STUDIA

UNIVERSITATIS BABES BOLYAI

PHYSICA

1984

CLUJ NAPOCA



REDACTOR SEF : Prof. I. VLAD
REDACTORI SEFI ADJUNCTI : prof. I. HAIDUC, |prof. I. KOVACS,|, prof. I. A. RUS

COMITETUL DE REDACTIE FIZICA : prof. Z. GABOS, prof. V. MERGEA, membru corespon-
dent al Academiei (redactor responsabil), prof. AL. SIICULA. prof. I. POP, prof. E. TATARU,
leet. O. COZAR (secretar de redac(ie)



ANUL XXIX

STUDIA

UNIVERSITATIS BABES-BOLYAI

PHYSICA

1984

Redactia 3400 CLUJ-NAPOCA str M Kogilniceanu, 1 @ Telefon 16101

U < ®w &

SUMAR — CONTENTS-SOMMAIRE

CULEA, AL NICULA, M CULEA, Electrical ‘properties of V,0,—As,0, glasses @
Proprietitr electrice ale sticlelor V,0;—As O,

TRIF, E BARTOK, Metallic complexes of humic ac1d studied by EPR [ ) Complecsx
metalic1 a1 acidulut humic studiaft prin RPE . .

I CAMPEANU, On the accuracy of the Hartree-Fock-Slater approxlmatlons . Asupta
precizier aproximafilor Hartree-Fock-Slater

MILITARU, AL NICULA, Base transformations through the techmque of the structural
numbers @ Schimbir: ale bazer prin tehnica numerelor structurale

DADARLAT, R M CANDEA, M BARLEA, M CHIRTOC, The behavior of the carrier
concentration and the quasi-Fermui levels for Pb,_,Sn, Te single and double heterostruec-
ture diode lasers @ Comportarea numirulu1 de purtidtor1 §1 a quasi-nmivelelor Fermi
pentru o simpld §1 o dubld heterostructurd pe bazi de Pb;_ Sn, Te

. POP, R POP, M COLDEA, The crystalline structure of the intermetallic compounds

CeCu;_,Ni1, ® Structura cristalind a compugilor intermetalict CeCuy N1y

. COCIU,E HALMAGEAN, R FODOR, AL NICULA, Hall effect measurements on neu-

tron irradiated p-type sitlicon @ Masurdtor: de efect Hall in Si- t1p p iradiat cu neutroni

COSMA,I MASTAN,V ZNAMIROVSCHI, O COZAR, Cercetdr: sistematice asupra radio-
activititn gazelor naturale emanate din sursele geotermale dm Valea Cernet st
Valea Mehadica @ Systematical radioactivity investigations of natural gases emanatted
from Cerna Valley and Mehadica Valley geothermal springs

BARBUR, I, BABOS, Misurétort de constantd dielectrici in cristale de N HGSO4 () Dlelec-
tric measurements on N,H SO, crystals

. GABOS, J SZEN, Migcarea unu corp sferic in rotatte in cimpul grav1ta';;10nal ® Le mou-

vement d'un corps sphérique en rotation sous I'influence d’un champ gravitationnel

GABOS, A PASZKAN, Varatia polarizirn unw fasicul de electroni imprigtiat intr-un
cimp gravitajional @ La variation de la polarisation d'un faiscean d’électrons diffusé par
le champ gravitationnel

. ONITIU, S TINCU, Proprietifile acustice ale unor solufii apoase de hldromm © Les

propriétés acoustiques de quelques solutions aqueuses des hydroxides .
MILEA, Spectrele de absorbfie, fluorescentd g1 fosforescentd ale o si ﬂ—metﬂnaftalmelor
la 77 KX II © The absorbtion fluorescence end phosphorescence, spectra of the o end
B-mzthylanp htalenes at 77 K II . .

11
16

21

27

31

35

43

46

52

55



2

S. CUNA, C CUNA, Transferul de sarcind indus prin ciocnire la 1onn de tipul [C,H,X]*t @
Collision-induced charge transfer of the [C,H X]2+ 10ms

C. STETIU, The potential depth of primary alcohols and their mlxtures ® 3Bartera de
potential in alcooll primari §1 amestecur: de alcooli .

M. VASIU, Instabilitatea Rayleigh-Taylor a unui fluid visco-elastic en conductivitate
electrici fimitdi Ecuatia de dispersie © L'instabilité magnétohydrodynamique de
type Rayleigh-Taylor d'un fluide visqueux-élastique avec une conductivité élec-
trique finje. L’équation de dispersion . . .

Note — Notes

S SELINGER, Thermal properties of some cholesterol derivatives @ Propnetl‘;ﬂe termice
ale unor esteri colesterici . e . N

Recenzii — Books — Liivres parus

A N Matveev, Moleculiarnaia fizica (Fizica moleculard) (GH CRISTEA, I BARBUR)

64
69

74

77

80



STUDIA UNIV BABES—BOLYAI, PHYSICA, XXIX, 1984

ELECTRICAL PROPERTIES OF V,0, — As,0, GLASSES

E. CULEA, AL. NICULA, M. CULEA

1. Introduetion. The semlconductmg properties of vanadate glasses have
been extensively studied since the pioneering work of Denton et al [1]. A
comprehensive teoretical model has been published by Mott {2, 3]. According
to this model the electrical properties of such glasses arise from a hopping
process of unpaired electrons between V4+—O—V®+ pairs [4—12] It was
established that the electrical properties of vanadate glasses depend both on
the V,0; content (respectively the V4+/V5+ ratio) and on the nature of glass
former.

In order to obtain more information on the electrical properties of vana-
date glasses and on the influence of the glass former on these properties we
have studied x9% V,0;—(100—=x)% As,O; glass system with 40 << x << 91 (in
molar %) We note that only a few data on vanadate-arsenate glases have
been published till now [9, 10 and 12].

2. Experimental. Glass samples were prepared from reagent grade chemlcals
(V,0; and As,0,). The mixtures of each composition were melted in quartz
ampoules at 800°C for 90 min and the melts were quenched by plunging the
ampoules in water.’

Table 1 gives the composition of the samples obtained by chemical ana-
lysis.

Table 1
Sample Analysed composition (mol 9%) I?gelxésnllg:)y

1 90.2% V,0,—9.8% As,Oq -
1 y . —

2 80.8% V,0,—19 29, As,0, 335
2. » » -
3 71.1% V,0,—28.9% As;04 3 40
4 61 2% V,0,—38.6% As,0, —
5 52.3% V,0,—47.7% As;0,4 3.60
6 41.7% V,0,—58 3% As,04 —

Electron microscopy and X-ray measurements reveal that an incipient
phase separation occurs in some of our samples [13]. No crystallinity was
revealed.

In order to obtain informations about the influence of crystallisation on
the electrical properties of vanadate-arsenate glasses, partially crystallized sam-
ples were obtained too (samples 1* and 2%), by heat-treatment (1h at 400°C).

Electrical conductivity was measured between 300 and 500°K by using
the two electrodes method. Sample 1, 2 and 3 were measured between 78 and
500°K too using a cryogenic unit. The sample chamber consisted of a doubly
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shielded stainless-steel enclosure into which coaxial lines were introduced The
meastirements were performed with a TR 2201 type megaohmeter. The samples
were polished in parallelipipedic forms of 2—3 mm thicknes and 25—30 mm?
contact area With painted colloidal platinum electrodes good ohmic contacts
were founded.

EPR measurements were carrted out in X band on powder samples with
a standard JEOI, equipment

3 Results and discussion. Fig 1 and fig 2 show the log ¢ as function
of 103/T for the glasses of V,0;—As,0; system where we note the conducti-
vity with o and the temperature with T

In the case of the samplé 2 the measurements were performed at both
increasing (@) and decreasing () temperatures The results were reproducible.
No polarisation of the samples was revealed during the measurements

In the studied glass formation range of the V,0,—As,0; system the, con-
ductivity increase when the content of V,0; (and consequently the content
of V4+ jons) increases (fig 3) The effect of the increasing As,O; becomes
evident 1n this way. A similar behaviour has been reported for other vanadate
glasses [4—12]

It was established that the conductivity of vanadate glasses with dif-
ferent glass network formers (but with the same V#+/V®+ ratio) decreases in
the order V,0;—TeO,— V,0,—GeO, [10] and V,0,—P,05 [4] by 2,5—-3
orders of magnitude. The conductivity of our glasses 1s shghtly lower than
that of V,0,—P,0; glasses [4] (fig 3)

By EPR measurements it was not possible to evidentiate vanadium ions
in lower valence state than Vi+.

The conduction mechanism was considered to be the small polaron hop-
ping between V4*+—Q-—V5+ pairs as proposed by Mott [2, 3] According to
this model the conductivity is given by
e2- C(1 — Q) w

— bh _ - l
o — exp (—2«R) exp( kT) (1)

where v,; = phonon frequency, e = electronic charge, « = the rate of the wave
function decay, C = V&+/V8+ ratio, R = the average hopping distance, k =
= the Boltzmann constant, T = temperature. The activation energy 1s given by

W=M7H+%WD 2

where Wy = the hopping energy and Wp = the disorder energy arsing from
the energy difference of neighbours between two hopping sites [2, 3]

The activation energy decreases with the temperature Evidence of two
different activation energles'is observed (fig 2) Above a critical temperature
the small polaron theory indicates that the hopping thermally activated i1s
the predominant mechanism In the present work for vanadate-arsenate glasses
the critical temperature was estimated at 6/2 = 250 — 290°K, in good agree-
ment with [9] Below this critical temperature the polaron band conduction
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-
mechanism prevails A typical value of Wp 1s about 0,1 eV for V,0,—P,0;
glasses and usually less than 0,1 eV for other glasses [6]

The activation energles of vanadate glasses increase in the order V,O,—
—TeO, — V,0,—GeO, — V,0;,—P,0; [4, 7 and 10] The activation energles
of our vanadate-arsenate glasses are higher than those of V,0,—P,0; glasses
(g 4)

Tabel 2 sumarizes the average gistance between vanadium ions R (calcula-
ted from the experimentally determined density), the polaron radius vy, and
the experimental and theoretical hopping activation energy Wy for V,0,—
—As,0, glasses

The hopping activation energy Wy can be calculated from [3] with the
equation

1 1
Wy =e2lde, [— — — 3
H / 4 Yp R ( )
Table 2
R w w

Sample Y teor exp

P (4) l (a) 1 (eV) l (eV)

22 3,84 1,55 0,38 0,41

3 4,00 1,61 0,41 0,46

5 4,37 176 0,48 0,52
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where ¢, = —~ L and e; and e, are the static and high frequency dielectric
Ew e . .
constants of the glass, respectively vy, is the polaron radius
1 (w13
=—|—} R 4
Tr =735 (G) (4)

Theoretical Wy was calculated using measured values for e, and conside-
Ting €, ~ ¢, (18] These values are in agreement with the experimentally deter-
mined values (see Table 2)

The conductivity and activation energy of the partially crystallized sam-
ples (1 and 2*) were lower than those of the amorphous samples (1 and 2)
and approch to the values evidentiated in crystalline systems (fig 3 and fig 4).

4 Conelusion. The glasses of x% V,0;—(100—x)% As,O3 system with
40 < x < 91 manifest semiconducting properties Their conductivity and acti-
vation energy increases, respectively decreases, with the V,0; content Two
activation energles were evidentiated in the studied temperature range A
certain discrepancy between theoretical and experimental hopping activation
energles can be explained by the fact that Mott’s theory was developed under
the assumption of a continuous random mnetwork in the glass structure while
some of our samples evidentiate an incipient phase separation

(Recerved February 2, 1983)
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PROPRIETATI ELECTRICE ALE STICLELOR V,0,—As,0,
(Rezumat)

Lucrarea prezintd proprietitile semiconductoare ale sticlelor din sistemul x9% V,04— (100 —
— x)% As,0, unde 40 < x < 91 A fost misurati conductibilitatea electricd in funcfie de tempera-
turd pe domeniul 78—500°K Sticlele studiate contin 1ont de vanadiu in 2 stin de valenti V¢+ g1
V + Transportul de curent se realizeazi prin saltul electrontlor de la V4+ fa V&+ Conductibilitatea
s1 energia de activare a probelor se modifici o datd cu modificarea confinutulm de V,0, (respectiv a
raportulli C = V4+/VS+) Pe domeniul de temperaturd investigat au fost puse in evidentd doud
energu de activare Existenfa unei anumite diferente intre valorile calculate st cele experimentale
ale energulor de activare este considerati ca fund o urmare a unui proces incipient de separare in
mmerofaze care apare la unele probe



STUDIA UNIV BABES—BOLYAI, PHYSICA, XXIX, 1984

METALLIC COMPLEXES OF HUMIC ACID STUDIED BY EPR

ELEONORA TRIF, ECATERINA BARTOK

1 Introduction. The formation of the metallic cattons-humic acid com-
plexes has a great importance on the soil formation and on the plant nutrition.
It is known that the structure and properties of the humic acid and of its
metallic complexes are not yet understood The EPR spectroscopy 1s one of
the modern method for the investigation of the propreties of these materials.

The first EPR study of soils [1] has evidenced the presence of a semi-
qunone stable free radical Tater, Schnitzer and Skinner [2] have
proposed the type of reation between humic actd fraction of soil and certain
metallic ions as being analogous with the reaction of salicilic acid with metal-
Iic ions. Steelink and Tollin [3] have suggested that the humic acid
would be itself one type of free radical, or a mixture of several types of free
radicals

2 Results and discussions. The samples were prepared by shaking and
then filtering a mixture of Fluka type humic acid (A H) with salts solutions
containing a certain concentration of CuSQ,, respectively ZnSO,.

By spectrophotometric method ‘was measured the quantity of metallic
ions remaining in solution after filtration, and, hence 1t was possible to cal-
culate the quantity of metal 1ons (Meg) which forms complexes with humic
acid '

91:206
g"=230
‘m —\\J
e
3A1
Q, b c d.

F1g 1 The EPR signals of the pure humic acid and, respectively, of tne
samples contaming Cu?¥ 1oms

A
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The EPR spectra were recorded at liquid mitrogen temperature, at X
band, using a JES—3B spectrometer.

The pure humic acid presents an EPR signal (Fig 1. a) which, according
to Ri1ffaldi and Schnitzer [4] corresponds to free radicals, having
AH =7 gauss and g = 2003 00001.

The samples contaiming Cu?t ions (Fig. 1.b, ¢, d) present an EPR signal
typical for free radicals, as well as one typical for powdered samples containing
Cu?+ 10ms in an axial environment.

By subsequent addition of Cu?* 1ons to humic acid 1t may be seen that
the intensity of free radical signal decreases gradualy We have evidenced
[5] that for high concentration of Cu?t ions in solution (Cu,), not all the
quantity of Cu?t ions reacts with humic acid as 1n Fig 2 one may be seen.

Fig 3 a shows de dependence of the In —;; parameter versus Cug, where

% 1s the ratio between the free radical signal intensity and the perpendicular

band signal intensity of Cu?t 1oms.

By EPR and pH measurements (Fig 3) we have established that for
concentrations of Cui* 1ons lower than 29, the chelatic complexes formation

predominates, the EPR parameters being gy =230 g, = 206, 4 = 175 gauss
and 4| = 30 gauss. The fenollic free radicals are anihilated according to reaction
of salicilic acid with metal ions proposed by Schnitzer [6] for fulvic acid

That 1s the explanation for the pH — loosing and for the diminution of
the free radicals concentration. At higher concentrations (Cur > 29%), the salts
formation 1s evidenced According to Khamn [7], in this reaction the rest of
carboxilic groups or the others types of free radicals which differ from fenollic
ones will be active.

For concentrations greater than 509, Cu,/AH, a mixture of CuSO, and
AH—Me complexes formation 1s probable.

The properties of Zn—AH complexes differ from that of Cu—AH com-
plexes. The Zn%* ions being diamagnetic, the Zn—AH complexes present only
the EPR signal corresponding to free radicals. We have established that from
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0.14%, to 469, concentration of Zng the g factor of signals diminishes. We
assume that until 4.6%, concentration of Zngy the fenollic groups are amhilated
by chelatation. By subsequent addition of the Zn?t 1ons one observed that
the quantity of Zny increases untd 569, The rising of pH value point out
the increasing of the basic character of the complexes, the g value of EPR
signal remaining constant. All these facts prove the formation of the carboxilic
-salts in the range of 4.6—5.69, concentration of Zng.

At higher concentration of Zn,, remain yet free radicals unamhilated.
That proves the formation of salts, but in the same time proves the regenera-
tion of semiquinone type free radicals.

3 Conelusions. The purpose of our investigation was to evidence the Cu?+
and Zn?+ humic acid complexes formation by means of EPR spectroscopy,
pH measurements and by spectrophotometry.

We consider that the cations were retamned by chelatation until 29, con- -
centration of Cul* ions and until 4 6% of Z4* 1ons At higher concentrations
of Meg the salts have been formed

(Recerved May 9, 1983}
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COMPLECS$I METALICI Al ACIDULUI HUMIC STUDIATI PRIN RPE

(Rezumat)

Scopul studuulu1 nostru a fost de a pune in evidentd formarea complecsilor acidulua humic
cu 1onu metalics Cutt g1 Zn't prin metoda RPE, misuritor1 de pH g1 spectrofotometrie

Considerdm c# ronu metalict au fost retinutt de citre acidul humic prin reactu de chelatare
pind la concentrajn de 2% pentru Cu}" §1 pind la 4,6% pentru Zu}" Pentru concentraju mai mart
de Meg s-a constatat formarea sidrurilor metalice
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ON THE ACCURACY OF THE
HARTREE-FOCK-SLATER APPROXIMATIONS

R. I. CAMPEANU

1 Introduetion. The Hartree-Fock selfconsistent field method (HF) 1s
one of the most useful approximations in the description of the atomic struc-
ture and was proven to give accurate binding energies for a large varlety of
configurations, even if one employs the simplified ,frozen core” (FC) version
[1] Although a large number of calculations provided many atomic data of
interest for fields like astrophysics or Tokamak plasma research, there are still
more data required, particularly for heavy well-striped atomic 1ons For such
cases the HF scheme becomes quite complicated and on the other hand even
the HF results can be inaccurate if effects like the orbital polarization, con-
figuration mixing and the relativistic effects are not taken into account For
Mo; W and the other heavy elements of practical interest, all with a large
number of 1ons, 1t was recommended [2], at least in the first stage, the use
of the Hartree-Fock-Slater approximation (HFS)

The complexity of the HF equations arises tfrom the exact treatment of
the nomlocal exchange potential Slater [3] found a local approximation
of this potential, which was successfully employed in many atomic, molecular
and solid state energy band calculations The imitial atomic nonrelativistic
computer program [4] was refined by several authors (e g.[5]), but remained
essentially the same In this work we modified this program to allow the multi-
plication of the local exchange potential with a parameter chosen to yield
the experimental ground state total emergy; we denoted this modified version
of the HFS program by MHFS A second modified HFS program was obtai-
ned by using different parameters for each orbital and by including the core
polarization under the influence of the valence electrons, this approximation
is denoted as HFSPO Both new approximations take about the same com-
puting time as the mmtial HFS computer program The purpose of this paper
is to test the three HFS approximations against the experiment and the
HF method for B I and consequently to show which of the HFS approxima-
tions 1s to be used in the future calculations on more complex atoms and
ions.

2 The HFS theory. The radial Hartree-Fock-Slater equations for a free
atom or ion can be written in the following form

=[2V(7) — 98, + & 1)]R,.,(r) (1)

¥

A Ry(7)
dar?

where R,(7) 1s the radial part of the orbital wave function with the normaliza-
tion condition

\ [Ru() 1 dr =1 2

[
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V(7) is the sum of the nuclear potential, the central electronic repulsive potential
and the exchange potential If Z and N are the atomic number and the num-
ber of electrons respectively, V(r) can be written as

Z—N+1
V() = V,br) it Vo) <—————
V() = — Z-N+1 otherwise (3)
where Vy(0) = { =2 +\ plu)dul + { otduju — [Z20° (4)

with p(r) E gni[Ru(#) 1%, q. being the occupation number for the orbital #l.

The form (3) of the potential 1s due to the failure ot the free electron
exchange approximation to properly treat the selfconsistent potential at large
values of », the use of the form (3) instead of (4) has however a small effect
on the orbital energies The last term in (4) 1s the local exchange potential,
which 15 the major source of error in the HFS approach In the modified
versions proposed in this paper this term was multiplied by parameters chosen
by tnal and error to give total (MHFS) or orbital (HFSPO) ground state
energles in agreement with the experimental findings

3 Some numerical considerations. The radial Schrodinger equations (1)
were integrated by Noumerov method. To have a finer mesh of points near
the nucleus the integration range was divided in unequal intervals, with the
mesh being doubled every 10 points [4] A better choice, also compatible
with the Noumerov method, 1s the use of the logarithmic mesh, which reduces
the number of integration points from 440 to 250 [5]

The 1nward Noumerov integration was carried out from a value of 1 given
by the condition [V(r) — E,;J#* > 300, to the classical turning point The
outward mmtegration was started near the nucleus (considered as a point charge)
using 1mtial values calculated by power series

nl 7 - 7l+1 E Gy vt (5)

Given the final value of the potential V7(r) for the m-th iteration, the
initial value for the next iteration can be calculated in two different ways,
both designed [4] to improve convergence of the iterative process

— the arithmetic scheme Pm+! = % Vet vy (6).

— the scheme of Pratt Y+l =4dV» | (1 — a)vy (7)
where we have omitted the r dependence of V and 4 and where-

dr) = dy(r) £ 0 <dyr) <05
d(r) =05 if dr) <05 8)
dir) =0 f dyfr) <0

pm _ Vm—l
with d,(r) = A
e + Ve = VIO — Vi)
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4 Results and discussion. Our test case 1s neutral boron (B I) for which
both experimental and HF results are available. We used the experimental
ground state total energy, —24.659 au, to fit the MHFS total ground state
energy and we obtained the value of the parameter ¢ = 1 196. Table 1 shows
that also the MHES orbital energies are in a better agreement with the HF
energles than the results given by the unmodified HFS calculation (i.e. for
a = 1) The agreement between the HF theory and the experiment is good
only for the valence orbital 2p, the theoretical errors in the description of
the core orbitals being due mainly to the omission of the configurations inte-
raction

Although the MHF'S choice of a for excited configurations should be in princi-
ple different from the value for the ground state configuration, table 1 shows
that the use of a2 = 1 196 for excited states yields total energies in very good
agreement with the experiment As far as the excited states orbital energies
are concerned the agreement MHFS-HF 1s better than HFS-HF for the core
orbitals and worse for the valence orbital.

The use of different a,, in the consideration of the local exchange potential
for each orbital does not yield the HF or the experimental energies because
of the strong coupling between the 2s and 2p states. This fit can be howe-
-ver made if one considers apart from a,, the inclusion of a polarization poten-

Table 1
Orbital and total energies in B 1 (in a, u.)

The HF and FC results are taken from ref. [1], the experimental 1s and 2s
energies from ref, [6] and the other experumental energies from ref [7]

Orb. Approx 1522522p 15%2s23p 15225%4p
HFS — 7 -1866 — 7 - 5002 — 75719
MHFS — 7 - 5477 — 79137 — 7 - 9899
1s HFSPO — 7 - 0587 — 7-3923 — 7 - 4737
HF — 7 -6953 — 8.0388 — 81097
Experiment — 7+ 0588 —_ —_
HFS — 0- 4619 — 0.6623 — 0-7303
HMHFS — 05225 — 0-7471 — 0. 8186
2s HFSPO — 04757 — 04876 — 0-5145
HF — 04947 — 07359 — 0 - 8009
Experiment — 0. 4754 — —
HF — 0 3099 ~— 0 - 0787 — 0 -0399
HFS — 0 - 2448 — 0 - 0890 — 00453
val. HFSPO — 0 - 3049 — 00881 — 0 - 0461
MHFS — 0-2914 — 0. 0923 — 0 - 0475
EC — 02759 — 0-0786 — 0-0399
Experiment — 0 - 3049 — 0-0834 — 00416
HF —24 - 529 —24 - 316 —24 - 277
tot. HFS —24 - 052 —23 - 846 —23 . 801
MHFS —24 . 659 —24 - 428 —24 - 383
FC —24 - 513 —24 - 315 —24 . 277
Experiment —24 - 659 —24 - 437 —24 - 396
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Table 2
The values of {r*> for the valence orbital in B I.
The HF and FC results are taken from [1]
Val orb Approx <y <)) D {r3
HFS 2 2563 6 7062 06188 09296
2p MHFS 2 0203 52974 0 6758 11336
HF 22048 G 1461 — 07756
FC 2 3199 6 8363 — 0 6947
HFS 7 6457 67 0507 01692 00853
8 MHFS 7.3298 61 8269 01763 00941
HF 87509 87 6537 - 0 0700
FC 87632 87 9039 - 00700
HFS 15 6624 278 9291 0 0900 00385
MHFS 149302 - 253 5388 0 0947 00454
_ 4p HF 17 9392 364 2220 — 00251
FC 17 9452 364 4640 — 0 0251
tial in the valence electron radial equation*
o . . ;
Vo = — % [ — exp(— 7] (10)

where % = 7[s, s and p being arbitrary parameters and « the atomic polariza-
bility. For B I ground state « = 12.55 au. and the parameters are chosen
as a;; = 0.945, ay = 0.29, a,, = 1.6, s =267 and p = 6 to yield the experi-
mental orbital energies. Table 1 shows that the HFSPO approximation, which
reproduces perfectly the ground state energy spectrum, gives a poor description
of the excited configurations, the orbital energies for these configurations being
In worse agreement with experiment of HF than the other HFS methods.
The conclusion is that MHFS provides the best energies for the atomic exci-
ted configurations.

In table 2 we compare the values of the integrals (#*) calculated with
the MHF'S valence orbital radial wave functions with the HF and HFS theoreti-
cal values It is interesting to note that the MHFS-HF agreement 1s worse
than for HFS-HF, this meaning that although the MHFS modifications in
HFS improve the energy predictions, this change deteriorates rather than
mnproves the accuracy of R,{r).

Also shown in tables 1 and 2 are the results given by HF frozen core.
approximation (FC), which are in very good agreement with the HF results
This method seems to be the best choice for the calculation of the excited
configurations, although for very heavy atoms or ions even FC becomes too
time-consuming

5. Conclusions. This analysis for a rather simple atomic system can be
used to draw some general conclusions to be used when one wishes to cal-
culate complex cases. From the two modified versions of the HFS program
only MHFS proved to be useful as it predicted improved total and orbital
energies not only .for the atomic ground state but also for the excited con-
figurations. However, the MHFS computer program does not give improved
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descriptions of the electron distributions and implicitly the values of the inte-
grals {#*, important in the calculation of various effects and transitions in
the atomic energy structure, are worse than the corresponding HFS values.

Thus, in choosing between HFS and MHFS one has to bear in mind the
purpose of the calculation. Both HFS approximations take very little compu-
ting time and yield apart from energies and radial wave functions, the cen-
tral atomic potential which can be easily employed in various applications.

(Recerved Oclober 26, 1983)
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ASUPRA PRECIZIEI APROXIMATIILOR HARTREE-FOCK-SLATER

(Rezumat)

Se analizeazd precizia a trei variante ale aproximafier HFS, luindu-se ca g1 criteriu apropierea
de rezultatele experimentale st HF Concluzia studinlui efectuat pe B I este ci apromimajia MHFS
este superioari metoder HFS nemodificate in prezicerea emergulor orbitale §i totale atit pentru starea
fundamentals cit g1 pentru stirile excitate, in timp ce pentru calculul functitlor radiale electronice este
preferabild metoda HFS
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BASE TRANSFORMATIONS THROUGH THE TECHNIQUE OF THE
STRUCTURAL NUMBERS

V. MILITARU and AL. NICULA

1 Introduction. One of the problems which frequently appears 1n the
applications of the topological methods in physics and technology is that of
identifying a special tree of the graph, usually called the normal tree. For
instance, in the analysis of a mnetwork through the method of cut-sets, the
normal tree 1s that which contains the greatest number of transimpedances
and the smallest number of transadmittances As these numbers are not known
apriori, the methods of identification appeal to the ensemble of all the trees
of the graph. That is why the main effort 1n this field has been. directed to
the elaboration of the faster possible methods of generating all the trees of
the graph which describes the problem

Following the identification of the normal tree there appear a series of
problems typical of all the applications, such as

— the identification, without the direct appeal to the graph, of the set
of the fundamental cut-sets with respect to the normal tree.

— the determination of the elements of the f-cut-set matrix with respect
to the new tree.

— the determination of the trees and the sign factors for the graph resul-
ting through short-circuiting some twigs of the normal tree, by short-circuiting
we mean bringing to coincidence of the nodes adjacent to the branch which
must be eliminated in this way

All these problems, as we are going to demonstrate further can be solved
easily and operatively by means of the algebra of structuraln umbers, through
completing the procedures in [2] and [5] These items of information turn
into full account the ensemble of all the trees 1nitially generated only for the
identification of the normal tree

2 The Trees of the Graph with Short-eircuited Twigs. ILet us take a
connected graph G with # 4 1 nodes and & brances, and let us watch its
structural modifications caused by the short-circuiting of a twig of the refe-
rence tree

The procedures developed 1n [2] and [5] are based on the oriented one-
row structural numbers:

Po=(ty by by ...)2=1,2 . ,n (1)

in wich £ 1s a twig of the reference tree and /, are the links making up
the f-cut-set of the twig #,. The orientation of the structural number, that
renders the orientation of the graph, 1s based on the convention of multi-
plying the index of each branch by +1 if in the cut-set this has the same
orientation as the twig # or, otherwise, by —I1.

Two of the properties [4] of the branches of a cut-set will be further
useful -
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— Any cut-set, fundamental with respect to a tree of a connected graph,
1s made up of a twig of the tree and those links whose fundamental loops
contain the respective twig

— The same link belongs to the f-cut-set of all the twigs which form
the path through the tree of the f-loop of the respective link, and only to it.

1t follows these properties that the sign of a branch /e P, any £k, will
be posttive if I and #, have contrary directions in the fundamental loop of /
or negative, otherwise

Let us eliminate twig f, The path through the tree of the basic loop of
link [ 1s interrupted, but 1t 1s restored if we overlap the nodes which were
interconnected by £, (the adjacent nodes of #,) Except #, the rest of the bran-
ches remain further in the new basic loop of / and have the same arrange-
ment and mutual ortentation Based on these properties we infer that all f-
cut-sets, and hence the structural numbers (1), remain unchanged except the
cut-set described by P, which disappears from the graph The new graph
G', formed through short-circuiting twig #, will therefore be described by the
set ot structural numbers (1), except + = &

Then the set of all the trees of the new graph G’ is given, based on the
demonstration in [4], by the columns of the structural number

N =(P,-Py-. . -P) (2)

in which the prime index of the paranthesis indicates the absence in the multi-
plication of the structural number P, The product of the structural numbers
being commutative, the structural number N is

N=N'.P, . (3)
and will give the set of all the trees of the initial graph G in its columns.
As ¢, belongs to P, exclusively, we notice in (3) that the only trees of the
original graph G, containing twig ¢, are the trees obtained adding this twig to the
columns of N’ And the other way, knowing all the: trees of &, selecting the
subset of the trees-with f, and eliminating this twig we obtain the set of all
the trees of G’. This operation [7] 1s called the derivative of the structural
number N with respect to ¢ .

__oN
P

N’ (4)

and the property just demonstrated above, confers an important utility to
this operation included in the algebra of structural numbers

If we mark with Sy the f-cut-set matrix of G with respect to the chosen
reference tree, be 1t @, the aforesaid facts make us conclude that the similar
S; matrix of G’ 1s obtained though the eliminatiod from S; of the row corres-
ponding to cut-set P, of #, Short-circuiting £,, this and all the branches which
interconnect the same two nodes (branches in parallel with #,) disappear from
the graph In S; the corresponding columns have only one nonzero element,
on the row of #, and hence 1n S} i their place there appear columus of zero
which are eliminated by themselves.

2 — Physica — 1984
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The necesity of identifying the normal tree of the problem and especiaily
the necessity of knowing the sign factor for pairs of trees make the genera-
ting of the set of all the trees of G compulsory. Then, if we want to generate
the set of all the trees of G’, itis much more advantageous to appeal to the
derivative (4) that implies simple operations of selection, instead of repeating
for G’ as well the procedure of multiplication implicated mn (2).

Starting from the same necessity of knowing the sign factor for the pairs
of trees of G’, let us identify now a method of generating the sign, simulta-
neously with the operation of derivation.

The matrix method of identifying the trees [6, 8] appeals to the majors
of the f-cut-set matrix which 1s unimodular The only nonzero majors, of the
value 41, have columns which correspond to the branches of each of the
trees of the graph. Let us select, 'according to the significance of (4), a tree
a, of G, contaming twig £, which is to be short-circuited We shall mark 4,
the square matrix made up of the columns of S; corresponding to the twigs
of the tree a;, arranged in increasing order The determinant of 4; 1s exactly
the major of S; corresponding to a;. Let m be the order number of the twig
3 m the tree a,, and, therefore, the column index of the same twig in A,.
The only nonzero element of this column, of the value +1, is to be found
on the line %, corresponding in S; to P, f-cut-set. Let also a; be the tree of
G’, obtained by eliminating through short-circuit of #;, the tree which is the
denivative of a, Selecting as reference tree of the graph G’ the dernvative
a;, with respect to £, of a, the matrix A4}, extract of S}, corresponds to aj
and is obtained of A; by the elimination of the line £ and of column # Deve-
loping then the major determinant |4;| with respect to the column m with
only one nonzero element, we obtain:

JAr] = (=17 4x] (5}

As it is proposed in [5], the determinants of the aforesaid formula give us
just the sign factors attributed to each of the trees in the basis of f-cut-sets.
of the reference tree, with the agreement of setting the twigs in an increasing
order. Using for sign factors thé symbol S we can then write: -

S§ = (—1pms, )

3. The Trees of the Graph with Deleted Branches. The deletion in the
graph G of a branch leaves the adjacent nodes unconnected, generating a new
graph G”. In applications 1t is only the links of the reference tree (usually
the normal tree) that are to be deleted. The efect of the deletion from the
graph is the elimination of 'the respective link, be it 7, from all structural
numbers P, defined by (1). As the result of generating the trees of G’ by
the product of structural numbers modified in this way, no tree containing
I is to be formed. Then, instead of doing the multiplication, we shall enly
select of the trees of G those which do not contain /. This is equivalent to.
the elimination from N of all the columns containing /, which exactly repre~
sents obtaining the inverse derivative of this structural number [3, 7]

3N
oo __ OV 7
N-—SZ (7}
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So we discover the significance of the operation of forming the inverse deri-
vative .included in the algebra of structural numbers. We also conclude that
the effect of eliminating /' is also deleting.the column of this branch in Sp

4. Generating the Base of the Normal Tree. Following the identification
of the normal tree, through selection from the set of all the trees, there appears
the .necessity of identifying the mew basic cut-sets and their matrix, which
we shall further mark by- §; In order to carry out this change of the. basis
of f-cut-sets we shall make use of the following property [4]:

-— The only branches of a graph which can replace a twig of a tree so
that it may result in the trees of the same graph are the elements of the
fundamental cut-set of the respective twig

Suppose we are looking for the f-cut-set of the twig with the index 7.
From the set of all the trees we must select all those containing the set of
# — 1 twigs of the normal tree different from » The #™ twig of each repre-
sents a link of f-cut-set of ». Be it / one of these branches and s =//}!] the
sign factor, unknown yet, which gives the orientation of / in the f-cut-set of
7 according to the definition in section 2. We notice that s will be, at the
same time, the element of matrix S; on the line of » and the column of /.
Let us replace in the diagonal major of the normal tree the column of » with
the column in S; of /. We shall obtamn the intermediary major.

1

- — H

A=,

1

S
|
!
|
|

in which the discontinuous” vertical line suggests the presence on the column
of I of other nonzero elements as well besides s. Developing by this column,
all the minors, except that of s, will have only zeros on the line of 7. So
that : .

[A]l=s )

In order to obtain from | A; ] the major |A4,|, extracted from S;, corresponding
to the tree a,, obtained from the normal tree by having substituted » with
l, we must do a number of p permutations so that we may bring the mmdex
! to its place in the ivecreasing order of the twigs of @, Then.

S, = |4;| = (—1)f - s
hence :
s = Sq (=1 (10)

the formula completing the process of identifying the oriented f-cut-set of »
and hence finding the line 7 of S;. The application of the procedure 1s based
on knowing all the trees as well as their signs ([5]



20 V MLITARU, AL NICULA

In applications there sometimes appears the necessity of determining only
a column of Sy without determining the whole matrix. Suppose we are looking
for the column of the branch ! Having as the starting point the same obser-
vations as above we must select all those trees of the graph containing, besi-
des branch I, » — 1 twigs of the normal tree. The missing #' twig has been
replaced by ! and so [/ belongs to the f-cut-set of the missing twig, be it #
It is (10) that gives the looked for element of line # and column / of S;.

(Recerved November 11, 1983)
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SCHIMBARI ALE BAZEI PRIN TEHNICA NUMERELOR STRUCTURALE

(Rezumat)

Lucrarea extinde domeninl de aplicabihitate al numerelor structurale orientate, perfecfionate
de autor: in lucrdri anterioare, la determuinarea prin procedee simplificate a arborilor g1 factorilor
de semn ce rezultd prin scurtcircurtarea sau prin eluminarea prin gol a unor laturt ale unui graf liniar
ortentat Se ma1 prezintd procedeul de identificare a elementelor matricn secfiunilor fundamentale
fa{d de arborele normal al problemei fizice modelate prin graf
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THE BEHAVIOR OF THE CARRIER CONCENTRATION AND THE
QUASI-FERMI LEVELS FOR Pb, ;5n,Te SINGLE AND DOUBLE
HETEROSTRUCTURE DIODE LASERS

D. DADARLAT*, RODICA M. CANDEA, M. BARLEA, M. CHIRTOC

1 Introduetion. The recent interest in the tunable long-wavelength diode
lasers stimulated an increased experimental and theoretical work especially
on the ternary lead-salt materials PbSnTe, PbSnSe, PbSSe, these mixed semi-
conducting crystals having a narrow and controlled energy gap. The experi-
mental and technologycal efforts were focused on making diode lasers with
large tunability, good efficiency, high resolutton, low threshold current demsity,
operating at high temperature A number of papers have presented theoretical
calculations on the band structure [1—3], gain characteristic [4], absorption
constant [5], and on the carrier concentration for intrinsic [6] or extrinsic
[4, 7] material.

Recently Anderson [4] denved a gain-frequency-current relationship
for PbSnTe DH laser considering an 1deal DH diode laser Based on Anderson’s
model we extend the calculations of the carrier concentration and on the quasi-
Fermi levels for a single heterostructure and a non-ideal double heterostruc-
ture In this paper the term ,,non-ideal” for a DH 1s used when it is allo-
wed for a part of the injected carriers to exit from the active region. The
study of the influence of this number of carriers (electrons in our case) on
the quasi-Ferm1 levels and on the carrier concentration is the purpose of the
paper.

2. Theoretical model and results. We start with the following relations
for the hole, p(x), and electron, #(x), concentrations, for the quasi-Fermi levels,
Q.(%), Qp(%), and for the hole J,(x) and electron J,(x) current, across the active
region [4].

n(x) = N, exp ‘Eziz’flj (1)
4Nv [ Qp(%) %

p(x) = 347 ( ir )

Tn(x) = wan(z) 22 @)

Jp(x) = — wyp(x) 22

where p, and p, are the electron and the hole mobility and N, N, are the
conduction and the valence band elfective density of states

* Institute of Isotopic and Molecular Technologv R—3400 Cluj-Napoca 5, PO Box 700,
Cluj-Napoca
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3-PbSnTe n-PbTe

SH

—_—

_7.._1_ dind

g, X
0 d

p-PhTe p-PhSnTe n-PhTe

Fig 1. The smgle and the
double heterostructures consi-
dered.

In the following we

by J(0).

D DADARLAT, R M CANDEA, M BARLEA, M CHIRTOC

The meaning of x can be infered from Fig. 1.
As one can see from (1) our model considers the hole

" concentration degeherated and’ the electron concen-

tration non-degenérated across the adtive region.
Keeping - also Andeérson’s - simplifying assumption
that the recombination rate is determined by a
constant minority carrier lifetime, v,, we can write :

(%) _ _ d]p(x) _ gn(%) (3)

ax ., o T

For an ideal DH diode laser no electron injec-
ted a cross the p—n heterojunction at x =d can
exit at ¥ =0 due to a large électron potential
barrier at the x =0 p—p junction. For a SH
diode laser or for a non-<ideal DH this fact is mot
valid anymore, a number -of -electrons injected across
the active region being-able to exit at x = 0.
denote the electron current density leaving at x =0

Based on the above mentioned assumptions the solutions of (1)—(3) for

a non-ideal DH are:

() =J(—)k—[coshzx— — JO  cosh d; ”]
gL, sm b — i Jts) "
L
Ou(x) = KT In —T'J(L—[cosh & _JO oo A= x] n
‘ L. sk _d.. Ly J@) L,
qiy I,
J(d) [ % JO . d—x]
n\%, sinh = +4 ~——sinh
] ( ) SlIl}l _ Ln ](d) {4"
and
3
2 A ﬂ’)( 2_ d—x) H
P(x) =P90 1 — 5L, J(d) ( 4§v )3 K _cosh - 1+J’(d) sh I, cosh I,
20p BT ppo \ 34 ppo ) | La o
Ln
2f cosn 1+M(cos,,j_ d—x
0,(%)=0 1__%(_%_)3 A La J@) La
? #o 2upkThpy 3\/ 7?1’120 L, sin il_
L Lﬂ
h-— +j( ) dn k d‘T_f
Jo(#) = J(@) |1 e LA
sin b —
L L,
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where .

1

-Ln;(fl;"—’"f o ) (6)

Toemi = J(D) $(2)]set = po: Qpl)fes = Opo

and usually, for a DH, d < L,.

Substituting d by L, in (4) and (5), the results remain valid also for SH.

The quantity J(0)/J(d) 1s considered as a parameter which ranges from
0 to 1 :

Some experimental estimations are plotted in Fig. 2,3 for the minority
carriers and 1 Fig 4,5 for the majority carrters, for different values of J(0)/](d)
parameter The device characteristics (Sn concentration 0.21, T- = 20 K; p, =
=2 x 107 cm—2, d = 10 pm for DH lasers and 4 = L, for SH lasers, J(d) =
=102 Acm—2; N, =77 x 10% cm—3; N, =8 X 10¥%m~3) are the same for
all the curves, the expertmental data used being taken from [1, 2, 4].

3 Conclusions. As one can see from Fig 2 and 3, the increase of the
number of injected electrons which exit the active region strongly modifies
the profile of the quasi-Fermi level for electrons across the band gap and
decreases, up to one order of magnitude, the number of mihority carriers.

The relative variations of the quasi-Fermi level for holes and the hole
concentration arc also diminished by an increase in the number of the injec-
ted electrons which exit the active region (Fig. 4,5) In the approximation
Q, < E, the relative varations of Q,(x) and p(x) are of order 10—* — 10—,

A similar conclusion can be obtained in the other limit, £, <€ @,, a situa-
tion only theoretically possible [7], when taking for the hole concentration

3
4Ny 1 \3
P9 = 57| £ Q3 7)
NG k\'TEg) % (
Solving (1)—(3) we get:
3 1
p(%) = Ppod"; Qp(#) = Qped* - ' 8)
1t - coshf——1+m(coshi~—coshd—x)
A =1— 4](d) Ly ( 4Nv )3 & . _ L, J(@) - 41'@ L,
1 = .
wpppo(RTEgE) 3= Ppo Ln qinh%

On the other hand, taking into account the fact that the gain varies
across the active region only as a function of Q,(x) [4] and, as showed above,
Qp(%) is almost constant, we can conclude that the gain can be also considered
constant across”the whole active region for all the configurations (SH, ideal
or non-ideal DH, diode lasers) and in any approximation (E,< Q) E,> Q).

{Received December 15, 1983)
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COMPORTAREA NUMARULUI DE PURTATORI SI A QUASI-NIVELELOR FERMI PENTRU
O SIMPLA $I O DUBLA HETEROSTRUCTURA PE BAZA DE Pb, ,Sn,Te.

(Rezumat)

Se calculeazi comportfarea numérului de purtitorn majoritari §1 munoritar: precum §1 a quast-
nyvelelor Fermt pentru o sunpld respecttv o dubld heterostructurd mneideald a uner drode laser pe
bazd de PbSnTe Se analizeazd influenta numdirnulmt de electroni injectat: ce piriisesc regiunea activd
asupra concentratier de purtiton: §1 asupra quasi-mivelelor Fermi In aproximatia folositd se giseste
o variafte relativd a quast-nivelului Fermu pentru purtdtoryt majoritars din regiunea activd de ordinul
a 1078—10-7, fapt ce permmte considerarea coeficientulu1 de cistig ca gt constant in intreaga re-
gune activd.
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THE CRYSTALLINE STRUCIURE OF ‘THE INTERMETAILLIC
- , COMPOUNDS CeCuy_oNiy :

. - T i\ ~ ~
! : I. POP, RODICA POP and M- GOLDEA

1. Introduetion. The phase diagram of the Ce—Cu system indicates the
existence of different type of intermetallic compounds such as CeCu [1], CeCu,
[17, CeCu, [2]; CeCu; [3,4] and CeCuq [5]. Dwight [3] reported the
preparation of the intermetallic compound CeCuj; of. hexagonal structure type
with the lattice parameters a = 5.146 A and ¢ = 4.108 A, while Buschow
[6] showed that at this concentration of the components there is no single
phase In a previous paper we have confirmed Dwight’s results, the lattice
parameters having very close values, ie. a =5.138 A and ¢ = 4.109 A.

The hexagonal structure of CaCu; (D2) type and the hexagonmal struc-
ture lattice parameters a =4875 A, ¢ =4.010 A and c/a = 0.283, reported
by Pearson [7] for CeNi, intermetallic compound, suggested us to see if
these isostructural intermetallic compounds ,ie CeCu; and CeNij are not
forming mutual solid solutions of the CeCu. Ni; . type

2. Experimental. The investigated intermetallic compound CeCuy; CeNi,
and therr mutual solid solutions were prepared by arc melting stoichiometric
amounts of the elements in a high purity argon atmosphere. The purity of
the starting materials was- Ce 99 9% ; Cu 99.999% ; Ni 99 99%.

The X-ray diffraction patterns were obtained from finely powdered sam-
ples, using an X-ray TUR—M—62 equipment, by Debye — Scherrer method.
Cu K, radiation was used in combination with an X-ray monochromator.

3. Results and diseussion. The intermetallic compounds CeCu, . Ni, are
all single phase; the interference lines for each compound were indexed in
accordance with the hexagonal CeCu, structure type. There were no limes which
could be attributed to pure elements or to other phases.

The experimental results for the compounds CeNi; ; CeCuNi,, and CeCu,Ni,
are lisled in Tables 1 — 3, which include the observed and calculated 1/d?

Table 1
Calculated and observed 1/d* values for the compound CeNi;

26 1/d*(obs ) hkl 1/d%(cale) 26 1/d2(obs ) hkl 1/d3(calc)
35.3 0.1149 101 0.1182 890 0.6140 103 0.6150
43.05 0.1683 110 0 1683 94.86 0.6781 220 0.6732
500 0 2232 220 0.2244 98.7 0.7195 113 0 7272
52.11 0 2412 002 0.2484 100.2 0.7549 302 0.7533
57.4 0.2882 201 0.2865 104 5 0.7814 203 0.7833
58.6 0.2993 102 0.3045 115 19 0.8911 400 0.8976
70.2 0.4132 112 0.4167 11.80 0.9183 222 0 9216
73.6 0 4485 211 0.4548 121.33 0.9501 213 0.9516
76.16 0.4788 202 0.4728 126.20 0.9940 004 0.9936
84.5 0.5650 301 0.5670 134.6 1.0725 303 1.0638
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Table Z
Calenlated and observed 1/d? values for the compound CeCuNi,

29 1/d*(obs ) hkl 1/d3(calc) 26 1/d%(obs ) hkl 1/d¥(calc )
34.84 0.1121 101 01167 93 0 0.6576 220 0.6576
45 33 0 1644 110 01644 990 0.7227 113 07215
49.5 0.2190 200 0 2192 99 7 0 7302 302 0 7408
51.96 0.2399 002 0 2476 104.0 0.7761 203 0.7763
57.56 0 2898 201 0 2811 117.3 09115 222 0 9052
70.0 0.4112 112 0 4120 120 17 0 9392 401 09387
730 0 4422 211 0 4455 125 8 0 9904 004 0 9904
751 0 4642 202 0 4668 133 4 1 0545 104 1 0452
83 4 0.5531 003 0 5571 144 7 11351 402 11244
887 0.6108 103 0 6119 148 82 11592 114 11548

Table ¥
Calculated and ohserved I/d?* values for the eompound CeCu,Ni,

20 1/d%(obs ) hkl 1/d?(calc) 20 1/d*(obs ) hki 1/d%(calc )
355 01161 101 01148 76 0 0 4737 300 0 4797
41 91 01599 110 0 1599 95.96 0 68900 310 0 6929
49 4 02182 200 02132 99 5 0 7281 302 0 7258
50 4 0 2266 111 02214 1019 0.7537 311 0 7544
529 0 2479 002 0 2461 111 23 08514 400 0 8528
554 0 2699 201 02747 114 3 0 8821 222 0 8857
577 0 2910 102 0 2995 117 2 0.9106 401 09143
68 3 0 3938 112 0.4060 119.84 0 9361 312 0 9390
710 0 4214 211 0 4346 127.00 1 0012 320 1 0127
739 0 4516, 202 0 4593 138 7 1 0946 402 1 0989

values The very good agreement of these values confirms the existence of a

hexagonal single-phase structure for these intermetallic compounds.

Similar results were obtained for all investigated compounds. The lattice

parameters of the whole series of compounds are given in Table 4,

Lattice constants for some CeCug_ Niy compounds with the CeCu, structure

Table £

Lattice constants
Compound M cla

ad) | e
CeCuy 457 82 5 146 4108 0.798
CeCuyNi, 448 14 5 051 4 051 0 802
CeCu, ;N1 5 445 72 5 020 4.042 0 805
CeCu,Ni, 443 30 4 995 4.035 0 807
CeCuy ;Nigg 440 88 4961 4024 0811
CeCulNi, 438.46 4 9529 4 018 0 815
CeCu, N1 5 436 04 4909 4.014 0817
CrNi, 433 62 4 874 4 011 0 822
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The continuous solubility of the compounds CeCuy; and CeNiy can also
be revealed from the concentration dependence of the lattice parameters given
in the figure 1.

The lattice parameter a decreases linearly as the number of Ni atoms per unit
formula increases, while the parameter ¢ decreases no-linearly.

The ratio c/a (see fig 2) increases with nickel atoms increase.

4 Conclusions. The obtained experimental results show the existence of
the continuous series of the solid solutions between intermetallic compounds
CeCuy and CeNi; with the general formula CeCu,; Ni,. All series of the inter-
metallic compounds 1s isotypic and crystallize in a hexagonal structure of
the CeCu; type.

The NMR and magnetic susceptibiity results of CeCu, ,Ni. intermetallic
compounds were published before [8].
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STRUCTURA CRISTALINA A COMPUSILOR INTERMETALICI CeCu, ,Niy

(Rezumat)

Structura crnistalind a sistemulm intermetalic CeCu,_ N1 (x=2, 2,5, 3, 3,5, 34, 45, 5) a
fost studiatd prin difracfie de raze x Compugi intermetalici CeCuy_yNip au o structurd hexagonald
ca si compusul CeCu; Pentru toti compusn investigaii au fost determinajt parametrn celuler ele~
mentare
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HALL EFFECT MEASUREMENTS ON NEUTRON IRRADIATED
p-TYPE SILICON .

LAVINIA COCIU, EUGENIA HALMAGEAN*, R, FODOR, AL. NICULA

Introduction. The problems of the semiconductor phyics connected with
the radiation-induced defect centers are quite various and are primarnly deter-
mined by the great sensitiveness of the crystal properties at the imperfections’
presence. A considerable amount of data concerning the nature of defects in
neutron irradiated silicon has been obtained using the electronic resonance
methods [1]. It is difficult to elucidate the physical nature of a defect center
by means of the Hall effect. The Hall Effect measurements on irradiated
semiconductors are used [2] to find both the free carriers concentrations and
thetr change rate with the modification of the total flux (fluence) of the ineci-
dent particles The Hall effect measurements on the neutron-doped silicon
samples [3] have provided a method for measuring the thermal neutron fluence
in the vertical channel of a VVR — type reactor. The present experimental
work completes our EPR studies [4] on the neutron irradiated silicon; its
aim 1s to find the free hole concentration and Fermi level in fast neutron-
irradiated samples of p — type silicon.

Experimental. The samples used were the floating zone silicon doped with
boron. We used standard equipment to measure Hall effect, at the room tempe-
rature, on the specimens with thickness below 1 mm. The samples were irra-
diated with fast neutrons at @, = 2.8 X 108 cm—2 and @, = 4 X 10® cm—2.
The measurements were made on the un-irradiated, uradlated and 1rradiated
and then heated for an hour at 200°C samples. For all the samples, as it
is seen from figure 1 (a and b) for the fourth set, we found the Hall voltage
limar in both magnetic field — B and sample — current I.

Theory. We used the theory of the Hall effect in semiconductors [5].
The density of the free holes p is deduced from the Hall coefficient by the
equation -

p=5— - (1)

RH €
where Ry is the Hall coefficient and e — electron change.’ The Hall factor
7 1s a numerical factor which for holes,' has the value [6]:

) o021

300
where T is the temperature of the sample.
The Fermi level Ey is determined by the equation:
EF—E,,=kT1n%, (3)

- *IPRS — Bineasa, Bucurest1
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Fi1g 1 The dependence of Hall voltage on magnetic field (a) and sample current (b)

with E, the top of valence band, # — Boltzmann constant and N, — the den-
sity of equivalent states. :

; m* Thk\312 :

N,,=2( 2 ) , my = 0.59 m,, )

2m /8

.

where m, 1s the free electron mass

Results and discussion. The obtained results are presented 1n the Table
1. for four sets of samples

The observed decrease of the carrier density after neutron irradiation is
due to defect centers which act as a hole traps. The thermal treatment of
the irradiated samples at 200°C for 1 hour leads to, the partial annealing of
the defects and increases the hole number

For every set of samples, the Fermi level changes accoiding to p-carrier
variation .

The samples in the 4 and 7 sets have about the same 1initial concentra-
tions of holes and have been 1rradiated at different neutron fluence. The
calculated rate of the variation of the free carriers concentration is Ap/AD =
= — §7.5 cm~L. The efficiency of the thermal treatment 1s more poor for the
samples irradiated at higher neutron flux.

(Recerved January 10, 1984)
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The Hall eoefiicient, carrier density and Fermi fevel of silicon samples

Table 1

un-irradiated irradiated irradiated and heated 1 h at 200°C
Samples, -
set 0] ,
Ry P Er—Ey | outvons Ry P Ep— Ey Ry Ep— E,
(em?/C) {cm™3) (eV) — | (em®/C) (cm™) (eV) (em3/C) (em™) (eV)
cm

) 10915 483 x 1015 0195 15562 339 x 10% 0204 12600 419 x 1015 0,198

4 14240 370 x 105 0202 | 28X 10% | 10649 283 % 1015 0.208 16320 323 x 105 0 205

. 16705 516 x 10% 0206 | , . o | 26542 199 x 10% 0217 20512  2.57 x 1085 0.211

7 14372 367 x 10% 0202 24680 214 . 101 1851 3 0.208

0215

285 x 101
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MASURATORI DE EFECT HALL IN Si- TIP p IRADIAT CU NEUTRONI
(Rezumat)

In lucrare se determmnd, prin misuritor: de efect Hall, concentratia purtitortlor de curent i
pozitia mivelulur Fermu in probe de S1 — tip p iradiate cu neutrom rapizi Se calculeazid §1 viteza
de variafie a concentratier de golur: cu fluxul de neutroni.
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CERCETARI SISTEMATICE ASUPRA RADIOACTIVITATII GAZELOR

NATURALE EMANATE DIN SURSELE GEOTERMALE DIN VALEA
CERNEI $I VALEA MEHADICA

€. COSMA, I. MASTAN, V. ZNAMIROVSCHI, 0. COZAR

1 Introdueere. Misuritorile asupra radioactivitifn gazelor naturale pro-
venite din surse de ape minerale s1 geotermale [1—3] au fost imtiate in para-
lel cu misurdtorile asupra compozitiei chimice a acestora [8—10], in scopul
evidentierii unor surse potentiale de heliu pe teritoriul Romaniei [4—7]. Astfel
de studii combinate s1 completate cu mésurdtori asupra compozitiei izotopice
sint de o deosebitd importantd in cercetirile de geofizicd s1 geochimie [1—39],
dind s1 informatii asupra unor minerale utile din scoarta Pamintulu.

Primele m3suritori asupra radioactivitdtii gazelor naturale au fost efec-
tuate in 1980 pe probe recoltate din surse geotermale de pe Valea Cernei. Din
cauza datelor interesante obtinute, atit asupra radioactivitatii [1, 2] cit s1 a
contiutului de heliu [4, 5], determinirile au fost repetate s1 completate in
decursul urmatortlor doi am, incluzind si Valea Mehadica si zona Mehadia [10].

In decursul timpulm Valea Cernei a ficut obiectul a numeroase studu, atit
de geologie cit si de geofizicd [22—34]. Aceste studii au stabilit cd Valea Cernei
curge in lungul unui graben de fundament relativ ingust. In zona statiunii
balneare fundamentul este constituit din sisturi cristaline cuprinzind in ele masive
granitice, peste care se situeazd depozite sedimentare impermeabile (stratele
de Nadanova) [34] Datoritd puternicii tectonizdri din zoni atit cuvertura sedi-
mentard cit si fundamentul sint puternic afectate de numeroase falii longitu-
dinale si transversale. Dupd ultimele date, z&cimintul geotermal de la Herculane
se formeaz3 si se regenereazi permanent cu participarea a trer componente [34]:
apele de infiltratie din lungul Viii Cernei, apele de tip zdcdmint $1 apele fier-
binti cu sau fira vapori din zonele profunde. Odatid cu apele geotermale, prin
cele 24 de surse existente in momentul de fatd in stafiune si in imprejurimi
(16 izvoare naturale si 8 foraje) sint aduse la suprafati si insemnate cantitdfi
de gaze naturale.

Pentru a avea o imagine mai clari asupra radioactivitdtii diferitilor factori
de mediu din Valea Cernei si in special in scopul lamuririi mecanismului aero-
ionizdrii negative puternice din zona stajiunii, in decursul a trei am consecutivi
au fost efectuate in paralel si misurdtori asupra activitijn apelor geotermale,
a apei din Cerna [35] a solului, sedimentelor si rocilor granitice [36].

In aceastd lucrare vom prezenta succint principalele noastre rezultate asupra
radioactivitd}ii gazelor obfinute in perioada 1980—1881 [1, 2] si le vom com-
pleta cu rezultatele noilor misuritori efectuate in iunie 1982 cu instalatia de
misurare prezentd la fata locului. In acest fel am avut posibilitatea de a face
misuritorr mai complete si am putut verifica unele din presupunerle noastre
anterioare. Vom face de asemenea referiri comparative intre radioactivitatea
acestor gaze si confinutul lor in helis, citind in acest sens lucrdrile [4—7].
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2. Metoda experimentald. Metodica i aparatura de recoltare si misurare
a activitdtii probelor gazoase precum $1 modul de determinare a constituen-
tilor radioactivi d1 acestor gaze sint descrise in lucriirile noastre anterioare
[1—38, 8]. De aceea in aceastd lucrare.ne vom referi numai la unele aspecte mnoi,
apirute si rezolvate datoritd prezenfei, wn sifu, a aparaturii de m#surare. Prin-~
cipalele probleme rezolvate cu aceasti ocazie au fost urmitoarele:

a) Ridicarea curbelor -de dezintegrare si calculul timpului de injumitidtire
pentru majoritatea surselor cercetate;

b) Obtinerea unor spectre gama pentru probele gazoase la putin timp
dupd ce ele au fost recoltate, urmirindu-se astfel si eventuala prezenfi a altor
constituenti radioactivi cu viatd mai scurtd aldturi de ?2Rn, in special a thoro-
nulu — 229Rn;

¢) Calculul eficacitdju de spilare a probelor, care atesti capacitatea si
eficienta dispozitivelor noastre de recoltare a unor probe de gaze naturale neim-
purificate cu aerul atmosferic [1];

d) Calculul unui coeficient de incredere, %, utilizat apoi in punerea in evi-
dentd a radonulut in probe cu activitate slabd [3, 37].

Vom prezenta de asemenea un spectru gama obtinut cu un detector GeLi
pentru una din probele de gaz, spectru care a fost ridicat in laborator, dupi
un interval de timp relativ mare scurs din momentul recoltirii. Picurile din
spectrul energetic atestd si in acest caz ci componenta radioactivi majori a
gazelor este ?Rn in echilibru de regim cu urmasii sii beta-gama radioactivi
24ph (RaB) §i 24Bi (RaC).

Viteza de numdrare in regim integral pentru cuante gama cu energii mai
mari de 50 keV s-a maisurat in fiecare caz dupid un interval de timp de 4—5
ore de la recoltare, timp necesar si suficient ca RaB si RaC si intre in echi-
libru cu radonul. Cunoscind viteza de numdrare N (imp/100 s), valoarea acti-
vitdtii de radon se calculeazd cu relafia:

2 N 1 4n f,
=2 X 1 /f 1
737 100 ¢ Q =n (1)

unde constantele care intervin au valori bine determinate [1, 2].

3 Rezultate experimentale. 3 1. Ridicarea curbelor de deximiegrave. Ridica-
rea curbelor de dezintegrare s-a ficut prin misurarea vitezei de numdirare in
regim integral (E > 50 keV) de mat multe ort, din timp in timp, continuind
mdsuritorile si dupd sostrea la Cluj-Napoca pentru a objine cit mai multe puncte
experimentale. Figura 1 reprezinti logaritmul vitezei de numdrare in functie
de timp pentru 6 din probele analizate Din panta dreptelor s-au calculat ttmpii
de injumititire (Typ = 1n 2/tg «) In toate cazurile valorile primite sint apro-
piate de valoarea de 3,82 zile care este valoarea exacti a timpului de injumi-
titire pentru 22Rn In acest fel am verificat faptul ci radioactivitatea tuturor
gazelor din Valea Cerner se datoreste 22Rn, presupunere folositi in lucririle
[1, 2], precum si justificarea folosirn relajiei (1) pentru calculul activitdtii aces-
tor gaze.

3 2. Obiwmerea spectrelor gama. Ridicarea spectrelor gama s-a ficut folosind
unul din cele patru canale ale analizorulur NP 424 cuplat cu sonda cu scintilator
Nal (T1) pentru o tensiune de lucru pe fotomultiplicator de 1150 V 5i o largime
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a canalulu1 de 10 diviziuni, adicd de 0,1 V In acest fel spectrul a fost obtinut
pe 100 de canale. Etalonarea s-a ficut folosind surse etalon de #'Am, ¥Cs,
80Co. Figura 2 reproduce spectrul gama pentru o probd recoltatid de la sursa
Sapte Calde Dreapta. Pe acest spectru se pot ugor identifica picurile *#Pb-lui
de 242 keV (7,6%), 295 keV (19%) si 352 keV (369,) precum §i respectiv cele
ale 24Bi de 609 keV (47%), 769 keV (5%), 1120 keV (20%,), 1238 keV (6,8%),
1378 keV (5%), 1764 keV (169%,), 1848 keV (2%), 2120 keV (1,29%) s1 2204 keV
(5%) [40]. Aceste energii demonstreazi clar cd radioactivitatea respectivelor
gaze se datoreste radonului-222 in echilibru de regum cu cetr dor urmast gama
radioactivi aminti{1 mai sus In acest spectru nu se evidentiaza energule *°Rn
si urmastlor sii care ar fi trebuit si apard la 238 keV (479%), 727 keV (7%)
si 583 keV (86%,) Depozitul activ al thoronului (*°Rn) are un tinp mediu de
viatd de ~ 10 ore s1, in cazul existentei acestuia in proba analizatd, aceste picuri
ar f1 trebuit sd apar#, deoarece spectrul a fost ridicat la numai citeva ore de
la recoltare. Urmirirea acestor picuri a fost unul din motivele pentru care insta-
latia a fost transportatd in Valea Cerner ILipsa din spectru a picurior mentio-
nate mai sus duce la concluzia cd thoronul nu ajunge si ramind in aceste gaze
din cauza timpului de injumititire scurt (54s) s1 a drumulm lung urmat de
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F1g 2 Spectrul gama al prober de la Sapte Calde Dreapta obfmut cu un detector cu scintila-

{ie NaI(T1),

aceste gaze in ascensiunea lor spre suprafafd. Este insd de asteptat ca depozitul
activ al thoronului, respectiv descendentii sii gama radioactivi #2Pb, 212Bp si
208T] si se regaseascd impreund cu radonul s1 descendentii sdi dizolvati in apa
acestor surse geotermale.

Deoarece probele recoltate de la Sapte Calde Dreapta au avut o activitate
foarte mare, 200 nCi/INTP activitate de radon, dupid sosirea in laboratoarele
facultdtu au fost ridicate spectrele gama ale acestora cu un analizor de tipul
EMG cu 512 canale si folosind un detector Geli cu o rezolujie de numai citiva
keV Figura 3 reproduce un astfel de spectru pe care se pot identifica aict foarte
bine picurile 24Pb s1 24Bi, care apar st pe spectrul din figura 2.

33 Determinarea cficienter de spdlave Pentru a vedea In ce masurid probele
de gaze recoltate n vederea méisurdrn activitdfn contin gaze neimpurificate cu
aer atmosferic, probe recoltate prin procedeul de spilare [8], s-au inseriat doud
vase pentru recoltat probe gazoase la o sursi cu un debit mic de gaz, respectiv
la Sapte Calde Dreapta, izvor nr. 3. Viteza de numirare pentru prima probi a
fost de 89 037 imp/100 s 1ar pentru cea de-a doua de 87.713 imp/100 s. Raportul
celor doud viteze de numirare conduce la o eficientd a procesului de spilare de
98,5%,

3 4. Determinarea coeficrentulus de incredere k In unele din lucririle noastre
[3, 37], in cazul unor activitdti mici am folosit pentru identificarea radonului
din gaze asa numitul coeficient de incredere £ Acest coeficient reprezinti rapor-
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Fig 3 Spectrul gama al probei de la $tape Calde Dreapta obtinut cu un detector Gela.

tul dintre viteza de numdrare in regim integral pentru energii mai mari de
200 keV s1 viteza de numdrare in regim integral pentru emergii mai mari ca
50 keV. Deoarece probele din Valea Cernei au o activitate foarte mare $i deoa-
rece 22Rn a fost aici identificat prin doud metode, timpul de injumatatire si
spectrul gama, ca fiind unicul component radioactiv a acestor gaze, acest raport
a fost determinat experimental pe gazele de aici. Mésurdtor: repetate asupra
ma1 multor probe de gaze au dat toate aceeasi valoare, & = 0,66.

3 5. Rezultatele wmdsurdtorilor asupra actwitdfis gazelor. Tabelul 1 include
rezultatele masurdtorii activitdfii asupra a 10 probe de gaze recoltate din surse
de ape geotermale din Valea Cernei §i Valea Mehadica Primele doud coloane
din tabelul 1 reprezintd activitdfile médsurate in 1980 [1, 2] i respectiv 1981
[36], 1ar ultima coloand cuprinde rezultatele misuritorilor din junie 1982 cu
aparatura de misuri prezenti In teren. De mentionat cd In 1980 sursa din
Valea Mehadica nu intra incd in sfera de interes, iar in 1982 din cauza lucriri-
lor de amenajare nu am avut acces la sursele Decebal i Fabrica de var s1 deci
din aceastd cauzd in tabel lipsesc valorile respective.

4. Diseutarea rezultatelor. Dupd cum se observd la o analizi sumari_a
tabelului 1, spre deosebire de activitifile gazelor din alte zone [7, 37] studiate
de noi, precum §i in comparafie cu rezultatele asupra radioactivitdtii gazelor
obtinute de alf1 cercetdtori [31], pentru gazele din Valea Cernei am obtinut o
activitate foarte mare, peste 200 nCi/INTP la sursa Sapte Calde Dreapta, o
activitate mare 10—30 nCi/INTP pentru sursele provenind din forajele Scorilo,
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Tabel 7

Activitatea gazelor naturale proyemte‘din surse de ape geotermale din Valea Cernei si Valea Mehadiea

Activitatea de radon (nCi/INTP)
Nr . -
ert Locul recoltdru mnie-sept unie 1unie
1980 1981 1982
1 Sapte Calde Dreapta, 1zv. 3 215,46 162,3 211,55
2 Sapte Calde Dreapta, 1zv. 1 113,54 151,28 -
3 Sconlo (foraj) 31,95 31,48 28,93
4 Traian (foraj) 30,16 19,15 25,68
S Abator (foraj) 12,37 1,15 9,39
6 Venera (1zvor natural) 1,23 1,1 1,74
7 Neptun (foraj) 1,75 0,76 1,37
8 Fabrica de var (foraj) 24,56 13,51 —
9 Decebal (foraj) — 0,44 —
10 Valea Mehadica (fora)) — 1,62 1,26

Traian, Abator 51 Fabrica de var si o activitate insemnatd 1—2 nCi/INTP pentru
sursele Venera, Neptun, Decebal si Valea Mehadica

Aceastd radioactivitate mare s1 foarte mare a gazelor din Valea Cernei,
combinatd cu radioactivitatea celorlalti factor:i de mediu [36], explicid existenta
une1 aeroronizdri negative puternice in zona statiunu Herculane [1] Tot dmn
tabelul 1 se observd cid valorile masurate in decursul celor trei ani, 1980—
1982, sint reproductibile, objinindu-se doar in cursul anului 1981 valort, in
general, cu ceva mai scdzute decit in 1980 si 1982 Trebuie remarcat cd in 1981
s1 alte caractenstici ale probelor de gaze cum ar fi compozifia chimicd §1 con-
tinutul in heliu au suferit unele modificar1 O situafie de exceptie in acest sens
se observd numai la sursa de la Abator unde activitatea in 1981 a fost cu un
ordin de marime mai micd fatd de anu 1980 g1 1982 De altfel la aceastd sursid
a fost observat in 1981 g1 cel mai mare salt in concentratia heliului, aceasta
dublindu-se fatd de 1980 [6], precum si o inversare a raportului metan-azot
[10]. De mentionat cd vana acestui foraj a fost mult timp inchisi (citeva luni)
‘inamnte de a recolta probele Dacd vasul pentru probd nu a fost defect, adicd
sd prezinte fisur1 in cele dou# tevi de plumb folosite pentru umplerea $1 inchi~
derea vasulm, atunci trebuie s3 lufim In considerare posibilitatea uneisepariri
gravitalionale a radonului, posibil s1 a heliului, pe coloana forajulur sau chiar
In zécimintul geotermal

Faptul cd misurdtorile din 1982 efectuate asupra gazelor in momentul 1me-
diat recoltdri au dat, cu exceptia discutatd, aceleas: valor: ca mdsurétorile ante-
rioare efectuate dupd un interval mare de timp in laboratcarele noastre atesta
etanseitatea vaselor de colectare 1 m#surare a probelor confectionate de citre
no1 [1]

Ficind un studiu comparativ a datelor din tabelul 1 legate de radicactivi-
tate si a datelor legate de confinutul heliului din aceste gaze [5—7], care are
aict concentrafi ridicate (printre cele mat mar de pe teritoriul Roménier), se
poate trage concluzia ci intre radioactivitate si concentratia helinlui existd o
strinsd legdturd, dest nu existd o proporfionalitate directd Concentratule mari
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de heliu sint insotite de o radioactivitate sporitd si invers. Acest lucru este sus-
tinut si de rezultatele misuritorilor noastre asupra compozitiei si radioactivitétii
gazelor din Carpatii Orientali, a celor din zonele Brebeni, Valea Aniesului (Rodna)
si Praid, in special [37]. Paralelismul heliu-radioactivitate, cel heliu-azot-radio-
activitate, In general, este discutat si pus in legdturd cu existenta unor fracturi
profunde de mare amploare in zonele respective [38]
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SYSTEMATICAL RADIOACTIVITY INVESTIGATIONS OF NATURAL GASES EMANATTED

FROM CERNA VALLEY AND MEHADICA VALLEY GEOTHERMAL SPRINGS
(Summary)

The radioactivity of geothermal gaseous samples from Cerna Valley and Mehadica Valley

springs was measured by the gamma — spectrometry method. The presence of the radon was 1den-
tified by the half-tine determunation and by gamma-emittes energies of 1ts descendents 214Pb and
21B1, A great radioactivity of these natural gases was obtamned This 1s disscused 1n connection with

th

e hebum appearance. The great radioactivity of the natural gases 15 accompanied by a great

helmum content too.
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MASURATORI DE CONSTANTA DIELECTRICA IN CRISTALE
DE N,H,SO,

I. BARBUR, L. BABOS

Introdueere. Sulfatul de hidrazoniu (N,HgSO,) face parte dintr-o clasd de
cristale cu legiturt de hidrogen ce au proprietdfi electrice deosebite S-a ara-
tat [1] c& mulft compusi cu hidrazind, printre care st sulfatul de hidrazoniu,
prezinti histerezd feroelectrici la o anumiti temperaturd. In scopul elucidirii
mecanismului de aparitte si de modificare a proprietdjilor feroelectrice au fost
efectuate studu de rezonanti electromici de spin (RES) asupra defectelor de
iradiere produse in astfel de substanfe [2, 3].

Concomitent cu fenomenul de histerezi in sulfatul de litiu 1 hidrazind —
compus 1zomorf cu sulfatul de hidrazoniu — a fost pusd in evidenti o neobis-
nut de mare conductibilitate protonicid de-a lungul axei ,feroelectrice” [1, 4],
ceea ce a pus sub semnul intrebdrn natura feroelectricitdfu intr-un astfel de
compus [5] Schmidtstcol [6], in urma unui studiu al proprietdfilor elec-
trice in sulfatul de litiu s1 hidrazind (LiN,H,SO,), au ardtat cd acest compus
nu este feroelectric. Autorit explici aparifia fenomenului de histerezi ca urmare
a saturatiei conductier in curent alternativ. Masuritor: recente de conductibi-
litate st termocurent stimulat a 1onulmt VO?2*, mtrodus in LiN,H;SO,, [7] au
permis determinarea energier de activare, 1ar dependenta
acestela de temperaturd se explicd pe baza modelului de  termocuply
,,conductor unidimensional”’ atribuit unui astfel de compus. -—

In lucrarea de fati me-am propus un studiu asupra —
comportdru constanter dielectrice in functie de tempera- t
turd In sulfatul de hidrazomiu N,H SO,, substantd izo- g4 ,J
morfd cu sulfatul de Iittu §1 hidrazind amintit mai sus.

Rezultate experimentale. Diseutii. Sulfatul de hidra-

tondensafor

zoniu (N,HSO,) prezintd doud forme cristalografice [8] ,“ I

In lucrarea de fati s-au folosit cristale de formd orto- 5
rombicd, obtinute prin evaporare lentd, la temperatura Ll }
camerel, din solufta saturatd corespunzidtoare Celula uni- ey

tard a sulfatului de hidrazomiu contine patru unitdti de I

formuld si are parametrii a, = 8,251 4, b, = 9,159 A,

¢, = 5,532 A [8]. Studiul constante: dielectrice s-a realizat

cu ajutorul celulei reprezentatd in fig. 1 [97.
Masuritorile de constantd dielectricid relativi e, au fost

efectuate in curent alternativ, la frecventa de 1 kHz si H’JiF
tensiune efectivd de 50 V, cu ajutorul unei punti digitale R;
automate, de tipul E—315 A, de fabricatie polonezi. Vari-

atia temperaturii probei de la temperatura azotului lichid

la temperatura camerer s-a realizat prin scufundarea lenti - 1 Schita celul
a celulei de m#sur3 intr-un vas Dewar umplut cu azot lichid " fa_celuler

. . . s 3 pentru mdsurarea con-
Pentru evitarea influengfei umiditéfii asupra constantei die- stante1 dielectrice
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F1g 2 Dependenfa constanter dielectrice cu temperatura pentru compusul N,H SO,

lectrice, in timpul mésurdtorilor celula a fost vidatd. Temperatura a fost misu-
ratd cu ajutorul unui termocuplu cupru-constantan. Precizia misuritorilor a
fost de +19, pentru capacitate si sub 1 X pentru temperaturd

Dependenta constantei dielectrice de temperaturd, in intervalul de la tem-
peratura azotului lichid la temperatura camere1, este redatd in fig 2

Se observi o crestere a constantei dielectrice cu temperatura, fard existenta
vreunw maxim, ceea ce denotd cd sulfatul de hidrazontu nu prezintd tranzifie
de fazi feroelectricd la temperatura presupusd de —50°C O astfel de compor-
tare a constanter dielectrice cu temperatura poate f1 pusi pe seama unei con-
ductibilitdti protonice unidimensionale pronuntate a acestui compus la fel ca
si 1n cazul compusului TaN,H, SO, In domeniul de radiofrecven{i, constanta
. dielectricd este afectatd atit de mecanismele de conductie cit s1 de alte meca-
nisme care se relaxeazd la frecvente inalte.

Este de asteptat ca si in sulfatul de hidrazomin fenomenul de histerezi
si rezulte dintr-o saturafie a conductibilitdtii in curent alternativ. Ca s in
cazul LiN,H, SO, [6] este posibil ca defectele si impuritifile introduse in
sulfatul de hidrazomiu s& influenteze proprietdjile dielectrice ale acestur
compus.

Misuritor: complete de constantid dielectricd in sulfatul de hidrazoniu mnclu-
zind si domentul de microunde, precum si un studiu privind influenta defectelor
asupra proprietdtilor dielectrice, sint in curs de realizare, cu scopul de a elucida
mecanismele care stau la baza conductibilitdtii si a proprietdtilor dielectrice
deosebite in acest compus

(Intrat in redactie la 1 1ulie 1983)
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DIELECTRIC MEASUREMENTS ON N,H,80, CRYSTALS
(Summary)
From dielectric measurements versus temperature on N,H SO, crystals, it is concluded that

hydrazonjum sulphate is not ferroelectric. It 1s posible that unusual dielectric properties result from
the nearly one-dimensional protonic conduction in N,H,SO,
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MISCAREA UNUI CORP SFERIC IN ROTATIE
IN CIMPUL GRAVITATIONAL

Z. GABOS si J. SZEN

In lucrare se studiazi interactiunea gravitationali a corpului sferic ngid
(1), avind masa de repaos M, si raza 4, cu un corp sferic rigid (2) avind masa
de repaos m, $i raza a, in conditiile in care m /M, <1, a/(R — A) <1 (R este
distanta dintre centrele celor doud sfere). Ambele corpurt efectueazd o migcare

de rotatie, cu vitezele unghiulare Q Tesp. o. Aceastd problemd studiatd de
L. I. Schiff [2] a fost reluatd in ultimit ani, in speranta de a obfine not
dovezi experimentale in favoarea teoriei relativitifit generale [10].

-

Schiff a stabilit o formuld pentru variafia lu1 o, aplicind metoda lui

A. Papapetrou [3] (utilizind la maxim proprietitile de invarian{d) No1

vom aborda problema pe o alt} cale. Folosind lagrangeanul dat de I. G. Fich-

tenholf [1] pentru un sistem de puncte materiale, luim in considerare

faptul cd punctele sferelor efectueazi o miscare cu constringeri. Aceastd cale

prezintd avantaje in cazurile ¢ind dimensiunile corpurilor nu pot fi neglhjate.

1° Intr-o aproximatie de ordinul doi lagrangeanul sistemulni de puncte
materiale are expresia [8]

1 2 1 4 k 1 My, My
Z—ZMO‘,U“—F—EMO“D“—{——Z - -
2 a 802 a 2 a,b 'ab

k2 ’ 1 1 1
— = Mog Moy T 1
6c? a§¢ e o0 TR0 ( Tab Yac + Tba Vbe T Yea "ob ) + ( )
& W W, — -3 —_ - —_ - —_  —
ton 2 180+ 80) — 70, v) — (v, Har) (00, 73) ],
a, a

-
unde % este constanta gravitationald, me. resp. v, este masa de repaos, resp.

>
viteza punctului material a, 7,5 este distanta punctelor a, b, iar #. este ver-
sorul indreptat de la punctul & spre punctul b. Prin virgula pusi pe lingd sem-
nele de suméi am scos in evidentd faptul ci in sumele pentru « si b nu se 1au
in comsiderare termenii pentru care a = b, iar in suma pentru @, b si ¢ nu se
iau In considerare termenii care con}in distante cu indici care se repetd (de exem-
plu in termenul care confine pe 7,p7,, nut se 1au in considerare termenu pentru
care a = b si a = ¢).

Trecind la cazul a doud corpuri sferice vom admite pentru masi o distri-
butie continud si vom studia cazul particular cind in corpul (1) distributia
masel prezintd o simetrie sfericd, pe cind distributia in sfera (2) este omogena.

Deoarece My > m, corpul (1) poate fi considerat drept un corp central in
repaos. Vom alege originea sistemului de referinti chiar in centrul acestei sfere.
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Notind cu R vectorul de pozitie a centrului sferei (2) si cu ;1 resp. ;2 vectorii
de pozitie fatd de centrul sferei (1) resp. (2) avem

—_ -— -
IR 4 %y — | (2)
pentru distanta a doud puncte aparfinind de corpuri diferite,
= wl), 1= (%], pe =, (3)
pentru functiile de densitate si
9= (Q X ), Up =0 + (00 X %) (4)

pentru vitezele punctelor din sferele (1), (2), v reprezentind viteza de translatie
a sferei (2).

In condijitle aritate mai sus in locul sumei (1) vom avea o integrald ex-
tinsd pe domeniile ocupate de cele doud sfere Cu ocazia efectudrii integralelor,
am avut in vedere urmaétoarele:

-

a) rotatia sferel centrale are loc cu Q constant, prin urmare energia cine-
ticd constantd a corpului (1) nu se ia in considerare,

b) deoarece sferele sint rigide nu se iau in considerare termenii cu caracter
de energie potentiald, care rezulti din interacfiunea punctelor ficind parte din
aceeasl sferd;

c) avind a/(R — A) <1, daci a fost necesar am recurs la aproximatia

— b d - .
| R+ %y — %, | 7=

= R~ [1 SRMULE . B (L N ST ]

IR — %2 2[R — mf? 2 IR — ¢

(5)
In urma efectudrii calculelor se ajunge la lagrangeanul
L=L0+LP+Lﬁ+Ln+Lu (6)
unde
Mo gh Mo oz | Mo oy g Mo ataln Mo o ey Mo a7
L 2'0+5 am+802v+552am 1062(1((0,1))—]—3502(1(0, ()
A
4 meM, B om M3 whtmy R 4 v,
Ly=pmofe = Mot T Srzp(rz) In 22 dry o

3kmoM, = 3km M,
v a
262 R 5¢2R

+ o Em M, Azﬁz—l—
¢tk

, k”ioMoA4 —02 _ - => 2 3kmoM°a4 —72—3 — ;;2 —7; — E 8
o= 8@ ] - — e o (0, m)?], P
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2 — — — Wy - =
L, M(v, o, R) — Ak My ad?(v, Q, R), 9)
5.2 R3 3¢t R?

3 — — —

L, = %"— aA2a2[Q, v) — 3(Q, #) (v, 1 )], (10)
2km3 17; 1 6k7;zzaa_;=’-
L —_ 0 9 11

@ 5ac? + 35¢2 ( )

reprezinti pe rind termenul de energie cineticd, de energie potentiali ,,modifi-
way

catd”, de rotafie-translatie, de rotafie-rotafie si de autoactiune [7]. Mirimile
o §1 o sint definite prin

I4 ’ IU

oL = , b = »
A, AT,

A
L={ uiraridr, (12)
)

Daci este valabild formula lui Roche
b=t 62, (3)

pentru « si &’ avem

3 7-—5@, — 78,
w3 7=5B 5 9-78

= , o = (14)
7 5-— 3B, 21 5 — 3B,
2° Utilizind lagrangeanul (6) prin ecuafule
o 4 (3_L) =0 (15)
0ry da: 1 ox,
d (dL oL
E {‘a‘(:“] - ez]kmjrﬁ)k (16)

se ajunge la ecuatiile de miscare Dacid 1n termenu corectivi se fac inlocuirile

. . A kM
G, =0, % =—c2 g, A=""02, (17)
R3 2

din (15) si (16) rezulti

—_ —> —

R=AR+ 475 + A + 4,8 + 4,8 x B) + 4,8 x 9) +

— — — —

4+ Az(o X R) 4 Ag(e X v), (18)

— -— —

@ = B,R + By + Bgo + B, 4 Byo X R) + Bylo X v) +

—

+ By(R x 1) + Byfa x 9), (19)
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unde
) AT, 4A 10! 3 ATQe 9 A2 o A4 = =
Ay=—c2 21— 42 22 = — - (@, R)? +
Rs R e 502 5 ¢ 70 2R3 14 c*Rt
9 ate? 9 & ,— = 12 4 = 2 = 9 Rt — = =
A o, R — 2 QR v) —2 o, R, 7) +
+ 70 c2R? 14 c"R‘( ) 5 cst( ’ ) 5 gt ’ .)
A
12 ade = - 12 2242 2 27 2 Thimd R 41,
4+ 2 o) — 2 0, R)(», R °Sr r,)ln L gy, +
T o5 aps ( ) s op ( ) ) + e ol (72) ,,
0
) .
+ 2rkimd S’ 1ol(7s) dr. — 4R3m3M , ,
. AR? RE—92 2 5actRO

Rs R 35R: 95R?
_ BAA[3 L= R, 4 B IV

4y = =TT 4@ Bt {2, R)], 4, (R, 9),

8AAL 9Aar 2 = 6Aa?

A = ) - R, ), Ay~ ,
7 spa 0 7T 5RS (_ ) As=—0
si . ’
o aA Ay 9Aet ooy 2aAdR 2N d5A@ 1 TN, WA
B, = — 2L (0)0) + 1o, 0) + 225 (6,7) — 5 (R, v) (0, B) —
3 = = = =
. 10aAA (R, 'I))(R, .Q),
R7

A 2 9Aqz — =2 wAd: = =

/ By =2 (R o)+ 20, ) + @ R,
)
5A 9Aa? 20Ad? ~ =
B3:—E(‘U: )+ 5 ()R)J B4= I (;R);
2eAA? — S 9Aaz — = 1' et
BSZ - R5 ((l), R) - 14R5 (Q), R)’ B6‘= _'Ega—(v’ 0‘))' -
9A ~ = 2aA 42
B7=~E(v’ R), By = 3R

3° In continuare ne vom ocupa de unele consecinte ale ecuafiei (19), care
confine ca caz particular rezultatul obtinut de Schi1ff [2]. (Menfiondm insd
cd apare o discordantd in legiturd cu expresia lui B, dar acest termen in cazu-
rile de importantd practici nu joacd un rol important )

Dintre numeroasele consecinte ce se desprind din ecuatia (19) vom selecta
doar doud

4 — Physica — 1984
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Prima se referd la variatia valorii absolute a lui . Inmulfind ambele pirti
ale relafiel (19) cu o pentru & = |w| obfinem

do — - - - = - > =

©— = Bj(o, R) + By(w, v) + Bgw? + B,(w, Q) + B,(o, R, v). (20)
Din (20) reiese cd o variazd in timp. S# aplicim relatia (20) la doud cazuri
particulare.

in cazul sxstemulm Soare-Pamint, notind unghiul format de vectorii ®

si R resp. P si v cu B, resp B, pentru valori bine determinate ale acestor
mérimi gidsim

© =wy(l —ef), e =2+ 10" cos B, cos B, s71 (21)
Pentru pericada de rotatie si variatia acestei pericade avem
=2 I T (1 et), AT=cTy. (22
® wo(l — ef)

Pentru un secol pentru perioada de rotafie a pédmintului obtinem variafia de
AT = 0,56 cos B, cos B, (23)

secunde, valoare ce poate f1 pusd in evidentd prin masuritori.
In cazul unui satelit artificial al pimintulu1 care se misci in planul ecua-

torial, la o indltime % de la suprafata pamintului, in conditiile in care © este
perpendicular pe planul migcdrii se objine

AT:#T%cu€=( *’m ° (24)
R+ 1 R4 R

unde R este raza pamintului, ¢ este viteza luminii in vid si A este raza gravi-
ficd a pamintului. Pentru %2 = 200 km gisim & = 8 - 107851, astfel pentru
un secol pentru variatia perioadei de rotajie se obtine AT = 2,5 - 10737, secunde.

O a doua concluzie se referd la posibilitatea geometrizirii in cazul corpu-
rilor in rotatle Din (19) st expresiile coeficienfilor B, rezultd cd geometrizarea
este posibild in cazul cind termenul de autoactiune poate fi neglijat §i dimen-

A

siunile corpului in rotatie sint mici (¢/R < 1).

{Inirat in redacfre la 11 noiembrie 1983)
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LE MOUVEMENT D’UN CO:RPS SPHERIQUE EN ROTATION SOUS L’'INFLUENCE D'UN
CHAMP GRAVITATIONNEL

(Résum é€)
On donne quelques résultats concernant l'intéraction gravitationnelle des corps sphériques

rigides en rotation (ayant la masse M, resp 1m,, et le rayon A resp a), valables dans le cas my/M, <€
<1, af/(R — A) €1 (R est la distance des centres des sphéres)
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VARTATIA POLARIZARIT UNUI FASCICUL DE ELECIRONI
- IMPRASTIAT INTR-UN CIMP GRAVITATIONAL

Z. GABOS su A. PASZKAN

Polarizarea particulelor impréstiate intr-un cimp gravitational suferd o
modificare Acest efect a fost studiat in cazul fotonului [4] In lucrare se
abordeazid — iIn prima aproximatie — modificarea stirii de polarizare a elec-
tronilor imprdstiatr intr-un cimp gravific central.

1°. Admitem cd interactia cimpulut gravxtatxonal cu cimpul Dirac poate
fi descrisi cu ajutorul operatorulur [2]

B = ﬁ— Fruy [‘QF 'Yu.g‘f-v — ‘;Tv yu@), (1)
unde [1], [3]
By =270 8y, by =272, b=l =0 @)
cu
o= &)

K este constanta gravitationald, ¢ viteza luminit in vid si M, masa de repaos
a corpulur central).

Pentru electron folosim operatorul

A\ 1 2

IP‘g = —— 2 \/ it (l}\(?)u;\(’[/)) €Xp (L Px) , (4)
A\/V _f: N Ep 2
bisptnorii stdrilor de helicitate pozitivd, respectiv negativi, fiind dati de
{cos > —sin Y e
7 P2 2 2
m(p) =N B ) Piz = ) Py = . (5)
# sin % e’ cos —3

Z

Unghiurtle & st ¢ sint definite prin ; (p sin 9 cos ¢, p sin & sin ¢, p cos 9),
B este dat de

B—_clbl__, ©)
Ep + my6?
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iar factorul de normare o S
N= \/ T | )
th,c2
este stabilit pe baza convent1e1
fLo o E .
- Pn(h) = L ®
+ o

[ . - -
Pentru operatorul S in prima aproximatie putem scrie

R_T_ (% u _T L % l
S GS%,,,,dij... 1+257><
el a\p a; A o a\Ife a@e PN
X[(‘I’ﬁ, ~ a“ Yny‘) (‘P‘ Ya = n‘P‘,)] dx+ ... (9

Utilizind expresule de mai sus pentru elementul de matrice ce leagd starea
initiald (;50, %) de cea finald (;b', A) in aproximatia folositd gisim

— A — 4 270 o 2,2 —
<P NS |Po Ae> = — I ()M (B, o) (B0) S(E, — Ey,
VAEp Epylp—po 2

(10)
unde

M(p, po) = Ep + Ep, + 107,4(v, b + Bo)-

Vom alege axa a 3-a in directia lui 2))0 (in acest caz & aparimind lui 5 este unghiul
de impriastiere). Prin metoda obisnuitd se obfine astfel expresia sectiunii eficace
diferentiale .

A g do = — il (3) Mg, 9 R (Bo) A2, (1
16p2 sin? 3

unde [p] = |pol,

M(po, %, 9) = 2Ep, + 1ev4(y, P),
1:-;(150 sin & cos @, P, sin & sin ¢, P, + P, cos B).
Pentru expresia

B = — (45 (5) M(py, %, 0)1r,($0)) (12)

1
N
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in cele patru cazuri particulare la care ajungem, avind in vedere ci A si A,

pot lua valorile % , — %, obfinem

Eq 1 = [2Ep(1 + B}) + 4cpB,] cos % ) (13)
2 2
i1 =2E(l — By sin 2 ¢, (14)
2" 7 2
E_3 1= —2E,(l — BYsin é®, (15)
2 2 2
E_1_1= [ZE#.;(I + Bﬁ) -+ 40}5030] CcoS _g_ . (16)
2732

2°. Avind in vedere expresiile (13) —(16) se ajunge la urmitoarele concluzii :

Dacid in starea inifiald avem un fascicul de electroni nepolarizat, dupia
impristiere se ajunge la o stare nepolarizati.

In cazul cind initial electronii se gisesc in aceeagi stare de helicitate, in
urma impristierii starea de polarizare se modificd. De exemplu in cazul A, =
= 1/2, pentru electronii impragstiati avem polarizarea longitudinala :

v2\2 v? g 9
14— — |2+ — 4+ — 2 —
( +¢:3) ( +c -{-04‘}511‘12

: 2 \2 2 1 (17)
v v U 3
P+;J+P;+;FWE
Cu scopul evaludrii efectului si avem In vedere expresia clasicd
9 7 2
tg 2 =T & 18
J 2 R o} ( )

unde R este parametrul de soc, si v, viteza inifiali. Se constatd cid efectul este
detectabil si este cu atit mai mare cu cit viteza inijiali este mai mici.

(Intrat in redacfie la 11 noiembrie 1983)
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LA VARIATION DE LA POLARISATION D’'UN FAISCEAU D’ELECTRONS
DIFFUSE PAR LE CHAMP GRAVITATIONNEL

(Résumé)

On obtient une expression pour la polarsation longitudinale des électrons diffusés dans un
champ gravitationnel, en admettant qu’a 1'état initial on a un faisceau complétement polarisé.
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PROPRIETATILE ACUSTICE ALE UNOR SOLUTII APOASE DE
HIDROXIZI

LIA ONITIU si SUSANA TINCU

Adsugarea unui electrolit in apd are ca efect, pe lingd desfacerea agregate-
lor moleculare preexistente, o crestere a regulantifii structurii apei, provocind
0 impachetare mai strinsd §i mai uniformd, cu un grad de coordinare mai ridi-~
cat. Astfel, efectul hidratérii ionilor asupra compresibilitdtii este acelagi ca apli-
carea unei presiuni exterioare sau ridicarea temperaturii apei pure

in aceastd lucrare s-a urmdrit determinarea unor mirimi moleculare carac-
teristice solutiilor apoase de NaOH, KOH si NH,OH pe cale acustici.

Viteza ultrasunetului. Variafia vitezei ultrasunetului cu temperatura si
concentratia este aseminitoare cazului altor electroliti studiati [1, 2, 3], adicd
este mai mare ca in apd, creste aproximativ linear cu concentratia si urmeazi
curba de variatie cu tempera‘ttura vitezer In apd, curbi ce poate fi descrisi de o

ecuajte de gradul 4: v= " at" (fig 1)

n=0
Compresibilitatea adiabatied. Valorile compresibilitdtii dau o primi infor-
majte in privinga hidratdrii ionilor si electrostrictiunii solventulut. In cazul
hidroxizilor se aplicd formula empiricd @, = b, 4 b, CV2 + by C32 (B, = compre-
sibilitatea adiabaticd, C = concentrajia molard, b5 = constante).
In timp ce pentru hidroxizit de Na si K se evidentiazi un efect puternic
si comparabil (fig 2), in cazul NH,OH sciderea compresibilitdfii e mai putin

£ 3
. m’/N :

‘5 T- 357
vi¥si i B

o

100

550

5}

i\\
o o=
B S
.
sy .
Q “n
.

150

m % 35 W5 I 0 o5 1 7 H T QT
Fig 1. Variatia vitezel ultrasunetu- Fig. 2. Variatia compresibilitdtii solu-
Iud cu temperatura pentru diferite tulor de hidroxizt cu concentratia la

concentrafi ale solutulor de NH,OH, temperaturd coustanti,
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accentuatd, indicind un grad mai mic de depolimerizare a apei, deci modificiri
structurale, mai, mici. Se postuleazd [4] urmitorul echilibru in solutie

NH; + H,0 = NH,OH == NH} 4 OH-, ionii fiind hidratati. Variafia com-
presibilitatii care apare cind NHj, e dizolvat in api trebuie atribuitd in primul rind
speciei NH; + H,O, concentratia NH,OH fiind in general mici (momentul de
dipol al moleculelor NH, si H,O fiind aproximativ 1,5 respectiv 1,8 unit. Debye).

Asoeiafia relativi. Aplicind procedeul utilizat si in alte lucrdri [5, 6] si
anume relajia empiricd a lui Rao, s-a urmint modificarea asocierilor molecu-
lare cu concentratia pentru agregate cu o durati de existentd de aproximativ
10-%sec (acestea fiind evidentiabile prin mijloace ultrasonice) luind ca referinti
starea de asociere a apei la temperatura de lucru. Astfel, de exemplu, la tem-
peratura de 25°C, pentru concentratia de 4 moli/litru s-a obtinut:

electrolit asoc relativid modific asoc.
NaOH 93,5% 6,5%
KOH 922 % 8 9%
NH,0H 87,5% 12,5%,

Daci se considerd electrolitul complet disociat, diferenfele observate pentru
diferitele solufii pot fi atribuite variatiei gradului de depolimerizare a agrega-
telor de api la o anumiti concentratie si diferentelor de mirime a cationilor
care leagd moleculele de apid. Pentru NaOH si KOH asocierea relativd descreste
aproape lintar cu concentratia. Raportul pantelor dreptelor respective este apro-
ximativ egal cu raportul cimpurilor de actiune a jonilor, care vartazi ca patra-
tul raze1 cationilor (Na+: K+ fiind pentru 2 — 0,90 1,76, 1ar pentru pante —
0,0178 - 0,025) Pentru NH,OH descresterea asocierzt cu concentrafia se poate
interpreta prin dezagregarea asocierii moleculelor de apé, care trebuie si fie
mai mare decit hidratarea moleculei NH,OH Aceasta se presupune ca fiind
mici, deoarece cimpul exterior al ionului NHY este cimpul rezidual de dipol.

Hidratarea. In afara moleculelor solventului legate permanent de ion, care
formeaza invelisul primar de hidratare, in jurul ionulu1 existd o zond ,,intermedia-
rd”’, in care moleculele nu se gisesc sufictent de aproape de ion pentru a f1 per-
manent atasate acestuia, dar nic1 atit de departe pentru a mai aparfine structu-
rii inifiale a apei. Datoritd acestui fapt, in functie de modelul structural ales st
de tehnicile de investigatie utilizate, valorile numerelor de hidratare obtinute de
diferii autori pentru aceeasi substanti sint intrucitva diferite Utilizind modelul
lui Pasinski [5], s-au calculat numerele de hidratare pentru hidroxizii studiaii,
din datele acustice. In tabelul de mai jos sint prezentate comparativ si rezul-
tatele obfinute pentru clorurile care au acelasi cation metalic [6] la tempcra-

tura de 25°C.

C mol/htru NaOH  NaCl KOH KC1 NH,0H
0,2 8,3 5,12 8,5 5,20 14
4 6,9 3,2 5,9 3,3 4,6

La concentratii mari interactiunile 1on-dipol sint limitate de interactiunile
ion-ion, care devin foarte puternice
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Valoarea mare a numirului de hidratare (acustic) primit pentru NH,OH la
concentratii mici poate fi privitd ca distrugerea accentuata a refelei cvasienistaline
a apei la dizolvarea _electrolitutui. ’ ’

) (Intrat in redacpse la 18 tanuarie 71982)
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LES PROPRIETES ACOUSTIQUES DE QUELQUES SOLUTIONS AQUEUSES DES
HYDROXIDES

(Résumé)

On a mesuré la vitesse de propagation de l'ultrason et calculé la compressibilité adiabatiques
I’association relative et sa modification avec la croissance de la concentration d’électrolythe, dans
les solutions acqueuses de NaOH, KOH et NH,OH. On a déterminé le nombre d’hydratation (acous-
tique) de la molécule des hydroxides étudiés
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SPECTRELE, DE ABSORBTIE, FLUORESCENTA SI FOSFORESCENTA
ALE, « SI p—METILNAFTALINELOR LA 77 K. IT

IRIMIE MILEA

B—METILNAFTALINA Condijiile experimentale pentru obtinerea spectre-
lor B-metilnaftalinei au fost ardtatein [1] unde s-a studiat spectrul a-metil-
naftalinei dindu-se s1 semnificajia notatiilor folosite.

In hexan la 77K spectrul din prima regiune de absorbtie a B-metilnaftalinei
prezintd la inceput un dublu sistem de benzi. Primul sistem incepe cu banda
0—O0 care are o corespondentd rezonantd in banda 0—O0 a spectrului de fluores-
centd. Al doilea sistem, care incepe la 226 cm~! spre rosu fatd de banda 00,
este difuz si se datoreazi probabil agregatelor moleculare Prima bandi a acestui
sistem pare a fi formatd din citeva limi Inguste 1 are la rindul e1 o corespon-
dentd in spectrul de fluorescen{d. Fa se modificd cu modul de inghetare si
depinde de vecinatif1, fiind slabi sau inexistentd in ceilalt1 solventi folositi [1][2]

Aspectul spectrului este ardtat in figura 1 1ar interpretarea sa este dati
in tabelele 1 si 2.

Spectrul in a doua regiune de absorbtie este difuz Banda 0—O0 s-a luat
prin comparatie cu spectrul naftaliner

Spectrul de absorbtie in vapori pune in evidentd banda 0—0 din prima
regiune de absorbfie ca cea mai intensi bandi [3], [4], [5] In amindoui
sistemele de absorbfie benzile obfinute sint largi. Banda de la 401 cm—? se

338y, 2x1423+1087+52
" 2x1423+548+427

TIT(0-0)EZLLY

T{0-0) IEYIE

2x%1418+338
2x1418+495
2x1418+1004

2x1418+1004+4 95

~8

-Metitnaftalina

Absorbtie 1n hexan
Concentratia M”
Inahetat rapid
Faig 1.
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Tabel 1
Al{1 auton
(4] | [5]|[6]1(7] [5]
] ©
v 1] Van— ¥ -— &) L
3 | em—? m M. y ow_wl Interpretare <Nﬁl~< " © .w 3 in EMMOH
¢m Ei m..m m =3 m..m vapori  |cmstal| CeHua| otinie
gdg BEIS8S48%S
.Nr m .ﬁvm @ =R .m.. 5 H la 77K
— 1 31165) 1d 266
0| 31431 11 0! v — 31567 |31643 |31412 |31445 [31408
11 31483| fsi. 52 | vr — — — — — —
2| 31858 s1 427 | v - a”l ®(CQC) 464 401 425 428 440
3| 31979 fsi1 | 548 | v, — Jalacc)| - | = | = | = | =
4 ( 32187 m1 756 | vy - a”[ y(CH) 754 720 711 721 737
5| 32403| si 972 | vgq(va) — |a”| yic') | — | 996 | 956 | 994 | 976
6| 32518] fsi 1087 | vy - a’| v(CQ) 1029 — — — —
7| 32602 s1 | 1171 | vy — |a|per) | — |1217 ] 1135 | 1234 | 1437
8| 32854| m i 1423 | v, — a’| v(CQ) 1400 | 1445 | 1413 | 1451 | 1423
9| 32040 s1 | 1509 | vgs(vs) — lafveey | = | = | = | = | =
10 | 33051| si 1620 | vgy — a’| v(CC) — 1638 — 1636 | 1618
11| 33141 £51 | 1710 | vap-tve-tvio 421 | | = N e U S
12| 33290| md | 1859 | vgtve -9 — — 1868 | 1847 | 1860 | 1879 | 1871
13| 33571 md | 2140 | ve,+v +v +15 | — — — 2165 | 2150 — —
14| 33625 md | 2194 | v;+w —15 | — — — — — 2171 | 2173
15| 33801] £sd | 2370 | vot-vetvio +28 | —| — — | = | = | "= |e23s5
16 | 33886| s d. 2455 | vgt-vgtvr. —8 | — — — 2445 — 2446 —
17| 34101 sd | 2670 | vydveptvetvr| —12 | —| — — losaz| — | — | —
18 | 34233| 1.d. | 2802 | v, ve-ver +20 | —| — — | = = = =
19 | 34281| mi 2850 | 2 vy —4 | — — — 2892 — — 2852
20 | 34368 m1 | 2937 | vptvs —5| = - — | = | = |20085]| =
21 | 34480| m1 | 3049 | v, ves —6 |~ - - = =1 =1 =
22 | 34576| m1 | 3145 | vgveptvetve | +9 | — — - = =1 =1 =
23 | 34711 md. | 3280 | 2X vz+ v -7 — — — — — - —
24 | 35065| £sd. | 3634 | 2 vgtvar —s2 | | — -l =1 =1 =1 =
25 | 35226] £sd | 3795 | 2xXvgtvptve | +26 | —| -— -l = =1 =1 =
26 | 35413] £sd | 8982 | 2xved v tv.r | +3 | —| — -l =1 =1=1-
Tabel 2
..m Alts autori
gl o |8z o | 4g% [(#1 | B) [5]
8| em [58y MWH% Interpretarea  |"7)| .8 & .m 3 in in
- .m mL 8 m M F m vaport CeHy, | aleool
; 5
m g ad & b= 3 G} la 77K
0| 35567 md 0 | vorr - — 35857 | 35213 | 34210 | 34730
1| 35819 md. 252 | vy — a” | y(CX) — — — -
2 | 35905| m d. 338 | vgg (Vas) - a” Q(CC) — — - —
3 | 36062 m.d. 495 | vy — a” @(CC) 434 422 440 430
4 | 36274| m.d. 707 | vgy — a’ «(CCC) 730 — — —_
5| 36571 md. | 1004 | v, - a” | y(CH) 914 999 | 1016 | 1020
6 | 36827) md. | 1260 | vgg - a’ v(CC) 1190 - - —
7 | 36985 m.d. | 1418 | vy, — a’ v(CC) 1344 | 1457 | 1460 | 1440
8| 37302| md. | 1735 | v;p+-vgg +21 - — 1782 — 1690 —
9 | 37456 m.d. | 1889 | vy;+v, +24 - - - 1879 | 1950 | 1860
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60 ) -
X
) Tabel 2 (continuare)
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consideri ci este caracteristicd grupirii CH;. In general interpretirile spectrelor
in vapori corespund cu cele ficute in hexan la 77K. Exceptie face banda de la
1135 cm~1 care este datd ca 425 4 711 cm—! [6], cea de la 1140 cm~—* dati ca
490 +- 710 cm—? si cea de la 1630 cm~! dati ca 710 + 900 cm~-! [7], pe cind
in prezenta lucrare am considerat aceste benzi ca fundamentale, prin comparatie
cu spectrul de fluorescenti si deci indirect cu spectrele Raman st I R

Spectrul de fluorescentd a fost facut de mar mulft autor: [8] [5] [9].
Cel obtinut 1n aceastd lucrare in hexan la 77K se vede in figura 2,-iar inter-
pretarea sa este dati In tabelul 3. Fundamentalele s-au stabilit prin comparatie
cu spectrele Raman si L.R. [10] [11] [12].
Fosforescenja este foarte slabi in hexan la

dat in figura 3 iar interpretarea in tabelul 4

77K Spectrul in pentan este

Tabel 3
o RS "é‘ Alt1 autor
ks #8500\ Ban T B
gl V|8 g T Interpretarea |l VT M@ | Al in ta in 0]
A1 Eeg| ™ g s 228 |Gle oyl H, | 2
598 O | ¥| 3>R la gtl1g s | o B/
£ a8 poi 8| 2 1otte
el ] o > —| 8 S oo -
“ s 48 A-Tja | Ao |10KR|, g
0| 31431} 14 00 | vo4- — — — — 31370 {31445 {31060 |31060
1| 81353| md 78 | vr : - = — - — — — -
2 | 31288| sd 143 | vy, — 133 |'a”] ®(CC) — — — -
-3 | 81153| £51 | 278 | vy, ) — e la x| - | = | = | 2
4 | 31028 st 403 | vog - 405 | a7l o(ce) | — | — | — | 410
5| 80917 1.3 514 | v — 518 | a’| «(CCQ) 495 522 [ 517 519
6 | 30798|-m 1 633 | v — 624 | a*| ®(CC) — — — —
7 | 30685( 11 746 | vy — | 738" ycw) | 715 | 771 | 768 | 772
8.0 30476| m1 | 955 | voy — | 957 || y(CH) | — | 952| 948 | 954
9 [ 80379 m1 1052 | v, . — 1037 | a’ | +(CC) — — — 1022
10 | 30249| 51 | 1182 | vo — 7 |a|peH | - | - | — | =
11 | 30148 si | 1283 | vy, — 1280 a’|wce) | — | =1 — | =
12 | 30048 11 1383 | v, — 1383 | a’| v(CC) 1375 | 1380 | 1388 | 1390
13 | 20953| mi | 1478 | v, — e8| alpewy | = | = | = | =
14 | 29869 m i 1562 | v — 1577 | a’| v(CQ) — — — 1584
15 | 20784] si | 1647 | vytvy +14 | 1640 | —| — | 1780 | 1634 | — | 1637
16 | 29525 m1 1906 | vy+v, —9 — — — — — — 1906
17 | 20438) si | 1992 {"4“‘"10 —2 - = - - | - |-
R g 0D Jass| — | = | 2154
N Vgt voy —1 — — — 5 — — 5
18 | 29283 m1 2147 {vg—{-v.,—i-vu +§§ yos0
N Vgt vgg - - — — — T = —
19 | 20070) m1 | 2360 {v,, e 2 . ‘ .
20 | 29000] mi | 2430 | vy vyo-+vss o | — =] = — | = | = | o428
21 | 28874 fs1 | 2556 | vgtvetve . | —26 | — | —| — — - = =
22 | 28760 £s1 | 2670 | vo+viotvyt+via| +38 — — - — - - —
23 | 28648| 11. 2782 | ZX v, . - —~16 — — — — - — 2774
24 | 28580 m1 2850 | 2X v+vr —6 - — — — — - —
25 | 28482) mi | 2948 | 2X v+ vyg —39 | 2028 | a'| pcE) | — | — | = | 207
26 | 28400| s | 3021 | 2% vyt vy, +23 | 3058 [ar| plcE) | — | — | — | 3019
27 | 28121 i 3309 | 2X vy4vy —29 — — — — — — —
28 | 28042| s1 3388 | 2X vi+ vy, +11 — — — — — — 3287
29 | 27886] si | 35447 | 2xvidvpodvis | —2 | — | —| ~— — | — | = |3s35
30 | 27701| s1 | 3729 | 2X vytvys —88 | — | —| — — | = = | =
31| 27624| si. | 3806 | 2% v,4-vs +12 | — | o] = - - =1 =
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Tabe 4
£+ ad O | Sg_|1g
Nr v §§3 Voo — ¥ Veate — V | T EE g ,‘E.OT’ %
banda| em!? § gﬁ cm—? Interpretare cm—! | H -‘;_:,_‘ s B2 ?E <
£eg voow| B |8ess| &
Hand oo | & |SBFE| <
0 | 21234 | ma — | vor - - — - | =
1 | 20015 | 1d 319 | vy(vae) - 349 | a” | yCX) | —
2 | 20494 | ma 740 | vy - 738 | a” | ycH) | —
3 | 20390 | md 844 | v, — 848 | o~ |y(cE) | —
4 | 20164 | ma 1070 | v, - 1070 | a’ | v(cQ) -
5 | 20059 | md 1175 | vpy ~ 173 | a |pcH) | —
6 | 19935 | 14 1299 | vey — 1280 | a’ | weco) | —
7 | 19845 | ma 1389 | v, — 1384 | 2’ | B(CH) | —
8 | 19503 | 14 1731 | vesd-vua —25 1732 | — =
9 | 19300 | sd 1934 | vort va —~19 — - - |-
10 | 19086 | sa 2148 | vaytvag —19 — - — | =
11 | 19788 | sa 2446 | vogt-vige +13 - - —- | =
12 | 18537 | sa 2697 | vog-t vou —8 — - - |-
13 | 18327 | sa 2907 | vyybvay+veo 14 2028 | — | - — | —

B-metilnaftalina s-a studiat de cdtre numerosi autori inglobatd in cristalul
de naftalind. S-au obfinut astfel spectre de absorbiie, fluorescentd si fosfores-
centd. Din cauza interacfiunii cu refeaua cristalini a naftalinei aceste spectre
sint insd mult modificate fatd de cele ale moleculei libere [13]. Se presupune ci
datoritd acestor interac{iuni apar doud feluri de centre de tranzifie §i anume
unul propriu moleculei, celdlalt datorat combinatiilor tranzifiei electronice cu
vibratia retelei [14]. Toate acestea fac ca in aceste conditii o interpretare elec-
crono-vibrafionald a spectrului si fie incertd. Faptul ci interactiunea, in cazul
tind se foloseste ca solvent hexanul, este mult mai redusi a ficut posibild
o interpretare vibrationald maij detaliati, in concordan{i mai bund cu rezul-
tatele obfinute prin spectroscopia Raman si LR., decit in cazul inglobirii
B-metilnaftalinei in cristalul de naftalini sau in alfi solventi.

(Intrat in redachre la 13 octombrie 1981)
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THE ABSORBTION FLUORESCENCE AND PHOSPHORESCENCE SPECTRA OF THE « AND
- p-METHVLNAPHTALENES AT 77 K. II

(Summary)
The absorbtion and luminiscence spectra of B-methylnaphtalene traped in a matrix of hexane

at 77 X is observed in the mear ultraviolet and visibil region. A vibrational analysis 1s proposed.
A comparasion is given with the rezults obtained by other authors.
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TRANSFERUL DE SARCINA INDUS PRIN CIOCNIRE TA' IONII
DE TIPUL [CH X]2+

STELA CUNA, €. CUNA .

In regiunile libere de cimp ale unut spectrometru de masi cu dubli focal-
zare, pot avea loc procese unimoleculare (metastabile) si/sau procese induse prin
clocnire Procesele induse prin ciocnire au loc atunci cind in regiunile libere de
cimp ale spectrometrului se introduce un gaz de cilocnire la presiuni de 1075 —
—10% torr Intre ionii formati in sursa de ioni a spectrometrulur s1 moleculele
neutre de gaz au loc ciocniri ce nu umplicd o imprastiere apreciabild a ionilor,
dar in urma cdrora ionii cistigd energie internd suficientd pentru a sufenn dife-
rite tipuri de reactii Aceste reactn furnizeazd informatii prejioase despre pro-
prietdtile s1 structura ionilor organici complecsi, despre mecanismul formiru
lor [1—-3]

Un caz particular al proceselor induse prin ciocnire il constitute transferul
de sarcind, prin care ionit dublu incdrcati m?* devin simplu Incdrcati prin tran-
sferul uner sarcini moleculelr de gaz neutru N[3—5] Mecanismul reactulor de
transfer de sarcind nu este insd intru totul elucidat Experimental s-au cons-
tatat doud lucruri.

1 Dacéd presiunea gazului de ciocnire este scizutd (<1073 torr), interactiu-
nea tonulut dublu incidrcat cu molecula neutrd de gaz este slabd, de distanti
lungi (>30A) Intre molecula neutri si ionul dublu incircat existi forte de
tip van der Waals. Rezultatul interactiunit este un pic ingust, destul de intens
la energit mai mict decit 2E (E este tensiunea pe sectorul electric, la care este
inregistrat fasciculul principal de ioni). Se presupune cid energia de repulsie
coulombiand iIntre sarcini este forta potenfiald care face ca transferul de sarcim
sd aibd loc Daci aceasta nu este suficientd, ca in cazul de fati, diferenta pini
la potentialul de ionizare al moleculet neutre este obtinut pe seama energiet
cinetice a tonului m*, de aceea picul rezultat este la energii cinetice mai mici
decit 2F,

2 Dacd presiunea gazului de ciocnire este mare, mteractiunea ionului dublu
incdrcat cu molecula neutri este mai tare, de distanti scurti (<<24) Rezul-
tatul interactiunii este un pic lat, slab ca intensitate si care apare la energii
mai mar1 de 2E. $i in acest caz actioneazd repulsia coulombiani intre sarcinile
ionulun dublu incircat. Dacd sarcinile se separd, aceastd energie se elibereazi ca
energie cineticd (cazul reactiei unimoleculare) sau se elibereazi prin transfer
de sarcind Spre deosebire de reacfiile unimoleculare, unde efectul eliberarn
energtel potentiale sub forma de energle cineticd este lirgirea picului, la schimbul
de sarcind nu existi o simetrie de acest gen Dupi transferarea electronului
de la N la 1onul dublu incdrcat, repulsia ce apare intre m* si N+ duce la
cresterea vitezei fonului si astfel se obtine un pic in spectrul de energie cineticd,
la o valoare mai mare decit 2E.

Institutul de telinologie 1zotopicd s1 moleculard Cluj-Napoca
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Dacd m sifsau N sint specii poliatomice cu numéir mare de mnivele ener-
getice s1 foarte apropiate unele de altele, rezultatul transferului de sarcina
este un pic intens localizat la 2E (sau foarte aproape). Este cazul moleculelor
organice complexe

Au fost studiate reactule de transfer de sarcing la 1oni de tipul [CoH X2+
unde X =H, CH,, CH,; (H,; Cl, Br, NO,; NH,, OH; OCH,; COH;
COCH, precum st la xilemt CjH, (CHy), st piridind (C;H N) Aceste reactu au
fost puse in evidenti cu spectrometrul de masid cu dubld focalizare SMDF—1
construit la ITIM CluyNapoca Descrierea spectrometrului, parametrnii de
lucru precum st tehnicile experimentale au fost descrise deja [6—9].

Metoda experimentali pentru punerea in evidentd a reactulor de transfer
de sarcini a constat in prepararea iontlor dublu incércafi in sursa de 1om in
condifur standard (energia electronilor iomizanti 100 eV); asigurarea unei pre-
stunt de 5 X 1075 torr a gazului rezidual in tubul analizor si baleierea tenmsiunii
sectorulut electric in jurul valorn 2F Valorile nominale pentru tensiunea sec-
torulur electric 1 tensiunea de accelerare au fost E =300 V si V=2 kV.

Pentru fiecare ion dublu incircat studiat au fost puse in evidentd, in jurul
valorii 2K a tensiuni pe sectorul electric, trei picuri A, B, C, rezultatul unor
reactu de tipul

m?t -+ N—-m+*t 4+ N+ (1)
m*t 4 N—->m* 4+ Nt—>(m—1)* N+ 4+ H (2)

sau . ‘
m*t 4+ N->m—1**+H+ N> m-—1)* 4 N+ (3)

Pprecum s1 .

mt + N—+>m+* 4+ N+— (m — 2)* N+ + H, (4)

sau '
m2++\‘r;+(m—2)2++H +N—>(m—2)+—{—\T+° (5)

Picul A, localizat dproximativ la valoarea 2E a tenstunii pe sectorul electric,
se datoreste reactier (1) In spectrele de energie cineticd inregistrate, ionii com-
pustlor studiati au dat astfel de picuri la 2E (picul A, fig. l( a) s1 (b)).

Pe linga aceste picuri se observd de asemenea un al doilea si chiar al trei-
lea pic grupate lingd 2E (picurile B §i C din fig. 1 (a) si (b)), rezultat al
reacjulor (2), (3) si (4), (5).

Procesele (2) s1 (3) pot f1 deosebite dacd fiecare pic din spectrul de energie
cineticd este anahzat dupa mase.

Pentru a putéa interpreta fiecare pic A, B si C dm grupul de picuri rezul-
tate prin transfer. de sarcifii, s-au corelat spectrele de energie cineticd cu spec-
trele de masi 2F din literaturi [10] Un spectru de masi 2F este spectrul
rezultat din analiza dupi. mase a p1cunlor A, B sau C. Un spectru 2E va
reproduce dlstnbuna ionilor dublu 1ncarcajc1 dm reglunea sursel

Benzenul are in spectrfil 2B ca pic de bdzi iorul mblecular 782Jr (Ce H“‘
0O s1tua1,‘1e stmilard se intilneste la fehol uride 1onul 942+ (C H,0H? +) este de
aserhenea cél mdl abdndent i Spectrul 2E Pentru, tolden 51 p1r1d1na nu ionul
molecular este cel mai intens in spectrul 2E, of {onu C7H2 si CH, N"2+ (deci
902F s1 76%T).

5 — Physica — 1984
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’ ! 1
; 2E 19E ' s 2€ 19E

Fi1g 1. Picurile caractenstice transferului de sarcind pentru (a) benzen
s1 (b) pimdind, objinute cu spectrometrul de masi SMDF—1

Din compararea celor doud tipuri de spectre se pot trage si generaliza urma-
toarele concluzii relativ la compu;u aromati :

Picul cel mai abundent in spectrul 2E se datoreazi de obicei pierderii din
ionul molecular a citorva atomi de hidrogen. Astfel ionul de bazi la toluen
este C,H2t, la xileni CgHZT.
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Ca si in spectrele de masi normale, in spectrele 2F, apar anumiti ioni comuni
mai multor compusi §i care sint abundenti. Astfel, din generalizarea datelor
obfinute la benzen si toluen rezulti ci iomii [C,H,J2*(n > 2) sint cei mai
abundenti ioni dublu inc#rcati in grupul lor, pentru fragmente avind de la 2
la 5 atomi de carbon. Dacd n creste, n = 6, 7, ei trec pe locul doi ca abun-
dentd si de la 8 atomi de carbon in sus (xileni, propilbenzeni etc) creste in impor-
tan{d ionul [CoH]?*. Aceasta inseamnd cd jonii [C,H,72+ sint importanti in spec-
trele compusilor cu greutate moleculari mici.

Importanfa ionilor [C,H,]** si [C,H4]2* pentru o parte din compusii stu-
diat1, corelatd cu separarea sarcinilor in ionii dublu incircati [11; 12], suge-
reazd ca structuri rezonabile pentru acesti ioni structurile (a) si (b) din fig. 2

+ + + +
H-C't C¥C-H . HiC-C4C3 C- CHy
[CnHy 2t . [CnHg 2"
. la), (b)

Fig 2 Structura romilor [CH,1P+ 51 [C.HJ*H.

Analiza structurii iomlor dublu incdrcaji arati ci geometria cea mai sta-
bili a lor este met diferitd de structura stirm fundamentale a moleculei neu.
tre precursoare. Acest lucru se poate datora proceselor de rearanjament exten-
sive care au loc in acesti joni.

Din incercirile de studiu a ionilor dublu incércati prin tehnica MIKE (mass-
analysed ion kinetic energy spectrometry) la spectrometrul de masi comercial
MAT—311, a rezultat ci acesti ioni se pot fragmenta, cu eliminarea unor frag-
mente neutre. Citeva din fragmentirile de acest gen ale ionilor dublu incircati
sint prezentate in tabelul 1.

Tabel 1
Fragmentiri ale ionilor [C,H;X )%t in spectrometrul de masii MAT — 311
Compusul Pozitia prcului fn Tranzia Compusul
P spectrul MIKE m, m, mg
Nitrobenzen
CeH;NO, 0 65E 752+ .40+ + 26 CH, cH C,H,

Fenol

CH,O0H 0 70E 942+ _ . 662+ 4. 28 C,H,OH C,H, co

Anilini !

CH NH, 0 98E 932+ .92¢+ 1 . | CGGH,N CHN H
097E 922+ _ 913+ 4 1 CHN CHN H
071E 932+ _ - 662+ 4 27 CeH, N CyH, HCN
0 70E 922+ . . 652+ - 27 CHN CH; HCN

Acesti ioni, prin transfer de sarcind, dau ioni simplu incircati

Pe de altd parte, ionii simplu incircati rezultati din reactiile de transfer
de sarcini pot sd se descompuni, la rindul lor, dind nastere unor picur: metasta-
bile corespunzitoare
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© Se poate presupune cd,.in mrma’ proceselor care-au loe¢ in ‘prezenta gazu-
lui de crocmire si a sonilor dublu incdrcati, rezulti jom sunplu 1ncarcat1 din
urmétoarele trelr surse: '
— schimb de sarcind a 1on110r dublu inpdrcat: formati th regiunea sursei;
. — fragmentarea 1onilor dublu 1ncarcajtl cu plerderea unut fragment neutru
si- ap01 schimb de sarcini, N 1y
descompunerile metastabile ale ionitor simplu 1ncarcat1 provenift din’
sursele de sus.
-+ De asemenea, ca o concluzie mmportantd se poate spune cd intre spectrele
compugsilor organici .ale ionilor simplu $1 dublu incidrcafr (spectre 2E) existd
diferente mari, care pot fi utilizate pentra a obtine informatu suplimentare
pentru diferentierea compusilor cu spectre de masd identice (1zomeri).

‘

N ' (Intrat in redactie la 15 martie 1984)
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COLLISION-INDUCED CHARGE TRANSFER OF THE [CH X]** IONS~
: . . (Summary) -

Colliston-induce tharge .transfer reactsotts can be observed when a collision gas at a pressure
of the order 1075 torr 1s mtroduced ito the field-free ‘region m a double-focusing mass spectrome-
ter These reactions provide a source aof informatior ou ion structures
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' o vy BYTIVEN I vy g PENTE TR oS!
o THE POTENTIAL DEPTH OF PRIMARY ALCOHOLS
_ AND THEIR MIXTURES"

CARMEN STETIU

R

P [PIRN
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Introduection. It is well known that the sound velocity in liquids depends
on their structure. There are a lot of relations describing this dependence on
either the molecular volume, or the molecular 1nteract10ns 1.

In this paper, we madé ultrasonic studies in soiné pnmary al¢ohols and their
mixtures, inr oerder to prove a reratlon between: sound velocity- and the potential
depth. :

Theory Using a thermodynamlc treatment, the followmg relationship
between the sound velocity v and the potential depth (D has been foimd 2]

~ ; @, =L (ﬂ v — TR) (1)

- - ! l] - .
where y is the ratio of the specific heats, M — the molecular weight, R the
universal gas constant, T thetemperature in K, and 3, 7 are exponents of Lendard-

[
3

As.we had- te prove this equation, it was necessary to know i, J exponents.
For that we used the (12—86) potential in case of liquids assuming.a spherical mo-
lecular simmetry, and a modified L,ennard-Jones potential for associated liquids.

Then, for liquids with a spherical molecular simmetry, we have

O(r) = 4e, ﬁ"—) — ("_H (m=12, n=6 . )

7

where % is the collslon diameter, and ¢, the potential depth (at », = 21/6 o)-

In this,. case @, -—so, and .= 2, j=2.
3

3 . .

' For non-ideal 11qu1ds the (12—6) potential can not be used. Increasing
the repulsive. exponent, it is possible: to obtain [3] a modified Lennard-Jones
potential, which describes better the molecular interaction, in these liquids Of
course; here @, # € 7 £ 21/6 6, and 2, 7 as g, can be taken from Table 1.

. | Lo ‘ Lo Table 1 -
N Come. 7T 7o/ Go - Dyl
. . .
’ -12-" 6’ 1122 - 1
DR P S e U6 iz ©1:211 Ce e
N T (S 6 . 1103 i 1388 - o
418 | 6., 1096 1540
- . 20 . 6. « 1090, .. r - 167 L
e .22 6 .1-084 P 17870 -2
. 240 0 g 080 s 1890 - v
v 226 C Bl 1076 . 1'982
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Having ¢,, we tried to build up the (12 — 6) potential from Eg. (2), giving
different values to o4f7. o, was taken from Van Dael s relationship [4],
which expresses the dependence of the sound velocity on the molecular volume
V. Van Dael’s relationship may be rewritten as follows:

- WA 2 8
"’ 1_\/3(3 RT}+1
Va=—|1— . (3)
Ngp ! :3vM
RT )

where N, is Avogadro’s number, and p 1is the density.

So, if we know the sound velocity, the density and the ratio of the spe-
cific heats, we can find the potential depth as well as the colision diameter
using Egs. (1, 3). It is then possible to represent the function ®(r) using
Eq. (2).

(2) L

Results and discusions. 4. Pure ligurds. Using Eq. (1) the potential depth
was calculated for primary alcohols (methanol, ethanol, propanol, butanol,
pentanol, heptanol, octanol, decanol and hexadecanol). Figure 1 shows the
4 + linear decrease of the potential
r depth with increasing tempera-
Eu(kT mol™) . ture 1 all studied liquids.

Figure 2 is a plot of the
wl potential of interaction versus
the distance, for several alcohols,

at 40°C.
ol Figure 3 shows the function
, ®(7), at different temperatures,
for propanol. For the other al-
cohols, the shape of ®(r) is si-
10 - milar. In the case of methanol
e of methano
(9 and ethanol, a (12—6) potential
. . was used. For higher alcohols
- ® the repulsive exponent i had
to be increased, because of the
(' increase of the molecular chain
6 \\\ (5) length with several CH, groups.

o B. Mixtures. A number of
o) tw( component mix :ures were

4l investigated, using methanol (1)
(2 as solvent, the second compo-
\ nent being: ethanol (2), propa-

2l _ " 1ol (3), butanol (4), pentanol (5),
3> T heptanol (7), octanol (8), deca-
nol (10) and hexadecanol. The

Fig. 1. Influence of temperature increase on the po- : P33
tential depth of methanol (1), ethanol (2), propanol (3), nllllm ber bm brackets mdlcat_es
butanol (4). pentanol (5), heptanol (7), octanol (8) and the number of Carbon atoms in

decanol (10). the molecular chain.

1 i ] i 1

285 303 a2 33
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LW (KImel) .
9 i .

(1) (3 (5 () ko) ds)

Fi1g 2 The plot of po-
‘tential of mteraction versus
the distance at 40°C for
methanol (1), propanol (3),
pentanol (5), heptanol (7),
decanol (10) and hexade-

canol (16).
2
3 9 ‘0 # 12
o 1 bt 1 ! ) ——
-40
40 (10 "“)
20°c /
-2 k- o%
A
-0
Fig. 3 Variation of the
-potential of intraction, for
propanol, with tempera-
ture. -5 L
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If A and B denote the two components of the mixture, three kinds of
interactions can occur, having the following parameters (o4, €44), (645, £45)
and (ops, €pp). An ideal mixture follows the Lorentz-Berthelot relationships :

£4p = (e44 £pp)2

Ee(10°2mol™)

k.
551"

-] 1

(4)

GA4B — % (O'AA + O'BB) (5)

Fig 4 Influence on the concentration of pentanol

02

04 06

0.8

)
1_0'/”'A

methanol of the potential depth of the mixture

00 02 0%
G6 0
10
3sfts u 2 S o
2l
/
40
L5t b
B4
so /L
5L .
2

=/, 3
| P10 3 mol™)
Fig § Varmation of the potential of interaction versus
the distance, for several concentrations of pentanol in

methanol, at 20°C

~

I3

" The values of e4p and oup
were calculated using Egs. (1, 3)
for all the mixtures considered.
The results for the ethanol-
metanol (2—1) mixtures were
in good agreement with Egs
(4, 5) proving that the (2-—1)
mixture behaved as an ideal
one. For all other mixtures Eqgs
(4, 5) did not hold, i.e. they
showed a non ideal behaviour.
As it can be seen from Fig. 4,
for muxture (5—1) e4p was grea-
ter than =44 or epp i.e. the AB
interactions were greater than
the AA or BB ones. In Fig. 5
the ®(r) function was plotted
for the (5—1) mixture, for dif-
ferent concentrations, at 20°C.

The validity of this non
ideal behaviour was proved by
finding the excess volume VZ
and the difference between the
measured and ideal adiabatic
compressibilities AB = Bmeas — Pia-
As it can be seen from Fig. 6,
both V% and A are negative,
proving that the mixtures stu-
died were indeed non-ideal, and
that the AB interactions were
stronger than AA or BB.

The experimental data were
explained theoretically by adop-
ting the average potential the-
ory [5] and the twoliquids mo-
del. Under these assumptions.
the intermolecular potential of

. a mixture takes the form:

T

Olr) = s ®alr) F wy Panlr) (6)
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In this equation the expression 0 02 04 06 08 1,0

[

f‘or ®(r) is similar to Eq. (2), with R T T T 7 Fa
6 6 \2 R / ‘
() = (P-A. £4 947" B 4B GAB) 5‘ ;/'/.. : o VE -io
hyc4 04 + Uy S4B S4B -101y ;o = p —
(7) I \\ m\. ‘ ;’
L]
Vi cs04 + g Sap Thg s -20} \\ // 4
{a)= 3 3 \ 3 0.2,
Mg €404+ Vg S4B Oup \ Vb ’
8) Sk Y i
where <e) and (¢} haye for the o ,{, o3
mixtures the same significance f T -
as the Lenard-Jones parameters vHi158 o} Aphﬁmu" m?)

for pure liquids

The values of ) and {g) TFig 6 The plot of the excess volume and of the diffe-
calculated using Eqs (7 8) were rence between the measured and 1deal compressibilities
. ’ versus the concentration of pentanol in methanol, at 20°C
in good agreement with those

obtained from Egs (1, 3).

Conclusions. The results of the present work demonstrate that the general
expression for the potential depth (1) has a rather wide range of applica-
bility It allowes one to calculate the potential depth in pure liquids as well as
in mixtures At the same time 1t can be used as a tool to prove the valdity
of a particular theoretical model for a liquid mixture.

(Received November 23, 1983)
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BARIERA DE POTENTIAL IN ALCOOLI PRIMARI $I AMESTECURI DE ALCOOLI

(Rezumat)

Lucrarea igt propune si obfiné mformatu despre unele proprietif: structurale ale lichidelor aso-
ciate, pe baza cunoasterit unor proprietdft macroscopice Se evalueazi potentialul de interacfimne
intermolecular s1 volumul molecular, atit in liclude pure cit s1 in amestecurile acestora Rezultatele
obfmute pentru amestecur: sint explicate teoretic folosind modelul bilichid 1 teoria potentialului
mediu
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INSTABILITATEA RAYLEIGH-TAYLOR A UNUI FLUID VISCO-ELASTIC
CU CONDUCTIVITATE ELECIRICA FINITA. ECUATIA DE DISPERSIE

M. VASIU

1. Introducere. In lucrarea de faii ne propumem si stabilm ecuafia de
dispersie in cazul instabilitifii magnetohidrodinamice de tip Rayleigh-Taylor
pentru un fluid viscos-elastic, ionizat, cu conductivitate electricd finitd, in pre-

-

zenta unw cimp magnetic uniform B care are o singuri componentd dirijatd

dupd axa verticald Oz Fluidul se giseste st sub acfiunea acceleratiei gravitatio-
’-

nale g(0, 0, —g) dirijatd dupd axa Oz. Fluidul visco-elastic verifici relatia
de tip Oldroyd [1]

a ~ a
(1 +>\a)Tq _29(1 + xod—t)ev

unde T, este tensorul tensiumilor de forfecare, ¢, este tensorul vitezelor de
deformare, A este timpul de relaxare al tensiunilor, A, este timpul de retar-
dare al deformirilor, (' este coeficientul de viscozitate dinamici al fluidului.
Densitatea p, a fluidului in starea de echilibru se considerd ci variazi cu
coordonata z (p, = f(2))

Lucrarea de fati se bazeazi pe metoda utilizata de R Sharma, K.
Sharma [2] pentru cazul unut fluid viscos-elastic neionizat st pe lucra-
rea mnoastri [3] care studiazi cazul unwm fluid ionizat, in absenta visco-elas-
ticitd}ii, cu conductivitate electrica finita.

2. Sistemul de ecuatii magnetohidrodinamice pentru micile perturbatii.
In fluidul considerat se considerd ci apar mict perturbati care verificd urmi-
torul sistem de ecuatti magnetohidrodinamice [2], [3]

dy o d - 1 > =
(1425 )60 % = (1+x5)[—V(81>) + €3 + - (rot 3B x Bo)]+
+ pov |1+ xod%)m?. (1)
2 (8¢) = —( - V)eo (2)
a%(sfa) — 1ot(# X By) 4 vmA(3B), (3)
div # = 0, (4)
div 8B = 0, (5)

unde ;(u, v, w) este perturbatia vectorului vitezi, SE(SB,, 3B, 8B,) este
perturbatia vectorului cimp magnetic, 3p este perturbatia presiunii, 8p este
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perturbatia densitdtii, v este coeficientul de viscozitate cinematici a fluidului,
v, este coeficientul de viscozitate magnetici a fluidului, y este operatorul
nabla, A este operatorul lui Iaplace.

Perturbatiile 3¢(x, v, 2, t) se consideri de forma

®8(x, ¥, 2, i‘) = @*(z) exp (tk,x + thyy + ot) (6)

unde ¢*(z) este amplitudinea perturbatiei, k., %, sint componentele vectorului
numir de unda de-a lungul axei Ox, respectiv Oy, w este pulsatia perturba-
ied.

Inlocuind (6) in sistemul de ecuatii magnetohidrodinamice (1) —(5), efectuind
calculele, se obfine urmaitorul sistem de ecuatii diferentiale

oqtt = —1k p* + B0 (DB: — ik B ) + eov 11 i :"*’ (D2 — E2)u, (7)
o

ogov* = —ikp% 4 B (DBf — ik,BE) + ogv 11: 10“’ (D2 — F3)¥, 8)
Ko

poww® = —Dp* — go' + pov - (D* — Bjw, ©)

wp¥ = —(Dpo)w*, (10)

Q,.B* = B,Du*, (11)

tku* 4 1kp* + Dw* = 0, (12)

ik B} + 1k,B3 -+ DB: =0, (13)

unde D:i, Dzzdi;., B = R B2, Q, = & — vu(D? — A2), B, = B, = const.

Ecuatia de dispersie. Inmulfind ecuatia (7) cu mirimea — 1k, ecuatia
(8) cu mirimea —tk,, tinind seama de ecuatiile (10) si (11), adunind membru
cu membru egalititile obfinute, obfinem

— B2 [0 — vn(D2 — B)1p* = wpoe — vm(D? — k) 1Dw* —

oy 1N [ (D2 — B Y(D? — B)Dw* — B (D2 — E)Dwt.  (14)
1+ 20 ®o
84 aplicim operatorul D in egalitatea (14). Rezultid
—E2[0 — vm(D? — E2)1Dp* = D{wpo[e — vm{(D? — £2)1Dw*} —
-—D{pov ‘1:‘;“’ [0 — vm(D? — A3 }(D? — kz)Dw*} B3 (D2 — B D2o*. (15)
Ko
Si inmulfim ecuatia (9) cu operatorul Z%2[w — vm(D? — %?)]. Obfinem
—F[0 — va(D* — B)IDp* = wk[o — wn(D* — F)J(pew) —
— EDed® [ (D — B Jw* — v 1My (16)
[ 1+ 2
— (D% — B)1[po(D? — F)w*].
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Si_elipundm. termenul A*[a— v,,,(D2 )]Dp" m‘bre ega.htatlle (15)u§1: (16)
Obtinem. ecuatia :

w(l + 20) [D(peDw*) — Fogw™] — (1 + xom)D [oa(D” — B)y(Dw*]—
— B (1 40) (B2 — B)D20ot + M (L4 ro)w* +
Bot» *

F-vpok®{L + Xw)(D? — kR)w* — vm(11+ km)D[po(D2 —k%) Dw*] + '
+ ””"'( + 7\0‘0)(D2 — kZ)ZD(poDw*) + v,,kZ(l + 20)(D?

-

Crera

) — RO (e gy F B . 7o) (D :

w?

23

— #) [po(D? — R)w*] = 0. (17}
Aceasta este ecuafia de dispersie ciutatd, care generahzeaza ecua;ule de disper-

sie obtinute in lucririle [2] si [3].
In cazul in care se admite p, = const, ecuafia (17) capitd forma

ol + 20)pg(D? — B)w* — vpo(1 + Aw) (D2 — E)tw* —
1 4+ 20)(D? — B2 D2w* + gpvm(L + do)(D? — k)?w* —

Ho®

_ YVmPo (1 + }\ow)(Dz _'k2)3w* =0 (18)

Cazuri partieulare. 1. Cazul unui fluid visco-elastic, neionizat, astfel cd un
cimp magnetlc aplicat nu are-nicr un efect asupra. fluidului (aceasta revine la a.
considera ci B, =0, v,, = 0). In acest caz ecuafia (18) se reduce la ecuatia ob-
finutd in lucrarea [2]; 2. Cazul unui fluid:ionizat, in.absenta VISCO elastmta,tn;
cu conductivitate electrici finitd (A=0,%=0, v, #0, v=0=0). sicuo
singurd componentd a cimpului magnetic aplicat (B; = 0; B, = 0, B, = B,).
acest caz ecuafia de dispersie (18) se reduce la ecuatia stabiliti in-lucrarea [37.

(fntmt in redacpse la 17 martie 1984)
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L INSTABILITE MAGNETOHYDRODYNAMIQUE DE TYPE RAVLEIGH-TAYLOR D'UN
FLUIDE' VISQUEUX-ELASTIQUE"AVET’ UNE | CONDUCIIVITE ELECTRIQUE FINIE.
L’EQUATION DE DISPESRSION
) ) T (Résumé . -0 - P

Dans le présent, article, nons voulons déduire I'équation de ‘dispersion péun le cas de l'ms-
tabilité magnétohydrodynamique de type Rayleigh-Taylor d'un fluide visqueux — élastique, 1omsé,
aveq une conductivité électrique finfe. Le flnide se trquve sous I'action \d‘un champ magnétique
uniforme B(0, 0, By) et sous.l’action de P’accélération grav1tatlom1elle g(O 0, —g)

L’équation de dispersion obtenue généralise les équations de dispersion établies dans les
travaux ctés - s
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NOTE

THERMAI, PROPERTIES OF SOMYE CHOLESTEROL DERI\‘/'IATIVES

S. SELINGER

1 Introduection. Thermal studies on liqmd crystalline compounds provide
information about characteristics of the mesophases Interest concerning thermal
transitions, mesophase stability and other physical properties of cholesterol
derivatives [1] The dielectri¢ properties of these compounds have also been
studied [2]

Scanning calorimetry has proven particularly well suited for monitoring
thermal properties but hot-stage studies using a polarizing microscope would
also he profitable

- In this paper we present thermograms of the cholesteryl ethyl carbonat
C,.H;,0,, cholesteryl ethoxy—ethyl varbonat * CgyHy0O,, cholesteryl palmitat
43H76 3 [

The colesterol denvatlves were synthetized at the Chemicals and Pharma-
ceutics Research Institute — ICCF., Fihala CluJ—Napoca ’

2 Experimental methods. Measurements were made with a PERKIN-
ELMER DSC — 2 calorimeter, in a highly-puridied nitrogen atmosphere The
thermal calibration of the instrument was made with bidistilled water and
with an indium standard The weight of the samples was altered in the range
5—9 mg, with 4= 10-3 mg accuracy. The heating and cooling ratés were 10%/min

and the sensitivity of the instru-
1 ment was 5—10 mcaljsec The
| temperatures of the phase tran-
*j/' sition could be reproduced with
. \ an accuracy of 4~ 0 4° The calo-
CyoHs, O rimetric calibration was made
with a known quantity” of -

dium standard

3 Results and discussion.
The thermograms of cholesterol
derivatives are showi in figures.
) 1, 2 'and 3 respectively
- ‘ A The lower patts of the dia-
grams show the phase transition

320 330 340 350 357 360 ¥0  3/%0 30 upon heating, and the upper
) ' Temp °k  gions of the diagram the phase
Fig L Thermogr:;m of cholesteryl ethyl carbonat. transition upon cooling

2

—— = ENRDO

Ex0
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First from these compounds
show enantiotropic, other two
compounds show monotropic li-
quid crystalline phases.

On the basis of the thermo-
grams the following phase sche-
mes are characteristic for the
changes in the state of the ma-
terials. (Figure 4)

Letter "’C"” means the crys-
talline state of matter, symbol
”’Ch” represents the cholesteric
mesophase, symbol ”’I"" the iso-
tropic liquid

Thermograms of the three
compunds were constructed from
several runs and different sam-
ples.

The peak areas are propor-
tional to the heat capacities of
the phase transitions. '

Cholesteryl ethyl carbonate
(Figure 4a) shows a simple enan-
tiotropic cholesteric mesophase
transition. The mesophase exist
in a 22° temperature interval

Cholesteryl ethoxy-ethyl
carbonate (Figure 4b.) have an
monotropic cholesteric state.
This mesomorphic state is stable
in a 2.5°temperature range.

Cholesteryl palmitate (Fi-
gure 4c.) are an monotropic tran-
sition chain similar to the case
of compound mentioned above.
The cholesteric mesophase is
stable in a 30° interval.

It is sometimes observed
that phase transition tempera-
tures of a liquid cristalline ma-
terial are shightly different from
laboratory to laboratory [4].

Geunerally this is supposed
as beind due to the different
‘purities of the materials used.
Knowledge of polymorphism 1s
of basic importance for thermo-

S SELINGER

352335

&

30" '5073 ‘

EXQ <t—t——m ENDO
(@)
T
(@]

ELd] 320 330 %0 " TBO 360 370
Temp °x

Fig. 2 Thermogram of cholesteryl ethoxy-ethyl carbonat
v 320 350

EXQO «a—————» ENDO

300 K1) 320 330 340 343 350 360
’ Temp °K
Fi1g 3. Thermogram of cholesteryl palmitat

352,5
2207 Ch 379

—
e, 4
—— - \!\
< Q) \
N,

\nC 343 | -

* <)

Fig. 4 Phase transition schemes of the compounds
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dinamic and microscopic studies of liquid crystalline compounds. lmpurities
shift (depress) the cholesteric — isotropic phase transition temperature. Due
to small amounts of impurity no metastable solid modification a liqud cristal_
line phase is generated and that an enatiotropic pair becomes monotropic [5]

(Recesved March 29, 1982)

REFERENCES

1 G H Brown, Advances wn Liquid Crystals, vol. 11, Academuc Press, New York, 1976

2. S Selinger, F Puskds, R. Schwartz, A, Juhdsz Studia Univ Babes-Bolyali,
Physica, 26 (2), 72 (1981).

3 D Demus, H Demus, H Zaschke, Flussige Kristalle n Tabellen, VEB Deutscher Verlag
fur Grundstoffindustrie, Leipzig, 1974.

4 J.Szabon, L, Bata, K. Pintér, KFKI-74-82, Budapest, 1974.

5 J Szabon, I, Bata, K. Pintér, KFKI-78-22, Budapest, 1978,

PROPRIETATILE TERMICE ALE UNOR ESTERI COLESTERICI
(Rezumat)

fn lucrare sint prezentate proprietitile termice ale tranzitiilor de fazi in colestenl etil carbo-
nat, colesteril etoxyetil carbonat s1 colesteril palmitat, metode folositd fiind cea a calorimetrulni
diferential

Locurile transformdrior de fazi pe termograme sint indicate prin ,,virfuri” pronuntate. Se
observii cd temperatunle transforminlor de fazi prin incilzire diferd de cele prnin ricire

Pe lingd termograme sint date si schemele tranzitiilor de fazi.
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A N Matveev, DMoleculiarnaia fiziea
{Fizica moleculars), Moskva, Vissaia Scola, 1981
Scrisd pe 397 pagini, cartea este structuratd
in gase capitole mari 1 Metoda statisticd,
2 Metoda termodinamici, 3 Gazul electrdnic
st fononic, 4 Gazele cu Anteraciium intermole-

culare $1 hclndele 5 Cotpunle solde, G- Fetio- -

mene de transport Este fitia din ‘celé a1 inoderne
cirtt de fizicd molecularid apérute pe plan mon-
dial Se distinge printr-o Selectare §1 sistematizare
riguroasd a matenalulm prin mwvel stuntific 1

'

metodic ridicat, prin tratare matemfatici rigu-

roas#i §1 in acelasi timp accesthild studentilor
din primu ani de studiu. Tinuta graficH, frumu-
setea st cursivitatea demonstratulor $1limbajul
stunfific ales conferd cirtu calitits deosebite

Dupid modul in care abordeaza migearea
moleculari cartea s-ar putea 1irtitida ,,Metode
de studiu a sistemelor de mai multe particule
s1 aplicatn” TEri a se neglya metoda termodi-
namicd, autorul pune accentul pe metoda sta-
tisticd, aplicabily atit-'sisterneldr elasiéé de thar

mhulte 'pattienle cit g1'sistemtélor “cuantice Com: -

binind metcdele inductive cu cele deductive

autorul trece- pe recbservate la sistemele cuan--

tice 1 stabileste legile -de distribufie Fermi-Dirde
51 Bose-Einstein, care apoi le aplicd la:studml
gazulut fermionic electronic st a gazulur bosonic
fotonmic Acest mod de abordare reflects concepfta
autorului, conform cireia in ultima vreme in
abordarea fizicu moleculare centrul de greutate
s-a deplasat continuu spre studwl legititilor
statistice §1 metodelor termodinamice, exempli-
ficate pe sisteme moleculare, electronice s1 foto-
nice Aceste tendinte i51 gisesc tot mai mult
locul in programele cursurilor universitare.

1

1

Autorul acestes cdrfi considerd cid st‘udeni,:li
care audiazi un curs de fizacd generald nu trebwe
sd rimind cu impresia ci pentru aprofundare
se va revent asupra temer la alte cursuri, de nivel

“Superior Studentul trebuie si-s1 fack o imagine
corecti s1 pe cit posibil completd despre feno-
- meviele studiate la orwe curs de fizicd generald
In dcest scop in-carte sint incluse $1 teme care
tes din cadrul cursurildr tradltlonale de fizicd
molectﬂarii ‘care tnsi siht absolut fiecesare pentru
o in‘;eleckre corecti a “fenobhetieldr Acest mod
de abordare are ca efect nu numai o mtelegere
thhi préfundd a miscdrit in ststémele 'de mat multe
particule &1 descon«estloneazé in acelagt timp,
cursurile ultenoare, pentru a putea cuprinde
nenumdratele probleme ale fizict actuale care
sint abordate, de regnld, cu prea multd timiditate
Asa se explicd aptu'l ¢4 autorul face in mod
constdnt referir1 la sistemele cuantice de mar
multe particule, mtroducind aproape toate nofu-
nile cu cate opereazd mecanica cuantici

.. In ultimele dou’ capltole smt studiate,
propnetatﬂe sisteinelor lictide 's1 'so ide ieale,
intre moleculele cirora se manifesti forfe de

" witérdetiune sl transformirile ‘de stare ale sub-

stanter ‘Ultimul caintol ciprinde -teoria fenomea-
nelot .de transport in fazele gazoas#, hichidi si
solidi 1 elemente de termodinamica proceselor
reversibile

Cele 62 probleme rezolvate ca exemple si
85 probleme propuse pentru rezolvare la sfirsi-

tul fiecdru1 capitol, cu rdspunsuri, intregesc
continutul cirii

GH CRISTEA

I BARBUR
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Tn cel de al XXIX-lea an (1984) Studia Universitatis Babes-Bolyai apare in specialitatile :
matematica

fizicd

chimie
geologie-geografie
biologie

filozofie

stiinte economice
stiinte juridice
istorie

filologie

Ha XXIX rogy usganus (1984) Studia Uuniversilatis Babes-Bolyai, BbIxoguT no cnegyto-
WMM creLmanbHOCTAM:

mMaTemartuka

husnka

KUMMA
reonorns-reorpagus
6uonorna

thunocodua
9KOHOMUYECKNE HayKWu
IOpPUANYECKNE HayKK
ncropus

unonorus

Dans sa XXIX-e année (1984) Studia Universitatis Babes-Bolyai parait dans les spécialités :
mathématiques

physique

chimie

géologie-géographie

biologie

philosophie

sciences économiques

sciences juridiques

histoire

philologie



