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THE ANOMALY OF THE HALI, EFFECT IN Ni-Al ALILOVS

GH. ILONCA and IULIU POP

In this paper was studied the relation between spontaneous Hall
constant R,, spontaneous magnetization g, electrical resistivity p, mag-
netic part of resistivity p, and phononic part of resistivity pp, in the
solid solutions of nickel-alummmium alloys with 1%, 2%, 4%, 6%, 8%
and 109 at concentrations Al in Ni. The measurements performed at
temperatures between 77°K and 750°K pointed out that there is a tem-
perature range, where the spin-wave model 1s well verified (in agreement
with the T%law) This study allowed us to separate the temperature
range in which the mechanism of conduction electrons scattering on spin-
wave prevailes from the temperature range, in which the scattering of the
conduction electrons on spin-waves in interaction is predominant

Introduction. The connection between the Hall effect, electrical resis-
tivity and spontaneous magnetization studies represents a special interest
in ferromagnetic alloys. According to the recent investigations, the anomal
Hall effect in ferromagnetic materials is the result of the spin-orbit inter-
action of conduction electrons which participates in different scattering
mechanisms.

The published theoretical works on the Hall effect are dealing with
the study of spin-orbit interaction of conduction and localized electrons,
associated to the different scattering mechanisms of conduction electrons
such as:

— scattering on impurities [1, 2], on phonons [3], on impurities and
phonons [4—6], on spin waves [7], on impurities and spin-waves [8]
and on lattice defects, on phomnons and spin-waves. Taking into account
all these interactions between the spontaneous Hall constant R, and the
electrical resistivity the following general analytical form can be wntten.

R, = 0,00 + o2, + Bipr + 0o + B2poPm + Bs o or + Baom o

where p,, pp and p,, are the remanent, phononic and magnetic contribu-
tions of the electric resistivity.

The theoretical formulas resulted from a differentiated study of
different models require to be experimentally verified, establishing 1n
this way the temperature ranges of their validity and the specific mecha-
nisms for the transport phenomena, 1n ferromagnetic materials.

The samples preparation and experimental technique. The Ni—Al
alloys were obtained by melting the components in a Tammann furnace
under a vacuum of 10~* mm Hg. A mass of 20 gr. of alloys was melted
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in a graphit crucible of spectral purity In order to avoid any segrega-
tions and to obtain a homogeneous solid phase, all the samples have
been annealed at 1173 K for 24 hours. A metallographic study of the
obtained samples confirmed the existence of the unique phase Thesam-
ples for the Hall effect and electrical resistivity were cut from the
lingo and polished to a paralelipipedical form of a thikness of 0,4—0,6
mm.

The Hall voltage was measured by a compensation method 1n magnetic
field of 10500 Oe. The electrical resisitivity was measured by the four
sounds method [13] and the magnetization intensity by the Weiss and
Forrer method [14].

Experimental results. We are going to elucidate in this paper the inti-
mate mechanism of the interaction of the 4s peripheric electron system
and 3d magnetic electrons, by studying Ni—Al alloys, of 1%, 2%, 4%,
6%, 8% and 109, at. Al concentrations. The problems of the transport
phenomena in such metallic systems have not been clarified yet. We have
studied the transport phenomena such as the Hall effect and the electri-
cal conductivity, as well as the magnetic behaviour at saturation as func-
tions of the temperature and intensity of the applied magnetic field.
It was necessary to determine the temperature dependence of spontaneous
magnetization o,(7); = 0 (fig. 1), in order to connect the characteristic
parameter, of transport phenomena to magnetic parameters of ferromag-
netic alloys.

The specific characteristics of the ferromagnetic nickel-alluminium
alloys are given 1n figure 2. On the same figure is represented the sponta-
neous magnetization as a function of T%2 .

As 1t can be seen, the spontaneous magnetization depends linearly
of T2 in a relative large temperature range, depending on the alloys
concentration The fact that spontaneous magnetization obeys Bloch’s
law oy = o[l — a7%?] shows that for the ferromagnetism of N1—Al —
alloys, the spin-wave model is valid up to a relative high temperature.

This result will be useful for the Hall effect interpretation

The interactions which determune the magnetic order in alloys have
an essential contribution also in transport phenomena as electrical conduc-
tivity, Hall effect etc As it was shown 1 [15] the temperature dependen-
ce of the electrical resistivity 1s strongly influenced by the magnetic contri-
bution. At low temperatures, below 100 K, the electrical resistivity has
a little variation with temperature, tending to a bearing in such a way,
that at 0 K the ordonate to the origine, p, 1s always positive It means
that at low temperatures the scattering mechanisms of the conduction
electrons on phonons, on magnetic inhomogenities and on spin-waves
become unessential, the predominant mechanism being that of scattering
on 1mpurities and on crystal lattice defects The two latter mechanisms
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determine for a ferromagnetic alloy the total electrical resistivity that
may be written as

p=rpot pst pr

where p,, is the magnetic resistivity and pp the phononic resistivity.

We have separated these components of resistivity, o, p, and pp
using a graphic method. In the case of N1—Al alloys we have obtained
the temperature dependence of these components which allowed us to core-
late them with the spontaneous magnetisation o, and with the spontaneous
Hall constant R,

The linear dependence ¢, [c?(0) — o2(T)] given i figure 3, shows

that the scattering mechanism of conduction electrons on spin-waves and
on impurities, is verified only in a -
mited temperature range, at low tem-
peratures. This fact is in agreement
to Kasuya's theory [16]

The most faithful and complete
1mage concerning the scattering mecha-
nism of conduction electrons in ferro-
magnetically ordered alloys results from
the study of galvanomagnetic effects ’
From the magnetic field dependence
of py (Fig. 4) we have obtaimned the .
ordinary Hall constant R, that was Fig.3
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used to determuine the spontaneous Hall constant R, Using R, values,
we could determine the temperature dependence of spontaneous Hall
constant R, from temperature dependence of Hall voltage, given
in figure 5. It is pointed out in figure 5, that the curves R (T) present
a maximum at the Cuite point This maximum 1s characteristic for the
phase tramsition ferromagnetism-paramagnetism Our attention was con-
centrated especially, on the Hall effect, in the ferromagnetic domaine
The spontaneous Hall constant R, is a better parameter than the total
Hall constant and can be correlated with the other physical characteristi-
cal parameters for alloys studied by us According to Kondorski
[5, 9] between spontaneous Hall constant and electrical resistivity of
ferromagnetic alloys 1s the following dependence R, = ap -+ bp?, a and
b being constants. By plotting R /p as function of p, generally a straight
line is obtained, as it can be seen 1n figure 6

In this figure one can see that the dependence R fp of p is really
linear, 1n limited temperature ranges, having a broken line The temperature
at wich R /p has the first elbow represents the high ltmit up to which
the spontaneous magnetization o,, verifies the ,,3/2— law” (see fig 2)

These results show that at the low temperature the predominant me-
chanism of scattering of conduction electrons 1s on spm-waves On the
next linear segment the predominant mechanism of scattering of the con-
duction electrons 1s on magnetic inhomogenities, on phonons, and on im-
purities.



THE ANOMALIC OF THE HALL EFFECT IN Ni-Al ALLOYS 7

s0F Xﬂ -NAL 10% A
, P4 T pNALEY AL .
X NAl 6% AL 10+ %r—
\ o maL v al h
+ NidL 2% AL

S\ © MaL 1%
f \‘*Mpur

#,07°L Remts)

o« NiALDYe AL
M ALEZ Mt
o NiA{§% AL
+ NIAL12% AL
{ s NALI% 4L

0 ' 0 } ] Lol L L F
2 ! ' ) [} 2 3 < 5 s 7 P

20 <0
L08Ry L 108[Qemy
Fig 6 Fig.7

This statement 1s also supported by the anomal dependence of spon-
taneous Hall constant R, on magnetic resistivity p,, given in figure 7.

From this figure one can see that the temperature values on which
the elbows occur correspond to the limit up to values which the “3/2 —
low is valid. Asitis well known, the magnetic part of the electric resis-
tivity is caused essentially by the scattering of conduction electrons on
spin-waves. This statement 1s argued by the theoretical results also obtai-
ned by Irhin and Abelsk: [7] and Kasuya [168], expressed by
linear relation R, = o + B¢,,, where a and B are constant

Irhin, Abelski and Savrov [3, 7] theoretically had esta-
blished the relation R, = y[c? (0) — ¢2(T)] by studying the mechanism
of scattering of conduction electrons on spin-waves and magnetic inhomoge-
nities, where y is a constant and T < T, (7, being the Curie tempera-
ture). Our experimental results verify this formula for Ni—Al alloys for
temperature below 300 K, as it 1s pointed out 1n figure 8.

Concerning the scattering mechanism of conduction electrons on impu-
rities and on phonons, from our experimental data results a linear depen-
dence of spontaneous Hall constant on phononic resistivity for temperatu-
res below T,

In figure 9 the dependence of the R, of p, is plotted. This dependence

, has a strong maximum at the Curie temperature, which shifts to the lower
values of the pp as the aluminium concentration increases. The increasing
aluminium concentration also causes a strong increase of the R, value.
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These effects are 1 good agreement with the scattering mechanism of
conduction electrons on phonors and on impuiities \

Conelusions. The study of the magnetic and electric behaviour of
nickel-alumimum alloys leads us to an experimental evidence of the sca-
ttering mechanisms of the conduction elections on impurities, spin-waves,
phonons and impurities and on magnetic inhomogenities

Bloch’s law indicates that the spin-waves model is valid for nickel-
aluminium up to about 0,57, By separating the electrical 1esistivity com-
ponents gy, p,, and pp 1t was possible to determine the temperature values
at which the magnetic inhomogenities occur 1n nickel-aluminium alloys.
These values result also from the corelation of the following dependences

6,(T%2), 0,,[6*(0) — oX(T)], R.[6*(0) — o*(T)], Ri(pm), %(p) and Ry(es)

|

In this study we have determuned the temperature range 1n which different
mechanisms of conduction electrons scattering are mainly predominant

( Recerved August 15, 1974)
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EFECTUL HALL IN ALIAJELE DE NiAl
(Rezumat)

S-a studiat dependenfa constanter Hall spontani R, de magnetizarea spontani o,

de rezistivitatea electricd p, de termenul magnetic al rezistivitdtn o,, s1 de termenul fononic
al rezistivititu pp, In solufu solide de michel-alumimmiu

Din dependenta de temperaturd a efectulur Hall st a magnetizirn spontane s-a stabihit

domentul de valabilitate a modelulur undelor de spin Astfel s-a putut separa net domeniul
de temperaturi in care prevaleazi mecamismul de impréstiere a electronilor de conductibili-
tate pe undele de spin, de domemul in care imprigtierea electronilor de conducfie are loc
pe undele de spin in interacfiune,



STUDIUL R.E.S. AL, DIETILDITIOFOSFATULUI DE CUPRU(II)

N. VEZENTAN, 0. COZAR si I. MILEA

Dintre complecsti de cupru(Il) cu atomi liganzi de sulf, o atenfie
deosebitd s-a acordat ditiocarbamafilor [1—3] s1 ditiofosfatilor [4—12].
Ambele tipuri de complecsi au fost studiati atit in solutu cit si sub formd
de monocmnstal, unde s-au pus in evidentd doud pozitit neechivalente ale
ionilor Cu?* in celula elementard [2, 10, 11].

Vom prezenta in continuare rezultatele obtinute de noi asupra dietil-
ditiofosfatulur de cupru(II) in benzen la temperatura camerersi la 77°K,
precum §1 asupra monocristalului diluat magnetic cu 1zomorful de nichel.
S-a lucrat cu un spectrometru JES—3B in banda X, avind modulafia
cimpului de 100 Kc/s.

Spectrul RES la temperatura camerei in benzen prezintd atit struc-
tura hiperfind datoritd interactiei electronului paramagnetic cu nucleele
1zotopilor %Cu si ®Cu(Icy = 3/2), cit si structura superhiperfind datd de
nucleele #P(Ip = 1/2). Parametrn RES obtinuji in solufie lichidd sint:

g=2045 A4 =668"-10"%cm~! o =85 10-%cm?

La 77°K se obtin rezolvate cele doud grupur de linu hiperfine cores-
punzitoare lui gy si g,, 1ar despicdrile superhiperfine ale fosforului, rezol-
vate atit In absorbfia paraleld-cit s1 in cea peipendiculard, sint izotrope.
In acest caz-

8= 2,081 g1 = 2,024
Ay =146,7 10~*cm~* A} =265 10~*cm~! af =85 10~%cm™?!

Spectrele obfinute pe momnocristal indicd prezenta a doud molecule
magnetic neechivalente in celula elementari Figura 1 reprezintd spec-
trul dietilditiofosfatulus de cupru(II) pentru o orientare paraleld a cim-

H

—p

S0 65 N N

i I|_Il ! 1y i HERH Lililieiin il

i I I L [ 1 It

Fi1g 1 Spectrul RES al monocristalului de dietilditiofosfat de cupru (II), pentru ﬁ pata-
lel cu axa tetragonali a molecules I TLinule asociate celeilalte molecule dm celula elemen-
tard sint notate eu II,



STUDIUL RES AL Cu(dtp): 11

pului magnetic extern cu axa tetragonald a uneia din molecule. Valorile
tensorulut g determinate din aceste spectre (g = 2,070 s1 gy = 2,024)
sint in bund concordantd cu cele objinute in solujia inghefatd la 77°K
Spectrul uner molecule constd din patru grupurni de linii, acestea fiind
cele patru componente hiperfine date de nucleele %Cu si %5Cu. Fiecare
linte a cuprului este despicatd in cite trei linii avind raportul intensitdjilor
1 2: 1 datoritd cuplajului echivalent cu cele doud nuclee 3'P.

In figura 2 este prezentat cazul cind cer doi 10m Cu?* din celula ele-
mentard sint echivalenft si spectrele lor coincid Parametrii RES carac-
teristici acestui spectru (g = 2,036 si 4 =68 10-% cm~?) au valori apro-
piate de cele obfinute in solufie lichida.

Considerind complexul de simetrie Dy, orbitalii proprit de antilegi-
turd sint (2, 6]:

|Big) = sy — o' Oy (2% — 57) (1a)

|Byg) = By — (1 — B2 Dr(xy) (1b)
[ 8da — (1 — 312, (x2) Y

[Eg> - { dez _ (1 . 82)1/2(1),,,(_))2) (1 C)

unde @, 51 O, sint orbitalu de ligand simetrizati, ce contribuie la formarea
legiturilor o st respectiv w. Atomu de sulf participd la legdturi cu orbitalit
atomict 3s, 3p,, 3p,, 3p,.

50 Gs

e —

= -

Fi1g 2 Spectrul de echivalenfi a celor doud mole-
cule din celula elementard
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Valorile principale ale tensorilor g si 4 sint date de expresiile (1, 2)-

8 o’ 1 o« (1 — p3l/2
o = 20023 — o2 52[1—25—;;‘—5—)1%)] (2a)
gl_20023—A—a282[1———S—72—°i(I_TWT(W,)] (2b)

Ay = P| =7 +F) + (@ —2002) + 2 (1 — 2002)]  (20)

A =P [az (; — k) + :; (g, — 2,002)] (2d)
unde: P = 0,036 cm~?, A = —828 cm~?, T'(n) = 0,44, 1ar K este terme-
nul de contact Fermi1 [1]. Axy s1 Axz reprezintd tranzﬂ;nle electronice
intre stdrile |By) — |By) §1 respectiv [By) — |Ep).

Relatfiile (2) sint utile pentru evaluarea coeficientilor orbitalilor mole-
cular1, acestia dind informafn asupra naturi legdturilor cupru-sulf.

Coeficientul o din starea fundamentald (la) poate fi evaluat dupid
relapia [13]

7714 A4 6
o= T[4 2 @——&——] 3)

1ar o’ din condijia de normare a acesteia
o + a'? — 2ae'S =1 4)

Awci S = 2{d.s_,s| — o) este integrala de suprapunere de grup in
starea fundamentald §i are valoarea 0,05 [1, 11].

O evaluare mai precisd a coeficientulur «' a fost ficutd de citre
Cowsik 1 Srinivasan [11] din despicirile superhiperfine date de
nucleele 35S Din dependenta unghiulard a linulor 3S s-a constatat prezen-
ta in acest complex a doud legituri Cu—S diferite

Ceilalft coeficientt (B, 8) s-au estimat din ecuatiile (2a) 1 (2b), utils-
zind pentru Axy si Axz valoarea 15600 cm~*s1 respectiv 23800 cm~* [1117.
Coeficientsi MO astfel obtinuf1 au valorile.

o2 =047 o2=058 p2=054 5 =0,84

Acegtia indici un caracter foarte covalent al legdturilor ¢ si = din
planul x0y

Din ecuatia (2c) se objine pentru termenul de contact Fermu valoarea
0,48, aceasta fiind mai mare declt iIn cazul unor complec§i in care legidtura
metal-ligand are un caracter moderat de covalentd si unde K = 0,43 [1].
Acest fapt se datoreste contribufier in complexul de fafd la legdtura cova-
lentd s1 a orbitalulu1 metalic 4s.



STUDIUL RES AL Cu(dtp) 13

Valorile izotrope &P indici localizarea electronului heimperecheat in
orbitalul 3s al atomului de fosfor. In acest caz despicarea superhiperfini a
nucleelor 3P este datd de expresia [7]

8x
af = E 88w Bs Bn IIP‘-')'S(O)Iz C? (5)

unde |¥3(0)2 reprezintd densitatea electronului 3s la nucleele 3P, 1ar c?
este coeficientul orbitalului 3s in orbitalul molecular ce confine electronul
neimperecheat Acesta poate fi determinat din valoarea experimentald

a5 (8,9 Gs) si cea calculatd aoy, [7, 14]

P
2 aexp azxp

.. — 0,0024
3640 G,

P
2alc

Se observi ci densitatea de spin (c?) in orbitalul fosforului este foarte
micd. Sursa majord a interactiei superhiperfine dintie Cu si 3P se consi-
deri a fi delocalizarea electronulut pe ,,via”’ atomilor sulf-fosfor [7, 11].

(Intrat in redacjre la 15 august 1974)
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E SR STUDY OI' COPPER(II) DIETHYLDITHIOPHOSPHATE
(Summary)

ESR mvestigation of copper(II) diethyldithiophosphate in benzen scli tion and also
i single crystal magnetically diluted with corresponding diamagnetic nichel complex 1s
reported

The single-crystal ESR spectra show the presence of two magnetically non-equivalent
molecules 1 the umt cell

Using the ESR parameters, the MO coefficients are calculated and these show the
strong covalent ¢ and = bonds.



PROGRAM DESTINAT MINICALCULATORULUI HP9810A PENTRU
PRELUCRAREA DATELOR EXPERIMENTALE PRIVIND UNELE
FENOMENE DE TRANSPORT IN SEMICONDUCTORI
DE IMPURITATE

P. STETIU si V. MILITARU

Pirelucrarea datelor experimentale privind fenomenele de transport
in semiconductor1 cu un giad de degenerare oarecare se face cu ajutorul
functulor Fermi sau Fermi generalizate [1—38] In timp ce valorile func-
tulor Fermu sint publicate (de exemplu [4]), calculul valorilor functilor
Fermi generalizate se face in funcfie de largimea benzii interzise a materna-
lului de studiu s1 de temperatura la care s-au efectuat misuritorile. In [5]
sint analizate proprietifile functulor Fermi generalizate s se indicd fap-
tul cd autorii pot oferi la nevoie tabele ale acestora dar interpoldrile ce se
impun la folosirea tabelelor implicd un calcul laborios fapt ce ingreuneazid
mult Iucrul. .

In ultimul timp s-au rispindit tot mai mult minicalculatoarele
de birou de genul celor ale firmei Helwett-Packard din seria 9800 Pro-
blema pe care ne-am propus si o rezolvam este de a utiliza acest minical-
culator pentru prelucrarea datelor expeiimentale ce rezulti din misurd-
tor1 de efect Hall, conductibilitate electricd g1 forfd termoelectromotrice
la semiconductori de impuritate cu suprafete 1zoenergetice sferice in spatiul

% dar cu lege de dispersie nepatratici.

Calculul coeficientilor de transport pentru fenomenele de transport

amintite au fost ficute de Kolodziejczak §i Zawadsk: [2, 3,5],

care au admis cd legea de dispersie este de forma:
P 242

+ a
= g —
*

2m K £g

o)

/

unde s-a notat cu m! masa efectivd a purtdtorilor de sarcini de specie 1,
infelegind prin aceasta cei din unul din mimmele sau maximele zonelor
energetice ce 1au parte la fenomenele de transport, e, lirgimea zonei
interzise 4 matenialului, ¢ energia purtitorilor de sarcimi, # = %/2x, 1ar
% este vectorul de undd asoctat purtdtorilor de sarcimu in cristal.

Expresiile coeficienfilor de transport, In parte scrise de noi explicit
pe baza relatiilor generale date in [3]; sint.

— mobilitatea de conductibilitate

r4-3

oy = 242 527 - p8(T) - (m1)* (R T)
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— conductibilitatea electrica

r+9 r+1 r+5 r+5

6, =27 4=+ - () T (BD) T - (B) () e oLE (0 8) (3)

— coeficientul Hall

2r+7
2 (%)
1 —4 t
R =
n 8'6 -'-2*_—5 2 (4)
"L_2 (a, C;)
— coeficientul Seebeck :
- r+5
A AL
LN s B S VA
o = . s . (5)

oL (a §)

Relatiile (2)—(5) sint valabile in cazul impragtierii purtédtorilor de
sarcini prin interacfiunea cu urméitorii centr:

— fononi acustici 7= —3 p°, oconst. - T-1 (6a)
— fononi optici la T > T, r= —1 p°,6 oxconst - T-1 (6b)
— 1ioni de impuritate r= +1 pf o= const. (6¢)

In cazul impristiern purtitorilor de sarcini prin interactiunea cu fononi
optict la temperaturi sub temperatuia Debye a materialului (7), sint
valabile urmaitoarele expresii [1]

Ko = B, = const. - (mf)o - [exp (2] — 1] (7)
e S I
Roﬁ = M,le,c (9)

aoj’t =

hy [’Lﬁﬂ(‘h G)

OLg/Z(a‘ c:)

in relatiile (2)—(10) s-a notat (exceptind notafiile consaciate) astfel:
— concentrajia purtdtorilor de sarcini:

1 2m:k T ¥
mo= ok (20 e, (1)

ﬂ. (10)

€y
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— funcfia Fermi generalizati -

0

"L, ) =S(_gf7) car (%4 axt)m (14 2ax)F dx o (12)
0

ko, = constanta lui Boltzmann, iar,

koT 1
SR T 7 S SRR

»

kT g 1+ exp(x — C:) koT

Din relajule {2)—(11) se pot deduce usor urmitoarele expresiz:

o B g L
r+_5
2 o ? (e g) T2
E=R o (m)? _2%_= const po(T) - (k,T) ® (14)
“L_i (a, C:)
E'= R,y oo (m})?? = const. [exp (—?’—J — 1]. (15)

In relagiile (14) sau (15) sint separaft tof1 iermenit ce nu depind
explicit de temperaturd in expresia mobilitdtu Hall st ele servesc la dece-
larea mecanismului de Impristiere al purtédtoiilor de sarcim

Schema logied si programul. In alcituirea schemer logice i a progia-
mului am presupus cunoscute urmitoarele mirimi g,(0) — laigimea

benzii interzise a materialului la 0 X ; ( 3?) — variafia 1zobard cu tempe-
#

tatura a acesteia, / — lungimea, d — grosimea pe direcfia cimpulur mag-
netic in misuritonle de efect Hall, S — sectiunea probe1, I, — curentul
in probi la determinarea tensiunii Hall, constant la toate temperaturile
la care s-au efectuat mdésurdtorile, & — inducjia magneticd, constantd la
toate temperaturile In timpul determinérilor de efect Hall, #; — ten-
stunea Hall ca functie de temperaturd, up, tensiunea pe probd in tim-
pul misurdtorilor de conductibilitate electricd ca funcfie de temperaturd,
o — coeficientul Seebeck ca functie de temperatmd

Schema logicd a progiamului este prezentatd in fig. 1

Se poate vedea cd ma1 intlt se rezolvd ecuapia (5) sau (10) in 1aport
cu @ cunoscind valoarea determinatd experimental a coeficientulur See-
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Fig. 1 Schema logicd a programului.

beck ¢! aflat .astfel este apoi folosit pentru calculul concentratiei purti-
torilor de sarcini, a masei efective a densitdfi: de stidri a acestora, ca §1 a
exprester (14) sau (15) In plus datele experimentale permit calculul lm
G, Uy

Metoda de rezolvare a ecuafiel (5) este cea a tangentei si a fost singura
care conduce la rezultate rapide. Inainte de a opta asupra acestei metode,
am Incercat opeiativitatea rezolvirii ecuatier (5) cu alte metode, printie

care amintim metoda Injumé&tétiri mtervalului, meteda ccardei s1 metoda
aproximirii simple care la aceeasi precizie de aflate a rédéacinii necesitd
un timp de 10—15 or1 mai lung in 1aport cu metoda tangentei.

2 — Physica [ 1975
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In fig 1 se mai menfioneazi urmitoarele mirimi neexplicitate inci
de no1-

@n)e e N <
A4 = TR este o constantd universali.
0
( aEg ) I
p_a®. ~_\T)p; D="2l_ 0.y,
s y % S
0 [1]
Cl®
'd

a;, b; = limitele domeniului de integrare ale exprésiilor (12)
N = numadrul de subintervale in care s-a impar{it domeniul 4, — b,
7y, M1y, my= 1ndic1 ai integralelor "| », a cdror valoare depinde de natura

centrului de imprastiere ; valorile lor sint prezentate in tab. 2,

{8, = valoarea de pornire a lui {; in rezolvarea ecuatiei (5), daci
nu se specificd altfel, se ia automat valoarea zero ca (3.

AT} = cresterea lui {f necesard la calculul tangentei

3¢ = precizia impusd pentru aflarea solutiei ecuafiei (5) la care

calculul se opreste automat si se trece la calcularea celorlalte
mirimi din program.

Schema logicd este astfel conceputd incit dupd terminarea calculelor
cu un set de valori experimentale calculatorul revine la pasul program la
care se comunicid doar acei parametri ce depind de temperaturd. In cazul
probelor noastre tensiunea Hall a fost constantd, astfel cd programul se
reia de la introducerea celorlalte variabile T, «, up,. Vechea solujie a
ecuatiei (5) devine noua valoare {§, de pormire in mod automat.

Programul este prezentat in Intregime in tab. 1.

Tabel 1
Textul integral al programuluf

P8 — — XTO ——— 23 £#915 —— XTO —~— 23 2839 — — XTO ——— 23
2001 —— 4 ——— P4 2916 —— 4 ——— 94 9931 —— 2 ——— 92
2002 —— B ——— 0O 0917 —~—~ 6 ——— 06 09032 —— 3 ——— 038
2003 —— STP ——— 41 2918 —— XTO ——— 23 9933 —— STP ——— 41
2904 —— XTO ——— 23 o819 —— 2 ——— 92 2934 — — XTO — —— 23
09095 —— 4 ——— 94 2028 —— 5 ——— 905 0935 —— 4 ——— p4
2006 —— 1 ——— 91 2021 — — STP — —— 41 29836 —— 4 ——— p4
2097 —— STP ——— 41 #0922 — — XTO ——— 28 £937 — — STP ——— 41
2008 — — XTO ——— 23 2923 —— 4 ——— 94 9938 — — XTO ——— 23
8909 —— 4 ——— p4 2024 —— 7 ——— 97 939 —— 2 ——— P2
o910 —— 5 ——— 95 0025 —— STP ——— 41 o049 —— 7 ——— 97
#8111 —— XTO ——— 23 #9826 — — XTO ——— 23 2941 — — STP ——— 41
/P12 —— 2 ——— P2 9027 —— 4 ——— 94 08942 — — XTO ——— 23
8018 —— 4 ——— 94 8028 —— 8 ——— 18 099043 —— 3 ——— 3

#9014 —— STP ——— 41 0028 — — STP — —— 41 o044 —— 3 ——— 03
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. P
2945 — — IJ/X ———
08046 — — XFR — — —
80947 —— X ———
2048 —— 4 ———
8P49 —— H ———
2950 — — XFR — — —
#9051 —— 4+ ———
“9952 —— 4 ———
#2953 —— 1 ——-—
8054 —— /X ———
#9055 —— XTO ———
4056 —— 4 ———
29057 —— 2 ———
2958 — — STP — ——
2959 — — XFR — — —
8069 —— X ———
02961 —— 2 ———
P62 —— 2 ———
063 — — XTO — — —
0064 —— 2 ———
29065 —— 6 ———
8066 — — STP — — —
2067 — — XTO — — —
o068 —— 4 ———
£§P69 —— 3 —
2879 — — GTO ———
9971 —— SR — ——
0972 —— H ———
2078 —— 3 ———
0074 —— 4 ———
0975 —— 4 ———
2976 — — XFR — — —
9077 —— 4 ———
0978 —— UP ———
BB79——XFR———
o089 —— 5 ——
2981 —— PSE — — —-
2082 —— DIV — — —
2083 —— YE ———
2084 —— — ——_
9985 —— 2 —— .
9986 —— 6 ———
pp87 —— YE ———
P88 — — — ———
0989 —— 2 ———
2090 —— B ———
2891 — — YTO — ——
2092 —— 3 ———
0098 —— 4 ———
2094 —— G ———
§995 — — XFR — — —
2096 —— 2 ———
9097 —— 8 ———
2998 — - X>V— ——
P99 —— 9§ ———
P1PF —— 1 ——
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Tabel 1 (continuare)

17 ARl —— 5 ——— 85 #1857 —— XTO ——— 23
67 p1p2 —— 1 ——— 91 #1588 —— 3 ——_— 03
36 £103 — — XFR ——— 67 9159 —— 8 ——— 19
24 2194 —— 3 ——— 93 2160 —— XSQ ——— 12
28 2166 —— &5 ——— 05 /16l —— /X ——— 17
67 2106 — — XTO ——— 23 2162 — — XTO ——— 23
33 2187 —— + ——— 33 0163 —— 3 ——— p3
24 0108 —— 2 ——— p2 2164 —— B ——— 99
21 19 —— B ——— 00 #165 —— CNT — —— 47
17 91180 —— GTO ——— 44 9166 — — XFR — — — 67
23 #1111l —— 8RR —~—— 77 2167 —— 4 ——— p4
24 2 —— B —~—— 2D 9168 —— 7 ——_— 97
22 M8 —— 3 ——— 23 2169 —— XTO ——— 23
41 2114 —— 4 ——— p4 o178 —— 2 ——— 92
67 115 —— 4 ——— 94 171 —— 4 ——— 94
36 £116 — — XFR ——— 67 2172 — — XFR — — — 67
22 M7 —— 4 ——— pd 2173 ——~ 4 ——— p4
/2 #2118 — — XFR —~ — — 67 2N74 —— 8 ——— 19
23 9119 —— DIV ——— 35 8175 — — CNT — —— 47
22 M2 —— 5 ——— 05 2176 — — XTO —— — 23
86 2121 —— XFR —~—— 67 o177 —— 2 ——— 52
41 9122 —— — ——— 34 o178 —— 5 ——— 95
23 £128 —— 2 ——— 92 2179 —— GTO ——— 44
24 2124 —— 6 ~——— 06 9180 —— SR ——— 77
23 #125 —— XFR ——— 677 7% 0181 —— 90 ——— 09
44 126 —— — ——— 347 l}, p182 —— 3 ——— 93
77 2127 —— 2 ——— 02 183 —— 4 ——— 94
24 A28 —— B ——— 09 0184 —— 4 ——— p4
23 2129 —— UP ——— 27 2185 — — XFR — — — 67
024 #1830 — — XFR — —— 67 8186 —— 5 ——— g5
24 #1831 —— — ——— 34 2187 —— XTO — —— 23
67 182 —— 3 ——— 03 £188 —— 3 —— 93
24 21383 —— 4 ~——— #4 2189 —— 7 ——— 97
27 #1834 —— YE ——— 24 2199 — — XTO ——— 23
67 #1885 —— X ——— 36 #1191 —— X ——— 36
£5 9136 —— 3 ——— 03 £192 —— 3 ——— 93
57 91837 —— 5 ——— 85 2193 —— 9 ——— 90
35 9138 —— CHS — —— 32 #194 — — CNT — —— 47
24 #1389 —— DIV ———~ 35 01956 —— 1 ——— g1
34 2149 —— YE ——— 24 #1196 —— . —~—— 21
22 o141 —— + ——— 33 £197 —— 5 ——— 85
86 0142 —— 2 ——— P2 2198 — — XTO — —— 23
24 £143 —— 0 ——— 00 0199 —— 2 ——— 92
34 9144 — — YTO — —— 48 2209 —— 4 ——— P4
92 2145 —— 2 ——— 02 2291 — — CLX ——— 37
29 2146 —— B ——— 98 0292 — — XTO ——— 23
49 0147 —— GTO ——— 44 89203 —— 2 ——— p2
23 0148 —— 7 ——— 97 2204 —— 5 ——— 85
24 0149 —— 8 ——— 00 0295 —— GTO ——— 44
15 #1589 —— CNT ——— 47 A286 —— SR ——— 77
67 2151 —— XFR — —— 67 0207 —— B ——— 09
82 0162 —— 2 ——— p2 0208 —— 3 ——— 03
19 9153 —— H ——— 90 0209 —— 4 ——— p4
53 9154 —— PNT ——— 45 2210 —— 4 ——— 94
29 #1565 — — XFR — —— 67 £211 —— XFR — —— 67

81 #9166 ~— 5 ——— 05 0212 —— 5§ ——— 95
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#213 —— XFR ———
2214 —— X ———
2216 —— 3 ———
2216 —— B ———
9217 —— XFR ———
218 —— X ———
2219 —— 2 ——-—
9220 —— 3 ———
9221 — — XFR ———
9222 — — DIV ———
02223 —— 2 ———
9224 —— 7 ——-—
02225 —— PNT ———
9226 —— XTO — ——
9227 —— 3 ———
02228 —— 9 ———
9229 —— XFR ———
#2398 —— DIV ———
9231 —— § ———
£232 —— UP ———
£238 —— 2 ———
$234 —— UP ———
923 —— 3 ———
9236 —— DIV ———
9237 —— XEY ———
0238 —— RUP ———
£#239 —— H ———
2248 —— XFR — ——
P24l —— X ———
0242 —— 3 ———
09243 —— 1 ———
92244 —— XFR ———
0245 —— DIV ———
9246 —— 3 ———
0247 —— 8 ———
9248 — — PNT ———
2249 —— UP ———
02250 —— 2 @ ———
2251 —— . ———
0252 —— &5 ———
9253 —— UP ———
0254 —— 1 ———
9255 —— CHS — ——
9256 — — XFR ———
9257 —— + ———
0258 —— 4 ———
0259 —— 5§ ———
08260 —— — ———
£#261 —— DN ———
$262 — — XBY — — —
9263 —— H ———
9264 —— UP ———
0265 — — XFR ———
0266 —— 4 ———
0267 —— 4 ———

9268 - —~ XFR — — —

67
36
23
a8
67
36
22
23
67
35
22
/7
45
23
23
11
67
35
45
27
22
27
23
35
39
22
74
67
36
23
a1
67
35
23
23
45
27
02
21
25
27
21
32
67
33
04
25
34
25
39
74
27
67
024
24
67
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$269 —— DIV ——— 35
0278 —— 4 ——— P4
0271 —— 3 ——— #3
$272 — — PNT — —— 45
9278 — — XFR — —— 67
9274 —— DIV ——— 35
9275 —— 3 ——— 83
9276 —— 9 ——— 11
9277 —— UP ——— 27
0273 —— 1 ——— 1
0279 —— - ——— 21
0280 —— 6 ——_— 96
0281 —— 8 ——— 88
0282 —— 2 ——— §2
£283 — — BEX ——— 26
0284 —— CHS —— — 32
0285 —— 1 ——— 81
0286 —— 9 ——— 11
9287 —— DIV ——— 35
9288 —— DN ——— 25
9289 — — PNT ——— 45
9299 —— DN ——— 25
£291 —— XFR — — — 67
£292 —— DIV ——— 35
£293 —— 4 ——— 94
$294 —— 3 ——— 93
£295 — — XFR — — — 67
9296 —— DIV ——— 35
0297 —— 2 ——— 92
0298 —— 3 ——— 93
£299 —— XFR — — — 67
0388 —— DIV ——— 35
P39l —— 38 ——— 93
0302 —— 7 ——— 97
0393 — — XFR — —— 67
9394 —— X ——— 36
9395 —— 3 ——— 93
0396 —— 8 ——— 18
0397 —— 1 ——— 65
0308 — — PNT ——— 45
0399 — — XFR — — — 67
931§ —— 3 ——— 03
0311 —— 3 ——— 3
£312 — — PNT —— — 45
#3183 —— UP ——— 27
0314 —— X ——— 17
9315 — — PNT ——— 45
$316 —— DN ——— 25
9317 —— I ——— 65
9318 — — PNT ——— 45
0319 —— PNT ——— 54
9329 — — XFR — — — 67
9321 —— 4 ——— 94
0322 —— 5 ——— 95
£323 — — XTO — —— 23
8324 —— 2 ——— p2

Tabel 1 (continuare)

9325 —— 4 ——— 94
0326 — — XFR —— — 67
9327 —— 4 ——— 94
0328 —— 6 ——— 96
8329 — — XTO ——— 23
0338 —— 2 ——— 92
8331 —— 5 ——— 5
8332 — — GTO ——— 44
8333 —— § ——— 0B
9234 —— B ——— 29
£335 —— 4 ——— p4
8336 —— 1 ——— 91
0337 —— 5 ——— 9P
9338 —— B ——— AP
0339 —— & ——— 9P
0340 —— 8 ——— 99
9341 —— 8 ——— 29
P342 —— B8 ——— 99
p343 —— B8 ——— 98
9344 —— 9 ——— 99
$345 —— XTO ——— 23
0346 —— 4 ——— 94
9347 — — XTO — —— 23
£348 —— 5 ——— 95
8349 — — XFR ——— 67
8350 —— 7 ——— 87
9351 — — XTO ——— 23
$352 —— 8 ——— 18
9353 — — XFR — —— 67
9354 —— 6 ——— 06
9355 — — XTO ——— 23
0356 —— 1 ——— p1
8357 — — GTO — —— 44
9358 —— SR ——— 77
0359 —— 8 ——— 08
9369 —— 3 ——— 93
8361 —— 7 ——— 97
0362 —— 2 ——— 92
0363 —— XFR — —— 67
0364 —— 9 ——— 11
9365 — — XTO — —— 23
0366 —— X ——— 36
0367 —— 4 ——— 04
0368 — — XTO — —— 23
0369 —— X ——— 36
9379 —— 5 ——— 85
8371 —— SR ——— 77
9372 —— 3 ——— 93
8373 — — XTO ——— 23
#9374 —— B ——— B9
8375 —— CNT ——— 47
0376 —— 1 ——— g1
9377 —— 8 ——— 18
$378 — — XTO — —— 23
8379 —— a ——— 13
0388 —— 1 ——— 91
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#38l —— 6 ———
#9382 —— XTO ———
#3883 —— b ———
9384 — — XFR — ——
638 —— 9 ———
9386 —— XTO — ——
9387 - — — ———
$388 —— 8 ———
$389 — — GTO —— —
6399 — — S/R ———
$391 —— 8 ———
$#392 —— 8 ———
» $393 —— 9 ———
9394 —— 8 ———
9395 —— K ———
£396 —— SR ———
8397 —— 1 ———
2398 — — XFR ———
2399 —— IND ———
0400 —— a ———
9491 —— XFR — ——
492 —— X ———
2403 —— 9 ———
9484 —— XFR — ——
0405 —— + ———
#4906 —— 8 ———
024907 —— UP ———
2498 —— UP — ——
24969 — — XTO ———
8416 —— 3 ———
#411 —— XFR — — —
M412 —— 1 ———
2413 —— 9 ———
#414 —— XEY — — —
#M15 —— H ———

9416 —— RUP — ——
#417 —— XFR — — —

9418 —— — ———
9419 —— 2 ———
9420 —— 8 ———
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26
23
14
67
11
23
34
18
44
77
29
a3
11
19
55
77
a1
67
31
13
67
36
11
67
33
19
27
27
23
23
67
21
11
39
74
22
67
34
22
89

75
36
27
At
33
25
12
35
49

67

24
27
67
23
27
12
67
36
24
/2
33
25
74
23
36

67
22
25
27
21

27 .

67
36
24

0421 — — ] ———
0422 —— X ———
0423 — — UP ———
0424 —— 1 ———
0425 — — 4 ———
9426 — — DN ———
0427 — — XSQ — ——
§428 — — DIV ———
9429 — — YTO ———
439 —— 2 ——— P2
$431 — — XFR — ——
0432 — — 2 ——— 92
P433 — — 4 ———
B434 —— UP ———
$435 — — XFR — ——
0436 —— 3 ———
0437 —— UP ———
9438 —— XSQ — ——
439 — — XFR —— —
0949 —— X ———
0441 —— 4 ———
P42 —— 2 ———
8443 —— 4 ———
P444 — — DN ———
0445 —— H ———
D446 — — XTO ———
0447 —— X ———
B448 —— 2 ——— 92
0449 — — XFR —— —
D459 —— 2 ———
0051 —— 5 ———
9452 — — UP ———
0453 —— 1 ———
0454 — — UP ———
0455 —— 2 ——— #2
9456 — — XFR —— —
957 —— X ———
0458 —— 4 ———
0459 —— 2 ——— 22

9465 —— XFR — ——

67

Tabel 1 (continuare)

9461 —— X ——— 36
9462 —— 3 ——— 93
#463 —— 4 ——— 33
9464 —— DN ——— 25
0465 —— H ——— 74
#466 — — XFR ——— 67
P467 —— X ——— 36
9468 —— 2 ——— P2
#469 — — XFR ——— 67
9478 — — IND ——— 31
2471 —— X ——— 36
P472 —— b ——— 14
B473 — — XTO ——— 23
P474 —— 4+ ——— 33
P475 —— 5 ——— 95
0476 — — XFR —— — 67
0477 —— X ——— 36
9478 —— 3 ——_ 83
§479 — — XTO — —— 23
#486 —— + ——— 33
P481 —— 4 ——— 94
§482 — — ONT ——— 47
9483 —— 1 ——— g1
0484 — — XTO — —— 23
9485 —— — ——— 34
9486 —— a ——— 13
9487 —— C ——— 61
9488 — — X>V——— 53
#9489 —— g 9@
9496 —— 3 ——— 93
#9491 —— 9 ——— 11
0492 —— 8 ——— 19
9493 —— 3 ——— 93
9494 — — UP ——— 27
#9495 —— 1 ——— g1
9496 —— D ——— 63
#9497 —— K ——— 55
9498 — — SR ——— 77
0499 _— § ——— gp
9500 —— B ——— 0P

Integralele " se calculeazi aici cu ajutorul unei subrutine ce incepe

la pasul §344. Programul ei este un hibrid intre o metodd Gauss si inte-
grarea pe intervale echudistante in urméatorul sens. Domeniul @, — b; este
impdrtit in NV subdomenii, fiecare din acestea fiind integrat dupd o meto-
di Gauss cu sase noduri [6]. In acest fel valoarea integralei pe fiecare
subinterval a fost calculatd cu o precizie foarte bund fdrd a ocupa cu
noduri sau ponderi mai mult de zece registre de memorie ceea ce a fost

important.

Limita superioari de integrare in (12) este b, = +co. Calculul nostru
a ardtat cd pentru ordinele si valorile parametrilor 0< < 1, —5 < ¥ < 10,
o limitd superioard de +40 d& acelasi rezultat cu 12 zecimale exacte, ca
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pentru o valoare a lu b1 = +100 De asemenea impirtirea domemului
de integrare intr-un numir de subdomenii N > 10 duce la corectatea
valori1 integralelor doar la a sasea sau a gsaptea cifrd semmnificativi, pen-
tru b; = 440, in timp ce durata calculului se prelungeste nejustificat.

Indicele » 1a In toate integralele (12) mentionate sau valoarea 0 sau
valoarea 1. Pentru a scurta programul, subrutina amintiti calculeazi atit
mlpm ol g1 "

In tab 3 se prezintd confinutul registrelor de memorie al calculatorului
Datele numerice ce se mtroduc in registrele 6—18, ca s1 intreg programul,
se Inregistreazd pe o carteld magneticd pentru a miri operativitatea lu-
crului.

Tabel 2

Valorile indieillor » §i %2 ce intervin in calculul coeficienfilor de transport

Index
Mg k.: 1711 kl
Mecamism de impristiere

Vibr acustice 1 —2 1/2 —4
Vibratd optice T << Tp* 1,5 0 1,5 0
Vibrajn optice T > Tp 2 -2 2,5 —4
Tom de mumpuritate 3 -2 4,5 —4

* Vez: modificinie din program

Ca instrucfiuni de lucru menfrionim urmitoarele
Se aduce calculatorul la pasul 0009 51 se introduc datele in urmitoa-
rea ordine.

BJ C; My, k2; my, kl: G; D; uH; TJ a, Upy,

Dupid aproxtmativ patru minute calculatorul imprimd pe hirtie (in
ordinea tiparirn lor).

Lomi, o, v, M E, T, 1T, In T,

In cazul calcululw in 1poteza impristierit purtitorilor de sarcini pe
fononi optici programul se modificd dupd cum urmeazi

Pasul 0155 st urmdtorii se vor modifica astfel* GO, ¢, 2, 1, 8,.

Pasul 9218 devine XFR., Pasul 0252 devine 0

in acest caz in loc de In E calculatorul tipdreste In £’

In incheiere dorim si subliniem ci programul prezentat de noi pre-
lucreazd rapid §i exact datele experimentale privind efectul Hall, conduc-
tibilitatea electricd si1 forfa termoelectromotoare nu numai la semiconduc-
tori de impuritate cu legea de dispersie nepatratica, c1 si la ce1 cu legea- de
dispersie patraticd, pentru aceasta fund suficient ca ,,a’”’ sd se comunice
ca o valoare suficient de micd pentru ca ax <€ 0 pe tot intervalul de
integrare, cu care integralele (12) se transformd In integrale Fermu [5]

(Intrat in redacfre la 15 februarie 1975)
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Continutul registrelor de memorie

Tabel 3

Registru nr., Confinut*#* Registru nr. Confrnut**
889 operational 281 operational
292 operational ] operational

T oep4 »HiL(a, €7) 895 "La T)
206 N 807 1
298 operational 2829 by N
219 £,2339569673 211 8,386904879
212 £,6193995939 913 5,1803897865
2914 £,1693953968 215 9,8306946932
216 9,085662242620 817 © #,93376524290
218 £,9662347571 219 n =409
229 oK 821 &,
922 e; ko ggg g e t
224 m curent uren
226 o - efk #27 “g .
. 0 229 liber
928 8¢, 231 4
238 operational 233 T
« Oy m, » .
832 L(;;;)(a, &) 835 OAC' .
£34 7.l 237 L7{a,
236 liber 430 wa )
OLm, a c') 7,
238 i € 941 c
840 B 943 “p
L4z a 45 ’ curent
P44 D My curen
246 ky curent 847 " cur.e_nt
948 by curent a operafional
b operational

*¢ Vezi notatia din schema logict

U1 0O RO

513, 1965.

[+]
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A PROGRAM DESTINATED TO HP 9810A MINICOMPUTER, FOR INTERPRETATION
OF EXPERIMENTAIL DATA ON SOME TRANSPORT PHENOMENA IN IMPURITY

SEMICONDUCTORS

(Summary)

The program permits the calculus of concentration, Fermi-level, Hall mobﬂ1ty, effective
tmass of charge carriers and the dominant scatternig mechanism of charge carriers.



STRUCTURA SI CONDUCTIBILITATEA ELECTRICA A UNOR
SISTEME PE BAZA DE V,0, CU FORMATORI DE FAZA VITROASA

L. STANESCU, I. ARDELEAN, D. STANESCU si I. HOSCIUC

Lucrarea constituie o continuare a studiilor efectuate asupra unor
sticle semiconductoare pe bazi de V,0, [1 — 4]

In lucrarea [4] s-au expus unele consideraju privind acfiunea formato-
rilor de sticld ca ,,otrdvurt’” asupra catalizatorilor pe bazi de V,0;, Intru-
cit conductibilitatea electiicd repiezintd un indicator folosit pentru carac-
terizarea activitdfn catalitice [5—9), considerdm util studiul acesteia in
cazul sistemelor pe bazi de V,0O; aliate cu formator: de sticla

Am urmirnt pin absorbtia in IR st analiza termicd unele sisteme pe
bazd de V,0; cu formatori de sticle P,O; s1 GeO, atit in stare vitroasi
cit 511n state cristalind §i actiunea acestor formaton asupra conductibitibili-
tatir electrice

Partea experimentali. Au fost pieparate probele avind compozitia
69V,0; — 21MoO, — 9P,0; (VMP) s1 84 V,0; — 16Ge0O, (VG) prin topi-
rea componentilor in creuzete de platini s1 célirea topiturilor prin turnaie
pe o placi de otel inoxidabil (Cifiele indicd concentratia in procente
molare a componentilor). Pentiu a cieste concentratia de V*+, sticla VMP
a fost in piealabil topitd cu zaharozd objinindu-se o substantd vitroasi de
culoare inclusd in urma cdlirii prin turnare {4].

Probele astfel obtinute au fost supuse unui studiu de absoibtie in IR
folosind 1nstalaita UR 10 De asemenea s-a efectuat analiza termicd la
sticla VMP, in instalafia ORION —GYEM, pentru a se pune in evidenid
procesul de ciistalizare

Rezistenga electricd in functie de temperaturd a fost misuratd folosind
instalatia redatd in figuia 1

Pentru maisurarea rezistenjer electiice probele au fost argintate folo-
sindu-se pasta de argmnt Degussa Ca instrumente de misurd s-au folosit
o punte de precizie RLC—ORION pentru méisurarea rezistente:r electrice
st un potenfiometru P 306 pentru misurarea temperatuii.

Rezultate si diseutii. In figura 2 redim spectrele de absorbfie in IR.
Sticla VMP (fig 2, curba 2a) este caracterizatd de un spectru IR,
care In comparatie cu spectrul V,0p pur (fig 2, curba 1) prezintd in
locul benzii de absorbtie cu maximul la cca 830 cm—! un palier de absorb-
t1e intensi In cazul V,0; pur banda de la 830 cm-! este datoratd vibra-
tulor de valentd ale celor trer legituri V—O (1,77 A, 1,88 A, 2,02 A)
1ar in cazul sticler apartia palierului este explicabild dacd admitem ci
legaturile V—O—V pot fi de cele mar diverse lungimi In locul benzi
inguste st intense de la 1019 cm~-! a V,0; (curba 1) care este datoratd
vibratier de valenf{d a legdturn V =O, apare o bandd mult mai pufin
intensd, care este deplasatd spre numere de unde mair mict. Micgorarea

o
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insemnati a acestui maxim si diversificarea lu.nglmllor legdtuiilor V—O
exprimi schimbirile structurale induse de prezenta P,O;.

In lucrarea [10] am aritat ci in spectrul IR al probei 80%, mol
V,0; + 209% mol MoO, nu apar schumbdri semmnificative fafd de V,0;.
Astfel, schimbirile observate reflectd formarea fazei vitrcase cu part1c1—
parea P,O;, cind in locul structurii in stratwii (plane ac) legate prin forte
slabe de-a lungul axei b (vezi figura 3) apar legdturi puternice pe seama
distrugeri1 legdturilor V=0. Modelul propus este in acord si cu ideile expuse

deDrake giScanlan [I1] privind tipul de legaturd in sticle. .
Prin racirea lentd a topiturii se obtme o substan{d care nu mar are
aspect de sticli, 1ar benzile amintite sint mult mai clar exprimate (fig. 2
curba 2b) indicind prezenfa unei faze cvasicristaline.
Actiunea distructivd specificd formatorilor de sticld asupra legiturii
V=0 din V,0, se manifestd si atunc: cind se adaugd GeQO,. Pe spectrul

»
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de absorbfie IR al probei VG (fig 2, curba 3) se constatd atit micsorarea
intensitdtii benzii de la 1019 cm=—? cit st lirgirea, celer de la 830 cm™!
[4], fenomene care pot fi interpretate in mod analog ca si In cazul sticlei
VMP Trebuie si remarcdm cd desi concentratia de 169, mol GeO, este
insuficientd pentru formarea uner sticle (cca 43%, GeO, dupd [12]) strue-
tura V,0, este puternic afectatd chiar g1 la aceastd concentratie.

In figura 4 redim o termogrami a prober VMP

Se constatd cd prin fncdlzire la cca. 300°C aye loc un proces de crista-
lizare pus In evidentd printr-un efect exoterm puternic pe curba ATD
Efectul endoterm de instensitate micd, care apare sub temperatura de
300°C este datorat probabil formdrii de nuclee de cristalizare Peste tem-
peratura de 300°C se atinge un grad de fluiditate suficient pentru ca faza
cristalind confinind 1oni1 V4+ si se manifeste in curba TG printr-o crestere
corespunzéatoare absorbfiei de oxigen la topirea probei [4].

In figura 5 redim dependenta lg ¢ = f (%) pentru probele studiate

mai sus.
Pentru fiecare portiune lineard se indici pe curbe valoarea energiei
de activare a conductibilitifi electrice considerind p = pq exp(AE/RT).
Tn figura 5a, curba I se referi la proba vitroasi VMP iar curba II
la proba VMP cristalizatd. Se constatd cid proba vitroasd are o.rezis-
tivitate mai mare cu trei ordine de mérime decit proba cristalizata.
De asemenea gi energiile de activare pentru sticla VMP sint mai mar:
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decit pentru proba VMP cristalizatd In stare cristalizati proba VMP are
totus1 o rezistivitate cu cca doud ordine de méirime mai mare fatd de pro-
ba 809 mol V,0,—209, mol MoO; [13] la temperatura camere1 si o ener-
gie de activare mai mare.

Influenfa alierii a V,0; cu GeO, asupra conductibilitidfii electrice este
reprezentatd in figura 5b Fatd de cca § - 102Qcm, rezistivitatea pentru
V405, pentru proba VG, aceasta are o valoare de peste 10°Qcm, la tem-
peratura camerei si de asemenea o energie de activare a conductibilitifu
mult mai ridicatd (pentru V,0; AE =~ 0,20 eV).

Concluzii. Formatorii de sticld influenteazi negativ conductibilitatea
electricd a V,0; st a sistemului V,0;—MoO,.

In lucrarea [4] s-a prezentat actiurea otrivitoare a formatorilor de
sticld asupia unor procese catalitice. Formatorir de sticli actioneazi deci
negativ atit asupra unor procese catalitice cit $1 asupra procesului de
conductie electricid in cazul sistemelor pe bazi de V,O4

(Intrat in redactre la 15 februarie 1975)
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STRUCTURE AND ELECTRICAL CONDUCTIVITY OF SOME V,0, SYSTEMS WITH
GLASS FORMERS

(Summary)

The infrared absorbtion, thermal analysis and electrical conductivity studies show that
the glass formers distory V = 0 bounds, which are typical for the layer lattice of the V,0O,
and 1 turn set up the tridimensional bounds. At the same time, a significant increase of
the electrical resistivity and activation energy of the V,0; and V,0;—MoOQ; samples alloyed
with glass formers (P,O; and GeO,), 1s ascertained.



ON THE METAIL—IIGAND BONDING IN COPPER(II)—BIS
(8-HYDROXYQUINOLINATE)

0. COZAR, V. ZNAMIROVSCHI, I. HAIDUC

1. Introduetion. Copper(II)—bis(8-hydroxyquinolinate) has been in-
‘vestigated by ESR, ENDOR, and optical methods with emphasis upon
certain structural aspects, in particular upon the metal — ligand bond
[1—6]. .

Thus, Gersmann and Swalen [1] investigated the ESR spec-
tra of Cu(Ox), in 609, chloroform + 409, toluene solution at 77°K from
which they determined the values of the g, 4 and a¥ tensors. The MO
coefficients were determined by assuming D,, symmetry with 4,, ground
state and g, and g, axes bisecting the ligand-copper-ligand bond angles.

Kokoszka et al [2] have investigated ESR spectra of polycrys-
talline samples of [®Cu(Ox) 2H,0], magnetically diluted with the iso-
morphous zinc—bis(8-hydroxyquinolinate), in the X and K bands. In
the electronic spectra they found three absorption bands A; = 15 400,
A, = 23000 and Ay = 28500 cm—*. The MO coefficients were estimated
assuming Dy, symmetry with d,._,» as ground state and A; = A,, A, =
= A,. The differences between ESR and optical data were attributed
[1—2] to the presence of different ligands on the Oz axis.

Rist et al [3] have studied the matnx effects upon the ESR para-
meters of Cu(Ox), incorporated in phtalimide, phtalic acid, 8-hydroxy-
quinoline and zinc bis(8-hydroxyquinolinate) and found that the values
of g, A and aN tensors are sensitive to the lattice environments. The MO
treatment was done a,ssunung a rhombic symmetry (Dg;) with the dp_ e
as ground orbital and the «, &’ coefficients were determined.

The ESR and ENDOR investigations [3—6]
on the Cu(Ox), have shown that the g, axis is N o
along the O—Cu—O direction and g, forms a 5°
angle with the N—Cu—N axis (fig. 1). v

In this work we have investigated the sol-
vent effects on the ESR and electronic spectra
of Cu(Ox,). Also, assuming the Dy, symmetry

with d.._,» as ground state, the MO coefficients \|ss6° -t

for the metai-ligand bond were estimated. Unlike gsj;cu/

previous works [1—3], in this one the bonding — Qoere) ¥ mes-om 93°§
parameters for the Cu—O and Cu—N o-bonds Ricu-Ni1aa A

as well as for the n-bonds out of the xOy plane
are determined .
2. Experimental results. a) ESR measure-
ments. ESR spectra of Cu(Ox), in various sol- Fig 1. The structure of

s Cu(Ox), and the orentation
vents (chloroform, toluene, pyridine, etc) were of g, and gy axes [5—7]
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recorded both at room and liquid nitrogen temperatures The concentration
of the samples was 7 mg/ml Cu(Ox),

The ESR spectra were recorded with a JES—3B spectrometer wor-
king 1n the X band with a field modulation of 100 Kc/s

At room temperature all the spectra contain four well resolved com-
ponents of the Cu(II) hyperfine structure, but none shows the nifrogen
superhyperfine structure.

At 77°K the hyperfine structure from the parallel band of the spec-
‘tra is resolved for all solvents used which ‘afforded an estimation of
the gy and A, parameters The mtrogen superhyperfine structure 1s best
resolved on!the m; = -+ 3/2 signal in the parallel absorption and in the
region of perpendicular absorption (fig. 2). - .-

The presence in the ESR spectrum of more than five superhyperﬁne
lines is due to %Cu and %Cu isotopes.

~3/2

H "(_‘::iax
et ‘._
T0Gs
—
N
a) .

-
1

34 14 | Tgn V2

Fi1g 2 The ESR spectrum of Cu(Ox); 1n a solvent mixture containing 559% chloroform --
+ 40% toluene + 59, ethanol at 77°K The expanded peak my = +3/2 was recorded 1
a 70% chloroform + 309, ethanol mixture
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In order to determine the components of the superhyperfine tensor,
and a} 7, 1t was assumed that the splitting between two superhyperfme

11nes on the signal m; = +3/2 in the parallel band represents a) 1, and
the splitting between the lines around g; represents 1/2 (a¥ + af ) (8]

The ESR parameters thus obtained are given in table 1.

Table 1

The valut%s of the ESR parameters for Cu(0Ox), in various solvenis

14, 14l a1 161 1af

Nr Solvent g - &y
e expressed 1n 10— em—1
1 | 60% chloroform ! 2219 2046 1764 228 122 82 95
409, toluene -
2 | 70% carbon tetrachlonde 2221 2042 1758 234 120 81 94
309, ethanol
3 | 75% chloroform : 2 224 2 049 1723 206 122 82 95

259, éthanol *
4 | 40% toluene {

559, chloroform 2 229 2 044 1765 231 142 81 101
59, ethanol RN
5 1009% pyridine 2 231 -2.051- | 1683 12 7 — — —

In pyridine (fig. 3) the superhyperfine structure is not resolved and
the shape of the spectrum differs from.the others™ in that the peak m; =
= —3/2 from the parallel absorption 'band overlaps on the perpendicular
absorption, the separation of the two being small This is due to the
higher donor ability of the pyridine molecules, which becomes coordina-
ted to copper on the Oz axis, resulting 1n a modification of the ligand field
symmetry and of the metal — ligand bond

b) Optical data. Electronic spectra of Cu(Ox), in various solvents were
recorded on a SPECORD UV—VIS mstrument at room temperature,
For each solvent used three absorption bands in the 14 000—30 000 cm-?
range were observed (table 2)

These bands can be assigned as follows [9], A, =du_pr — d,,, Ay =
=dp_p — Ay, Ay = dp_,» —d, transitions

For the ds_,. —d,, band
no solvent shifts were obser- .
ved, because of its low inten- The absorption bands in the electronie spectra
sity. For other bands slight sol- of Cu(0x); in various solvents

Table 2

vent shifts noticeable, and these
are due to the coordination of Nr A,(cm—1) Ay{em—1) Ag{em—1)

solvent molecules on the Oz
axis. 1 14 640 24 000 29 600
3. The moleecular orbitals and 2 14 640 25 120 30000
the values of the g and A tensors 3 14 640 24 800 29760
] g and A tensors,. 4 14 640 24 400 29 680
In assumption that the investi- 5 14 640 24 400 29 360
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F1g. 3 The ESR spectrum of Cu(Ox), in pyridine at 77°K.

gated complex has a Dy symmetry, the 2D term of the Cu(II) is split
into five levels, corresponding to the following atomic orbitals dua_,, dy,
dyy, @r and d,, Simce 1n this symmetry both d.._,. and d, functions be-
“long to the same A4, representation, for the construction of the mole-
cular orbitals ¥,,, Buluggiu et al [9—10] use their linear combina-

tions.

The calculation of the o and £ coefficients in the case of complexes
with the same symmetry [9—10] shows that «? > &2, therefore one can
neglect the mixing of the d, orbital with 4,._,., which is assumed to be
the. essentially ground state {3—5]. Also, assuming that in the LCAO-MO
scheme, the ligand atoms participate in bonding with 2s, 2p,, 2p, and 2p,
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orbitals, the antibonding molecular orbital of the complex will be:

TAg = Oﬂdx’—y’ - ‘1(’) ("‘ v + 0'(3) /\/2 (2) - '-("4))/'\/2
g = and? — afo(al — o)/WZ — ain c;” — o) Iy2
Wa = Bl — (1= B (3 + pD — 57 — pP)/2 1)

IPBIE = 8Od:;z - (1 — 8%)1/2 (l) (3) /42
Ype = 8y dys — (1 — 812\; 1/2 (ﬁﬁz) _ §4) /\/2

where o) = np®) F (1 — n2)12 s are the sp? hybridized (n = 4/2/3) orbi-
tals of the ligands. This hybridization is imposed to nitrogen atoms by
the fact that they belong to a pyridine-type ring, with a C—N—C bond
angle of 120°.

Assuming the wave functions (1) and using the second order pertur-
bation theory [9—10] for the rhombic symmetry the following spmm —
Hamiltoman 1s obtained :

?/Es: B. [gx Hx Sz+gy H? Sy+g: Hl’ Sz] + (2)
+ A, I,S,+ A4,1,5,+ A, I, S, + %,

where :

g, = 2.0023 — (20/A,) a8y [ady — 20n 8y Sy — ay (1 — %) Ty(n)] (3a)
g, = 2.0023 — (21/A,)ado[a8g — 20§80Se — af(l — 83)12Ty(n)] (3b)
g = 2.0023 — (8MA,)ap{eB — Blag So + an Sy) — (3¢)

— (1 — pA¥(242)1 [o5 Ton) 4 oy T(n)]}

A, = P[a(27 — k) + (3[7)(MAL)a? 8} — (21/A,.)a? 3}] (3d)
Ay = P[o3(2]7 — k) + (3[7)(MAy) a2 8y — (22]AL)e? 8] (3e)
A, = P[—o*(4[7 + k) — (8N Az)a*f* — (3[7)(NAz)oPd; — (36)

— (3/7) (¥ &y)et 85T

- -Theusual values for the Fermi contact term K, dipolar interaction
term P, and spin-orbital coupling constant A are respectively 0.43, 0.036
cm™! and —828 cm~? [11]: A,;, A, and A, repiesent the energy transie
tions between the states By, — A,, By, — Ay and By = 4,.

The T'(n) integral can be written as;:

T,#) = i+ (1 — mi)lie & Sra&p, ) % 8, (r) dr (4)

4 — Physica | 1975
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where &,,(r) and &, () are the normalized radial functions p and s for
the ¢-th ligand and R, is the metal-ligand distance. Using the hydorgen-
like wave functions 2s and 2p for the ligands, T'(n) can be estimated with
the aid of relation [11—12]:

T(n) =n — (1 — n¥)28R(Z, Z)%2 (Z, — Zp)|(Zs + Z,)" 4, (5)

In the present case # = 4/2[3, R(Cu—O) = 1.930 &, R(Cu—N) =
= 1.973 A and Z,and Z, are the effec’ave nuclear charges for the 2s and
2p ligand orbtals. Using for Z; and Z, the values given by Kivelson
and Neiman [11] for oxygen and nitrogen one obtained respectively

To(n) = 0215 and Ty(n) = 0 32

Sy, and Sy are the overlap integrals between the d,_,. orbital of
Cu(II) 1on and the symmetrized o orbital of oxygen and nitrogen respec-
tively. They can be expressed as

So = A2 {du-p| — ot (6)

Sy = \/f (Ba_p] 0 cos ¢ .

where ¢ = 17° is the angle between the direction of the nitrogen o orbital
and the y-axis [§]. For S, we considered a value of 0.106[10] and
Sy = 0.093 which was obtained after [9].

4. Evaluation of MO coefficients. The calculation of the MO coefficients
for the ground state ¥ 4o,y Was done by taking into account its normali-
zation condition:

o+ o + o — 2a o Sg — 2oy Sy =1 (7)

Introducing the equations (3a), (3b) and (3c) in (3f) the following
approximate relation is obtained for.a [11]:

= ([4l/P) + Agy + (3/7)Agy + 0.04 | (8)
Here, Ay = A, g =g, Mg =g — 2002,
g1=1/2 (g, +g) and Agy =g —2002

The oy coefficient can be estimated from the mtrogen superhyperfine
splittings, by assuming that [8]

@ = a; + 2ay l R ()
al =& —ay (10

where,
= (8n/3)B, By &. &vl S(O)*(1 — 7?“)“3/2, (11)

ap = (2/5) B, Pri 8. &n (=2 1* o |2 (12)
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The calculations of Maki and Mc Garvey [12] for |S(0)|* and
(¥—3)p gave respectively the values of 334 X 10¥cm~—2 and 21 1x10%
cm~3. By using the necessary experimental data, from relation (8) and
(11) the o and «f coeffictents were estimated Introducing these values

and the overlap integrals in relation (7) the values of «; were obtained
(table 3).

Table 3
The values of MO coefficients for Cu(Ox), mn various solvents
Nr o2 o’ a B2 8 %
1 0,766 0,282 0,103 0,737 0,959 1,106
2 0764 0285 0102 0743 0912 1017
3 0761 0 287 0103 0758 1 066 1194
4 0775 0 265 0110 0757 0,907 1039
5 0757 — — 0,780 1 080 1216

The values of the other coefficients, which characterize the in-plane
rm-bond (B) and out-of-plane =n-bonds (3, 3y) were estimated from the
equations (3a), (3b) and (3c) in which the already known parameters
and optical transitions were introduced. In the (3a) and (3b) relations the
last term was neglected because 8§, 3y ~ 1

5. Diseussions. An mteresting result obtained in this work, in addition
to what 1s known from previous ones [1—3] 1s the strong anisotropy of the
covalence in the ground state ¥ ,(x*—y? The Cu—O bond has twice
as much covalent character than Cu—N bond. The value of the coefficient
og? o~ 0.28 which characterizes the covalent degree of the Cu—O bond 1s
1 good agreement with the value reported by Buluggiu [10] for
CuCl, - 2H,0, where og* = 0.25. )

It can be seen that in these compounds the covalent character of Cu—O0O
bond 1s more pronounced than is usual square-planar complexes of copper.
The electron density at mitrogen sites (wy oz 010) determined in our
compound from superhyperfine splittings 1s smaller than in square-planar
complexes, but 1 agreement with data obtained on monocrystal of
Cu(Ox), [3] and also 1n momnocrystals of dimethylalanine, o — glycine and
1,-alanine copper (II) derivates [13].

The coefficient B2 ~~ 0.76 shows a considerable covalent character of
the = bond in the molecular plane. At the same time the out-of-plane =
bonds are practically 1onic, but there in some difference in the character of
the Cu—O and Cu—N bonds. The most stressed ionic character of the
out-of-plane © bonds was observed in pyridme (tabele 3), due to a strong
coordination of the pyridine molecules on the Oz axis.

( Recesved February 17, 1975)
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ASUPRA LEGATURII METAL-LIGAND IN CUPRU(II)-BIS(8-HIDROXICHINOILINAT)

(Rezumat)

Se face un studiu RES si optic asupra bis-8-hidroxichmolinatulu: de cupru(II)in dife-
{1 solventt,

Considerind complexul de sumetrie D, cu starea fundamentald dx,_y., se estimeazi
coeficientit MO caractemstici legditurn metal — lhigand Rezultatele indicid o puternici amni-
zotropie a covalenter in starea fundamentald. Gradul de covalenti al legiturn Cu—O este
de peste dou# ori mai pronuntat decit al legiturn Cu—N

Legdtura = in plan are un grad de covalentd apreciabil (2 a¢ 0,76), 1ar cea = in afara
planului este practic 1onicd



DETERMINAREA UNOR MARIMI MOLECULARE DIN MASURATORI
ULTRASONICE

LIA ONITIU

Conform lui Brillouin [1] i Frenkel [2] un lichid se deose-
beste de solidul corespunzitor prin absenfa modulului transversal de elas-
ticitate, astfel incit se poate concepe propagarea unei unde plane in lichid
ca ficindu-se In lungul unui cnistal unidimensional.

Limitind problema la temperaturi suficient de indepdrtate de cele
critice, astfel incit componenta cineticd a energiei interne a lichidului
si poatd fi neglijatd, energia internd este reprezentatd prin energia poten-
tiald de interacfiune a moleculelor; prin neglijarea acfiunii reciproce cu
moleculele indepirtate si limitarea la interactiunile dintre vecinii cei mai
apropiati, Altenburg [3] calculeazd viteza de propagare a ultrasune-
tului din ecuatia:

2 = 20 (1)
e
unde ¢'’(r) este derivata a doua in raport cu 7[y (y = C,/C,) a energiel
potentiale de interacfiune ¢{7) a doud molecule vecine, aflate la distanja »
in general ¢(7) poate fi exprimati analitic in funcfie de volumul molar
V printr-o diferentd de doi termeni de forma :

olr) = o — o (2)

unde m gi »# sint constante independente de volum §i aceleasi pentru toate
lichidele, iar A si B sint mirimi dependente de temperaturd, avind
valori caracteristice pentru fiecare lichid. Ca urmare, viteza sunetului este
datd de relatia:

V2 = ymne (3)

Tntr-o solutie, si In special in solutiile electrolitice, Kudreavtev
considerd [4, 5] respectati aditivitatea energiei interne, deci, {inind seama
de cele de mai sus, Intr-o astfel de solufie viteza ultrasunetului poate fi
exprimatd prin relafia :

v =(1—v)vl+v2? (4)

unde v, reprezinti viteza ultrasunetului in solventul pur, v, este viteza
ultrasunetului in substanfa cristalind dizolvatd, iar v este cantitatea de
sare confinutd in 100 g solufie.

Viteza in substanta dizolvatd, v, poate fi exprimati in funcfie de
energia potenfiald a refelei cristaline ionice, ¢, Astfel:

& b{Ze
™ v

Ps = (5)
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si considerind 7 = V13, rezultd-

1

= < vy, ©

In relafia (5) 7 reprezinti distanta dintre iomu regeler cristaline cu
sarcina Ze, iar a4, b, n, sint constante

Expresia vitezer intr-o solufie electroliticd devine.
v = (1= )5 + = vyme, 7)

Pentru substantele solide se poate considera y = 1, 1ar Kudrea-
viev st colab [4, 5] propun pentru #, valcarea'5

Privind problema invers, ecuatia (7) permite calcularea energier reje-
lelor cristaline din mésuridtori de vitezd a ultiasunetului in solujule sirurilor
respective In acest scop am utilizat valorle misuiate expertmental [6—8]
in solutitle apoase ale unor cloruri si fluoruis, in tabelul 1 fund prezentate
valorile medu objinute pentru energia de rejea a diferitelor cristale Pentru
comparare au fost trecute §1 valorile corespunzitoare ¢, determinate de
M.P. Tost In 1964, prin alte metode

Tabel 1
sare 1 LaCl ’ Na(Cl ' KCl l Nar* l KF
os Keatlmot 179,8 166,0 157,8 182,0 176,3
ont Koatlmol 192,9 178,6 161,6 215,2 189,1

La o examinare mai riguroasd a fenomenului, e necesar sid se find
seama de efectul caloric aparut la dizolvare, astfel incit relatia (7) devine

vt = (1 — W) + vy, + el ®

in care L este cdldura de dizolvare s§i ¢ o constantd. Deoarece ¢, + L =
=H+ 4 H-, (H* si H- reprezentind céldurile de hidratare corespunza-
toare cationului 1 anionului) se poate transcrie relatia (8) in forma

vt = (1 — V)22 + v K(H+ + H-) 9)

care permite determinarea célduru de hidratare H = H+ + H—~ din mésura-
tori ultrasonice. Dacd se exprimi céldura de hidratare in cal/g s1 viteza
in m/s, K este un coeficient care are valoarea K = 2 - 107 pentru cationi
monovalenft si K = 107 pentru cationi bivalenti.

In tabelul 2 sint trecute valorile medu obfinute din misuritorile
noastre efectuate Intr-o serie de solutii apoase de clorur1 s1 fluoruri, fund
trecute de asemenea, pentru comparare, valorile H),; comunicate de Mis-
cenko in 1947 §i determinate prin alte metode.
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Tabel 2
f *
sare™* IaCl | NaCl| KCl | NaF | KF |MgCl, | CaCl, | SrCl, | BaCl,
HE ;g1f ot 195 | 174 | 167 | 225 | 200 | 599 | 529 | 475 | 467
Hyt Keailmot 200 | 177 | 162 | 211 | 193 | 628 | 533 | 496 | 470

Deoarece cildurile de hidratare sint dependente de razele ionilor,
relatia (9) ar putea stabili o legdturd intre viteza ultrasunetului gi dimen-
siunile ionilor sirii dizolvate.

Considerind in prnimd aproximatie valabild ecuafia Iui Voet pentru

sirurt care disociazd In ioni monovalenti, cdldura de hidratare e datid de
relatia :

165 - 5 « 10 1 1
++ H- = 1
HT + M [1+ + 0,8 + r— 0,4] (10)

unde prin 7t §i »~— s-au notat razele corespunzétoare cationilor gi anio-
nilor exprimate in angstromi gi M este greutatea moleculard a sdrir
Inlocumnd (10) in (9) se obtine pentru viteza de propagare a sunetului:

2 (] _ yyp2 . 33110 1 1
v (1= v)o5 + M V[r++o,s+y—+o,4] (11)

In tabelul 3 sint trecute valorile medii pentru razele ionilor aflati
in solutiile apoase studiate, determinate conform relajiei (11) din date de
vitezd. Pentru comparare sint trecute s1 razele ionice determinate de
L. Pauling in 1945,

Tabel 3
1on Iat | Nat | K+ | Mg?*+ | Ca2+ | Sr2+ | Bazt+ | Cl— F-
v A 059 | 09 | 130 | 064 | 087 | 1,01 | 1,22 | 1,78 | 1,26
Y. 0,60 ( 095 | 1,83 | 065 { 0,99 | 1,13 } 1,356 | 1,81 | 1,36

Desi pind acum {5] relafra (11) a fost utilizati numai pentru ioni mono-
valen{i, am incercat extinderea ei §i pentru cationii bivalenti, cu rezultate
mulfumitoare.

In concluzie, viteza de propagare a ultrasunetului poate fi privitd ca
o proprietate intermoleculard, datele ultrasonice permitind determinarea
a o serie de parametri moleculari in acord mulfumitor cu rezultatele obfinute
utilizind alte tehnici experimentale. Totusi, examinind tabelele 1—3, se
constatd cd deternundrile acustice rdmin aproape in permanentd la valori
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ceva mai1 scdzute §1 cauza acestei divergenje sistematice ar putea f1 ciutati
in schimbarea caracterului interactiunilor moleculare, care cu siguranfi
are loc la dizolvarea sirii, schimbare care n-a fost luati in conmsiderare
in modelul teoretic simplu aflat la baza calculelor.

(Intrat in redactre la 17 februarie 1975
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DETERMINATION DE QUELQUES GRANDEURS MOLECULAIRES PAR MESURAGES
ULTRASONIQUES

(Résumé)

On a calculé l'énergie du réseau cristallin, la chaleur 4’ hydratation et le rayon 1omi-
que, en utiisant les valeurs expérimentales de la vitesse de l'ultrason dans les solutions
aqueuses diluées de chlorures et fluorures On a constaté que les grandeurs déterminées par
vole ultrasonore ont une valeur un peu plus basse que les mémes grandeurs déterminées par
d’autres méthodes. On explique cette différence systématique par la sumplfication du mo-
déle théorique utiligé



STUDIUL TEORETIC AL OXIDARII ANODICE A HIDROGENULUI
DIZOLVAT IN STRAT SUBTIRE DE PALADIU, PRIN ELECTROLIZA
LA CURENT CONSTANT (II) .

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

In procesul de difuzie cu adsorbjie pentru un electrod finit, modelul
matematic de la care s-a pornit [5] a condus la urméitoarea solutie:

[+ 89 4+ 20— LEM) 558 0 0)07%)

3(1 + m S=1
t* >0, ~1 <€ <0, ' (1)

- 1
*¥)=1—
() Y{zu )
unde s-a notat.

0. — cos G5(1 4 £) , S=1, 2 ... 2
a;(&, 9;) 62[(1 + m)cos B; — mO; stn 6] ( ) ()

tar 6, sint ridicinile ecuafiei transcendente.
tg 6= —m0 (3).
S-a aritat [5] cd o solufie aproximativi, care pistreazd numai primul
termen al seriei din ec. (1), conduce la stabilirea dependenfei liniare
Vs, ¢!
13
.zranC°(l+K) —mw 4)
relatie verificatd experimental pentru sistemul Pd-H si Pd-D.

In cazulin care se cauti o altd solujie aproximativi, se constatd prin
simpld verificare cd ,,partea principald” a solutiei u,(&, #*) s1 anume, func-
tia

1;1(5, t*) =1— [( + E) + 2)5; 14 3m ] (5)

2(1 + 3(1 + m)]

satisface acelagt model matematic ca gi solujia exactd, exceptind condifia
initiald, in locul cdreia avem

uy (€, tf) =1 —

’

[(1 4 oE) e LA (6)

Y
2(1 + m) 3(1 + m)]

,,Partea principald”, u,(§, ¢*) poate fi priviti ca solufia analitici a
unui model matematic aproximant, pentru modelul inif1al. Pentru ca mode-
lul aproximant si aibd un sens fizic, trebuie si ne asigurim ci M1(E 1)<0
pentru & e [—1, 0].

* Institutul de izotopi stabili, Cluj-Napoca.
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Constatim imediat cd:

0% [7,(E, £2)] <0  pentru £ e [—1, 0]

;é [4.(%, )1 <0 pentru £ e [—1, 0]

deci rezulti ci u,(¥, ¢}) pentru modelul aproximant-notant simbolic prin

(8)17.) — este o functie monoton descrescdtoare pe segmentul [—1, 0] st
are In £ = —1 un maxim:
W ax = 1 — —7 [2¢;_‘+3”‘] (7)
2(1 + m) 3(1 + m)
1ar in punctul £ = 0 atinge o valoare minima -
e =1 ——1|og 2 ] 8
b 2(1+m)[ f+3(1+m) (®)

Considerente de ordin fizic impun-

Upmax <1 S1 Zgg >0

Aceste condifii implicd

14 3m
3 =t on 9
I <Gl = (9)
respectiv :
14 m 1
i — = o = TF 10
N Ty e (10

Retinem dependenta :
t; min = t} mm(”z)
U max = bf max(t, Y)
si precizim domeniul de valabilitate al modelului -aproximant
~ 1* < t* £ ¥
ouy s ST S e [t
( )[—l<£<0 7 & [tfmun ¢ max]

Revenind la ecuatia transcendentd [5] -

e " -6l ¢
atf—{—ﬂ = é€

membrul sting al acesteia, In raport cu ¢} reprezintd o dreaptd, ai cire:
coeficienti depind de e*, m g1 y. Dacd e* si m au fost fixafi, avem de-a
face cu o familie de drepte paralele, parametrul de dependenii fiind v.
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Ne propunem determinarea valorilor limitd. vyym . §i respectiv
Yum sup pentru care dreptele limitd (d.) respectiv (dsup) corespunzétoare,
incadreazd familia de drepte paralele ce realizeazd o intersecfie reald cu
! 2 %

R —601¢
exponentiala e

a) In 1poteza ci sintem interesati numar in aproximarea solufiei
pentru £ = 0, singura restricfie pe’care o cerem este ca ¢} > 0. Dreapta
limitd (dewp) va f1 aceea care-

c* 1
1—e* 2(1 + m)ay(0, 8)
2. trece prin punctul M(0, 1), (fig 1).
Rezultd 1mediat cd pentru (dyp), avem B* = 1, asa incit pentru drep-
tele din familie impunem: $* <1 Cum B* = B*(e*, m, y) condifia prece-

dentd reprezintd o limitare inferioard pentru parametrul generalizat v.
In mod explicit: B* < 1 conduce la.

1. are panta familiei de drepte —

1
= (@ 11
v v > 1 2(1 — %) - Yiim wnt (11)

0, 6
3(1 + m)2+ raab

~b) In ipoteza ci avem in vedere modelul aproximant (i), dreapta
limitd (dap ) va satisface in locul conditiei (2), urmétoarea condifie:
—0? t;mm

(2') trece prin punctul M'(# mm, €

), (fig. 2).

M{oh)

-~
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De aici rezultd cd termenul liber f* din ecuatia dreptei (dqp) va avea
expresia;
» -0l ';mm Hp%
Pop = € — a¥F (12)
Cu aceastd precizare, dreptele din familie vor satisface obligatoriu con-
difia: B* < B&,p, condifie care implicd:
1
1 24,0, 6)(1—¢*) _ 1+3m
e~ %
2(1 + m) e* 8(1 + m)

Y > = Y e (13)

Dreapta inferioard, care mdirgmeste familia dreptelor de intersectie,
este caracterizatd prin faptul cd este tangentd exponentialer e=%**, si are

ca panti pe o* Punctul de tangentd M (i, e—%'T) va avea deci proprie-
tatea urmaiatoare pentru dreapta (di).
2 %
(1) —62e "7 = g
—o} % .
(2) — a¥y = p¥

Conditia (1) expriméd egalitatea pantelor: a drepter $1 a ex_ponenﬁalei,
in punctul M, de pe exponenfiald; condifia (2) exprimd egalitatea ordo-
natelor, in acelast punct, M.

Ay

\ .

b o e .  — — ———— ————

Fig. 2,
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Tinind seama de expresia lui @,(0, 6,) conditiile (1) si (2) de mai sus
ne conduc la:

Bt = p(1 — In p) (14)
unde s-a notat:

, — ¢ (1 4+ m)

In acest caz, pentru familia dreptelor de intersectie, avem limitarea
obligatorie, prin termenul liber §%*.

B* > Pl
inegalitate care se traduce prin:

1
Y < " = Yhm sup (16)
1 2P%up

3(1 + m)? + 021 -+ m + m2 6]

In concluzie, pentru modelul aproximant, (i) parametrul generalizat
y are urméitoarea libertate de migcare:

b
Yl(u:)nmf < Y < Yhmsup
In timp ce pentru aproximarea la § = 0, avem o restricfie mai ugoard :
Yl(xﬂl 1t <Y < Yum sup.

unde marginile care intervin, y@ ., ¥® . Si Yimsp, sint cantitdfi
calculabile si depind, asa cum se vede din expresia lor, de &* si m.

in particular, din expresia yumsp Se poate determuna 4, care
reprezintd densitatea maxima a curentului de electrolizd pind la care depen-
denta liniard v vs.2 este satisfdcutd. Conform notafiei [5]:

1
nEFDC*

si utilizind expresia datd de ec. (16) se obfine:

. uFDC?
fim = = e s —
& 1+ m+ mo} | LEm e e
1 ! 1 1—e* 81 +m) [ 201+ m) ;_1_-_,:*117

la(l + m)t + 0} [1 + m -+ ma6}]

(Hitrat in Fedache la 17 febivarie 1975)
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THEORETICAL STUDY OF THE ANODIC OXIDATION OF HYDROGEN
DISSOLVED IN A THIN PALLADIUM LAYER BY ELECTROLYSIS IN CONSTANT
CURRENT(II)

(Summary)

The mathematical treatment of the anodic oxidation of the hydrogen contamned m a
thin palladium layer, by electrolysis mn constant current is continued in this paper The
overall reaction determmed by the two partial processes diffusion and adsorption, supposing
a raptd equillibrium between adsorbed and absorbed hydrogen, leads to the determination
of the limiting current density np to which a linear dependence it vsz 15 maintamned



APPLICATION OF THE THORNE-ENSKOG THEORY TO EVALUATE
THE TRANSPORT COEFFICIENTS IN THE BINARY LIQUID
METAI, MIXTURES

pe

SPERANTA COLDEA

The Enskog theory for dense fluids [1], [2] was recently used in
the case of a simple liquud metal with the purpose to calculate the selfdiffu-
sion coefficient D [3]. Making a generalisation of an apprcach for dense
fluids to the liquid metals [4] and using a correction factor which results
from the molecular dynamics calculations [6]—[6], a relatively simple
expressions for the diffusion coeffictent D was obtained It was found
quite a good agreement of the theoretical calculated data with experiment
for a great number of liqud metals

It is possible to extend this theory to the other transport coefficients
of a liquid metal (shear and bulk viscosity for example) by using the
similar coriection factors from molecular dynamics calculations and the
corresponding Enskog theory {7] But the aim of the present note is to
generalize this approximation of the well-known Thorne-Enskog theory
for dense fluid mixtures to the binary liquid metals mixtures. Without
knowing too much molecular dynamics data for the transport coefficients
of the binary dense mixtures and the correction factors respectively, we
are able to apply the Thorne-Enskog theory in the case of a binary mix-
ture of liquid metals. Here are presented the results for some relatively
simple transport coefficients as the mutual diffusion, thermal diffusion,
and bulk viscosity. ’

The Thorne’s expression for the mutual diffusion D, of the compo-
nents ,,1” and ,,2” of a dense fluid binary mixture 1s the following [2]:

3 2k Tmg \V2
Dielr-e = [Dielifotae = ( = )

MM;

(1)

161m,4035%12

where y,, = g(0y,) is the Enskog correction factor for dense fluids (binary
mixtures), e.g. the pair or radial correlation function for » = &y, and
612 = (67 + 6,)/2 (the aditivity condition), o, and o, are the diameters
of the mixture components, # = #, + n, and m, = m, + m, (the total
density number and the sum of the atomic masses), M{ = m,[m, (+ = 1,2).

As in the nitial liquid metals theory [3], the binary mixture can be
assimilatéd with a hard-sphere dense fluids mixture. The mass of each
atom of the liquid metal must be the same as the mass of a hard sphere,
both for the components ,,1”’ and .2"” of the mixture. For g(o,,) 1s used
a similar relation to that of the basic ‘theory for a simple liquid metal
[3]. e g. a function of the compressibility factor Z:

(2)
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where [8b]"
2

£=2 & =mn/6 - noly, + ofxa) (3)

1=1

is the corresponding packing fraction for a binary liquid metal mixture

[8b]. Z¢s is determined from the Carnahan-Starling-Mansoori state equa-
tion for a fluid mixture [8b—c].

M (1+ E4 & — Ey; + 33) — 3,89
CcS —
(1—ge

(4)

with & from the relation (3).
Substituting the definitions {2]—[4] in the relation (1), the expression
for the coefficient D, of a liquid metal mixture will be given as follows.

D,y(t) 22 0,6 (=& . (R:r(M1 + My
12( ) ’ﬂcgs(—Z(Z - E) - 52(}’1 + Ys — 1) _yzga) M1M2 J ( )
where
y(T) = (917%7) "2 (91 — %a1)*(ar + Spr) Mt (6)
n(olgny + o3pn,)
(1) = LTa%2r)? (oar = oar)(olys + ofymy) mamy ?)
(o + ogn)?
and
Ty — {olrm + ojr my)® 3
AT =t ot ®
with

(--(5)")

O',(T) = U.,”(Tm) : (1 — B)

©)
the hard sphere diameter of the mixture components being temperature-
dependent ; this dependence is considered to follow the same rule as for

the atom diameters of a simple liquud metal [3]; here M, = m,/N,
(¢=1, 2), and

Syn(T) = (‘ﬁ*)"a (10)

Pom

is the melting point diameter; B = 0,112 and £, = 0,472 are constant
for all metals (the same as for the components of a simple liquid metal).

In the relation (5) &y = &(7) is considered as & function of 7,
because o, is temperature-dependent.
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In the same way it is possible to obtain the generalised expressions for
the other transport coefficients of a liquid metal mixture, for example the
thermal diffusion &r:

(Bo—1 811~ Bg—1 By —1) [ 10(Ng) B sy (1 — EP®
Erlia(T) = :
[ T]u( ) (412 @q 1 — 8;-0) nMIP4 — 28 — By, 93 — 1) — 92 &%)

2N uf o}(2 — &) (1 — E)? 10(N 4) 73" m,MY® - M, O%] n
nMIP(1 — B4 — 28 — EP(y; + 55 ~ 1)
+ [(ao—l @3 — 8p G1—y) . TIONY 2 (1 — E)® +
(a1 — ] nMiP(4 — 28 — B2y + 5~ 1) — 9. E)
+ SNYug o} (2 — E)(1 — &P 4NYn,my MY M, clg] 1)
M1 — (4 — 28 — E¥y; +y3 — 1) — 3,E) n
where
£ = %n, oi(T) =12 (12)

and o,(T) is given by the relation (9). The other quantities a,;, a,; etc.
are the same as 1n the Thorne’s theory [2] and can be calculated

By using the same method as for the diffusion and thermal diffusion
the obtained expression for the bulk viscostty of a liquid metal mixture i1s
the following :

(2 — =, ch)
£1a(T) O,885(7rkT/NA)17Jnf ctpdie LS 4

1—= 8)'
— — %, 0
6 2 al

M, M, )1/2 =288y +ys— 1) — 5,8 +
M, + M, (1—¢gy

4
+ 1,7, Gmr(

(2 ——ny agT)
2 4 1
+ n3 oy M3 —ouu——

(- 5nerf|

with the previous notations. It is possible to obtain an analogous expression
for the shear viscosity of a binary liquid metal mixture, by using the same
method (the Thorne approximation) but the results are more complicated
and will be reported elsewhere with the numerical calculations and the
comparison with the experiment.

The obtamed formulas for the considered coefficients contain only known
quantities, e.g. the te iperature, the density, the diameter, and the masses
(or the atomic weigths) of the liquid metal components, or quantities which
can be easily evaluated, for example o,,(7,), .1, &r etc. This approach

(13)

\
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to the theory of transport in a liquid metal mixture can be corrected for a
real mixture by using an analogous correction factor, as in the case of the
self-diffusion of a simple liquud metal [3]. For example, 1f we choose the
molecular dynamuics calculations recorded for the mutual diffusion in a dense
flud mixture [5], we can use a correction factor C(¥,,) defmed by the
ratio of the experimental mutual diffusion D,, to the Thorne’s coefficient
[Dy2)re and calculated from the diagrams of the figures nr 2 and nr 3
on the reference paper [5] Then, a better approximation for the diffusion
D, will be the following

{Z(T) = C(Em) . D12(T)

where D,,(T) is calculated from the relation (5).

To our knowledge there are no published molecular dynamics data
for the transport coefficients of a binary dense fluid mixture to use them
as corrections for the viscosities, for example,

The obtained expressions (5), (18)—(14) can be used for an effective
calculation of the corresponding coefficients and for a comparison with
the experimental data known, or for the predication of unknown trans-
port coefficients in various liquid metal mixtures. Numerical results will
be reported in a forthcoming publication.

(Recesved February 22, 1975)
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APLICAREA TEORIEI THORNE-ENSKOG LA CALCULUL COEFICIENTILOR DE
TRANSPORT IN AMESTECURI BINARE DE METALE LICHIDE

(Rezumat)

Se efectueazd o generalizare a aproximatier Thorhe-Enskog pehtru fluide binare dense
la amestecur1 de metale lichide Sint prezentate rezultatele pentru unu coeficientr de trans-
port de formd ma1 sumpld cum sint difuzia mutuald, difuzia termicd g1 viscozitatea de volum.
Se poate utihiza un factor de corecfie ce rezultd din calcule de dinmamici moleculare numai

in cazul difuzier Dy,



EFECTUI, SEEBECK DE SUPRAFATA LA ZnO POLICRISTALIN

F. PUSKAS

Suprafafa semiconductorului, datoritd stdrilor de suprafajd Tamm
[1], se comporti de multe ort altfel decit interiorul probei In cadrul
acestel lucriil a fost pusd in evidentd existenta stidrilor de suprafatd la
ZnO policristalin  Probele de ZnO studiate au fost obfinute prin sinteri-
zare In aer la temperaturt relativ inalte, 1200°C. Prepararea probelor,
precum s1 studiul lor prin conductivitate electrica, efect Hall, efect Seebeck
(volumic) au fost descrise in lucrinle [2—4]

Descrierea metodei. Pe aceeast fatd a prober studiate se aplicd do1
electrozi de misurd (vezi fig 1) Unul din electrozi este un microcuptor,
1ar electrodul celdlalt este un mic vas metalic prin care circuld apd de ricire.
Astfel, pe aceeast fata a semiconductorulu, prin cet doi electrozi de masura,
intre marginile probe1 se realizeazd un gradient de temperaturd Mdisurarea
termotensiunu se face cu un milivoltmetru electronic 1ar temperatura probes,
1espectiv a electrozilor, cu doud termocuplur:

Cu aceasti 1nstalafie de misurd am reusit si obfinem o vamnafie de
temperaturd Intre 20—300°C. Prin aceastd metodd se poate determina
variatia constantei termoelectrice o fn functie de temperaturd, 1ar pe baza
datelor expertmentale s-a calculat cu ajutorul relafulor (1) $1 (2) concen-
tratia # s1 energia de activare AE ale purtdtorilor de sarcind.

«= =22+ 7] (1)
n= (N, T)¥ exp [- %ET] 2)

unde

N — o[2mm*k
‘_[m]

masa efectivi m* am considerat-o egald cu masa electronului (notatia
utilizatd In cele doud relafit este bine cunoscutd in teorra semiconductorilor).

Pentru a studia proprietdtile de supra-
fatd ale oxidului de zinc am utilizat probe
de trer tipuri diferite.

a) sinterizate In aer;

b) dupd sinterizare tratate in hidrogen la
temperatura de 600°C la o presiune de 2,5 at
timp de 5 ore; . .

c) probe sinterizate si glefuite — pentrd WMW
& Indepdrta stratul exterior de pe suprafata " termozupty
probe1. Fig. 1
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Rezultate experimentale. Figurile 2 si 3 aratd modul in care variazd
constanta termoelectricd $1 concentratia electronilor de conductie in funcfie
de temperaturd la probe sinterizate (curba a), la cele care au fost tra-
tate in hidrogen (b) si la probe glefuite (c).

TLa aceste probe in cadrul altor studn {3, 4] a fost determinati con-
centratia purtdtorilor de sarcind cu ajutorul efectulur Hall si a efectulns

Seebeck (efect volumic). In ambele cazuri concentrafia electronilor a variat
intre 10%¢ — 108 cm—3,

Din rezultatele experimentale reiese cd la proba sinterizatd concentra-
fia este mult mai micd (10'* cm~—3), 1ar la probele slefuite sau tratate in

hidrogen s-au gésit valori care coincid cu concentratia volumici date in
lucrdrile [3, 4].

Nu putem afirma ca efectul Seeteck misurat in acest caz este un efect
pur de suprafaid decarece nu numatr electromii din stratul de suprafajd
participd la generarea tensiumii Seebeck, Intrucit gradientul de tempe-
raturd nu se limiteazd doar la stratul de suprafatd. Totusi, cum rezultd
din datele experimentale, se observd cid suprafata are o influentd foarte
mare asupra tensiunii termoelectrice. La temperatura ambiantd, in cazul
probelor sinterizate in aer, s-a objinut o densitate electronici de ordinul
102 cm~3. Cum este cunoscut din literaturd, pentru probe policristaline
de oxid de zinc densitatea electrontlor in stiatul de suprafatd variaza
intre 1015—10%® cm~3 [5].

Lensitatea micd, cbfinutd pentiu prote sinterizate, o putem explica
in felul nrmitor - sinteri:atea protelor s-a ficut in aer, la o temreiaturd
ndicatd (12C0°C). Astfel este fcarte posibild adsorbjia oxigenulu pe supra-
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fata probei. Moleculele de oxigen pot juca rolul capcanelor pentru elec-
tronii excedentari ce apar iu timpul sinterizdrii. Datoriti acestor capcane
concentratia electronilor din banda de conductie scade in apropierea supra-
fefei. La slefuire, acest strat sirdcit de pe suprafatd este indepirtat. Astfel
se explicd faptul cd la probele glefuite concentrafia electronilor este mult mai
mare i corespunde concentratiei din volumul probei.

In cazul probelor tratate in hidrogen concentrafia electronilor are
aproape aceeast valoare ca §i la probele glefuite. Acest fapt se datoreste
efectulu1 de reducere a hidrogenulu1, care astfel indeparteazd oxigenul adsor-
bit pe suprafata probei. Efectul de reducere a hidrogenulw il putem urmin
in mod direct, deoarece In urma tratamentului in hidrogen se schimbi si
culoarea probei, pe suprafata ei apare un strat inchis, bogat in atomi de
zinc interstitiali. Cum rezultd din méasurdtorile noastre, prin tratamentul
in hidrogen nu s-a obtinut reducerea completd a oxigenului adsorbit,
deoarece concentrafia electronilor este mai micd decit la probe selefuite.

Electronii captati in capcane la temperaturi mai ridicate sint eliberaft
din nou i astfel, cum rezultd din fig. 3, concentratia electronilor creste cu
temperatura. ‘

Din variafia concentrafiei cu temperaturd se poate calcula energia
de activare a purtdtorilor de sarcind. Cum se observd, panta curbei (a)
(fig. 3) nu este constantd, astfel cd energia de activare variazad intre valo-
rile 0,24—1,71 eV.

Coneluzii. Pe baza rezultatelor experimentale putem spune ci oxigenul
adsorbit pe suprafata oxidului de zinc joacd rolul capcanelor, sidin aceas-
td cauzd concentrapia electronilor de conductie in stratul de suprafatd
este foarte scizutid. Nivelele energetice ale capcanelor sint nmivele localizate,
care apar numai in stratul de suprafafd g1 se agazd In interiorul zomei
interzise formind un sistem de nivele cvazi-continue, a ciror energie este
cuprinsd Intre 0,24—1,71 eV.

Din rezultatele obtinute reiese cd metoda conceputd de autor poate
fi aplicata la studiul stirilor de suprafatd ale semiconductorilor.

(Intrat $n redactre la 24 februarse 1975)
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SURFACE SEEBECK EFFECT OF POLICRYSTALLIN-—ZnO

(Summary)

In thus paper the surface Seebeck effect at sintered ZnO was studied
The thermoelectric voltage was measured between the electrodes at different temperatures,
on the same side of the samples

From the experimental results the density of charge carriers and the activation energy
can be determined
In the samples sintered 1n air at 1200°C the existance of surface states can be demons-

trated, the electronic density beng 10'2cm~? Tlis can be explamed by the existence of
adsorbed oxygen at the surface



CONSIDERATII ASUPRA FORTEI TERMOELECTROMOTOARE LA
SISTEMUL SEMICONDUCTOR Cr,O3—BeO

OLIVIA POP si L. STANESCU

Introducere. Intr-o Iucrare anterioari [1] s-au prezentat proprieti-
file electrice $1 magnetice ale sistemulur oxidic semiconductor in intreg
intervalul de concentratii. Se pune astfel in evidentd limita de solubili-
tate a componentilor (6% mol BeO in Cr,0,) si formarea une1 combinafii
la 509, mol BeO Se relevd aparntia iomilor de crom de valen$d superioard
Crtt, ca defecte induse in refea, defecte ce favorizeazd schimbul de sar-
cini In procesul de conductie. Verwey [2] aratd cd in general pen-
tru oxizii elementelor de tranzitie modelul zonal nu poate fi aplicat s
este nevote de un alt mecanism pentru explicarea transportului de sar-
cint.

Am considerat necesard investigarea acestui sistem prin mésurdri de
forti termoelectromotoare, deoarece determinarea coeficientulur Seebeck
oferd postbilitatea interpretdri1 mecanismului de conductie a semiconducto-
rulu, pune in evidentd dependenta de temperaturd a miveluls Fermi,
permifind calcularea concentratier purtatorilor de curent $1 a mobilitafii
acestora.

Rezultate experimentale si interpretarea lor. Determindrile de forfd
termoelectromotoare au fost efectuate cu o instalajie analogd cu cea de-
scrisd In lucrarea [3], mentinindu-se intre capetele probei un gradient de
temperaturd de ordinul 15°C. Studiul sistematic al dependentei coeficien-
tulua Seebeck in funciie de concentrafie s-a urmant in intervalul de tem-
peraturd 600—1200°K.

In figura 1 este redati dependenfa forfei termoelectromotoare de
temperaturd pentru acest sistem.

Se constatd cad pentru
toate probele studiate coefi- «
cientul Seebeck scade pufin .
cu cregterea temperaturii pi-
ni la 800°K, continuind apoi o
cu un palier pind la 1000°K, ™ \\ __,_,//
care la unele concentrafii se e —_
menttne si la temperaturi mai mﬁ \ __’/“
ndicate. ,

Intrucit coeficientul Se- \,\\L-A—A—‘——A_‘_" o
ebeck depinde de concentra- = R
tia purtdtorilor, 1zoterma de w
concentrajie prin anomaliile =
pe care le prezintd la limitele
de separare a diferitelor faze

cristalografice, oferd informa-
{ii prefioase asupra solubili- Fig.1

o & Eadl 000 ff0a 120 T%
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td4i1 componentilor. In acest

dpvx sens s-a reprezentat in figura
2] 2 1zoterma de concentratie a
fortei termoelectromotcare lu-

AN atila T = 1000°K.
% \\._—//'/\_J»»- Se constatd ci pentru in-
- treg wntervalul studiat sem-
. . nul purtdtorilor de curent este
acelasi, conductibilitatea fiind
de tip p Izoterma prezinti
oy doud minime corespunzitcare

- - ccncentratiilor de 5%, si 309

° ® © senzmd 0] BeO. Tinind seafna d/g
Fig 2 madsurdtorile de conductibili-

tate electricd s1 cele magnetice
[1], se pcate spune cd minimul de la 5% mo! BeO 1ndica Iimuta de solu-
bilitate solidd a oxidului de beriliu In sescvioxidul de crom Scdderea valorn
lut « In domeniul solutier solide este in acord cu dependenta coeficientulus
Seebeck de concentrafia purtdtorilor conform formule:

od

k N
o= log = (1)

tn care N, reprezintd densitatea de stdri din teoria conductiel ,,prin salt”,
piactic egald cu numdrul de cationi dintr-un cm?

Revenind la curbele din figura 1, se constati ci « depinde relativ
putin de cresterea temperaturi, ceea ce indicd o menfinere aprcape constan-
td a numédrulut de puitdtort Aceastd dependentd este caracteristicd exis-
tenter unui mecanism de conductie ,,prin salt”.

Aceeas1 concluzie a constanjer concentrafier purtitorilor de cuient
retese §t din prelucrarea curbelor din figura 3, in care ¢-a reprezentat
dependenta de temperaturd a pozitier nivelului Fermi .

Pe porfiunea limiard a acestor curbe forfa termoelectromotoare este
practic independentd de temperaturd. Deocarece vrem si evaluidm atit
concentrajia cit si mobilitatea purtidtorilor de sarcing, vom fine seama in
expresia energier nivelului Ferma s1 de termenul cinetic 4 [§] Vom avea

E,=aT 4+ 4 (2)
Calcularea concentratiei golurilor se face pe baza relafier [6].
E
p=Noexp(~71) )

utilizind portiunea liniard a curbelor dmn figura. 3 S-a calculat astfel cid
valoarea concentrafiei purtdtorilor de sarcind pentru proba cu 29, mol
BeO este p = 2,5 - 101 goluri/cm?,

Folosim teoria conductiei ,,prin salt”, care admite cd energia de
activare a conductibilitdfit nu caracterizeazi procesul de 1onizare ci mobili-
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tatea, In sensul ci mobilitatea este un proces activat, 1ar valoarea acesteia
creste dupd o lege expomenfiald cu cresterea temperaturii [7] Calculind

valoarea mobilitdtii dupd expresia: p= , In care am Inlocuit valorile

pre-p
rezistivitdtii p corespunzéitoare diferitelor temperaturi, am reprezentat
grafic logp = f lTJ Aceastd dependentd calculati pentru proba cu 29

mol BeO este redatd in figura 4.

Valorile obtinute pentru mobilitatea purtdtorilor sint foarte mici si sint
cuprinse intre 1,7 10! cm?/V - s la temperatura de 1000°K s 9,3 10-°®
cm?(V - s la 293°K, valor1 caracteristice unui mecamsm de conductie ,,prin
salt” [8]

Concluzii. Conductibilitatea electricd a sistemului semiconductor stu-
diat pentru dopdr:t mict cu BeO (59 mol BeO) se realizeazd prin saltul
golurilor intre cationii de valentd diferitd (Cr**, Cr3+) Acest mecanism
de conducfie prin salt este relevat de urmditoarele rezultate-

a) Coeficientul Seebeck este practic independent de temperaturi,
dect numérul de purtdtor: de curent este constant

b) Concentrafia golurilor calculatd este de ordinul 1016 cm=~9¢, valoure
caracteristicd pentru semiconductor: in care conductia are loc ,,prin salt”.

¢) Mobilitatea purtitorilor la temperatura cameretr este foarte micd
(=293 10-% cm?V s) si creste exponential cu temperatura, asa cum
o cere relafia de bazd a teorier conductier ,,prin salt”

(Intrat in redactte la 25 februarie 1975)
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ON THE THERMOELECTROMOTIVE FORCE OF THE Cr,0,—BeO
SYSTEM

(Summary)

The semiconductor system Cr,0,—BecO was investigated in the temperature range of
600—1200 X, up to 50% mniol BeO, from the standpoint of the thermoelectromotive force
It has been established that all samples present a p-type conductivity The lumt of the
solid solubility of the BeO 1mn Cr,0; (5% mol) was carrted out by the minunum value of tbe
1sotherms of Seebeck coefficient versus concentrations of BeO

It was pownted out that the mechanism of conduction 1s ,,by hopping” The concentra-
tion of current carriers, and theirr mobility was calculated
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OLIVIA POP, A. NEDA, L. STANESCU si L. ITOMORODEAN

Introducere. Proprietdfile electrice $1 magnetice ale sescvioxidului
de crom si bioxidului de staniu au fost studiate detaliat in lucrdrle [1, 2].
S-a confirmat cd in cazul Cr,O,-lu1 conductibilitatea electiicd se realizeazd
printr-un mecamism de , hopping” intre ionu Crt* g1 Ci3+, aflats In pozitu
echivalente ale retele: ciistaline Din punct de vedere magnetic s-a precizat
cd, In afard de anomalia corespunzitoare temperaturin de tranzifie ordine-
dezordine cituatd la cca. 314°K, susceptibilitatea magneticd mai depinde
anomal de temperaturd pind la aproximativ 600°K La temperatur mai
inalte comportarea magneticd corespunde une1 stir1 paramagnetice normale
Relativ 1a SnO, s-a pus in evidentd o valoare ridicatd a conductibulitdtu
electrice [2, 3], valcare care nu poate f1 justificati de structura electro-
nicd a oxidulur Misurdtorile magnetice relevd o comportare diamagneticid
a acestma

Ca urmare a acestor rezultate, am consideiat cd investigarea acestor
ox1z1 din punct de vedere termic ar putea aduce informatir edificatoare in
ce priveste fenomenele de tiansport s1 mecanismul lor.

Difuzivitatea termicd a fost mésuratd cu un dispozitiv construit pe
principrul conductibilitdfn termice nestajionare, sau a impulsului de cal-
durd [4] Determindrile experimentale au fost {Acute In intervalul de
temperaturd 100—600°K, cu o eroare relativd ce nu depiseste 5%,

Rezultatele experimentale si discutarea lor. Din dependenta de tem-
peraturd a difuzivitdfi termice reprezentatd In figura 1 se poate constata
o diferenfd esenfiald In comportarea termicd a celor do1 oxizi, determinatd
de caracteristicile lor electrice 1 magnetice.

Astfel pentru Cr,O,, care este antiferomagnetic, variafia termicd a
difuzivitdtn scade limar cu cregterea temperatuinn intre 100°K g1 314°K,
temperaturd la care apare o pronuntatd discontinuitate corespunzitoare
tranzitiei de fazd magneticd antiferomagnetism-paramagnetism La tempe-
raturi superioare temperaturit critice Néel, pind la aproximativ 600°K,
dependenta este totusi anomald prezentind munime g1 maxime, fapt ce
mdicd cd nu s-a stabilit Incé o fazd paramagneticd normald Cu alte cuvinte,
ordinea la distantd a fost distrusd la temperatura Néel, dar ordinea
apropiatd se mai menfme incad pind la aproximativ 600°K. Acest rezultat
este In bun acord cu datele relative la dependenta de temperaturd si de
cImp a susceptibilitdtn magnetice [2, 5], care relevd comportarea anomald
pentru Cr,O; pind la aceste temperatur.

Dependenta de cimp a susceptibilitdfin magnetice este elocventd in
acest sens Astfel in domeniul antiferomagnetic susceptibilitatea magneticd
nu depinde vizibil de cimp, cel putin pind la 18000 Qe, In timp ce peste
temperatura Néel pind aproape la 600°K susceptuibilitatea scade cu creg-
terea cimpului [5].
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Pentru SnO, dependenta de temperaturd a difuzivitdfii prezinta
scidere 1nvers proportionald cu temperatura, iar ca valoare este mai micéd
decit in cazul sescvioxidului de crom.

Pe baza acestor rezultate se pot aduce informatii care contribuie la
elucidarea mecamsmulur de conductibilitate termicd in acest: oxizi Repre-
zentind difuzivitatea termicd in functie de temperatura reciprocd, aga cum
este redat in figura 2, pentru bioxidul de staniu se obtine o dependentd
liniard In tot domeniul de temperaturd studiat.

Aceastd dependentd este caracteristicd pentru un mecanism de conduc-
tie termicd pur fononicd, componenta electronici a conductibilitafu ter-
mice este nesemmificativd Astfel valoarea difuzivitétu termice scade odati
cu cregterea temperaturii datoritd fmprastieru fononilor pe oscilajule termice
ale refelei cristaline, pe defectele de retea s1 structurale. Diferenta intre
valorile difuzivitdjn termice ale SnO, fatd de Cr,0O; s1 modul difenit de
variatie al acesteia, funcfie de temperatura, se datoreste faptului cd sescvio-
x1dul de crom prezintd o ordonare antiferomagneticd, ceea ce determind
o anumutd diferenfiere in impréstierea purtdtorilor de energie. Astfel in
domeniul antiferomagnetic difuzivitatea termicd pentru Cr,O; scade aproa-
pe linmar cu cregterea temperaturii pind la punctul Néel, vaniaie ce se poate
explica prin impristierea purtitorilor de enmergie pe oscilafule termice ale
refelei cristaline, pe undele de spin s1 pe defectele de refea Anomalia din
domeniul paramagnetic in dependenfa de tempeiaturd a difuzivitdfu ter-
mice apare datoritd Impréastierzi fononilor pe fluctuatiile magnetice locale,
pind la stabilirea fazer paramagnetice mormale

Coneluzii. Din studiul dependenfer de temperaturd a difuzivitdfii
termice efectuat asupra oxizilor Cr,O; si SnO, rezultd cid mecamsmul de
conductie predominant se realizeazd prin fonomi. Pentru sescvioxidul de
crom, care este un semiconductor cu o comportare antiferomagnetica, difuzi-
vitatea termicd prezintd o valcare mai ndicatd decit in cazul bioxidulut
de staniu Se pune in ewviden{i pentru Cr,O, anomalia difuzivitifu de la
temperatura Néel (T = 314°K), anomalie care se extinde pind la aproxima-
t1iv 600°K, in deplin acord cu méisurdtorile magnetice Comportarea deose-
bitd a acestur oxid 1mplici mecamisme suplimentare de imprastiere pe neo-
mogenitajl magnetice.

(Intrat tn redacire la 21 februarie 1975)
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THERMAL DIFFUSIVITY OF Cr,0, AND Sn0, OXIDES

(Summary)

The thermal diffusivity measurements were carried out for Cr,0, and SnO, oxide
semiconductors in the temperature range of 100—600 X using the heat pulse methods From
these results correlated with electric and magnetic ineasurements, have been obtammed some
mnformation about the heat conduction mechantsm and different contributions to the thermal
resistivity

It has been established that the thermal conduction mechanism 1s a phononic one
Our results pomnted out that the thermal diffusivity presents an anomaly at the critical
point of the magnetic phase transition antiferromagnetism — paramagnetism
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EFFECT OF MAGNETIC IMPURITIES ON THE ITINERANT-
ELECTRON ANTIFERROMAGNET

M. CRISAN and R. GH. POP

1 Introduction. In recent years, the antiferromagnetism of Cr and
1ts alloys has been studied extensively It has been well established that
the antiferromagnetism i Cr and 1ts alloys 1s itinerant, given by S D.W.
[1] a two-band mcdel 1s apropriate.

On the other hand the recent experimental results on the Cr-Mn alloys
obtained by P o p and al. [2] suggested the existence of an inhomogenous
state of the itineirant-electrcn antiferromagnet given by the magnetic
moments of Mn which present an exchange field behaviour,

In order to consitder the mnfluence of the exchange field on the iti-
nerant-electron antiferromagnet we adopt the Feders-Martin [3]
model and take for the itinerant-antiferromagnet the Hamiltonin -

H, 28(112320)«16)»0 AZ_\, wrailer T ClhChig) (1)
where :
A= — 2 < Gy >
S(k) = '”o(k - ko) (2)

Eh+g = —Volk -+ g — &)

The interaction of the electrons and impurities will be treated using the
,,S—a"’ exchange Ha iltonian :

H,_,= — I 2 gk =K1k CH5C,, S,
2N EF,n

where. J 1s the ,,s—d” exchange interaction, o 1s the Pauli matrix.
In the external field 2, = 2u,H, we can write the total Hamiltonian as:

] 1(k — Ik'}Rn e <
H=H,— lz(,; oCiC, — Eﬁk;n gtk =R CL5C,. S, (3)
where the vector % 1s the electron or hole vector if 2 > 2, or & < k,.
In the present paper we are mainly interested in the following problems:

a) How does the presence of the exchange field affect the transition
from the paramagnetic into the antiferromagnetic state. .

b) Which is the influence of the exchange field on the order pata-
meter A.

c) The type of the phase transition.

We are going to study these problems in the sections II, III and IV
respectively.
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II The paramagnetic-antiferromagnetic phase transition in an exchange
field. From the Hamltonian (3) we obtain the exchange field, as a molecu-
lar field (1if we take <S,> = <§,> =0)"

IT=chy+oc|J|<S, >
and the Green function 1s:

1
Gk, o) = ————— 4
( ) o+ elk) 1 @
Using this Green function we are going to calculate the value of the suscep-
tibility (g, ©) and to point out that a phase transition i1s possible for
I#£0

The susceptibitiliy y(g,0) 1s proportional to the spin polarization

operator m(g, w), I) and thus we consider X(q, », I expiessed as

X(q,0,I) = const. =(q, v, 1) (5)
where
__ ( doyd3k ofw q ofw _ 7 _
(g, o, I) = S—(E;)TT,{G (E +o, L4 K) 6,6 (E o, L k) 53}(6)
which for 1 =0 1s
7(g, @) =1+ In 222 (7)
Vg

where wp is the band-width
In order to perform the integrals from (6) we consider 1in (5) the

limit
xg 1) =lm x(g, o, ) (8)
and after a little algebra we get.

40 25 2I + Vg |
I) =y, |2+1 2 — 9
X(qx ) Xo ! nysqa_p Vounoq—ZI ()

The phase transition appears if:
‘ Voo

1= nig, 1) (10)
and for the approximation ¢ = 0 we have the solution:
A,
=3 (11)

Another solution is obtaned if ¢ # 0 from the conditicn :

oxlg. 1) =0 (12)
g
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which gives the equation -

21 4 Vog+ 20 ZapVig 81 .
Vot Veg —2I Vi — 4 g(Vigt — 4I)

In this equation we neglect the last term and using the relation

1

4]
ZZk 21

log

we obtain :

412
Vom‘})

q:

We can conclude that yx has a maximum 1n the presence of the exchange
field, thus the phase transition 1s possible for ¢ # 0. Before we are
studying the type of this phase transition 1t 1s necessary to consider the
influence of the exchange field on the order parameter.

III The equation for the order parameter in the presence of the excha-
nge field. The problem of an itimerant-electron antiferromagnet in an
exchange field ‘has been studied by Malaspinas and Rice [4] near
They used a Ghinsburg-Landau equation but they did not consider the
depairing effect given by exchange field which 1s stmilar with the Fulde-
Ferrell state 1 superconductors

On the other hand we have to remark that the coupling between
electrons and holes given by the ,,s—d” exchange interaction has a diffe-
rent sign because of the different spins of electrons and holes

The Green function.
é— (Gn(ki o) Fuk k+4q; o) )
(Fik+ g, k; o) Gyk+q, )
will be obtained from the equations:
[o — (k) + I)Gplk; w) =1 —AFf{(k—}- g; k; o)
[0 — ek +¢) —IIGu(k + ¢; ©) =1 — AFyk, £+ g, )
[w—clk+q) +IFfk+4q k; 0) = —AGk, w)
[o — alk) = IFy(k, k4 q); o) = =AG(k + 9); w)
where we have to meéntion

elk) = —e(k + g)

(15)

5§ — Physica / 1975
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From thbese equations we obtain:

(Gﬁk,‘ 0))= hm——e(k)—I
[~ e®) + Illw — ek + g) — J] — A?
—A

Frk+gq k; )=
/n()-{—q ©) [0 — elx +q) + I)[w — k) + I] — A® -

Gi(k . — o—ck+q —1
ulb o) = e e T &

Fylk, B+ g, ©) = —A
wh F g o) = e T e T

If we write the energy ¢ (k) and ¢ (£ 4 ¢) as
e (k) = (k) + of

e(k+9q) =ek+9g) + ol o= 41

the elementary exeitation spectrum is:
©* — wfefk + g) — (k)] — A* — e(k)e(k + ¢q) =0
This equation gives the solutions:
w12 = o[(gk cos 0 — I) 4 /e2(R) + AT
and let us consider the branch:
Ey(k, g) = ol(gk cos 6 — I) + /X(k) + A]

It is easy to see ,that:

E k&, q) >0 of Ay > kg —1T
E k ¢q) <O of A <kgy—1T
With this result we reconsider the equation :

14 1

2N;W

(16)

(21)

in the k-space which contains the states E(&, ¢) > 0 and E(%, ¢) <O.

The equation (21) is now:
1=2 _ '\) 1
2N \E<0 E<0 \/efk) + A®

and if the integral over ¢(&) 1s performed we get:

A 1 1 — T A2 —
Tz g —AYIE v il

(22)

(23)
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which may be written as-

A} 1 — /1= AJA

24 J TN CdlTe 24
AT 1441 + AJ/AR (24)
For %—°< I we get the solution:
AL = Ag(2] — A (25)

IV The Phase Transition. In order to study the type of the phase
transition for I # 0 we write down the free energy

14
e L (26)
B A
or as a function of Ay-
Q-0 =—2{ap)p - (27)

Where p, is the density of states
For the usual solution A, = A, we obtain:

AZ
Q—QD=—°°_4°

but for the solution (25) the free energy becomes .

Q—-Q,= %’[A§+2I2—4AOI] (28)
and from the condition

Q—-Q,<0 (29)
we get:

L=8,-2a, I=n8,+L4, (30)
AO

2
I which satisfy the relation:

Using the conditions [ > and (80) we can easy conclude that for

A NG
< I< A
> I<Ao+2 0

the localized moments <S,> may coexist with the itinerant-electron
antiferromagnetic state.
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EFECTUL IMPURITATILOR MAGNETICE A%UPRA ANTIFEROMAGNETISMULUI
DE BAND

(Rezumat)

Se studiazd efectul impurititilor cu moment magnetic asupra stiiru ordonate de anti-

feromagnet de bandi.
Rezultatul obfinut confirmi coexistenta dintre momentele localizate s1 antiferomagnetis-

mu! de bandi obfinut expenimental de Pop st colaboratorn



TRANSFERT DE CHARGE ET REACTIONS ION-MOLECULE DANS
I/ INTERACTION DE Hi ET CH,D,-,

E. CONSTANTIN et J. CH. ABBE*

Introduetion. On a étudié les réactions entre H} et les méthanes
deutériés, entre 2 et 100 eV, en utilisant un spectrométre de masse a
deux étages, de type longitudinal [1] Dans le présent travail nous donnons
les résultats détaillés concernant la dépendance des sections efficaces
relatives I/l (I = le courant ionique pour un type d’ion secondaire,
I, = 2I,.) de l'énergie cinétique de l'ion projectile H;*. On complete
ainst le schéma d’une note antérieure [2].

Résultats expérimentaux. Les résultats expérimentaux montrent la
formation des ions secondaires par transfert de charge aussi bien que
I’existence des réactions ion-molécule, On va noter dans les suivantes par
A, B, Cles différents processus d’apparition des 1ons secondaires transfert
de charge non-dissociatif (A), transfert de charge avec dissociation (B)
et réactions ion-molécule (C).

En ce qui concerne le transfert de charge, 1'allure des courbes Ii./I,
est dépendante du rapport qui existe entre le potentiel d’ionisation (IP)
ou d’apparition (A P) des ions secondaires et I’énergie de recombinasion
du projectile (R E). On peut donc prévoir I'aspect des courbes pour
différents ions tenant conipte de la distribution des valeurs des poten-
tiels IP., A.P. e¢ RE En considérant les valeurs de 1’énergie de recom-
binaison comprises entre 12,5 et 17,5 eV, la possibilité des réactions sui-
vantes résulte:

— transfert de charge résonante : la formation des 1ons CX;, CXt,
CXf X=H, D);

— transfert de charge exothermique 1ons secondaires CXF, CXF,
CX;r; .
— transfert de charge endothermique: la formation des ions CXj
CX;t.

Les réactions ion-molécule qui se déroulent simultanément avec le
transfert de charge donnent naissance aux 1ons qui parfois ont le méme
m/e que les ions provenant du transfert de charge. Leur présence change
Uallure des courbes I/I, mais I'emploi des formés deutériés de méthane
facilite 'mterprétation des résultats.

Sur la fig 1 on voit la dépendance de 'énergie de la section efficace
des ions CD,H* (courbe 3) formés par réactions ion-molécule (R.I.M.)-
processus C3: )

H;t 4 CD, ... CD,H+

* Centre des Recherches Nucléaires, Liahoratoire de Chimie Nucléaire, 67037 Strasbourg
CEDEX, France,
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Fi1g |1 Vanation de Tsec/I; avec I'énergte 1'i1g 2 Vanation de Xsec/I; avec I'énergie du

du projectile, projectile,
Tsee = CHD+ 4 CHH™* (1), Tsec = CHY (1), CD,H* (2), CHY + CH.H* (3),
CD{ + CDHE+ (2), CD,H* + CD,H*+ (4), CD} (5)
CD,Ht (3)

Dans ce cas 11 n’y a pas de juxtaposition avec des 1ons formés par tians-
fert de charge, l’allure vite décroissante de la curbe est donc caractéristique
pour les tons CX;+ provenant des processus C3

L’analyse de la nature des 1ons ayaut mfe == 16, 18, 19, 20 montre
que seuls les 1ons moléculaires sont collectés 4 chacune de ces valeurs de
m/e On trouve par conséquent un comportement spécifique pour un trans-
fert de charge partiellement endothermique. Sur la fig 2 (courbes 1, 2)
on remarque l'aspect des courbes pour CH; et CD,H*

Les mterférences interviennent dans le cas des ions CX;} et CX, les
produits de transfert de charge ayant des fois le méme m/fe que ceux
formés par R I.M —C8 Auusi, 'allure vite décroissante des courbes repré-
sentées sur la fig 3 est due aux ions CXj} provenant de RIM —C3,
juxtaposés avec ceux formés par la rupture d'une liaison C—D C’ est
le cas de l'imteraction de H;* avec CD;H (courbe 2), CH,D, (courbe 3)
donnant naissance aux ioms.

Hy 4 CH,H, . CH,D* (B)
CHHD (C3)
Hy + CD,H ... CDH- (B)
CD,H+ (C3)
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F1g 8 Ladépendance de Iénergte Fi1g 4 La dépendance de I'énergie du projectile
de Igec(T,, pour les valeurs Isec/]; des tons secondaires formés dans
Tsee = CDY (1), CD,H* 4 CDH,+ (2) les réactions
CDY + CH,D* + CHED 3) Hi 4 CD, CDhf (1), Hf 4 CD;H CDhHTt (2),

Hf + CH,D,. CHf (3), Hf +CD, CD,H* (4).

En méme temps, lorsque H;t interagit avec CD, (courbe 1) on a seulement
les 1ons CD;+ (B) 4 mfe = 18, ce qui fait que la courbe 1 soit caractéris-
tique pour un transfert part1ellement endothermique :

H; + CD, ... CD; (B)

Sur la fig. 2 (courbes 3, 4, 5) on a porté aussi les valeurs de la
section efficace pour les ions qui se forment de Iion moléculaire par la
perte de H. Aux faibles énergies on peut observer la contrnibution des ions
CX; provenant des processus C3 Ainsi, on a pour mfe =15 (c 3) et
17 (c.4) :

H} + CH, ... CHy (B)
CH,H* (C3)

Hf + CH,D, ... CD,H* (B)
CD,H+ (C3)

D’autre part, les 1ons CD;} ont & I'origimne un transfert endothermique,
I'mmteiférence avec les 1ons CD+ d'un processus C3 étant exclue (courbe5):

H; + CD,H ... CD; (B)

On a représenté sur la fig. 1 — courbes 1,2 — les résultats concer-
nant les 1ons CX; qui peuvent apparaitre de I’ion moléculaire par la perte
de DH. I’examen des courbes met en évidence la juxtaposition des ions
CX;+ (C3) et CXj:

H; 4+ CH,D, ... CDH* (B)-courbé 1
CH,H+ (C3)
H;t + CD;H .., CDy (B)-courbe 2

CDHH* (C3)
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Les résultats dounés sur la fig 4 (courbes 1, 2, 3) s’en référent aux
tons CX;F qui peuvent provenir par la coupure de deux liaisons C—D
On a trouvé ausst des ions CX}F formés par RIM —C4 La dépendance
de Ténergie pour les ions CD,H* sur la fig 4 est donnée (courbe 4)-

Hif 4+CD, ... CD,H* (C4)

Effets 1sotoprques. Pour discuter les effets isotopiques des rapports

y =9,y ont été calculés 1y, représente la valeur expérimentale et y,

la valeur statistique du rapport des mtensités de deux courants iomiques
CH,D; [CH Df .

Tableau 71
Les valeurs de y, y;. Y, pour les 1ons CX: I1 résulte du ta-
bleau nr. 1 'existence
Nr Rapport ¥, ¥s y des effets 1sotopiques
associés avec la rup-
ture des  liaisons
1 | CHD; (CH,D,)/CHS (CH,) 067 | 05 | 135 C_I C—D Les ef-
2 | CD; (CD,H)/CHF (CH,) 0,53 | 025 | 214 fots sont qualitative-
3 | CD;f(CD)/CH (CH,) 1,011 1 L0 ment 1dentiques avec
4 | CD;}(CD,H)/CD,HT(CD,H) 093 | 033 | 282  Laux trouvés dans la
5 | CDH+(CH,D,)/cD; (CD,H) 148 | 183 | LO7  fraementation mdute
8 | CDH+(CH,D,)/CH; (CH,D,) 2,55 | 4 0,64

par les élect.ons.

Ainsi, le perte de H par les molécules deutériées est plus probable que
la perte de H par CH, (ligne 1, 2). L’effet crolt avec le degré de deutéra-
tion de la molécule En méme temps la perte de H par CD,H est favori-
oée par 1apport 4 la perte de D de la méme molécule (ligne 4) D’autre
part, la dissociation des composés simétriques CH, et CD, n’implique pas
de différences trop sigmficatives dans la perte de H, respectivement D,

e rapport CD;/CH," étant trés pro-
¥ che de I'unité (ligne 3) Dans tous
/ 5 les cas, aprés 40 eV les valeurs res-
“of tent pratiquement constantes

Les effets 1sotopiques concer-

fa D\ nant les groupes CX;+ résultent en
o R ’ 15 considéiant les courbes tracées sur

(1) « st la fig 5 Les valeurs pour diffé-

f ) rents rapports peuvent étre com-

parées avec leur correspondentes

ﬁ@;:\;_‘i“
7 — de la fragmentation fy, f,,. ., (1n-

(&)
&1 /> o duite par électrons ayant 70 eV)
{3

-

On remarque
. B ) — la formation de CHj (CH,)
I 4 s5ev  est plus probable que celle de
0 ng Cfﬁ - _0(,) CDEH+ CD;+(CD,). La curbe 1 augmente
Z(F‘C;)g}g ,é%:é%’,(; (3)4)—/CH2§'((CHAZ)].)2)-‘()ZD~;"(CD4); aux fgibles énergies puis elle reste
7 (4) 2 CDF{(CD, H)/CDH* (CD, H) paralléle avec I'abscisse:




ETUDE DES REACTIONS ENTRE H;‘ et CHan_n 73

— le rapport CDH*(CD,H)/CD;}(CD,) — courbe 2-présente un maxi-
mum aux faibles énergies I,es valeurs expérimentales sont supérieures a
celle statistique (y > 1) aux énergies inféireurs & 20 eV Les valeurs sont
trés différentes de celle de la fragmentation (f,) La correspondence est
seulement qualitative jusqu'a 20 eV. En admettant que les 1ons CX; se
forment uniquement par transfert de charge, 1l résulte que la formation
de CD}(CD,) a plus de chance que celle de CDH"(CD,H) ou bien la
perte de D, par CD, est plus probable que la perte de D,(CD;H),

— dans le cas du rapport CH; (CH,D,)/CD;(CD,) les valeurs de y
sont inféileurs a4 l'unité jusqu’a 5 eV Il y a une correspondance avec
fa seulement pour ce domame d’énergie. La courbe 3 présente aussi un maxi-
mum,

— la courbe 4 montre que la formation de CD; (CD,H) est favorisée
en comparaison de celle de CDH*(CD;H) IL'effet décroit vite avec ’éner-
gie et les valeurs deviennent inférieures a f,,

— les valeurs comprises dans le tableau l-ligne 6-montrent que la
formation de CDH-(CH,D,) est mowns favorisée que la formation de
CH; (CH,D,). Il résulte que la perte de DH(CH,D,) est moins probable que
la perte de D,(CH,D,) pendant que pour CD,H l'effet est inverse (courbe
4-fig §) Dans la fiagmentation f,(CH,D,) est égale a 2,8 et {,(CD,H) =
= 1,97 la correspondance avec la fragmentation existe donc seulement
pour CD;H,

— la probabilité de formation de CDH*(CH,D,) est supérieure a la
probabilité de formation de CD;f(CD,H) L’effet est inverse par rapport a
la fragmentation (f = 0,55).

( Manuscrit regu le 4 mars, 1975)
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TRANSFER DE SARCINA $I REACTII ION-MOLECULA IN INTERACTIUNEA DINTRE
H+ SI CH,D,_,
2

(Rezum at)

Lucrarea cuprinde rezultatele experimentale privind transferul de sarcind 1 reacfule
1ion—1mnoleculd intre H;l- si specile deuterate de metan Se dau sectium eficace relative de

formare a 1onilor g1 se prezinti efectele 1zotopice H—D,



EPR OF Gd*' IONS IN S(1) SITES OF SYNTHETIC ZEOLITE

E. TRIF, AL. NICULA

1. Introduction. In the previous studies [1—3] of the X and Y zeolite,
we 1dentified the Gd3 ions in several unequivalent positions The EPR
spectra of Gd3* show large ,,effective’” g factors, thatisg>» 2 Castner
et al. [4], considered, for the first time, that the spectra with large ges
suggest the existence of a strong crystal field In such a field the spins
prefer to align themselves parallel to certain crystal field directions, the
Hund’s rules being violated. However, we accept the Abragam and
Bleaney’s therminology [5] of 1esonance in weak magnetic static
field, g,BH << ¥,, when the EPR transitions arise only inside of thezero
field states

The Gd3* 1ons m S(1) sites of trigonal local symmetry show an
isotropic 1esonance at ger = 500 4 025 This determined us to develop
the resonance theory of Gd** ions 1n trigonal field.

2 Experimental results. In X and Y zeolite, the Gd** 1ons form all
sort of complexes such as

a) a hydrated one, Gd(H,0)}", (x =6, 8, 9) which 1n hydrated zeolite
moves freely 1n the large cavities, and by lowering the temperature, a part
of them migrates i S(1) sites During the calcination in vacuum of the
samples, a hydration, without oxidation, process takes place. By calcination
at 400—600°C, thus complex transforms itself in a grey oxide Gd,0O, depo-
sited 1 S(5) sites, having a nearly axial symmetry (A = E/D = 002),
b) GA(H,0)3*, in S(4) sites, of strong rhombic crystal field (A = E/D =
'= 0319 4 0 014), which was theoretically analysed in a previous work
[3] By calcination at 600°C, this complex loses the water and goes into
the 6MR of C local symmetry

c) Gd3* 1oms giving resonances at g = 5 00 4- 0 25 whose theory we have
presented 1n this paper The temperature variation of the EPR line mten-
sity and line width for the hydiated samples, and the EPR line positions
i terms of effective g factors for the calcmed samples, showed [6] that
this resonance arises from Gd3", isolated in the unhydrated S(1) sitesof
the 6DMR hexagonal prisms, being coordinated to six 0(3) type oxigens
of the rigid netwoik

3 Theory. N1klin et al [7] have considered that a g = 51 reso-
nance of the Gd3* i1ons, may arise by EPR transitions inside an excited
rhombic, state, when A = E/D = 012

Generally, according to Barry and L ay [8] the local symmetry
of the 1ons m S(1) sites 1s an octahedral one with a weak trigonal dis-
tortion This determined us to analyse the resonance conditions of Gd3+
1n a tngonal crystal field. If the zero field splittings (I_-i = 0) are larger
than the microwave field quantum, the Zeeman interaction rises the degene-
racy of the zero field states ¢, but does not mux them. It 1s customary
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to report the resonance lines in terms of ,,effective’” g factors, defined by
assuming that the resonances arise only mside every zero field states, that
is.

ES:) — Eg) hy
_————— 1
8o BH BH ( )
We are imnterested mn the comoponents g (¢), (2 = %, ¥, z) of the effective
g factors, for the three principal directions [100], [010], [001] of the

magnetic static field H, since these are the most probable transitions in
powdered samples. We noted that only the averages of the transition

probability over « (o defines the oitentation of H) are of physical signi-
ficance, the average procedure leading to

Py ~ g ()2 (2)

where g,(+) = gy(x) + 1g,(y). So, when g,(4) = 0, the tiansitions between
the Zeeman states are forbidden.

A) It 1s known [5] that 1n a cubic crystal field, the ground state,
S7,, of the Gd®" ions, splits according to the 1epiesentations 2I'g +
42T, +4I'y Taking the crystal field reported to the trigonal Z[111] axes,

M= 2 BIOY + 20 VZOH + T BYOR — 201~ ol @)

and defining the parameter x « [—1, +1JasLea etal [9]

Bi_ __» F(§
BY (L — |s}) F(d)

(4)

where F(4) = 60, F(6) = 1260, the eigenvalues and eigenfunctions of the

Hamiltonian (3) will be
1, /10 7. 1. /7
— ¢ — — (I 2) — i —|+ = 4+ = — | 4
Bo= 14 — 2001 — |al) ¥ =4 o \/3 PR \/3

5 1 28
E, = —18x — 12(1 — xf) g% = i%\/z

5

3

1
j:E>

7 T

5 1

Ey = 2 4 16(1 — |x) ¢§"2’=iig>=,i%>
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T 14
(3, 4) — — > = _Z
s ‘ £5>=F\/5

5 1 5
$;>+§\/E

The I'y and I, states present the isotropic, g, = g, = g, factors, that
1s g = 466, 1espectively g, =6 In the state the tiansitions with the
selection rules AMg # 3, present the following 1sotropic resonances:
&(1, 3) = g4(2, 4) =066, go(l, 4) = g5 (2, 3) = 513 and gy(3, 4) =4.66,
as 1t can be seen in figure 1

A weak trigonal distortion, D [Sﬁ — %S (S + l)], however greater

ZF

7 2
:FE>:F§

1
:1:?>

than the Zeeman interactions, does not affect the resonances of the states
I's and T';, connected by time inversion, but removes the degeneracy
of the state Iy, 1esulting two independent doublets (% respectively @ 4.

The {2 doublet piesents a forbidden transition (gll =6, g, = 0), and the
resonances inside the state appear at g, = 4.66 and g, = 2.66. Hence

1 a cubic crystal freld with a weak trigonal distortion the EPR transitions
appear at g = 6, 4.66, 2.66, which 1t 1s not our case.

1L (O]
B\
Egd el @)
L )
f ~ 4+ 9,
3 %'
‘ Mz 7
41
6+t
(3) 2 8l
10
14
42 b)
10}
8
6

1 L L) 1

- 1 1 [ - >
20 %0 60 80 100 120 L0 160 180 g

Fi1g 1 Resonances m the T, state of Fi1g 2 The effective g factors, g,(;k) (2) as function
the cubic field reported to trigonal axis, of the hexagonal parameter «4 & (0, 180°)
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B) In the S(1) site, presenting a Cj, local symmetry the resonances
of the Gd3* i1ons are described by the trigonal Hamiltomian. Not only
for Cg and C;, symmetries, as pointed out Abragam and Bleaney [5],
but also for C3, symmetry of the Gd®' in a powder, the trigonal contribu- .
tion B O} + BIO? 1s averaged to zero So, the resonances may be stu-
died with the hexagonal fine structure Hamiltonian

1 1 1 1
 — 1 pooe 2 o0 L 200 _1 p0no
% 3 0303 + 5 0i0: + 1260 b0s + 1260 5408 (©)
This field splits the ground state mto four doublets, corresponding to the

representations 2t + 22T% 4 *I'f having the following eigenvalues and
eigenfunctions :

E, = — 363 — 34 + 90} ¢7(i)=’i%>
Ey= — S0+ 00 — 50 d() =|+ >

EP — 4b — 309 — 200 + (308 + 1009 + 3bQ) VI + t2205  (7)
Wit = (£ 2> +iga|F >V Ga

ES = 4b3 — 369 — 209 — (368 + 1082 + 369) A/T + 12 Zotg
5 —_—
v (E) = (tg og i%> — ¥E>JI«/1 + tz og
where «g is the hexagonal parameter defined as:
208
A7(388 + 105, + 389

These states show the following g factors:

1
og = 5 arctg

a) ' — gl =6; gl =0 — fordidden transitions;
b) T — g = 2; glb) = 8;

) AP —gf() = 4|7 — 7 ta'a| (L + tgtah
g (L) = 4WTI(L + taton) g =4 [ T telen — 2 | T/(L + el

EY(L) = 4 A7 tg af(1 + tg® ap).

In figire 2 we plotted the g9 (1) (2 =1, 2), i = (||, L) es function
of the parameter oy & (0, 180°). It may be observed that there are two
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isotropic g,ss factors, for every two Iy doublets, namely g =510
(0g = 375), g = 4 46(0g = 119°),

g0 = 510 = (0 = 52.5°), g = 4 46(cg = 151°).

Hence, the 1sotropic g = 5 00 4- 0 25 resonance may arise when the I‘g) S

state 1s the lowest in energy and when the hexagonal parameter ¢, has the
value og = 52.4°

Such a case in zeolite appears when the paramagretic 1ons are placed
in S(1) site, and when the spins are quantified in the xy plane paraliel
to the hexagonal 6MR rings of the 6DMR hexagonal prisms

Conclusions. The EPR studies of the Gd3+ 1ons 1n zeolite confirm the
Pickert’s et all [8] idea, that an unusually strong electrostatic field
surrounds the cations in zeolite and this field aligns the spins parallel
to certain crystal field direction When the 1ons are placed 1s S(I) sites,
of C;, symmetry, the spins are quantified in the xy plane of the 6MR
rings, and the fine structure Hamiltoman presents a strong B§ type contri-
bution comparable with the axial terms.

( Recewved March 4, 1975)
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RPE A IONULUI Gd*+ IN POZITIILE S(1) A ZEOLITILOR SINTETICI
(Rezum at)
In acest articol am prezentat teoria rezonanter paramagnetice a ionului Gd®+ in pozi-

tule S(1) din zechitr A fost confirmati ideea lu1 Pickert $1 colab ci in zeolj: existd cimpuri
cristaline mtense in vecindtatea cationilor.



NOTE

OBTINEREA SCARILOR MICROMETRICE PRIN MIJLOACE SIMPLE

IRIMIE MILEA

Metoda descrisd permite obfinerea scidrilor cu suport transparent,
folosite curent in microscopie, spectroscopie, etc Datoritd simplitdpi e
st materialelor ugor de procurat este mai avantajoasi decit metoda prin
gravare, care necesitd un pantograf de precizie

Obtinerea scdrii micrometrice comportd urmdtoarele etape

1 Realizarea unu1 desen cit mai exact In tus, pe hirtie de bund calitate,
la o scard de cel putin dodzect de or1 mai1 mare ca scara micrometricd do-
ritd.

2 Fotografierea la scara aleasi a desenului, pe un film de mare con-
trast s1 obfinerea unu negativ Este i1ecomandabil ca aparatul fotografic
folosit sa fie prevdzut cu un obiectiv de bunid calitate (de exemplu

Tessar, f = 180 mm, L 4,5) [1] Pentru punerea la punct, care se face

pe geamul mat al aparatulu, se va folost un microscop cu grosisment 30 —40.
Filmul folosit poate fi de tip poligrafic ORWO FO05, sau cel folosit
pentru diapozitive. Developarea se face Intr-un revelator contrast ORWO
R71 folosit in poligrafie, sau orice alt tip de revelator contrast adecvat
filmulur ales Se vor aplica metodele cunoscute [2] pentru eliminarea
difuzier 1 efectulu: Eberhard Se va folost o bate de Intrerupere cu acid
acetic glacial 1% 1ar fixarea se face intr-un fixator acid

3 Obtinerea pozitivulut final Se pot realiza trer vanante

a) Pe film poligrafic. Pe acelasi tip de film ca $1 cel folosit pentru
obtinerea negativului se obfine, prin copiere prin contact cu negativul, un
pozitiv. Matenialele de prelucrare $1 precaufule necesare pentru obfinerea
pozitivului sint aceleast ca la punctul 2 Scara micrometricd obfinutd
nu este rigidd si este necesar sd fie lipitd pe un suport transparent.

b) Pe suport de sticld Se alege o placid de sticld de grosime s1 forma
potrivite scopului propus pe care, dupd o curdfire temeinicd, se depune un
strat de alcool polivinilic (M—20—98) folosit in poligrafie, fotosensibili-
zat cu bicromat de amomiu [3]. Intinderea s1 uscarea stratului fotosen-
sib1l pe suport se face prin centrifugare. Dupd o copiere prin contact cu
negativul 1 developare prin clatire in apd la 30°C se objine o copie pozi-
tivd, regiunile atinse de lumind devenind insolubile. Microscara obfinutd se
coloreazd cu un colorant organic (eritrozind), iar dupd spilare §1 uscare
se Incdlzeste pind la 80°C, operajie prin care stratul de alcool polivinilic
devine suficient de ngid pentru a nu mai fi necesare operain de protectie
deosebate.

¢) Pe un suport de argint metalic depus pe o placd de sticld Pe stratul
subjire de argint depus prin vaporizare in vid sau chimic pind la o trans-
parentd de 10—159%,, se obtine scara micrometricd prin metcda descrisd
la punctul b. Pentru Indepirtarea stratulu de argint suplimentar se intro-
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duce placa in clorurd fericd 1—29 si cu o pensuli find se freacd ugot
suprafata de argint liber pind la schimbarea colorafier lu1 spie gni inchus,
moment In care placa se introduce intr-o solutie de tiosulfat de sodiu, unde
clorura de argint formatd se dizolvd. Dizolvarea are loc In regiunile nepro-
tejate de alcoolul polivimilic, deci neimpresionate de lumind g1, in con-
cluzie, desenul scdrii micrometrice rezultate are ca suport stratul de argint
ramas, protejat de alcoolul polivinilic Intdrit prin incalzire [4]

Pentru toate vanantele descrise sint necesare in final mict operatir de
retus, care se pot face privind scara micrometricd printr-un microscop bino-
cular Luindu-se toate mésurile de protectie impotiiva depunern prafului,
lucrind curat g1 ingrijit, metoda descrisd permite realizarea de scdr: micro-
metrice cu pind la 100 linut pe milimetru.

(Intrat in redacjre la 30 mat 1974)
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SUR IL/OBTENTION DES MICROECHELLES AVEC DES MOYENS SIMPLES
(R ésum é)

On présente trois méthodes pour obtenir une microéchelle sur un support transparent
flexible ou nigide La précision résultée est de 1/100 mm

f
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