarte semnificativi constanta fajid de temperaturd a proprietifilor electroizo-
latoare ale acestor materiale, incepind cu temperatura imediat inferioard celei
de tranzitie i pind la temperatura azotului lichid.

Comparind intre ele cele trei materiale dielectrice anorganice observam,
la temperaturi joase, valoarea foarte micd a pierderilor in H,MSi fajd de S,MSi,
pentru valori aproximativ egale ale lui ¢, Aceastd comportare poate fi explicatd
prin valorile mari ale p1erder1lor suportulm din fesiturad de sticli pentru S,MSi,
comparativ cu pierderile in suportul de masi plastlca al dielectricului H,MSi.
In cazul samicanitei proprietitile electroizolatoare sint mult inrdutitite din cauza
structurii poroase, desi omogene, a materialului

Observatiile de mai sus, privind comportarea proprietéfilor dielectrice ale
materialelor studiate, la temperaturi joase, au caracter calitativ. Aceasta dato-
ritd naturii foarte heterogene a probelor (cu exceptia mylarulum), atit din punct
de vedere al compozi}iei si tehnologiei de preparare cit §i sub aspectul structurii
fizice.

(Intrat in redactse la 30 septembrie 1980)
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LOW TEMPERATURE BEHAVIOUR OF DIELECTRIC PERMITTIVITY AND LOSSES OF
SOME ELECTROINSULATING MATERIALS

(Summary)

The results on temperature dependence of dielectric permittivity and losses at low tempera-
tures, for some indigen electroinsulating materials (mylar, pressboard, samicanite, H,MS1 and S,MSi),
are presented

The measurements showed that the electromnsulating properties of studied materials improve
as temperature decreases The critical values of ¢ and tg$ are supposed to be caused by struc-
tural transitions in materals.
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TEMPERATURE AND COMPOSITION DEPENDENCE OF THE LIGHT
TRANSMISSION OF CHOLESTERYIL, CHLORIDE-CHOLESTERYVI,
CAPRATE MIXTURE

S. SELINGER, F. PUSKAS, R. SCHWARTZ, A. JUHASZ

1 Introduction. In this paper the temperature and composition depen-
dence of the transmittance is examined .

It 1s known that when cholesteric liquids crystals are mixed, the resultant
pitch depends not only on composition but also on temperature The composi-
" tion dependence of the pitch for a binary or a ternary liquid crystal mixture
has been studied by many authors [1] Kozawaguchi and Wada [2]
extended the continuwn theory for binary mixtures They explained experimen-
tal results by considering the difference of elastic constants in component mole-
cules

. 2 Experimental methods. Cholesteryl chloride (CCl) and cholesteryl cap-

rate (CC) used in our experiments were synthetized at the I CCF Filiala Chyj

These two components 1n 509% 509%, 75% .259% and 25% 75% molar
percents are heated up to the isotropic phase, stirred well and used as a sample
The temperature of the sample 1s controlled within the accuracy of 1°C and
it 15 mesured by a thermocouple placed in an oven placed around the sample

The light beam from the colimator passes through a 20 mm® hole cen-
trally on the sample.

The apparatus used to measure of transmittance caracteristics of the liquid
crystal sample 1s Luxmeter type PU 150 METRA

The polarization plane of the transmitted light rotates due to the optical
activity 1n cholesterics

The pitch can be calculated from the optical rotatory power » [3] by the
relation ‘

7)2

P = — (1)

45(An)?

Where An 1s the birefringence and represents the difference beetwen the maxi-
mum and the mmimum indices of refraction in a cholesteric layer, and A 1s the
wavelenght of the sodium light

When a cell 1s placed between crossed linear polarizers, the light trans-
mission for normal incidence 1s given by

I = s1n2(20) s1n23/2 (2)
with 3 = 2ndAn| .
An = (n, — Bo)max - SIN%Q v
¢ = oft)

o 15 the angle between the liquad crystal optic axis and the direction of propa-
gation of the incident light, @ 1s the angle between the direction of the light
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polarization and the projection of the liquid crystal optic axis onto a plane
parallel to the surface of the cell, d is the thickness of the liquid crystal layer;

8 is the relative phase retardation
The angle ¢ is determined by the temperature. Under the influence of the

temperature the liquid crystal molecules are rotate around their optical axis,
thus causing nonuniform light transmission

The cell 1s heated up to the vicinity of the clearing temperature and cooled
down again

3 Experimental results. The transnussion at the white natural light
dependence of the temperature for CC1(50%) — CC(50%,), CCl(75%) — CC
(259%) and CC1(259%,) — CC(759%) mixtures is shown in Figure 1
The plot shows sharp breaks in the curves at different transition temperatures.
The breaks in the curves indicate phase changes.

Figures 2. and 3 show the transmission of the light when sample is
situated between the polarizing plates by turning the one plate by 45° and
90° respectively

4 Discussion. If the angle between the polarizing plates 1s 45° transmission
decreases by about half and is no longer dependent on composition.

If the angle increase at 90° transmission continues to diminish in accor-
dance with value of the transmittance in natural light In this case, responsible
for the unusual transmission is the comncentration of the cholesteric structure.

The transmuttance at the same temperatures when angle of the polarization
1s 90° depends on molar percents of the components This values of the trans-
muttance is different from that obtained for the case when the sample consist
of only CCl or CC
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5. Coneclusion, The breaks 1n curves indicate phase changes, but the opti-
cal method used in this study may not necessarily measure true thermodinamic
transition temperatures, since a change in translucency may be due to causes
other than a phase transition However, generally, the agreement between the
transition temperatures obtained by this method agrees well with data obtained
by other methods [4]

The composition variation of the transmittance in the lmiar polarzed
light 1n the CCl — CC mixtures 1s more pronounced thanks to the optically
active nature of the cholesteric structure

(Recerved October 30, 1980)
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DEPENDENTA TRANSMISIEI LUMINII DE TEMPERATURA INTR-O MIXTURA DE
CLORURA DE COLESTERIL-COLESTERIL CAPROAT

(Rezumat)

fn lucrare este prezentatd dependenta de temperaturd si de compozitie a transunster luminu
printr-o mixturd de clorurd de colesteril (CCl) 1 colesteril caproat (CC) avind procente molare dupid
cum urmeazi CCI(50%) — CC(50%), CCI(75%) — CC(25%) st CCl(25%) — CC(75%)

Metoda opticd folositd in experientele noastre este destinati determunirn tranzitier de faza
Temperaturile de tranzifie sint in concordanti cu datele obtinute de noi prin alte metode Se observi
cd odatd cu variatia procentajulu1 molar a compomnentelor are loc o variatie mai pronuntati a trans-
mistel luminn liniar polarizate
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RADIOACTIVITATEA GAMA A APELOR TERMALE DIN
VALEA CERNEI

C. COSMA, 1. MASTAN, V. ZNAMIROVSCHI, N. GOLOPENTA*

’
'

1 Introducere. Misurdtor:t anterioare efectuate asupra radioactivitatii
apelor provemte din surse geotermale s1 1zvoare minerale [1] au stabilit ci
cea mai radioactivd apd din Roménia se giseste In Valea Cernei g1 anume la
grupul de izvoare cumoscut sub denumirea de ,,Sapte calde dreapta’”, situate
pe malul drept al riulm Cerna in amonte de stafiunea Biile Herculane [2—5].

Apele geotermale din Valea Cerner sint intens utilizate in tratamentul
diferitelor afectiumi Tot in aceastd zond, la Cascadi, a fost midsuratd si cea
mai mare concentrafie de ioni negativi din Roménia Din punctul de vedere al
concentrafier de 1on1 negativi din atmosferd statiunea Baile Herculane este ase-
madndtoare cu statiunea Davos din Elvetia [6], avind efecte terapeutice de mare
insemndtate Rezultatele obfinute in tratamentul medical au facut ca in ultimii
ani statiunea Biile Herculane si capete o puternici dezvoltare Din aceastd
cauzd in statiune s1 In vecinitatea e1 au fost efectuate in ultimul timp mar multe
foraje in scopul captidru unor noi surse de api geotermald

Compozitia chimicd st radioactivitatea gazelor ce insofesc apele termale
din Valea Cerne1 au fost misurate recent, rezultatele gdsindu-se in lucrérile [7—9]
Odatd cu mdisuritorile asupra compozifier chimice §t radioactivitiif1i acestor
gaze am constderat utild si o investigare asupra radioactivitifn noilor surse de
apa termald precum si1 o remadsurare a surselor deja cercetate [5]

2. Metoda experimentald. Posibilitatea m#suririi radioactivitdfii apelor cu
continut de radon (222Rn) prin detectia radiatiei y se bazeazi pe faptul cd do1
dintre urmasii radonulur s1 anume 2“Pb(RaB) si #4Bi(RaC) se dezintegreaza
emitind in proportie insemnati fotoni y [107 Metoda folositd pentru misurarea
radioactivitdtit v a probelor de apd s1 gaze cu ajutorul unei instalaii de spec-
trometrie y cu patiu canale de tip NP424 este descrisd 1n lucririle [9, 11] Volume
mari din probele recoltate (0,5 1) sint misurate intr-o geometrie inelard cunos-
cutd, folosind vasul de probe NVY424 astfel ci factorul de unghi solid, £, se
poate calcula Eficacitatea instalatiei, e, a fost determinati in regim 1integral
cu ajutorul surselor etalon 37Cs s1 22Am de activitate cunoscutd fixind pragul
astfel Incit radiajia cu energie mai mici de 40 keV si fie tiiatd In fiecare caw
in calcul s-a folosit valoarea medic a cel putin cinci mésurdtor, 1ar rezultatele
au fost corectate fatd de fondul introdus de aceeasi cantitate de apd distilatd

Pentru calculul activitdtias in nCi/l s-a folosit relatia
A=4 L 2 1/ (1)
37 Q ¢ =

in care A’ este viteza de numdrare In imp /s 1 pentru o probd de 0,5 1, # = 2,5
este numérul mediu de fotoni y emist de #4Pb si #4Bi aflat1 iIn echilibru radio-

* T BT Bdiile Herculane
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activ cu radonul, la o dezintegrare o a acestuia din urmi [10], 1ar f, = 1,2 este
un factor care tine seama de absorbtia s1 autoabsorbfia radiatiei y. Pentru e
st Q's-au folosit valorile din [9] si anume ¢ = 389, si Q = 3,92 steradiani

La ridicarea spectrului v al probelor de apd s-a lucrat in regim diferential,
instalafia fiind ih prealabil etalonatd energetic folosind surse de *#Am, 137Cs si
600

Probele au fost recoltate in sticle de 0,5 1sau 1 1 avind gr1ji ca la umplerea
sticle1 si nu se producd barbotarea apei, sdrdcind astfel continutul in radon al
acestela Sticlele au fost inchise ermetic Radioactivitatea probelor de api astfel
recoltate'a fost misuratid dupi 2—3 zile de la recoltare, interval de timp sufi-
cient pentru instalarea echilibrulu1 radioactiv dintre radon si cer dor urmasi vy
radioactivi ai acestuia, mentionati mai sus

Umplerea vasului de probd cu apa din sticle s-a ficut cu ajutorul unui
furtun de cauciuc pentru evitarea barbotirii

Activititile calculate cu re1a1;1a (1) au fost recalculate pentru momentul
recoltdrnt cu relafia . :

At} 2)

unde Af este intervalul de timp scurs intre momentele recoltirit si masurdin pro-
bei, 1ar Ty, = 3,82 zile este timpul de Injumdtitire al 222Rn

3 Rezultate si diseutii. Masurdtorile efectuate recent [9] de cédtre autoru
prezentei lucrari asupra radioactivitdfu gazelor naturale care insotesc apele
termale din Valea Cernei au demonstrat in mod clar ci radioactivitatea acestor
gaze se datoreste in exclusivitate radonului (***Rn) Este astfel de asteptat ca
o parte din radon sd fie dizolvat in apele termale cu care ajunge la suprafati
Spectrul y din fig. 1 demonstreazd acest fapt. In aceastd figurd sint prezentate
datele obtinute pentru o proba de 0,5 1 de apd recoltatd de la sonda Scorilo.
Picul de 610 keV apdrut in spectru atribuit ?Bi precum g1 picul de 350 keV
atribuit 2“Pb pun in evidentd exis-
tenta 22Rn care este precursorul T
acestor doi radionuclizi

Masurind variafia in timp a
radioactivititii apelor termale din
Valea Cerner s-a obfinut pentru
timpul-de Injumditdtire valoarea de
Ty = 3,8 zile care este tocmait
timpul de injumatifire al radonulu
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injumatidfire de ordinul zecilor de minute. In acest context reamintim ci timpii
de injumatdtfire pentru cei doi urmasi y radioactivi ai radonului, ®4Pb g1 24Bi,
sint 27 minute §i respectiv 19,7 minute Dec:i radioactivitatea y a probelor de
apd se datoreste celor doi urmasi RaB si RaC, acestia gisindu-se in echilibru
radioactiv cu radonul dizolvat in apd Ca urmare, pentru calculul activititii
radonului confinut in probi se pot folosi relatiile (1) si (2) care au fost folosite
si in lucrdrile anterioare [9, 11].

Rezultatele mésuritorilor efectuate asupra probelor de api recoltate din
17 surse geotermale diferite din Valea Cernei cuprinse intre Sapte izvoare calde
dreapta §i Fabrica de var, prelucrate cu relafiile (1) si (2), sint prezentate sin-
tetic in tabelul 1

Din tabelul 1 se observd ci pentru probele recoltate de la Sapte calde
dreapta activitatea masuratd de noi in doi ani consecutivi a dat valori apropiate
si in bund concordan$i cu rezultatele din lucririle anterioare [1—5] Subliniem
faptul cd in lucridrile citate misuritorile au fost efectuate asupra radonului scos
din apd prin barbotare §i compararea activitifii « a acestuia cu cea a unei
probe etalon. Numerotarea celor trei izvoare de la Sapte calde dreapta este
ficutd in sensul de curgere a Cernei, temperatura acestora crescind de la izvorul
1 spre izvorul 3 Dupa cum se observd de asemenea din tabelul 1, activitatea
acestor 1zvoare scade odatd cu cresterea temperaturii lor urmdrind variatia cu
temperatura a coeficientului de dizolvare a radonului in api Comparati cu
activitatea gazelor [9], raportul acestora di o valoare apropiati de coeficientul
de dizolvare la temperatura respectivi (~0,13)

Activitdti insemnate au fost obtinute si pentru probele recoltate din fora-
tele mai noi Scorilo, Fabrica de var, Traian precum si de la izvoarele Higheia
si Diana. Activitatile mai mari pentru probele de api recoltate din aceste surse
si de la Sapte calde dreapta sint confirmate si de radioactivitatea mai pronuntati
a gazelor insotitoare [9].

Pe de altd parte, in cazul surselor enumerate mai sus existi o variatie destul
de pronunfati a radioactivitifii acestora, variatie care depiseste erorile de
misurd In legiturd cu aceste variatii de radioactivitate subliniem faptul ci si
compozifia gazelor ce Insotesc aceste ape variazi in limite destul de largi [7,8]
Pentru a infelege caracterul variafiei radioactivitdtii apelor termale din Valea
Cerner ar fi necesare misuritori sistematice efectuate de-a lungul citorva ani
consecutivi

Rezultatul diferit obtinut de noi pentru proba nr 11 de la Higheia, fatd
de rezultatul din lucrarea [5], se explicd prin faptul cd in ultima perioadi acest
izvor a fost reamenajat fiind folosit recent si in cura interni

In lucririle noastre anterioare [9, 12] am aritat ci aeroionizarea negativid
puternicd din Valea Cernei se datoreste in primul rind radioactivitdtii pronuntate
a gazelor naturale care ajung la suprafati prin mulfimea de fisuri adinci a albie
Cernei O parte a acestor gaze, inclusiv radonul, rimin dizolvate in apa Cernei
Misuritori efectuate de-a lungul mai multor ani si prezentate sintetic in lucrarea
[6] aratd ci aeroionizarea negativi cea mai puternici apare la Cascadi (amonte
de complex Roman). Mecanismele propuse de noi pentru explicarea excesului
de ioni negativi din aceastd zoni sint formarea de electroni hidratati si aparitia
unui exces de radon in atmosferi prin barbotarea apei Pentru verificarea ulti-
mului mecanism am misurat radioactivitatea unor probe de api din Cerna recol-



Tabel 1
Valorile aetivitdfii in nCi/l pentru probele de apii din \alea Cernei

Data recoltdni martie aprilie mlie unie septembrie Alte
Nr. 1978 1979 1979 1980 1980 masuri-
probei ton
YLocul recoltdmm a b a b a b a b a b [1,5]
1 Sapte calde dreapta (1) — — — — | 22,68| 56,7 | 19,31 ] 48,3 — —
2 | Sapte calde dreapta (2) — — — — 121,521 53,8 | 19,04 | 47,6 — — 20,54
3 | Sapte calde dreapta (3) — — — — 19,67 | 49,2 | 18,71 | 46,7 — —
4 | Sonda Scorilo 4,11 | 10,3 [ 2,77 | 6,9 - — 4,75 | 11,8 —_ —
5 Sonda Fabrnica de var — — 2,05 5,1 — — 4,4 |11 — —
6 | Sonda Neptun — — | 0727 1,8 - — 1,19 29 — -
7 | Sonda Decebal — — 0,7 1,7 - - 0,28 0,7 — —
8 Izvor Venera 1,17 2,9 —_ —_ — — 0,26 | 0,65 — —_ 0,36
9 Sonda Traian — —_ - — 5,43 13,6 1,76 | 4,4 - —
10 | Sonda Ghizela — - — — - — 025 0,6 - —
11 Izvor Higheia — — — — - — 2,18( 5,5 — — 6,08
12 | Izvor Diana — — — — — — 3,521 8,8 — —
13 Sonda Abator — — - — — —_ — — 1,08 | 2,7
14 Sonda Neptun (apid pt stomac) — — — — - — — — 0,26 | 0,65 0,43
15 | Izvor Argus (apd pt. ochi) — — - - — - — — 0,73 | 1,8 0,52
16 | Apd din Cerna (amonte Cascadd) — - - — - — 1,12 2,8 — -
17 { Apd dm Cerna (aval Cascadi) — — — — — — 084 2,1 — —

(i), + = 1,2,3 — numérul 1zvorulu:
a — activitaten « a radonulw -
b — activitatea v globald a radonulu in echilibru cu urmagy si: (b = 2,5 a)
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tate in amonte si aval de Cascadd. Din analiza rezultatelor prezentate in tabe-
lul 1 se observd o scddere a radioactivitifii apei in aval de Cascadi, fapt care
confirma pierderea prin barbotare a uner par{1 din radonul dizolvat

Pe parcursul efectudru acestor cercetiri am avut discutii interesante, schimburt utile de 1de,
cu Dr Ilie Cristescu directorul I BT Biile Herculane precum g1 cu Dr Simion Georgel, geolog
principal la TG P S M S —Bucurest:, cdrora le aducem pe aceastf cale mulfumirile noastre

(Intrat in redacjre la 31 octombrie 1980)
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THE GAMMA RADIOACTIVITY OF THE GEOTHERMAL WATERS FROM CERNA VALLEY

(Summary)

It was measured the y — radioactivity of the geothermal waters from the Cerna Valley.
By this method the radon concentration was determined, which was previously obtamned by direct
o — radioactivity measurements The radon content of the water together with the local factors
explain the great concentration of the negative ions and especially in the Cascada region of the
Cerna Valley
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DETERMINAREA CONCENTRATIEI PAMINTURILOR RARE IN
DAVIDIT PRIN METODA ACTIVARII CU NEUTRONI

V. ZNAMIROVSCHI, M. SALAGEAN*, A, MOTIU, C. NEGUCIOIU

Introducere. Daviditul, cunoscut s1 sub denumirea de ferutit este un
mineral oxidie, cu o compozijle complexd, avind formula generaldi X,Y;0,,,
unde X = U, Ce, La, Fet? Fe+*? 1ar ¥ = T1, Fe?+ Cr, V Se considerd ci
provine din senait, prin recristalizare la 1000 °C.

Daviditul cristalizeazd in sistemul romboedric avind raportul axial c/a =
= 1,37, parametru reteler fund a, = 10,37 A, ¢y = 20,87 4, 1ar Z = 9 Mineralul
este de culoare inchisd, proba analizatd de no1 avind un aspect masiv Hgan-
tionul provine din Sudul Australier de la Radiuum Hill (= Olary), zond cunos-
cutd pentru vartetatea uramiferd de davidit [1—3]

Utilizarea procedeelor clasice de analizd a mineralelor a permis identifi-
carea $1 dozarea numai a elementelor mat sus meniionate

Aplicarea metode1 de analizd prin activare cu neutroni, aga cum rezultd
din prezenta lucrare, a lirgit spectru: elementelor cunoscute, ca ficind parte
din constitujia chimicd a daviditului Datoritd Inalter sale sensibilitifi, analiza
prin activare cu neutironi are o largd aplicatie in tehnica analiticd multielementald

Cunoasterea continutulur de paminturi rare in formafunile geologice (roct
si minerale) constituie un instrument valoros in studiule geochimice, in scopul
determindrii provenienfer $1 evolufter diferitelor tipuri de roci, in studii crista-
lochimice, precum si1 pentru valorificare economici [4]

In lucrare s-a folosit metoda analizer prin activare cu neutromi instru-
mentald, adicd fard separdr chimice, ca sursid de neutromt utilizindu-se reactorul
VVR—S al IFILN — Bucurest:

Metoda se bazeazd pe proprietatea nucleelor de a interaciona cu neutroni
st de a se transtorma in nuclee radioactive Studiul radiatiilor caracteristice,

emise de aceste nuclee, da informatu privind compozifia calitativi si cantitativa
a probei

Rezultate experimentale. S-au cfectuat doud seturi de iradieri si anume
wradier: lungi s1 iradient scurte

In 1radierile lung1, proba mnvestigatd impreuni cu o probi standard GSP-1
[5—7] au fost wradiate 20 ore la un flux de neutronm de 10¥njcm? s

Dupd iradiere, probele au fost transvazate din foifele de aluminiu in care
erau ambalate, pentru iradiere in cutn speciale de polietilend plasate pentru
indsurare in geometr1 rdentice atit pentru proba cit s1 pentru etalon

Pentru detectarea radiatulor v, s-a folosit un detector de Ge(I1) de volum
55 c¢m?® cu o rezolufte de 4,5 keV la %Co, cuplat la un analizor de tip Canbera
cu 4096 canale.

Masuritorile s-au fidcut la timpi de rdcire de 10 si 115 zile de la sfirgitul
iradieri1, durind intre 10 minute $1 1 ord

* Institutul de fizicd §1 imgmerie nucleard, Bucurestt
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Fig 1. Spectrul v al probe1 de daviditdup# iradierea lungidt (20 ore) s1 timpul de ricire de 10 zile

In figura 1 prezentim spectrul probei de davidit dupd un tump de ricire
de 10 zile. Se observi radiatiile vy caracteristice ale piminturilor rare La, Ce,
Nd, Eu, Tb, Yb, Lu. Pe lingi acestea proba ma1 confine s1 elementele Fe,
Ta, Sc, Zr, Ba, Cr ale cdror concentratii nu s-au determinat, neconstituind
obiectul acester lucriri De asemenea, proba confine si elementele fisionabile
Th Se observd in spectru produsii de fisiune 1311, 40Ba, 121 Iradierea
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F1g. 2 Porfiunea imtiald a spectrulny y al prober de
davidit dup# iradierea scurtd (3 mun) s1 timpul de

ricire de 10 min

scurtd s-a efectuat la posta pneu-
maticd existentd Ja unul din cana-
lele orizontale ale reactorului, des-
tinatd urmdiririi 1zotopilor cu timp1
de injumadtatire scurti

Proba s-a iradiat 3 minute la
un flux de 10" n/ecm?.s. Figura 2
prezinté o portiune a spectrului pro-
bei de davidit misuratd 2 minute
dupid un timp de ricire de 10 mu-
nute. Se observi radiatile carac-
teristice ale Dy, element de interes,
a cdrui concentrafie s-a determinat
luind ca etalon Dy,0, iradiat impre-
und cu proba. Proba de davidit
ma1 contine elementele Ti, Mn st
V, ultinele doud apérind in ultima
portiune a spectrului, neprezentata
aict, ‘

Scopul lucrirn fiind determi-
narea paminturilor rare, prezentam
in tabelul 1 citeva caracteristici ale
acestor elemente [7]
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Tabel 1
Abundenta Sectiunea
Izotopul 1zotopicdt | de activare Ty, Ey(keV) Interferenta
(%) (barm)
WL, 99,91 8,9 10,2 ore 1596 U9
Ulwf)
WiCe 88,48 0,6 32,5 azle 145 P¥Fe(143)
29Pa(145)
HWINAd 17,18 2 11,1  zile 531 ) —
132Fy 47,77 5900 12,7 ani 1408 —
180Th 99,99 46 72,1 zile 1272 —
185Dy 28,18 800 139 mun 94,7 —
169V h 0,14 11 000 31,8 zile 177 —
176Yh 31,84 9 4,208 zile 396 283Pa(398)
Wn 2,59 2 000 6,74 zile 208 29Np(210)

In penultima coloani sint prezentate numai energiile gama luate in considerare
in calculul concentratiilor. In cazul Yb s-au considerat doi izotopi ai acestuia,
rezultatul privind concentratia fiind dat ca medie a celor doud cazuri

In ultima coloani sint date posibilele interferenfe cu radiatiile de interes
din partea altor elemente prezentate in probd [8]

Din considerente de intensitate a radiaftilor si eficacitate de detectie, s-au
efectuat corectiile necesare, extrigindu-se contributiile elementelor care interferi
din ariile radiafiilor piminturilor rare.

Tabelul 2 prezintd rezultatele experimentale privind concentratiile celor
8 piminturi rare in proba de davidit, exprimate in ppm In parantezi sint date
erorile absolute

Tabel 2

Elementul Concentrafia (ppm)

La 17 460 (522)
Dy 5340 (50)
Nd 1362 (270)
Ce 1035 (14)
Yb 360 (30)
Th 86 (10)
Lu 45 (13)
Eu 20 (2)

Elementele sint ordonate in sensul sciderii concentratiei lor, observindu-se ci
ILa si Dy au concentra}ii destul de mari.

(Intral in redactie la 1 norembric 1980)

4 — Physica — 1/1961
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DETERMINATION OF RARE EARTHS CONCENTRATION IN DAVIDITE BY NEUTRON
ACTIVATION METHOD ’

(Summary)
This work presents a quantitative dnalysis of davidite mineral using the neutron -activation

method From the experimental data eight rare earths concentration (La Dy, -Nd, Ce, Yb, Th,
Lu, Fu) were determined. A B

'
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ANATIZA PURITATII UNOR ALIAJE CU TITAN ‘
C o PRIN ACTIVARE CU NEUTRONI

[

T
C. COSMA, 0. COZAR, V. ZNAMIROVSCHI, I. POP

1. Introducere. Metoda activirii cu neutron: este larg utilizatd in analiza
calitativd s1 cantitativi a unor elemente in concentratii foarte mici. In pre-
zenta lucrare ne-am propus studiul unor materiale criogenice pe hazé detitan,
unnidrindu-se .in special determinarea elementelor teromagnetice (Fe, Co, Ni1)
care au o mare influenjd asupra comportirn supraconductoare a acestora

S-au analizat doud probe, una confinind titan purificat electrolitic si repu-
rificatd prin evaporare in vid (1), 1ar cealalti titan din ferotitan (2)

Metoda absolutd este mai rar folositd in analize cantitative deoarece fluxul
de neutroni, sectiunea eficace de activare, factorul de schemi, precum §1 efi-
cacitatea detectorului 51 ungh1u1 solid in care se tac masuritorile sint marimi
nu intotdeauna suficient de bine cunoscute [1, 2]

Din aceasti cauzi, in general este utilizati metoda relativi in care se
1radlazé impreuna cu proba si etaloane de compozme similard, unde concentratia
elementelor ciutate este cunoscuti In cazul in care proba de analizat are o
compozitie chimici necunoscutd, cum este cazul nostru, sint necesare iradier:
suplimentare prealabile pentru recunoasterea elementelor

Dupi ce elementele au fost identificate prin pozifia fotopicurilor apirute
in spectru si prin timpul de injumdatédfire calculat din variafia activitdtii de sub
fotopic [3—5], se trece la analiza cantitativi propriu-zisi. In acest scop se
clntdresc esantioane din proba de analizat s1 etaloane, introducindu-se in tubur
de cuart in cazul activaru la timp: lungs si in pung: de polietilend in cazul iradie-
rilor la timp:1 scurft Dupi iradiere se mésoard activitdtile sub acelas: fotopic,
1ar concentratia elementelor din proba necunoscutd se calculeazd astfel

__ (activitatea prober) (masa elementulm1 din etalon)

x

(activitatea etalonului) (ﬁlasa probet)

unde activitdtile sint reduse la acelast timp de ricire 1 de mdsurd

2. Rezultate ¢i discufii. Activarea 1 mdsurdtorile au fost realizate in
cadrul laboratoarelor I F I N-ulu1 Bucurest: Iradierea s-a facut folosind neutronn
termici din reactorul de tip VVRS al acestur institut Spectrele au fost ridi-
cate cu ajutorul unui analizor multicanal Canbera cu 4 096 canale, echipat cu
un detector Ge-I1 avind rezolutia de 5 keV st volum util de 55 cm® Au fost
efectuate doui seturi de 1radieri

a) Iradiere la fimpr scurts Din cele doud probe s-au cintidrit cantitdfr
convenabile si s-au inchis in pungi de polietilend Din proba 1 confinind titan
repurificat electrolitic masa iradiati a fost de 16,6 mg, 1ar din proba 2 confi-
nind titan din ferotitan, cantitatea a fost de 22,7 mg Ca monitor de flux s-a
folosit NaCl (4,6 mg), iar 1radierile au fost efectuate cu ajutorul pogtei pneuma-
tice un timp t,, = 3 minute la un flux de ~10" nfcm?-s Timpul de masurd a
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fost pentru ambele probe t, = 5 minute, 1ar timpul de ricire de 8 minute pen-
tru proba 1 s1 18 minute pentru proba 2

In figura 1 este dat spectrul y al probei 1 din care s-au putut identifica
urmitoarele elemente 5T1 (320, 607 si 927 keV) #Cu (511 si 1037 keV), 26In
(1291 keV), 2V (1431 keV), 28A1 (1776 keV) Picul de 1458 keV apartine fon-
dului introdus de 1zotopul 4K

Proba 1 a fost remdsuratd dupd un timp de ricire de 57 minute, pe spec-
trul acumulat in timp de 10 minute identificindu-se elementele 3Mn (845 keV),
8T1 (820 keV) si T%In (1290 keV).

Din spectrul obfinut pentru proba 2 (fig. 2) s-au putut identifica elemen-
tele: %1Ti (320,607 si 928 keV), %Cu (510 keV), 5Mn (845 s1 1807 keV), 5V
(1431 keV), 28Al (1775 keV) Picul de la 412 keV se datoreste dublei scipiri
din energia de 1431 keV a vanadiului

De asemenea din spectrul' acumulat timp de 10 minute dupd un timp
de racire de 72 de minute au ma1 fost identificate picurile aparfinind ¥'W
(685 keV), %*Mn (845 s1 1806 keV) si 2Na (1366 keV). ‘

Mentiondm si faptul cid in limitele unei precizii de 30—409%, concentratiile
elementelor identificate mai sus se pot calcula si prin metoda absoluti. Produ-
sul dintre fluxul de neutroni s1 unghiul solid in care au fost efectuate mdisuri-
torile a putut fi calculat din activitatea méasuratd sub fotopicul de 1365 keV al
%#Na folosit ca monitor de flux S-a gisit ci Q@ = 2,3 - 101°/s (1365 keV),s
fiind eficacitatea detectorului pentru energia de 1365 keV a *Na*
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b) Iradiere la timpr lungs In acest caz egantioanele din cele doud probe
au fost tradiate timp de 3,5 ore la un flux de ~10%n/em?-s Devarece s-a urmirit
dozarea clementelor feromaguetice Fe, Co, Ni, fmpreund cu probele au fost
iradiate si-etaloane confinind aceste eclemente S-au folosit urmitoarele combi-
najii  FeSO, (13,75 mg), CoSO, 7H,O (7,2 mg) si NiO (1,8 mg). Spectrele au
fost ridicate dupd un timp de ricire de 18—19 ore, acumularca lor (t,) durind
2 000 sccunde. .

Spectrul din figura 3 obtinut pentru proba 1 (16,6 mg) a dus la iden-
tificarca’ urmitoarelor elemente #Cu (511 si 1349 keV), As (561, 660 si
1218 keV), 187W (685 keV), 3Mn (849 keV), 46Sc (892 si 1124 keV),24Na (1373
keV), #0L4 (1600 keV) si 42K (1527 keV) Picurile de la 986, 1041 si 1316 keV
au fost atfibuite #Sc format prin reactia 4Ti (u, p) *®Sc, iar cel de la 161 keV
aparfine ¥Sc provenit din 4*T1 tot printr-o reactic (1, ) Picurile notate cu X
nu au fost identificate

in aceasti probd, dupi cum se observi din figura 3, nu au apirut picu-
rile elementelor ciutate Fe, Co, Ni ceea ce inseamni ci ele au o concentrafie
foarte micd in proba 1 Pentru a determina concentrafia acestora sint nece-
sare iradieri mai lungi (citeva zile) la fluxuri mai mari (a10%®n/cm?.s)

Figura. 4 reproduce spectrul obtinut pentru proba 2 (22,7 mg) identi-
ficindu-se elementele 87W (135, 207, 481, 554, 620, 626, 688, 775 si 868 keV),
%Fe (194, 1102 s1 1294 keV), 31Cr (322 keV), #Cu (513 1 1350 keV), 6As (561
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si 659 keV), 5Mn (849 si 1812 keV), %Co (1175 g1 1334 keV), *Na (1372 1
1736 keV). Ma1 apar de asemenea elementele 4’Sc (161 keV), 48Sc (986, 1040
s1 1316 keV) provenite din *7Ti si 4¢Ti, precum §148Sc (891 keV)si #K (1529keV)

In aceasti probi au apirut picurile Fe §1 Co, iar pentru determinarea Ni sint
necesari timpi de iradiere st fluxuri mai mar:

Determinarea concentrajsei de fier si cobalt din proba 2 s-a ficut masurind
activititile sub fotopicuri pentru elementele din proba si etaloane dupd metoda
folositd in [6, 7] Activititile probei si etalonului au fost reduse pentru acelagi
timp de misurd, timpul de ricire fiind neschimbat Energiile fotopicurilor sub
care s-au misurat activitifile, precum s celelalte mérimi care intervin in calecul,
sint trecute in tabelul urmitor:

E f A — t np C

1 1 "m T: " X
Elementu (keV) | (%) | (mp) |3NF I & | g | (%)
S6N1 (etalon) - 812 | 87 1595 | — | 61 zle | 300 18 -

60 1173 | 99,87 | 60033
27Co (etalon) 1332 | 99.98 | 52506 - 5,3 am 2001 7.2 —

1099 | 44 622

S9Fe (etalon) 1201 | 55,5 419 | — | 451 zle 300 | 13,75 —

S9Co (proba 1) 1175 | 98,78 | — 180 | 53 am | 2000 | 16,6 | <0,003
Se¥e (proba 1) 1291 | 55,5 - 108 | 45,1 zle | 2000 | 16,6 | <1,08
SoN1 (proba 1) 812 | 87 - 230 (| 6,1 zle | 2000 | 16,6 | <0,18

60 1175 | 98,87 1072
2750 (proba 2) 1334 | 9998 793 — 5,3 am 2000 | 22,7 0,01

1102 | 44 12409

59+1a

3¥Fe¢ (proba 2) 1204 | 555 | seis | — | 451 mle | 2000|227 | 74
2N1 (proba 2) 812 | 87 - 240 6,1 zile | 2000 | 22,7 | <0,13
unde f este factorul de schemi, Am — activitatea méisuratd sub fotopicul cores-
punzitor, £, — timpul de mdisurd, 1ar 3\/F reprezintd limita de detecfie [8],

F fiind fondul pe un numair de 10 canale in regiunea energetici in care ar tre-
bui sd apard picul respectiv.

Se constatd cd elementele feromagnetice (Fe, Co, Ni) in proba (1) purifi-
catd electrolitic si repurificatd prin evaporare in vid sint in concentrafii relativ
mici, tinzind spre limita de utilizare In criogenie

(Intrat in redacpre la 8 noiembrie 1980)
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PURITY ANALYSIS OF SOME TITANIUM ALLOYS BY NEUTRON ACTIVATION
(Summary)

It 1s analysed the composition of some titanium alloys using the neutrom activation method
The concentration of the ferromagnetic elements (Fe, Co, Ni) in the electrolytic purified and vacuum
evaporation repurified samples 1s smaller thah m the iron-titanium so tending to the utilised limt
1 cryogenics
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REZONANTA- PARAMAGNETICA ELECTRONICA A CENTRILOR DE
ARGINT IN STICLE DE'TIPUI, B,0,—1Li,0—S10, SI B,0,—Li,0—Al,0,
o IRADIATE GAMMA

LAVINIA COCIU, I. CIOGOLAS*, AL. NICULA

1. Introducere. Interesul acordat studierii prin metoda rezonantei para-
magnetice clectronice (RPE) a diferitelor sisteme sticloase care confin argint
st care au fost expuse unei radiatii de energie inalt3, se datoreste posibilitatii utili-
zirii lor in dozimetrie, acestea dovedindu-se radiofotoluminiscente Pe de altd
parte, studiul asupra centrilor paramagnetici indusi prin iradierea sticlelor ofera
posibilitatea clucidirii structurii acestora din urmi. In literaturi se relateazd
[1]7 despre studiul centrilor paramagnetict produsi in sticlele anorganice cu
argint in urma iradiern1 lor la temperatura azotului lichid, misuritorile RPE
efectuindu-se la aceeasi temperaturd Zhitnikov si Peregud (2] con-

o
statd disparifia, la temperatura camerei, a centrului paramagnctic Ag produs
prin iradierea umnor sticle fosfatice care contin Ag,O

Aceastd lucrare prezintd rezultatele studiului RPE a centrilor paramag-
netici obfinuf1 prin iradierea gamma, la temperatura camerei, a sistemelor stic-
loase B,0;—11,0—Si0, si B,0;—Li,0—Al,0, impurificate cu Ag,0

2. Metodica experimentald, Unul dintre sistemele studiate de no1 contine
84 mol 9%B,0,; 15 mol 9% Li,0 1%, Al,0,, acesta a fost impurificat cu Ag,O
in concentratii variabile intre 0,159% si 10% din greutatea matricii de bazi,
indicate in tabelul 1. Sticlele din sistemul B,0,—I11,0—Al,0, au compozitia
indicati in tabelul 2 Probele au fost preparate prin subricire, dupd mentinerea
amesteculu1 de oxizi, timp de o ord, la temperatura de 1000°C Apoi probele
au fost iradiate gamma, timp de 3 ore, la temperatura camerer Misuritorile
de RPE au fost efectuate la temperatura cameret in banda X(3 cm)

3 Rezultate experimentale. Inainte de a fi iradiate gamma, probele
studiate nu prezintd absorbtie de rezonantd paramagneticd Spectrele RPE
ale sticlelor y — 1radiate diferd in functie de concentratia oxidului de argint
din probe Spectrul RPE al matricu1 de bazd (proba 0) aratat in figura 1 con-
tine numai semnalul dat de centrul rezultat in urma captirii unui gol la o lega-
turd bor-oxigen, centru studiat s1 explicat de Griscom, Taylor, Ware
st Bray [3] In spectrul RPE al probelor 1+ 4 (figura 2), de o parte si de
alta a acestui’semnal, se observi cite doud linit de absorbfie; acestea sint liniile
de structurd hiperfind ale centrului paramagnetic_al argintului atomic format
in urma iradierii sticlelor In figura 3 este redat spectrul RPE al probelor
cu un confinut mai mare, 5%, de Ag,O, se observd aparitia a incd trer semnale
caracterizate de factorii de despicare spectroscopicid egali cu 2,177, 2,056 si
1,978, respectiv Aceste semnale sint ma1 intense in spectrul probei cu 109%Ag,0.

[N

* Intreprinderea SINTEROM, Cluj-Napoca
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10,6 gauss
—

—t

H

Fig. 1 Spectrul RPE al probelor firi
Ag,0, vy — 1radiate

‘OgAg 107Ag

2% AgZO

64 gciss

F1g 2 Spectrul RPE al sticlelor 84B,0, 15L1,0
18i0, impunficate cu 29%Ag,0 si 1radiate
gamma

Spectréle probelor din sistemul B,0,—1i,0—Al,0, contin numai semnalul
golului captat la legitura bor-oxigen si cel al argintului atomic; pentru, probele
cu 35% LiO, asa cum se vede din figura 4, liniile de cimp jos ale centrului

-

- x
4 o
2177

0% Ag, 0
B4gauss

b ?‘

Fan ;-(:b)" :

F1g 3 Spectrul RPE al sticlelor’ 84B,0,

?1511,0 1810, cu concentrafn mai man de
Ag,0, 1radiate gamma

o
Ag nu sint rezolvate . .
4 Diseutii si eoncluzii. Argintul are
- L 1,
doi izotopi, fiecare cu I = n abun-

dentd naturald aproape cgala- 10 "Ag (48,1%,)
cu p, = —0,129mn si 97Ag (51,9%) cu
u; = —0,111 m n. Centrul paramagnetic

al argintului atomic, Ag° existent in stic-
lele gamma iradiate, se formeazi prin cap-
tura unui electron la ionul Agt (4dw).
Configuratia electronicid a acestui centru
este ns! $1 starea fundamentald 2S;, Da-
toritd caracterului s al electronului nefmpe-
recheat, puternica interactiune hiperfina
despici energia stirii fundamentale asa
cum se vede din figura 5, cind cimpul
magnetic este zero Hamiltonianul care
descrie atomul de argint in cimpul magne-
tic H este

H = g8SH + ¢, 8IH + AST (1)
unde g este factorul de despicare spec-
troscopica a, invelisului electromic al ato-
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nerezolvat

N
=y Whg Wag
f
BY% L0 2% Ag® <
R
@yss -

Fi1g 4 Spectrul RPE al sticlelor 60B,0, 35L1,0 5Al,0; mmpunficate

cu Ag,0 st iradiate gamma 3
mulu1 de argint, § — magnetonul lui Bohr, g, = % este momentul magnectic
’4

nuclear al atomului de argint, S st [ sint operatorii de moment unghiular
electronic si nuclear, respectiv, 1ar A este coeficientul interactiunii hiperfine
Valorile proprii ale hamiltonianului 9 sint date de ecuatiile Bre1t-Rab1
[4]

AW

_ AV 4m ) 2112 0
W(F, m) = ETEET 4 g,BHm + ; (1-{-———2I+1 x—}—x) (2)

unde. AW = hAv =’—'1; (2I + 1)4 = A4 este despicarea

-03
N~

hipertind a atomului de argint in cimp magnetic nul

, — H v .
$1 % = (_gi)ﬂ__’ m este numdrul cuantic magnetic

ATV

al momentului cinetic total al atomulur £ = § -+ I .

Graficul nivelelor . energetice in functie de cimpul’
magnetic static este aritat in figura 5 Intre cele
patru nivele energetice ale fiecirui'izotop, se pot 0.1

observa doud tranzitii de rezonantd’ 172

. F=1 m=—~-1)e (F=0,m=20) Fi1g 5 Nivelele energetice
S1 (3) ale argintului atomic in cim-
(F =1, m= 0) > (F =1, m= 1) pul magnetic H

n
"
~10

[XTRA
-
"

-—=H
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Frecventa v a cimpului de microunde este legati de valorile H, si H, ale cim-
pului magnetic static la care au loc tranziiiile prin relaiile

v=—Ay [% (1 2" + % (1 — ) ———“”"h‘;’f‘ 4)
= Mg (k) (1 ) - £, (5)

Determinind din spectrele RPE valorile v, H; si H, pentru fiecare izotop, s-au
calculat valorile factorului g si ale coeficientului Av = A/k. Rezultatele obti-
nute pentru sticlele 0 = 6 sint aritate in tabelul 1, in care raportul

Avhbex — Ay

dv = , (6)

Avhber

ne indicd deviaia coeficientului de structurd hiperfind de la valoarea lui pentru
atomul de argint liber In stare atomici liberd, despicirile in cimp magnetic
nul au valorile [5] egale cu 1713,56 MHz pentra ¥7Ag si 1976,94 MHz pentru
W9Ag, jar g = 2,0022 '

Tabel 1
=]
Compozitia sticlelor si parametrii RPE ai centrului Ag in probele iradiate gamma
Ag,O Ay 3y 8 Izotopul
Prob 2 0,001
. % MHz % 0002 Ag
0 - _ —_ _

1 0.15 1545,12 9,82 2,003 107
! 1781,22 9,89 2,001 109

o 05 1553,27 9,35 2,003 107
= ' 1789,13 9,50 2,002 109
3 1 1555,26 9,23 2,004 167
1791,89 9,35 2,004 109
4 2 1556,18 9,18 2,002 107
1795,06 9,20 2,003, 109
5 5 1561,46 8,87 2,001 : 107
1800,79 8,90 : 2,004 109
; . S hiperfind Ivi 107
(4 10 Structura hiperfinii nu se rezolv 109
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Valorile factorului g si deviatia procentuald a despicirii hiperfine in cimpul
nul a Ag in sticle cu B,0,—Li,0—ALO, sint indicate in tabelul 2.
Tabel 2

o
Compozitia prohelor si parametril RPE ai centrului Ag in sticlele B,0,Li,0A),0; iradiate gamma

Compozitia matrien de bazi
Proba (mol %) Grixtatea H dy | Izotopul
2,0 +0,001 % "
m %, 10,002 o g
B0, 14,0 ALO,
. 2,004 12,61 107
7 84 15 1 2 2.005 12,75 109
2,004 12,66 107
8 84 15 1 5 2,005 1273 109
< 2,003 12,66 107
9 80 15 5 2 2,003 12.68 109
- 2,002 12,61 107
10 80 15 5 5 2,003 12,69 109
1 60 35 5 2 Structura hiperfind nu este
rezolvata
12 60 35 5 5

]

Pentru centrul Ag in sticle cu cuar, Shendryk [1] relateazi valori
ale dispicdrii hiperfine in cimp magnetic nul mai mari decit acelea pentru
starea liberd, respectiv 1743 MHz 51 1992 MHz Din tabelul 1 se vede cd fati
de valorile |Av|pe centrul paramagnetic al argintului atomic din probele
studiate este caracterizat de un coeficient de structurd hiperfini mai mic,
dovedind ca argintul este inglobat in matricea sticlei prin legaturi cu caracter
covalent Deviatia coeficientului de la valoarea sa pentru atomul liber, caracte-
rizatd de raportul 3v, este mai micd decit 109 s1 scade odatid cu cresterea con-
centrafiei de Ag,O din probe. Sciderea se explicd prin faptul ci la concentrafii
ma1 mari de Ag,0, acesta nu se mai inglobeazi omogen in matricea sticlei ct
se formeazi regiuni de neomogenitity, in care argintul este mai putin influengat
de matricea sticloasi

Cresterea concentratier de Ag,O din probe determinéd lirgirea linitlor de
structurd hiperfind ale argintulur atomic Pe lingi acest efect, cresterea con-
centrafiei de Ag,0 determind aparifia unor linii in spectrele probelor 5 si 6.
Semnalele cu g = 2,177 s1 2,0056 pot fi componentele tensorului g axial pentru
ionul Ag®+ (4d°) rezultat prin captura unui gol la ionul Ag+*. Studii RPE [7]
ale halogenurilor alcaline, dopate cu argint s iradiate, indici valon ale para-
metrilor hamiltonianului de spin Ag®+ egale cu. gy =2,15; g, =2,04; 4, =
= 32 gauss, 4, = 22 gauss. Structura hiperfind a centrului Ag?+ in sticlele



62 L COCIU, I CIOGOLAS, AL NICULA

studiate nu se rezolvid. Presupunerea capturi unui gol la ionul Ag* este sus-
timutd g1 de faptul cid_ intensitatea semmalului, golulu1 la legitura B—O scade
mult cu cresterea confmutulur de Ag,0O din sticle Semnalul cu g = 1,978 ar
ptitea fi al perechilor de ioni de argint, Ags, a ciror prezenti in sticle fosfatice
[6] a mai fost semnalatd

Spectrele RPE ale probelor indicate in tabelul 2, confin numai semnalul

centrului de gol la legdtura B—O s1 pe cel al argintulu1 atomic, Ag, indiferent
de concentratia de Ag,O din sticle. Pentru sticlele din sistemul B,0O3Li,0A1,0,
abaterea coeficientului de structurd hiperfind este mai mare decit 109%, si nu
depinde de confinutul de Ag,O (2% si 5%), in schimb A este puternic influen-
tat de continutul de oxid alcalin al probelor In probele cu 35% Ii,0, la ace-
leasi concentrajn de AlLO; si Ag,O, liniile de la cimp magnetic mai scizut nu
sint bine rezolvate, spre deosebire de cele de la cilmp mai mare (figura 5) care
rdmin incd distincte. La acest confjinut de oxid alcalin, cind in sticle borul este
in special tetracoordinat, matricea de bazi determini o distribuie, A4, a coefi-
cientului de interacfiune hiperfind. Largimea AH a semnalului de rezonanfa
datorat distribujiei coeficientulu1 de structurd hiperfini ‘

+AAm + L A AA (7)
&B 2H (gp)®
depinde de valoarea cimpulu: magnetic, explicind nerezolvarea porfiunii de la
valori mai mici ale lui H
In concluzie, in urma iradierii gamma a sticlelor B,0;—1Li,0—SiO, impu-
rificate cu Ag,O in concentratii variabile, se formeazd centri1 paramagnetici-

Ac?g, Ag?tsi Ag,* In sticlele B,Oy—1i,0—Al,0, impurificate cu Ag,O si iradiate
gamma apare numai centrul argintului atomic

+AH =

3

(Intrat n redacpic la 10 nom‘nbru 7980)
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 EPR, OF SILVER CENTERS IN GAMMA IRRADIATED
B,0,—Li,0—$i0, and B,0—L1,0—ALO, GLASS SYSTEMS

e ) (Swmmary) .. . S

’

The paramagnetic centers of silver gémma irradiated Baoﬂ'—‘L120; Sio, and l?»gc‘)—Lig,O:—‘AI,,Oa
glass systems with different concentrations of Ag,0, are studied The nature of paramagnetic centers
and the dependence of EPR parameters on Both Ag,0 and I1,0 content is discussed
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EPR INVESTIGATION OF Mn**+ IONS IN xMnO(l — x) NayB,0, GLASSES

¢
[

M. PETEANU and AL. NICULA r

Introduction. Structural testing of vitreous matrices by means of electron
paramagnetic resonance of the transition metal] 1ons used as microprobes in
the diamagnetic host, proved its wiability in identifying the environments,
corresponding to. different symimetries and strength of bonding. The magnetic
resonance spectra ot Mn2+t in oxidic vitreous matrices were successful-in revea-
ling the vicinities in which the strong crystal field effects result in absorptions
having g factor values very different from 2.0023, and also 1n evidencing the
clusterizing tendencies, exceeding a limit of concentration [1 — 5]. ‘The inter-
dctions 1nvolving them depend on the type, strength, and spatial orientation of
connections in the host diamagnetic matrix, and also on the magnetic dilution of
mmpurities, so that the absorption spectra structure and the EPR parameters
dependence on paramagnetic unpurities concentration may provide conclusions
about the microstructure of the studied ion vicinity [6].

The purpose ot this paper 1s to report our results on Mn?* ions paramag-
netic resonance 1n borax-glasses. Several environments giving rise to the expen-
mentally recorded absorptions will be discussed by pointing how the spectral
details are revealing the structural peculiarities of the investigated system. It is
a natural result in continuing our investigations on the %S5, state ions in borax
based glasses previously reported 1n [7].

Experimental. Glasses of the system xMnO 1— x) Na,B, O7 tor 01 <
< x < 5 mol 9 ,were prepared by melting the ox1d1c mixtures correspondmg
to various concentrations 1n an electrically .
heated furnace at about 1000°C, and quen- 200 8% Nap 8,09
ching them at room temperature on a stainless 9:2,02 o
steel plate, after their stabilisation during
an hour at the melting temperature Typical
coloured glasses were obtained.

EPR measurements were performed by
using a JES-3B equipment, in the X fre-
quency band, with a 100 ke/s tield modula-
tion Generally, the EPR absorption spectra
have the structure given in fig 1. The spectral
resolution was wery high, providing a spin-

; 500
lattice relaxation time long enough for per- P08
forming our measurements at room tempera- —
ture. Because the hyperfine structure (hfs) of H

the most intense absorption line (fig 1) 1s less
resolved for high concentrations, disappearing
for x>5 mol 9% MnO, our research was
limited to the above mentioned concentration g 4 1. Typical absorption spectrum re-
range. corded for xMnO. (1 —x)Na;B,0, glasses
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The characteristic absorptions being centered at g~4-3, g~ 3.3 and g~ 2
we shall give a theoretical model suitable for obtaining these particular values
of g

Theory. The main feature of our spectra 1s the absorption centered at
g~ 2 having a well resolved hfs charactenistic of Mn% (I = 5/2). The para-
magnetic ion thus prefer sites of high symmetry, subjected to weak crystal
field effects. EPR absorption may be expressed by ‘using the spm Hamlltoman

% —=gBH.S+ A - S+ . (1)

Besides, there are distorted versions of these environments. giving rise to absorp-
tions centered at high values of g proving the intervention of strong crystal
field effects.

A cubic environment haying weak tetragonal distortions may eyplain the
features of our spectra, We developed in a previous paper [7] the theory of the
6Ssi2 state splitting in a tetragonally distorted cubic field, so that here we
shall give only its more important steps The spin hamiltonian describing the
interactions to which Mn2+ jons are subjected in this particular case, 1s

X =%, + %, = By (0 + 50;3) + BYO§ + B0+ gBH S (2)
where )
=2 g2 p_L
B, 120’ B 3’ %7 180

In the strong crystal field case ¥, > ¥, By diagonalizing ¥, and solving the
secular equation one abtains the energy “levels in zero magnetic field The tetra-
gonal crystal field spilts the ®Ss; state into three doublets. The | £1/2) states
are eigenstates, while | £-5/2) mix to | F3/2) By cvaluating the g tensor
components for each doublet and imposing the 1sotropy condition g, = g, = g,
for the low lymg omne, we obtained the values g = 4285 andg = 3 333 cor-
responding to strictely determined values of the relative crystalfield parameter

tg 2 — J5a 35 4 for

. These values are tg2a = respectively

2
2( at < F) 44D
wich additional relations between the crystal field parameters, corresponding
to isotropy occur Therefore

a+4+F 4+3D=0 , (3)
345

resulting for tg 2« = — follow 1n the energy levels

10 1 4
€1=§D+3F+'—3—a

a=—2D—F—Lg (4)
3 3 .
8 2
=—'—-D '—F [4
w=—-D+-F+a
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for which, in the crystal field parameters range where &, or s, are low lying,
an 1sotropic 4 285 value results for g [8] For tg 2 = ﬁ/z, results

F+3D=0 (5)
and the energy levels
10 1
= —D = _
& 3 + . F4a

2

&=—=D—F—2 (6)
8 2
csz—gD—}—gF—i—[l

for which, when &, or &, 1s low lying an 1sotropic g = 3 333 occur.

Accordingly to Abragam and Bleaney [9] even a nondistorted
cubic field gives rise to absorptions centered at g = 3 333 1n the strong crystal
field approximation The corresponding spin hamiltoman 1s

m::ﬁccr_i_ﬂcx: 4+5011+gﬁHS (7)

for which %, > %, The %, diagonalization follows in

ey | £5/2) | F3/2> |£1/2)
(£5/2] L A5 0
2 2" ®
(F3/2) “/Ts a — % a 0
(172 0 0 a

By solving the secular equation 1t results the 6S;, state splitting in zero mag-
netic field into a doublet level (I';) and a quartet one (I'g) having the energies
g, = —2a and eg=a The corresponding wave functions are [9]

¢ = T [15/2) — 451 —3/2)]
. ~ (T)
@ — vs: [1—5/2) —4/5]3/2)]

P = 4_ [13/2) + /5] —5/2)]
= r [1—3/2> +4/515/2)]

£ =11/2)
£ =1—1/2)

5§ — Physica — 1/1981
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A static magnetic field removes the degeneracy. In the above mentioned appro-
ximation ¥, acts as perturbation so that g tensor components may be evaluated as

g = 4 <YV | S, ¢
g = 4 US4y (10)
g = 4 PS8 '

giving the 1sotropic value g, = g, = g, = 3 333 for the doublet.

Results and discussions. The EPR spectra of our xMnO (1 — x) Na,B,0,
glasses show absorptions at both the low and high magnetic field regions At
the first steps of the investigated concentration range, only the g~ 4 3 and
g ~ 2 absorptions are piesent in the spectra After 2 mol9% MnO, resonances
at g~ 3-8, also occur

The prevailing absorption 1n these spectra 1s that centered at g ~ 2 having
the well resolved hfs characteristic to Mn® (I =5/2). The evolution of this
hfs resolution with rising concentration 1s
given in fig. 2. After 5 mol9%, MnO no hfs
was evidenced on the g ~ 2 line, The hifs
g =2008 - sextet 1s due to isolated Mn®* ions in highly

i symmetric sites, sufficiently distant to each
other so that for low concentrations the mu-
tual dipole-dipole 1nteraction 1s minimum.
At 0.5 mol% MnO the spectrum reaches 1st
best resolution. By growing concentration the

X Mn0O {1-x}Nap8,07

1006 individual hfs component are even more
— broadned due to the dipolar interaction so
x=5 % mo! that they become less resolved, disappearing
after 5 mol%, MnO The separation between

x= 4% mol the hfs components increases in progression

=3%mol  to higher fields on the spectrum. For instance,
. >2%mol  1n the 4% MnO 969, Na,B,0, spectrum, the
' hfs intervals are (in gauss)-

x=1% mol
AH,, = 56.73, 72.10; 81.55,
x=05 %Y mol 88.65, 94.56
<=0 1 Yemol A first conclusion 1s therefore, that in

our glasses the isolated Mn?* 1ons prefer
x=01%mot  Sites of high symmetry subjected to weak
crystal field effects The g factor value, the
hyperfine coupling constant 4 ~ 83 Oe, and
the clearly resolved hfs itself, prove predo-
minantly 1onic character of the bonds between
Fig. 2. Hyperfine structure of the g~ 2 Mu2.+ and O lons, hgands leing rse to the
absorption detailed for varous comcen- CubiC crystal field Weak axial components

trations. are superimposed on this, varying from one

3340 HIG)
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ion to another. Theier aleatory orientation results in the EPR lines broa-
dening The random distribution of Mn?*1ons in the matrix causes the progres-
sive increasing of AH,, on the spectrum

On rising the concentration a broad symmetrical line superimposes on
the above discusses hfs sextet, (fig 2), its intensity increasing with the MnO
content in the sample EPR parameters of this line, 1e the absorption height
I,, the linewidth AH,, and the intensity J, = I, - AH% are tabulated 1n Table 1
for various concentrations

Table 1
EPR parameter values for the g ~ 2 absorptions In xMnO.(1—x)Na,B,0,
glasses
x I, AH, 8,
(mol %) (arb. units) (gauss) (arb umits x 10%)
01 126 40 490 53 30414 33
03 232 40 472 80 51950 88
05 355.70 459 79 75214 83
1 802 62 463 34 172312 6O
2 1493 28 470 44 330478 72
3 1740.00 482 25 404673 26
4 1800 00 495 00 441045 00
5 1610 00 507 08 413976 22

A plot of these parameters on concentration dependence is given in fig 3.
A gradual increase of the Mn2+ 1oms concentration results 1in a progres.ive
clusterizing of these Therefore &, increases on the entire concentrationrange.
For low MnO content, AH,, is due to magnetic interactions inside these clusters
while at higher concentrations the interaction among the individual 1on clusters

"

20 = &
—_ B C
N - __510F g “00r
% @ o L
£ E,soo 8 _B_‘_ C
2 = 6 i
o 9 490} 3001~
5 L
a 480F L
470k 200
L§O0F .
. 4501 100}
' +

440
1 ! ! ! } ) L I < ) | ! )

" 1 2 3 4 5 o 1 0

A 2 3 4 5 2 3 4L 5
x{mal%Mn0) x {mol Y%aMn 0) x{mol %Mn 0)

I'1g 8. EPR parameter values dependence on the Mn?+ concentration, for the broad absorption
centered at g~ 2.
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becomes more important, broadening the line agreement with the diagram in
fig. 3. .

Due to the distortions which obviously occur in glasses the crystal field
is neither quite cubic This field partly removes the orbital degeneracy and
through the spin-orbit coupling acts on the Zeeman splitting The mentioned
asymmetry of the electrostatic field continues apparently to increase due to
impurities addition, and also results in deviations trom the g = 2 value

This statement is supported by the g~ 3-3 absorptions in the spectra
rising at about 2 mol% MnO and growing with the paramagnetic ions con-
centration Due to the random distribution ot the distortions in the cubic envi-
ronment, the absorption lines are broadened and do not show hfs.

Isolated Mn2* 1n distorted sites are also responstble for the g ~ 4 3 absorp-
tions. The EPR parameter values of these are tabulated in Table 2, and their
concentration dependence is given in fig 4. This type of sites are less populated
and therefore hfs is not resolved. Only the line broadening due to unresol-

Table 2
EPR parametler values for the g ~ 4.3 ahsorptions in xMnrO.(1—x)Na,B,0,
glasses
x L AH, 8,
(mol %) (arb units) (gauss) (arb umits 109)
01 132.71 322 68 13819 63
03 176 28 305.68 16905 98
0.5 159.90 368.78 21746.66
1 255 85 34278 30061.48
2 270 06 372 33 37438.59
3 s 242 00 385 00 35870 45
4 200 00 391 24 30614 06
5 150 00 377 06 21325 91
L Q@ 40
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Fig 4. EPR parameter values dependence for the g~ 4 2 absorption on the MnO content.
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ved hfs, 1t was noticed The sites population depends on concentiation reach-
ing 1ts maximum at about 2—3 mol% MnO (fig 4) Afterthat, these sites
being occupied, further Mn?+ ions are accepted only in clusters

Conelusions. At low Mn2+ jons concentration the prevailing part of them
are placed 1n highly symmetrical individual positions, distant enough from each
other for 1involving munimum dipole-dipole interaction Therefore, the his
components are excellently distinguished and their individual width do not
exceed the hyperfine coupling constant A4

Distorted sites are also present in the studied matrix but these are less
populated and therefore no hfs 1s evidenced Random distiibution of the dis-
tortions also causes the lack of the hfs resolution These distorted sites feel
strong crystal field effects They are completed at low MnO content, at higher
concentration being prefered more symimetrical environments giving rise to
absorptions centered at g~ 2

With a gradual increase of paramaguetic 1ons concentration mn the matrix
there arise clusters of Mn%* jons, the corresponding absorption being progressi-
vely broadened due to the magnetic interactions inside the clusters and among
them

For detailed studies there are suitable only the Mn2+ 10ns placed 1n 1ndivi-
dual positions giving an expressive hfs since at higher concentration the infor-
mation that can be obtained from EPR spectra are cancelled ba the dipole-

dipole 1nteractions.
( Recetved November 10, 71980)
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INVESTIGAREA PRIN RPE A IONILOR Mu+ IN STICLELE
xMnO (1—x)Na,B,0,

(Rezumat)

Spectrele de absorptie RPE ale Mn?+ in sticlele xXMnO (1 —x)Na,B,0, pe domeniul 0,1 < x <
< 59 mol, au relevat ocuparea pteferenfrald a pozifulor inalt sunetrice in matrice, care resimt slab
efectele cimpului enistalin Versium distorsionate pentru care prevaleazd efectele cimp cristalin intens,
ale acestor vecindtiifi, au fost de asemenea identificate, dar acestea sint mai pufin reprezentative
pentru matricea studiatd
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EFFETS DES NEUTRONS RAPIDES SUR QUELQUES FERRITES
MICROONDES DU TYPE Ni—Zn MISE EN EVIDENCE DU’
DEPLACEMENT ATOMIQUE PAR LA TECHNIQUE DE RESONANCE
FERROMAGNETIQUE

1. ILEO* et A. BODI

1 Introduetion. Les eftets des rayonnements nucléaires sur les matériaux
magnétiques ont été mis en évidence par diverses techniques - diffraction des
rayons — X et des neutrons,effet Mossbauer, température de Curie, mesure de
magnétisation, microscopie électronique etc Mais nous ne connaissons que ‘trés
peu de résultats basés directement sur la résonance ferromagnétique. Nous
appuyant sur cette technique, nous nous efforgons d’expliquer les modifications
créées par des neutrons rapides dans les ferrites de Ni-Zn

Les caractéristiques microondes des feriites dépendant de la répartition
des cations sur les sites magnétiques, il est donc a4 prévoir que leur mesure four-
nisse quelques indications sur la distribution des cations Pippin et Hogan
[1] ont montré que la pente de la courbe de résonance est plus raide du co6té des
champs faibles par 1apport au champ 4 la résonance pour une ferrite & anisotro-
pie négative, tandis que pour une ferrite & anisotropie positive la pente est plus
raide du c6té des champs forts Par ailleurs, Sirvetz et Saunders [2]
ont démontré que la constante d’amsotropie de premier ordre, K,, d'une ferrite
mixte est égale & la somme algébrique pondérée des contributions des ferrites
stmples Nous baserons nos interprétations sur ces prémisses es pour expliquer le
déplacement atomique

2 Teehnique expérimentale. Nous effectuons des mesutres sur cing échan-
tillons dont les compositions sont indiquées dans le tableau 1 Ces échantillous
ont été élaborés suivant la méthode céramique par frittage, I'opération de frittage
s'étart déroulée en présence de I’air Dans ces conditions 1l y a eu nécessaire-
ment perte d’oxygene, et quelques 1ons de fer tiivalent ont été transformés en
ions bivalents Afin de confirmer cette allégation nous avons recouru 4 la spectro-
scopie infrarouge Ises spectres de vibration étaient obtenus & 'aide ¢’'un spectro-
metre UR20 ,,Carl Zeiss Jena” couvrant la bande de fréquence de 400 a
2000 cm™1

Les mesures de résomance ferromagnétique avant et aprés irradiation ont
été réalisées en bande — X, 4 l'aide d’un spectrométre commercial JES—3B
ESR ne permettant que 'enregistrement de la dérivée de la comabe d’absorption,
dy''|dH. La cavité de mesure est du type cylindrique résonnant en mode TE;.
Les échantillons de forme parallélipipédique étaient disposés sur une des bases
du cylindre ; leur volume était dans les limites permettant d’assurer la validité
de la théorie de perturbation .

La magnétisation de saturation a été mesurée avec une balance magnéti-
que .du type Faraday ‘

o
* Université Nationale du Zaire, Kinshasa.
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Les ferrites ont été irradides a l'arde d’un générateur de neutrons , IFA
Bucuresti” dans un flux de neutrons rapides de 1-5 10° n/s cm?, possédant une
énergie de 14 MeV. L’'irradiation est effectuée a Ia température de 'azote liquide
pendant 30 minutes. Les mesures de la résonance ferromagnétique ont été réa-
lisées quelques jours aprés irradiation, tandisque celles de la magnétisation de
saturation ont eu lieu s1x mois plus tard

Tableaw 1
Composition des ferrites N1—Zn
Fe,0,% Ni0 % Zn0 Y% Fe % Ni 9, ZnY%,
F1 46 58 2128 31 64 32 58 16 72 25 42
F 2 44 00 23 00 33 00 30 77 18 07 26 51
F 3 49 00 16 00 35 00 34 27 12 57 28 12
T 4 50 00 19 00 3100 34 49 14 93 24 91
F 5 49 00 17 00 34 00 34 27 13 26 27.32

3 Résultats et discussion. Les résultats des mesures avant irradiation
sont rassemblés dans le tableau 2 ILes spectres d’absorption infrarouge et de

résonance ferromagnétique sont représentés sur les figures 1 et 2.

Les spectres de vibration des spinelles comprennent deux bandes d’absorp-
tion dans la gamme de fréquence de 300 a 700 cin™! - une bande haute fréquence
due aux vibrations intrinséques des complexes tétraédriques et une bande basse
fréquence due aux vibrations intrinséques des complexes octaédriques [3, 4].

Tablean 2
Résultats des mesures avant irradiation
vy vy v AH si 4
h t h " gne ud
x (Oe) k4 x, (Gs)
(em™)

F1 535 580 635 053 1425 97 0 66 + 3040 24
EF 2 540 590 - 050 1181 21 056 + 3700.47
F 3 535 580 — 0835 1018 55 055 + 3658.05
F 4 535 580 — 063 1260 81 057 + 3950.09
F5 530 570 630 0.79 1094 94 048 — 3778 79

En se référant a [3], une analyse qualitative de nos résultats (tableau 2
et figure 1) conduit aux conclusions suivantes

— Ul'existence des bandes haute fréquence v, ainsi que celle des bandes
latérales vy et v, constitue une preuve évidente de la présence des ions ferreux
dans les sites tétraédriques, la faible intensité des bandes latérales est due a la
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grande concentration des 1ous de zinc qui déplacent les ions ferreux vers les
sites octaédriques,

— L’échantillon ¥ 5 dont la fréquence de vibration (570 cm™) est plus
faible contient plus d’ions ferreux dans les sites tétraédriques par rapport aux
autres échantillons, tandis que l'échantillon F 2 dont la fiéquence (590 cmi™1)
est plus élevée en contient moins

Tous les spectres de résonance présentent une allure asymétrique En défi-
nissant un rapport d’asymétrie, R 4 , conformémenta la figure 2, comme étant,

RA. =2
a-+b

oun peut considérer trois cas possibles
—si RA =05-K;,=0
—si R4 <05—-K,<0
—siRA >05—-+K,>0

En examinant les résultats du tableau 2 (AH, R 4, signe K;) ainst que
Pallure des spectres (figure 2), il apparait évident que l’anisotropie magnéto-
cristalline se manifeste dans tous les échantillons Gréce au rapport d’asymé-
trie et au signe de la constante d’anisotropie, nous pouvons établir qualitative-
ment la répartition des ions ferreux dans le réseau cristallin Les ions ferriques
étant situés sur les sites tétraédriques ou octaédriques, leur contribution a K,
est généralement faible (10! erg/cm?), les 1ons de nickel bivalent étant sur les
sites tétraédriques leur constante d’anisotropie est trés grande (106 erg/cm?) et
positive, mais comme les échantillons n’ont pas subi un traitement de trempe,
ces ions nc peuvent que se fixer dans les sites octaédriques [5] ot leur contri-
bution & K; est faible (10* erg/cm®) FEt quant aux 1ons ferreux des
sites tétraédriques ou octaédriques, leur contribution a K; este umportante (108
erg/em®) [6], cctte contribution étant positive ou négative selon qu'ils sont
sur les sites tétraédriques ou octaédriques [7] En définitive, I'anisotropic des
échantillons est due aux 1ons ferreux dont la présence a été ‘confirmée par la
spectroscopie mfrarouge Suivant le s1gne de la constante d’anisotropie on est
a méme d’établir qualitativement leur 1epart1t10n Ces ions sont aussi respon-
sables de 'élargissement de la raie de résonance

Les valeurs de la magnétisation de saturation peuvent s'mteipréter en
s¢ 1éférant aux fréquences d’absorption infrarouge A cet eftet 1l est plus com-
mode de considérer des échantillons de composition similaire

— échantillons I 1 et F 2 1échantillon F'l, contenant plus d’ions fer-
reux que l'échantillon F 2, piésente un moment magnétique plus faible, cela
est évident du fait que les 1ons ferreux contribuent a la réduction du moment
magnétique total, .

— échantillons ¥ 3, F 4, et F 5. le raisonnement ci-dessus reste valable,
mais toutefois pour les échantillons F 3 ¢t F 4 qui ont la méme fréquence de
vibration (580 cmi™?) la dilférence de leur moment magnétique peut s C\phquer

par le fait que la teneur en nickel de I'échantillon F 4 est légérement supérieure
a celle de I’échantillon F 3
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Les résultats de mesure apreés irradiation nucléaire sont rassemblés dans
le tableau 3 et les résultats avant irradiation y sont annexés.

Tableau 3
Résul(ats des mesures aprés irradiation
Frreurs expérimentales x” — 109,
H, RA. — 49
AH, 4xM — 6%
” Ay AH AMH)| p A (R.A.)| Signe 4M (4=M)
x % (Oe) % % | K (Gs) %
*AV 053 1425 97 0.66 -+ 3040 24
1 +21 —31 s | —30 +79
**AP 064 978 81 0.46 — 5429.00
AV 050 1181 21 056 + 3700 47
' 2 +9 — 14 —13 +1
AP 055 1011.99 049 — 3754 10
AV 085 1018 55 055 + 3658 05
¥ 3 +29 —6 -9 +58
AP 110 962 22 050 5764.20
AV 0.63 1260 81 057 + 3950 09
F 4 -5 —8 —2 -3
AP 060 1161.30 0.56 + 3838 82
AV 0.79 1094.94 048 - 3778 79
FS5 418 -6 +6 +39
AP 0.93 1028.58 0.51 + 4708 15

* AV avant irradiation
%* AP apres irradiation

En considérant les changements (exprimés en pour cent) des caractéris-
tiques magnétiques, on peut constater que tous les échantillons, sauf |échan-
tillon F 4, ont subi des modifications sensibles. I’échantillon F 1 semble avoir
été le plus affecté par 'irradiation I’anisotropie a été atribuée aux ions ferreux,
ainsi que les changements du signe de K; ne peuvent que traduire le transfert
des ions ferreux entre les sites tétraédriques et octaédriques Pour I’échantillon
F 1 par exemple, le transfert s’est effectué a partir des sites tétraédriques vers
les sites octaédriques Les accroissements les plus importants de la magnétisa-
tion de saturation (échantillons F 1, F 3 et F 5), eu égard aux varnations du
rapport d’asymétrie, traduisent également le fait que les ions ferreux ont été
transférés dans les sites oflt ils sont minoritaires et les ions ferriques majoritaires ;
1l en résulte alors une augmentation du moment total de ces sites Par ailleurs,
les 10ns ferreux étant source d’élargissement de la rale de résonance, on peut
observer que si le rapport d’asymétrie devient trés proche de 0,50, la largeur
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de ligne subit une réduction (échantilions ¥ 1 et F 2 par exemple) I/ accroisse-
ment de la magnétisation de saturation et la réduction de la largeur de ligne
se reflétent assez bien sur la susceptibilité qui, a4 la résonance ferromagnétique,
est proportionnelle 4 ces deux parameétres

Seul le phénomeéne de transfert des 1ons ferreux entre les sites tétraédriques
ct octaédriques peut justitier les nouvelles caractéristiques magnétiques, surtout
st 'on considére le rapport d’asymeétrie et la largeur de ligne I’ augmentation
de la, magnétisation de saturation semble ausst confumer le transfert des ions
ferriques, mais quant aux 1ons de nickel, étant douné que d’une part leur
concentration est la moitié de celle des ions de fer et d’autre part leur moment
magnétique est inférieur a celui des ions de fer, les moyens d’'investigation uti-
lisés ne permettent pas de maniére certaine de tenir compte de leur contribution
éventuelle aux différentes modifications constatées

L’interprétation des résultats est basée essentiellemient sur le phénoméne
de déplacement atomique car seules les collisions élastiquess sont les plus impor-
tantes, avec les neutrons rapides et, de plus, dans une telle collision une frac-
tion appréciable de 1'énergie de chaque neutron rapide est dissipée dans le dépla-
cement atomique [8, 9]

4 Coneclusions. I,a résonance ferromagnétique peut étre considérée comme
une technique efficace pour I’étude qualitative des effets macroscopiques pro-
duits par un rayonnement nucléaire sur certains composés ferromagnétiques
En effet, les variations de la largeur de ligne et du rapport d’asymétrie ont bien
traduit le phénomeéne de déplacement atomique

Les modifications intervenues dans les spécimens sont dues surtout i la
grande énergie des neutrons (14 MeV, 1,5 10° nf/s cm?), contrairement a ce
qui est généralement rapporté dans la littérature de spécialité [10, 11, 12, 13]
des effets sensibles sont obtenus avec une dose élevée (10%n/s cm?) et unc
faible énergie (1 MeV)

(Manuscrit regu le 15 novembre 1980)
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ETFECTUL NEUTRONILOR RAPIZI ASUPRA UNOR I'ERITE DE TIP Ni—Zn UTILIZATE
IN MICROUNDE EVIDENTIEREA DEPLASARII ATOMILOR PRIN TEHNICA REZONANTEI
FEROMAGNETICE

(Rezumat)

Ferite de tip N1—Zn utilizate in microunde au fost iradiate cu neutrom raprzt (1,5 10° n/s cm?,
14 MeV) Legitura existentid intre constanta de amzotropie de ordmnul int, K,, st forma spectrulm
de rezonanti feromagnetici a pernus confirmarea calitativd a fenomenului de deplasare a atomilor
cauzat de neutromut rapizt. Modificinile produsc dupi iradiere se datoreazd mai mult energier inalte
a neutromilor decit fluxulu1 acestora,
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. EFECTUL SOLVENTULUI ASUPRA SPECTRULUI ELECTRONIC
AI, NAFTALINELOR MONOSUBSTITUITE (II) .

IRIMIE MILEA

Intr-o lucrare anterioard [1] s-a ardtat cd studiul spectrelor de absorbtie
a « st $ tluor, clor, brom s1 metilnattalinelor solvate in pentan, heptan, hexan,
ciclohexan, metilciclohexan g1 decalind, nu permite favorizarea unut anumit sol-
vent, decit in misura constatirn cd deplasarea spre rosu a unet anumite bande
de absorbtie 1ndicd o interactiune mat puternicd cu molecula solvata. .

Aceastd constatare este utild la alegerea celul mai potrivit solvent in cazul
unwl studiu spectral la temperaturi joase Se stie cd in solventi potriviji unele
substanje organice prezintd la temperaturi joase un spectru electrono-vibrafional
bine structurat, a cidrul analizi este ma1 usor de ticut decit cea a spectrulut de
vaport sau a cristalulul molecular {2] Ce1 ma1 potrivitl solvenf1 sint acela a ciror
molecule interaciioneazi slab cu moleculele solvate In general gisirea acestora
se tace prin incercdri, tird a exista o metodd sigurd de alegere a solventului uner
anumite substanje [3] -

In cazul nattalinelor monosubstituite studiate, solvate in solvenfu amn-
t1}1, spectrele de absorbiie la temperatura camerct au aritat cd interacjiunea cea
mai slabd are loc in pentan.

Pentru a verilica dacid aceastd constatare are valabilitate si la temperatur:
joase am etectuat spectrele de absorbtie ale solujilor la temperatura de 77K.

Dispozitivul experimental a fost tormat dintr-un criostat (4], prevazut cu
o cuva de 0,5 mm, in care s-a introdus proba de cercetat, concentrajia nattalier
monosubstituite iund de 5M—3. Iluminarea s-a idcut cu o lampid de hidrogen.
Lumina ce a trecut prin probd s-a analizat cu un monocromator cu refea Zeiss,
la care a tost cuplat un totomultiplicator $1 un inregistrator.

La inghetare, probele au avut un aspect de zdpadd sau de sticld cu crapa-
turi nettind posibild deternunarea indicelur de retractie. Din acest motiv studiul

deplasiri bander 0—0 in absorbtie s-a tacut in tunchie de f tzi—:l—lj , unde ¢ repre-
g

zintd constanta dielectricd a solventului respectiv Aceasta nu s-a mésurat insi la
temperaturd joasd, considerind cid deplasarea fuuncpulor cu temperatura pentru
solventn iolosil1 este aproximativ aceeast Funcfia de constantd diclectricd este
un membru in expresia ce caracterizeazd interacfiunea moleculelor in solutn
binare [5] s1 este de agteptat s aibd o contributie aseméndtoare si in cazul inte-
racjiunn moleculelor cu matricea inghetati.

In hgura 1 se vid rezultatele obtinute. Se observi o scidere a energlei de

e— 1

tranzifie pe misurd ce valoarea creste, ceea cc aratd o interacfiune mai

2e + 1
pronuntati intre molecule odatd cu cregterea constanter dielectrice a solventului,
modificarea pozitier bande10—0 cutuncfia amintitd avind un caracter cvasiliniu.
De asemenea se pistreazd ordinea mvelurilor energetice fafd de cea obfinutd in
solutir la temperatura camerel, ceea ce duce la concluzia cid inghefarea solujier

binare moditicd interactiunile in acelagi sens pentru tof1 derivati studiafi. Aceasta
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justificd ca metodologie de lucru pentru alegerea celui mai potrivit solvent efec-
tuarea spectrelor in solujie la temperatura camerei s1 studiul interactiunilor prin
metoda dielectricilor lichizi

Spectrele efectuate in scopul analizei electrono-vibrationale econfirmi ale-
gerea pentanului ca solventul cel mai potrivit, in acesta obfinindu-se la tempera-
tura de 77K spectre de absorbfie bine structurate pentru naftalinele monosubs-
tituite.

-

(Intrat tn sedacpre la 24 aprilie 1980)
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D O

SOLVENT EFFECT AT ELECTRONIC SPECTRA OF
MONOSUBSTITUTED NAPHTHALENES (II)

({Summary)

The paper prezents a method to found the best solvent for spectral investigation of
monosubstitued napthalenes at low temperatures
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Al Nicula, Rezonanta magnetiei Ed
did 1 ped, Bucurest:, 1980, 260 p

An mportant editorial publication, sig-
ned by Prof dr Alexandru Nicula from the
Physics Faculty of the Umiversity of Cluj-Napoca,
as a rcsult of the permanent scientific research
actwvity carried out for a long time 1n the Solid
State Laboratories, well-known loday for their
successes i our country and abroad

The book 1s prefaced by the eminent
scientist, Acad dr doc 1n sciences, Ioan Ursu,
the founder of the resonance school m Cluj-
Napoca, Professor of the University of Bucharest

Inside the 261 pages of the book are
synthetized the most representative result of
the author and his co-workers, together with
another important results of the rumanian school
of resonance extended 1in many scientific centers
from our country, especially i Bucharest

Though the book, published by the Ed
did. s1 pedag, 1s destined to students mn their
specialization year of study, and the candidats

for a doctor’s degree, 1t depass the frame of -

a textbook, by developing the actual problems
of the scientific research in the magnetic reso-
nance field of the crystalline solid state and
especially of the noncrystalline one where the
author has 1ts major contributions, accordingly
to the references mentioned at the end of each
chapter

The book starts with the introducing
problems in electron paramagnetic resonance,
1e the electromic iagnetic moments m the
free atoms, the nuclear magnetic moments and
the hyperfine interactions in free atoms or
ions, the crystal field and fine structure, the

-
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shape and width of the resonmant absorption
line, the crystal field approixmation treated
i terms of the sphenical functions and equiva-
lent operators for different symmetries

After treating the fine structure, one gives
a detailed explanation of the electric and mag-
netic hyperfine interaction using the method of
the spm and quadrupole hanultonian These
problems are completed by the covalency effects
wmfluence on the electron spin resonance, argued
by observations and experimental data on cova-
lent bonding It 1s developed the molecular orbi-
tals method, the hyperfine structure in the cova-
lent binding appioximation for 1oms in local
fields of different syminetries, subjected to
superhyperfine interactions By discussing the
transition probabilities, one studies the hyper-
fine forbidden transitions in noncrystalline sub-
stances, a priority problem of the resonance
school of Clug

In the VII-th chapter of the book are
reviewed problems concerning the nuclear gamma
absorption The last two chapters are detailed
demonstrations of the author’s contribution m
the field of microvawe absorption in nonerystal-
line materials claracterised by large values of
the spectroscopic splitting factor

The entire work, 1s based on theoretical
and experimental contribution of the author and
his scientific group in the above mentioned
problems

The content of the book and the scientific
manner of subject treatments, recomand it as
well for umversity textbook, for the student’s
use, adressing thus to a large 1eaders circle

IULIU POP
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n cel de al XXVI-lea an (1981) Studia Universitatii Babes-Bolyai apare in specialitafile;
matematica (4 fascicule)

fizica (2 fascicule)

chimie (2 fascicule)

geologie-geografie (2 fascicule)

biologie (2 fascicule)

filozofie (2 fascicule)

stiinte economice (2 fascicule)

stiinte juridice (2 fascicule)

istorie (2 fascicule)

filologie (2 fascicule)

Ha XXVI rogy wusgaHua (1981) Studia Universitalis Babes-Bolyai, BbIXoguT no cnefytowmm
creunanbHOCTAM t

MaTeMaTtuka (4 BbINycka)

(hm3mnka (2 BbINycka)

XMMKUA (2 BbIMycKa)
reosiorms-reorpagua (2 BbINycka)
6uonorvs (2 BbIMycKa)

thunocoms (2 BbINycka)
aKOHOMMYECKMe Hayku (2 Bbinycka)
IopUanYeckne Haykm (2 Bblinycka)
mcropua (2 BbiNycka)

tunonorus (2 BbIMyCKa)

Bans sa XXVI-e année (1981) Studia Universitalis Babes-Bolyai parait dans les spécialités:
mathématiques (4 fascicules)

physique (2 fascicules)

chimie (2 fascicules)

géologie-géographie (2 fascicules)

biologie (2 fascicules)

philosophie (2 fascicules)

sciences économiques (2 fascicules) t;

sciences juridiques (2 fascicules)

histoire (2 fascicules)

philologie (2 fascicules)
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