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HIDRATAREA IN SOLUTII DE HALOGENURI, DETERMINATA
PRIN MASURATORI ULTRASONICE

LIA ONITIU

Tratarea teoretici de ansamblu a problemelor legate de structura
solutiilor electrolitice este impiedicatd, deocamdatsd, de dificultdfi care
nu pot fi depisite, imnformatiile primite prin diferite mijloace de investigare
[1—5] fiind interpretate pe baza unor modele mult simplificate §1 aproxima-
tive, sau, ciutindu-se legituri formale, empirice, Intre diferite mérimi,
in lipsa unei fundamentdri teoretice a fenomenului fizic.

Teoria lui Debye explici sciiderea compresibilititii solufiilor electroli-
tice fatd de valoarea din apa purd, prin formarea unor domenii puternic
comprimate in jurul fiecdrw iom.

Dezvoltarea calculelor conform acestei reprezentdri permite determi-
narea numerelor de hidratare din relatia:

h\: P — polB/Bo) — C . % ‘ (1)
C M,

(e» po» B, Bo» M, M, fiind respectiv densitatea, compresibilitatea adiabatica
si masa moleculard (medie) corespunzdioare solutiei gi solventului pur,
iar C — concentratia solutei (exprimatd in gr/fem® soluie).

Din- punct de vedere fizic, numérul de hidratare “acustic” (relafia
(1)) da indicatii cu privire la modificdrile aparute in structura apei, valorile
mai mari indicind o distrugere mai accentuatd a retelei cvasicristaline,
pe cind valorile mai mici indicd o includere a iomlor in cavitdtile acestei
refele, fird a se distruge organizarea initiald.

Din maisuritori ale vitezer de propagare a ultrasunetului in diferite
solutii apoase de cloruri si fluoruri [8—9] s-a calculat compresibilitatea
adiabaticd a acestor solufti [10—12] si, conform relatiei (1), numerele de
hidratare corespunzitoare, la diferite temperaturi si pentru diferite comn-
centratii. Rezultatele sint trecute in tabelul 1.

Tabel 1
kg h
Electrolit
C—0 0,2 0,5 1 2
IaCl1 15 4,9 3,67 3,60 3,42 3,38
30 4,8 3,62 3,42 3,32 3,25
45 4,2 3,55 3,40 3,20 3,17
NacCl 15 5,8 5,32 4,31 4,20 3,61
30 5,3 5,12 4,24 4,10 3,50
45 4,9 4,73 3,73 3,60 3,50
KC1 15 6,0 5,30 4,90 4,72 4,15
30 6,0 5,20 - 4,90 4,72 3,65
45 5,3 5,05 4,85 4,72 3,14
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Tabel | (contrnuare)

k
Electrolit
0,2 0,5 1 2
NaP 15 6,42 5,82
30 615 5,80
45 5,70 5,64
XP 15 8,5 7,96 7,18 6,40 5,84
30 8,0 7,70 6,40 5,90 5,70
45 7,5 7,62 6,08 5,80 5,43
MgClL, 15 10,2 8,50 7,78 7,25 7,23
30 9,9 8,20 7,60 7,23 7,15
45 9,2 8,05 7,48 7,18 7,05
Ca(l, 15 10,5 8,65 8,38 7,58 7,32
30 10,3 8,50 8,17 7,46 7,05
45 10,0 7,94 7,62 7,23 6,46
Sl 15 10,7 9,85 9,70 9,50
30 10,5 9,74 9,68 9,50
45 10,4 9,46 9,46 8,62
BaCl, 15 11,6 10,25 10,20 10,12
30 11,3 9,68 9,58 9,17
45 11,2 9,40 9,23 8,86

Numairul de hidratare primari a moleculei substanjei dizolvate la
dilufie infinitd, %, poate fi calculat din valorile compresibilitdfii molale
aparente K, valoarea limitd a acester mirimi (care are aceeasi semnificatie
fizicd cu a volumului molal aparent al substantei dizolvate) fiind legati
de volumul apei primare de hidratare pe mol de electrolit, V,, prin relatia
(13—14].

lim K = —B,V, (2)
C—0
ho = 4 3)

0

valorile obtinute pentru 4, fiind de asemenea trecute in tabel.

Din examinarea acestui tabel se poate constata cid:

— la aceeast concentrajie hidratarea variazd pufin cu temperatura,
ceea ce inseamni ci, In domeniul explorat, influenta temperaturit se mani-
festd in special asupra apei libere, modificindu-i gradul de autoasociere,
in timp ce intre particulele incércate existd interactiuni putermice, care
realizeazd o stabilitate a structurii moleculare a solufiilor electrolitice;

— cu cregterea concentrafier hidratarea scade foarte putin, in relafia
(1) se neglijeazd interacfiunile 1on-1on, care pe misura cresterii concentra-
fiel se intensificd, astfel Incit rezultatele obtinute pentru concentratiile
mai mici siut mai aproape de realitate;
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— hidratarea este mai puternici pentru molecule confinind ioni de
sarcini mai1 mare, in cazul ionilor de aceeasi sarcini hidratarea este mai
mare pentru cationu avind suprafata ,,ut1ld” (raza) mai mare;

— anionul de F-, relativ mic, este mai eficace in orientarea dipolilor
apet decit cel de Cl-, fapt care se manifestd prin numirul de hidratare
mai mare pentru sirurile primului, in condifule acelulagt cation;

— valorile A, find determinate prin extrapolare la dilujie infinitd,
sint in permanen{d mai mari decit valorile # determinate prmn (1).

In solutiile apoase influenta 1onilor se manifestd prin distrugerea auto-
asociern wifrale a apei, datoritd complexdril cationilor cu oxigenii molecu-
lelor de api s1 a antontlor cu hidrogeni, realizindu-se o noud structurd deter-
minati de natura electrolitulus Moleculele de apd care nu participé la aceastd
noud organizare o pistreazi pe cea a apei pure, cu echilibrul modificat in
favoarea speciei structurale dense.

(Intrat tn redactse la 17 februarie 1975}
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HYDRATATION DANS LES SOLUTIONS DES ELECTROLYTES, DETERMINEE PAR
VOIE ULTRASONORE

(Résumé)

Utilisant la représentation, proposée par la théorie de Debye, des domaines pratiquement
incompressibles existants dans les solutions iomiques, le nombre de hydratation ,,acoustique’”
a été calculé pour les molécules des sels dissoutes, a des températures et concentrations diverses,
Les valeurs de la compressibileté molale apparente ont permis de calculer auss: le nombre de
hydratation a dilution infinie

Dans les solutions aqueuses les fons orgamnssent les molécules d’eau format une structure
caracténstique, les molécules qui ne participent a cette nouvelle orgamization en gardent celle
de l'eau pure
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SPECTRE DE TRANSFER DE SARCINA IN SISTEME CRISTALINE
SI VITROASE PE BAZA DE V,0,

L. STANESCU, GH. CRISTEA, I. ARDELEAN si M. BASSANYI

Introdueere. Incepind cu Fochs [1] spectrele de reflexie difuzi au
fost adesea folosite pentru determinarea largimii zonei interzise E , n cazul
substantelor care nu puteau fi obtinute sub forma de monocristal sau strat
subtire Pentru compusit elementelor de tranzifie, intre 400 si 700 nm,
pot s apari o serie de benzi de absorbtie care caracterizeazi tranzifia ban-
dd — band3, tranzifia cu transfer de sarcini si spectre de culoare.

In cazul V,0;, spectrul cu transfer de sarcini a fost asimilat cu tranzi-
ia bandd de valentd — bandi de conductie. Astfel, Kenn y si colab. [2],
Bodési Hevesi [3] aratd cd in domeniu vizibil reprezentarea grafica
a coefictentulur de absorbfie functie de hv este descrisi de relatia.

b o (v — Eg)al2
hv

valabild pentru tranzifit directe interzise. Daci se reprezinti (&4v)?® in

functie de Av prin extrapolare la £ = 0 se obtine conform [2, 3] {valoarea

lui E, care reprezinti lirgimea zomnei interzise. Deci, relatia de mai sus

descrie tranzifia din banda de valenfi in banda de conductie. In lumina

polarizati se obfin urmitoarele valori pentru E,. 2,36 eV pentruEl|a;

]25,34 eV pentru E||c [2] st respectiv 2,32 eV pentru E||a 51 2,30 eV pentru
te 3]

Efectuind misurdtori de reflexie difuzd Hevesi [4] a determinat
largimea benzii mterzise a V,0; ca avind valoarea E, = 2,34 eV care consti-
tuie valoarea abscisei (in unitdfi de energie) punctului unde incepe cresterea
liniard a reflexiei difuze R. Kutolin st colab. [5] au determinat prin
madsurdtori de reflexie, in cazul pulberii presate de V,0; valoarea E, =
= 2,38 40,02 eV.

Tandon s$i Gupta [6] propun pentru determinarea Iui E,,
valoarea abscisel punctului (in unitdti de energie) unde incepe cresterea
liniard a functiei de remisie F a lui Kubelka-Munk, datid de relajia:

(11— Ry
2R

F =

unde R este reflexia difuzd exprimatd in procente

Hecht si Johnston [7] redau spectre de reflexie difuzi pentru
o serie de sticle borosodice continind 19, mol V,0; S-au examinat benzile
de transfer de sarcinid si s-a constatat cd acestea sint influentate mult de
structura vibrajionald. Valorile lui E, conform datelor din lucrarea [7],
sint situate intre 2,1 eV si 3,1 eV.

In aceasti lucrare am studiat prin metoda reflexier difuze o serie de
sisteme cristaline (solufii solide) si sticle pe bazd de V,0; pentru a clarifica
natura tranzifiei E,.
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Partea experimentald. Re- s
flexia difuzi a fost misura- ~.
t4 cu ajutorul instalatiei Spe-
kol cu accesoriu de reflexie
difuzd, folosindu-se ca etalon 3r
sulfatul de bariu.

S-au studiat urmitoarele Vv,0q
substante : V,0; rafinat zonal,
solutille solide de substitutie
pe bazd de V,0; cu 59, mol
MoO, s1 109 mol MoO,,
bronzul de vanadiu faza « —
Lio,1V,05 (solutie solidd inter- !
stitiald) s1 o sticld V,05 —

— B,0; — CaO cu raportul
molar intre componenti 3 :4 :3. ) o,y T
Toate probele, cu exceptia 400 500 525 (236 ev) 60D

lui V,0; si a solufiet solide — Alnm)

cu 59 mol MoO,; au fost Fig. L

diluate in sulfat de bariu.

Probele au fost mojarate intr-un mojar de agat pini la o granulafie
de <20 p.

Rezultate si discutii. Pentru analiza rezultatelor objinute prin misura-
torile de reflexie difuzi, am folosit metoda descrisi deTandonsiGupta
I[sz%é)Astfel, ca o misurd a absorbtiei probei a fost folositd funcfia de remisie

In figurile 1, 2 si 3 redim F(R) funcjie de lungimea de undi A [nm]
pentru probele indicate in fiecare figura.

Se constati ci inceputul cresterii liniare a lui F este identic (£, = 2,364
+ 0,02 eV) peatru V,0; (vezt fig. 1) si solufia solidd cu 10% mol MoO,

25 /2

F {R)
<

O — - ———

o

3V205’ 48203: 3CeG

90 % mol V505~ 10% mol MoO, o

— F(R)

:

1

1 05

L 1 1
400 S00 525{2,36 eV 600 630 400 480 500
e —w{nm) zsee)  ——xnm

o

Fig 2 Fig. 3
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(vez1 fig. 2). Acelast rezultat s-a obfinut pentru solufia solidd cu 5%, mol
MoO,; si bronzul Lip; V,0,; Pentru sticla 3V,0;:4B,0,:3Ca0 se obfjine
E, =258 4 0,02 eV. In figura 2 se constati s10 bandi de absorbfie cu un
maxim in jur de 630 nm care reprezinti spectrul de culoare datorat 1ontlor
V4+ indust de Mo®+.

Deci, tranzitia ,,bandd — band4” care definegte zona interzisd conform
lucrarilor [2—5] nu este influentatd prin alierea V,0; cu formarea de solujil
solide de substitutie sau interstifiale

Se stie cd In majoritatea oxizilor elementelor de tranzijie banda d este
foarte ingustd, 1ar In cazul formémni micului polaron prin interactiunea
electron — fonon ea se ingusteazd i mai mult [8]. Formarea micului pola-
ron este favorizatd de dopare [10], care are ca efect aparfia unor cimpuri
coulombiene nereriodice {8] si a unor stin localizate (localizare Anderson).
La formaiea stirilor localizate, banda d este distrusd 1ar stinle d care apar
sint delocalizate pe un numir mic de noduri a1 elementuluw tranzijronal
(de exemplu cazul 1i,V,0; [8]). :

In cazul unor sticle pe bazi de V,0; [9] spectrele REP pot fi mterpre-
tate admifind c3 electronii 3d sint localizafr la un nod de vanadiu (V4+).
La o asemenea localizare banda 3d a vanadiulu1 este distrusi

In figura 4 redim spectrul de rezonanfd electronicd paramagnetic
(REP) al sticler 3V,0;:4B,0,.3Ca0 [11]. Masuritoiile au fost efectuate
in banda X la temperatura camerei cu ajutorul unu spectrometru JES 3B

Acest spectru poate fi explicat pe baza pre-
supunerilor: 1) electronul nelmperecheat cu S =
= 1/2 interactioneazi cu spinul nuclear I = 7/2
al unui singur nuclen de 51V $1 2) simetria locali a

— cimpului cristalin este axiald. In aceste impieju-
H rari analiza datd de Sands [12] aplicati 1onu-
lui V*+ prezice aparifia unui spectru format din

5 doud seturi a 8 linit fiecare, grupatein jurul com-

ponentelor g; si g, ale factorului de despicare
spectrsocopicd, lucru evident in spectrul din fig. 4.

Descrierea teoreticd a spectrului se poate face
pornind de la hamiltonianul de spin [13, 14].
X = 4] BHsz + 81 ﬁ(Hsz =+ Hysy) +

+ ASsz + B(SzIx + SJ’I:}’)

006 unde drept axi principald a tensorului g s-a ales
directia z.

Calculul nivelelor energetice ale ionului V4+
pe baza acestui hamiltonian, incluzind pentru
structura hiperfing si termenul de ordinul doi (ca
urmare a cresterii intervalului dintre componen-
Fig. 4 tele de structurid hiperfind spre clmp magnetic
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intens) conduce la expresia [13]:
AER U+ 1) — )

unde M = 41/2iar m = +1/2, 43/2, +5/2 51 +7/2.
Pentru valorile cimpurilor magnetice la care apar tranzifule de rezo-
nantd Ey, < Ey_1, din relajia de mai sus obtine

B2
» = gBHM KM _
En 8B + m 12pH

Hm) = Hy— E'm— 22 2B rrr 4 1) e

4H K2
unde: H0=ﬂ, K':E, B =2
&P gp 4]

e (A”gf|c0520 +B2gj_ sz 6)*12

4
si
g = (g} cos*0 + g2 sin® 6)

Parametrii hamiltonianului determinai din spectru au urmitoarele
valor1 :

g = 1,926 + 0,003, A = (155 4 5) 10~ cm~1
g1 = 1,992 4 0,003, B = (57 + 5) -10~% cm-1

Din aceste date se desprinde concluzia ci intr-adevir in stare amorfi
electronul nelmperecheat este bine localizat In vecinitatea nucleulu propriu,
neavind posibilitatea si interactioneze cu doui sau mai multe nuclee de
vanadiu

In cazul sticlelor studiate de Hecht si Johnston [7] valoarea
E, este situatd Intre cca 2,1 eV s1 cca 3,1 eV Proba cu raportul Na/B de
5% si cu 19, mol V,0; are E, ~ 2,37 eV care este practic identic cu valoa-
rea lu1 E, pentru V,0; st solufule solide studiate La o concentrajie atit
de micd de V,0;4 (1% mol V,0;) nu poate exista o suprapunere a functiilor
de undd d pentru a forma o bandi de conductie. Dect, spectrele optice de-
scrisein acest caz sint tranzifn cu transfer de sarcini de la ligand (oxigenul)
la ionul tranzifional (vanadiul) i nicidecum o tranzitie bandd — banda
Astfel, faptul ci prin alierea V,0; valoarea lui E, a rdmas neschimbati,
cu toate cé a avut loc o distrugere a benzii 3d inguste si formarea de stin
localizate, ne permite si interpretim tranzijia opticd de la 2,36 4 0,02 eV
ca o tranzifie cu transfer de sarcind (E,) si nu una de tipul bandd — bandd
(E,), deci in cazurile studiate trebuie si utilizdm notatia E,, (exemplu E,, =
= 2,36 4+ 0,02 eV). In stare vitroasi tranzijia depinde de diluare s1, dupd
cum s-a amintit [7], de structura vibrajionald, care trebuie studiatd cu
ajutorul spectrelor de absorbiie in I.R.

(Intrat n redactie la 25 februarie 7975)



10 L STANESCU, GH CRISTEA, I ARDELEAN, M BASSANYI

BIBLIOGRAFIE

1.P D Fochs, Proc. Phys Soc B69, 76 (1956)

2. N Kenny, C. R Kannewurf and D.H Whitmore, J Phys Chem. Solds,
27, 1237 (1966)

Z Boddéand I Hevesi1 Phys Stat. Sol (a) 20, k45 (1967)

I Heves: Acta Phys, et Chem Szeged, 73, 39 (1967)

SA Kutolin, G S Botvinkova, O M Kotenko, R I Samotitlova
siI M. Docuciaeva, Izv Akad Nauk Neorg. Matenali 70, 645 (1974).

6 SP Tandon and J P Gupta, Phys Stat Sol, 38, 363 (1970)

7 JH G Hecht and Th S. Johnston, J Chem Phys, 46, 23 (1967).

8. J G Sperlichand W D Iazé Phys Stat Sol, (b) 65, 625 (1974)
9
0
1

m-t:-_cp\

G. Sperlich, P. Urban and G Framnk, Z Physik 263, 315 (1973)

Al Efros, Fiz tverd tela 9, 1152 (1967)

I, Stdnescu, I Ardelean, M Peteanu 1 C Kovdics, Rev Roum Phys.,

20, 67 (1975)

12 R H Sands, Phys Rev 99, 1222 (1955)

13 A Abragam, B Bleaney, Electron Paramagnetic Resonance of Transuron Ions,
Clarendon Press, Oxford, 1970

14 A Xahn, J Livage and R Collougmnes, Phys Stat Sol. (a), 26, 175 (1974).

CHARGE TRANSFER SPECTRA OF V,0; BASE CRYSTALLINE AND VITROUS
SYSTEMS

(Summary)
It 1s shown, by diffuse reflectance and EPR measurements, on V,0; base crystalline

(substitution and interstitial solid solution) and vitrous systems, that the transition at 2 36 4~
+ 002 eV 1s a charge transfer transition (Eg;) but not a gap transition (E,)
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ASUPRA UNEI RELATII DINTRE BARIERA DE POTENTIAL $I
VITEZA DE PROPAGARE A UNDELOR IN LICHIDE

C. STETIU

1. Introducere. Potentialul molecular cel mai frecvent intilnit in expli-
carea proprietifilor moleculare ale lichidelor este potentialul Lennard-Jones

(12, 6)
‘mﬂzknﬁ“_pf] (1)

v 7

unde & reprezinti bariera de potenfial a lichidului, 1ar ¢ diametrul de
ciocnire,

Potentialul Iennard-Jones descrie bine unele proprietdf1 ale lichidelor
simple (ale ciror molecule pot fi considerate sferice) cum ar fi viscozitatea,
conductibilitatea termica, etc. fird insi a fi valabil in cazul lichidelor alci-
tuite din molecule mai complexe Pentru a descrie si proprietdfile acestor
lichide, potentialulu1 (12, 6) 1 s-au adus unele modificiri, legate de ,,forma”
moleculelor.

Modificirile la care a fost supus potentialul Lennard-Jones se pot imparfi
in doud categorii Prima, afecteazi forma ecuatiei (1), cireia 1 se adaugi
diferiti termem (ex. potentialul Kihara, Stockmayer, 6-exp [1], etc) A
doua categorie de modificdr1 pistreazd forma ecuatier (1), schimbindu-
insi exponentul repulsiv [2].

Lucrarea de fats, pornind de la ideea ci un potential de tip Lennard-
Jones cu exponent repulsiv variabil ar putea descrie proprietdfile unui
lichid alcdtuit din molecule legate in lanf, isi propune gisirea gi verificarea
unei relafii intre potentialul de interactiune intermolecular §i una din con-
stantele de material ce se poate méisura relativ precis.

2. Caleulul harierei de potential in lichide. Relafia (1) scrisd in functie
de volum devine

o) =2 — = (@)

unde in cazul potenfialulms (12,6) ¢ =4 1 b = 2, iar 4 §i B sint funchui

de temperaturd, dar la T = const. depind numai de natura lichidului.
Conditia termodinamicd de echilibru a lichidului este

fiXo]

Fri 0 la V=V, (3)

unde V, reprezintd volumul de echilibru. Relatia (8) condifioneazi apanjia

unui minim pe curba ®(V), caracterizat pentru potentialul (12,6) prin
abscisa

7y = 26g 4)
Din (2) se obfine

§(Z0) _gpfetl A b1 BY_
14 (aw)T ab[ ] ab® (V) (5)



12 C STETIU

unde la 7 = const @, va depinde numai de volum. Pentru potentialul
(12, 6)

Do(V) =« (6)

dec1 reprezintd potentialul lichidului ce ocupd, la o temperaturd datd,
volumul de echilibru

Pentru potentiale cu exponent repulsiv varabil relatille (4) s1 (6) nu

mai sint valabile. Tabelul 1 cuprinde valorile rapoartelor #y/c 1 @ofe in

cazul unui potenjial de tip Lennard-

Tabel 7 -Jones cu exponent atractiv cons-

tant §i cu exponent repulsiv variabil.

3a | 3b #olo ®y/c Se observd ci pe mdsura cresterii
exponentulur repulsiv creste si adin-

12 6 1,122 1,000 cimea groaper de potential Prin ur-

14 6 1,112 1,211 mare, un astfel de potential ar putea,

16 6 1,103 1,388 in principiu, descrie proprietatile unet

;g 6 1,096 1,540 serti omoloage.

6 1,090 1,671 o .

29 6 1,084 1,787 De exemplu, se Stle cd lichidele

24 6 1,080 1,890 aparfindtoare serte1 alcoolilor primari

26 6 1,076 1,982 diferd de capul serier (alcoolul me-

28 6 1,072 2,085 tilic) prin incrementul CH, (notat

in continuare prin x) Cu cregterea
lui x creste ,,lungimea” moleculei si prin urmare va cregte atit bariera
de potential a lichidului, cit §i exponentul repulsiv al relatier (2).
Pentru calculul barierei de potential s-a folosit metoda clasicd a poten-
tialelor termodinamice Folosind drept potential termodinamic energia
internd §1 pornind de la identitatea

A @
se obfine
(ol = = T2 (5 ®

unde B reprezintd compresibilitatea izotermi a lichidului.
n general

U=0+E

unde O reprezintd energia potentiald, iar E energia cinetici a lichudului.
Energia cineticd depinzind numai de temperaturd, din (5) si (8) se obtine

ab a 1
2o, —_1290 (L
ps 0 aT (BTT) ©)
Integrarea acester ecuatii conduce la relatia
L 2% 1ay) (10)

Br V2
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unde constanta de integrare f(V) = R[V? s-a gésit presupunind ci la T =
= T, viteza de propagare v a sunetului este datd de legea lui Newton.
Cunoscind ™ ci

Br=Vp=VX (11)
pv®

p fiind densitatea lichidului, din (10) s1 (11) se obfine expresia

By= L (ILJ 2t — TR) (12)
ab\ vy
ce leagd bariera de potential de viteza de propagare a sunetului in lichide,
unde M reprezintd masa molard a lichidului, y= E—T , T — temperatura in
s

K, iar R — constanta universali a gazelor.

3. Verificarea experimentald a relatiei (12) In scopul vertficirii relatier
(12) s-au folosit pentru viteza datele experimentale obtinute in studiul
serier alcoolilor primari [3]. In vederea evaluirii exponentului adiabatic
s-au folosit datele asupra lui

B, luate din tabele de cons- Tabel 2
tante fizice [4], iar pentru

Bs s-au folosit wvalorile cal- % 1 2 3 4 ‘ 5 | 710
culate in [3]. Pentru primele

zece lichide ale seriet studi- v ‘ 120 | 1,24 | 1,17 | 1,25 I 1.27 1.30

ate, valorile lui y sint prezen-
tate in tabelul 2 In calcule s-a folosit b = 2 1ar a variabil. Valoarea
lui @ s-a determinat prin intermediul relajiei lui Kudreavfev [5]
G = _1_ (12_ RT (_JW_Pz (13) Tabel 3
2ably M\ Ny

ce leagi coeficientul de tensiune superfict- | ! ‘ 2]8 ‘ 4 ' 5 l ’ ' 8 |10
ali o de viteza de propagare a sunetulut 30 | 12| 14 16| 18] 20| 24| 25| 26
Cunoscind wvalorile lui ¢ din literatura
[4, 6] s-a evaluat din (13) exponentul repulsiv @, cuprins in tabelul 3.

Din fig. 1 se observid cd méirimea barierei de potential scade la creste-
rea temperaturii lichidului i creste linear cu alungirea moleculei in seria
alcoolilor. Schimbarea panter pentru x > 3 indicd o structurd diferitd a
primilor doi termeni ai seriet (alcoolii metilic si etilic) in comparafie cu ceilalti
alcooli.

Rezultatul obfinut s-a verificat studiind energia de activare AG a
viscozitdfii in seria alcoolilor [7]. Dupd cum se vede din fig. 2 si energla
de activare depinde linear de x, observindu-se, ca si in cazul precedent, o
schimbare de pantd pentru alcoolii superiori alcoolului propilic.

Schimbarea de pantd se explicd prin faptul cd alcoolii fiind lichide
puternic asociate, moleculele lor se pot asocia polar, sau nepolar. Pentru
x 2 3, moleculele se asoctazd exclusiv in lan} (polar), pe cind in alcoolii
metilic §i etilic moleculele se asociazd atit polar, cit §1 nepolar.

(Intrat 4n redactre la 14 martie 1975)
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RELATIONSHIP BETWEEN PAIR POTENTIALS AND SOUND VELOCITY IN
LIQUIDS
(Summary)

The paper presents a relationship between the potential depth and sound velocity in
liquuds The relationship was proved on the pure prunary alcohols, using a modified Lennard-
Jones potential and the results were compared with the values obtamed by other metods
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WAVES IN AN ELECTRON MOVING PLASMA

MARIA CRISTEA

1. Introduetion. In the past few years, the behaviour of a moving
plasma has been investigated both experimentally and theoretically. This
interest is justified by the observation of electron stream in natural plasmas
[1] (solar wind, movement of electrons in magnetosphere), as well as by
the possibility of some applications of a laboratory moving plasma [4]
(generation of high-power microwaves, plasma heating, etc.).

The problem of a relativistic moving plasma, without external magne-
tic field, has been discussed previously by Clemmow and Dougherty
[1], who derived the conductivity tensor and the dispersion relations. More
recently, Srivastava has studied the propagation of electromagnetic
waves normal [5], and respectively parallel to the magnetic field [6], in
a plasma drifting with a uniform velocity along the magnetic field, or nor-
mal to the magnetic field

In this paper we consider a relativistic collistonless plasma, moving
along a magnetostatic field. The plasma is assumed consisting of electrons
only, with positive ions serving just as a moving neutralizing background ;
the perturbation motion of the positive ions is ignored The direction of
the wave perturbation propagation is assumed to make an arbitrary angle
with the external magnetostatic field.

2. Basic equations. We suppose that the velocity of plasma Uis parallel

to the magnetic field Eo, and we take their common direction as z-axis,
so that we have

B, = (0, 0, B,) U=(0,0 U (1)

The perturbed velocity and number density of electrons are, respectively

V=U+u N=N+mn 2)

where v is the perturbation velocity, N the unperturbed number density,
and # the excess number density above N. The current density is

7= —eqV + eNU 3)
and, when the non-linear terms are dropped, (3) becomes
7= —eNv — enU. (4)

The second term on the right-hand side of (4) is the contribution from the
convection of charge density
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In order to find the conductivity tensor, it is necessary to establish
the relations between the components of ]—.and the perturbation electric
freld E in the form

5= GikEk (5)

s

We can obtam such relations by eliminating ” in (4) and expressmg j as
a function of v only. After that, we express v 1n terms of E by means of

the equation of motion. Then, inserting v ) into ], the required relations (5)
are obtained

The elimination of # in (4) is achieved by means of the charge conserva-
tion relation

= on
V) — ¢ E—O. (6)

Assuming space and time dependence of perturbation quantities in the form

es(l? 7 — i) (7)
relation (6) leads to
) B

n—=— L% 8)

ew

If « is the angle between % and ];0, and we choose the x-axis lying in the
plaue determined by these vectors, we have

k= (ksin a, 0, k cos ), )

so that (8) becomes

n=—E(j sina+j,cos a). (10)
10

The expression of v 1n terms of E 1s determined by the equation of
motion of the electrons:

d v

# fiove - BTV X(B+B] (11)

where B 1s the perturbation magnetic induction, and the operator on the
left-hand side is

d a I

—=_+4 Vv.

dt ot TV

Using (7) and (9), and dropping non-linear terms in (11), we obtain

i(RU cos o — o) ZIUA FU —UYF) ¢ (F L T B+v x By. (12)
(1 — U2fcapie m '

2 — Physica — 1976
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3. The conductivity tensor. Substitution for # from (10) mto (4) gives

the components of the current density

7. = —eNv,  Jy = —eNv,,
) (13)

7, = — gva,—}—kUsinavx
* o — kU cos a

It is assumed that o # kU cos o, [1].
Further, we express v m terms of E from equation (12), where B 1s

also expressed in terms of E through Marxwell’s equation

= 0B
E=—- —,
VvV X % (14)
that is
B, = — f-cosaE,,, B, = cos 0w E, — * sin e E,
[5) e )
(15)
k
B, = —sin « E,,.
[5)

Substituting these relations into (12), we obtain the components of v

~/I — B”(l —ﬂjcos m)
v, =—12 i - [(@—kUcosa)E,—1QE,+ kUsinaeE,] (16)
" 2 (1 - —cosa} — Q2
w
7)y=”% Ji]— . 2 [9_ (m—kUCOSU')Ex_ i(m—kUCOSd)zEy+
w”(l—k—comz) — Q2 © ¢
(O]
Q .
+ —AkUsina E,] (17)
w
by —i L U=F g (18)
m o — kU cos o
where B = UJc, and Q is the relativistic electron gyro frequency
(19)

Q= B\T—p.
m
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Substitution of (16) — (18) into (13) allows us to write directly the compo-
unents of the conductivity tensor:

nomm; (1 — pBcos a)®

le} = Q. =
= 64 w?(1 — pp cosa)® — Q2
. g0 Qui(l — pf cos a)
0. = — =
= i w?(1 — ppcos a)? — Q2
o — o 1 eucom;(l — wBcos a)upsin a (20)
= = w21 — B cosa)® — Q2
snﬂm;pﬂ s o
Oy = — Ogy = —
w31 — pPcos ) — Q2
O, = 1EqWO5 1—# WP sin e
” o @1 — pBcos a)® (1l — pP cosw)? — Q2

where ¢, is the vacuum permittivity, «, is the proper plasma frequency of
the electron gas

Ne2

X

wp = 1 —p (21)
and p = ck/w is the refractive index.

4. Dispersion relations. The propagation of electromagnetic waves
in a plasma can be studied by solving the dispersion relation [2]

(k2 — 0?3, — c?kh, — Lo,

=0 (22)

In the adopted co-ordinate system, this equation has the explicit form

2 2 i (28] 2 (2]
ufcosta —1— — o, — — O,y —ulsin o cos o.— — O,y
€o €9 o
(10 2 1 70 20
— T Oy, pr=1l=—u0y — — Oy =0
Eo €0 €o
: 0 (10} . k0]
—p?sin & Cos a— — G,y — — 0y pisin®oe —1— — o,
€0 €o o (23)

It 1s a rather complicated quation. It simplifies 1n some particular cases,
that we will analyse briefly.

Case a). Stationary electron gas. (U ==0). The conductivity tensor
reduces to

1500k, EOQQ;
EZ24 Yy o — Qz’ xy ¥x w® — OF ’
(24)
1% s . _ _ .
Oy == — Oy, Oy = Ogg — Oyy = Oy = 0
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and the dispersion relation takes the form

. . | m"; 10 Qmj, o s
;. — _ —u2sin o cos o
p‘ COS o + 0)2 —_ QZ mz(wz _— QZ) ("'
2 Qw’; e 14 m; 0 —0
wo? — 0F) w w? — Q2
0 i 14
— u2sin o Ccos « 2sinZo — -
W W =+ o | (25)

Equation (25) 1s a quadratic 1 p?, its roots describe the ordinary and the
extraordinary waves, respectively [3].

If « = O (parallel propagation), (25) splits into two equations, one of
which pertains to purely longitudinal (plasma) waves, with E, # 0 and

o = 0, (26)
and the other one, to purely transverse waves with refractive indices
w? Q2e?
2 _1.-_"* g L ] 27
e L @)

It can be seen that it 1s possible to appear resonances if o = 4- Q when p
has an infinite value. On the other hand, p may be imaginary for some
values of ®, », and Q. In this case, the waves propagate with attenuation

Case b). No external magnetic field (Q = 0). The components of the
conductivity tensor are:

i pBsin o
Opx = Cyy = 3 Opp = Ozp = X
@ 1 — ppcosa
(28)
1 — Bl — p?sin’ )
= ’ G,y = Oy, = Oy, = O,y =— 0
2z (1 . y.ﬁcosa)z EZ7 E24 Yx Yz 2y
The dispersion relation takes the form
@5 uBsma  ©p
prcos?o —1 4 =L 0 —p*smoacosoaf——— %
w? 1 — pfcosa w?
02
0)2
o} . 1 — g1 — p2sm® o)
—y.zsmov.cosoc—i——”ﬁsm—“—’ 0 uisinfa—1+4 g — u 4 % 9
1 — pBcosa w? (1 — pfcos «)? ot (2 )
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This relation is equivalent to the following two equations.

w=1-—2 (30)
mz
and
s 1 ,‘*’1)[_ l—ﬂz_ffz}zo 31
(” —l_m“ 1 (1 — pBcosa) w? ( )

Equation (31) is obtained after somewhat algebra

Thus, there are two waves with the refractive indices given by (30)
and two others with

pBcos o =142, /1T — g2 (32)

When « = 0, (30) corresponds to purely transverse waves, the only non-
zero components of the electromagnetic and velocity vectors being E,,
B,, v,, 3, In this case, (32) pertains to purely longitudinal waves, with
E, v, 7, the only non-zero components

In the absence of the external magnetic field, there are neither re-
sonances, nor attenuation of the waves.

Case c¢). Normal propagation. (7?: 1 Eo) For o = m/2, the components
of the conductivity temsor simplify to

zsomm"; Q0
Gyz = Oyy T Oyy = — Oy T oo
tegweipf £0Qo?, 1B
Ouz = Ogzx = . r Oy = — 0 = — ! ’ (33)
on? — Q2 w? — 02
2 1 — (2 202
O, = Zsomw;[ b ———“ﬁ—} .
‘.02 wz _ Q'l
The dispersion relation 1s
P S oput
w? — Q2 ® o — Q2 w? — Q?
2 2 2
* Qo)p }1,2 1 wp . Qo)py.ﬁ -0
® o —Qf o? — Of ® o2 — Q2
m;uﬂ . Qm;y.ﬁ . mzp . @2p?
. W P 7
w? — 02 w o — Q2 w? w2 — Q2 (34)




29 M CRISTEA

This is a quadratic equation in p?, 1ts solutions being

(0 — ©F — w2 [0f — (1 — B9] — Qad(l — B)
wiof — OF — Wi (1 — §9)]

=

Qo) A/ Q1 — P22 + 4B%[w? — w3(1 — B2)) ‘
20%[0* — Q* — oi(l — §%)]

(35)

An inspection of (35) shows that resonances are possible for
=0 + (1l — ) (36)
In the absence of the external magnetic field, (35) reduces to

b
I
wr=1-——
and no resonances will appear

Further details of the normal propagation of electromagnetic waves
can be found in Srivastava’s paper” {5].

Case d). Parallel propagation (E||§0) Since in this case sin « =0,
cos o = 1, the components of the conductivity tensor become

o — o 1 ggeol(l — pg)? o = — o — ol (1 — pp)
- O P T T T S
(37)
o =zeowmﬁ—1i,o‘ = 6,, = Gy, = G = 0
1 0)2(1 _ “B)z xz 8%
and the dispersion relation takes the form
21+ oh(l — pp)? 0 ol — uf) 0
ol — pf)* — Q° o o}l —pp) - QF
1 (1~ up) s 1 o(l — up)? .
_——t P -1+ —r 0 =0
o (1 —pp)t — Q2 * ol — pf)? — @°
w2(l — B
0 0 T L i
ol — up)?
This relation splits into two equations.
w(l — pB)? = oj(l — B?) (38)
and
[2_1+ wi(l — pB) ] 0l —up) }2 (39)
¢ ot —ppp — @2 lafefl — upy— 02
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From equation (38) it follows
up=1£2JT—F (40)

We notice that (40) is just the relation (32), written for « = 0. Hence it
describes purely longitudinal waves, which are not affected by the external

magnetic field.
Equation (39) leads to

2
y.2=1_i:"_ﬁﬁ__, (41)

o Q
1—pf+—
w

When there is not an external magnetic field, (41) pertains to transverse
waves, with refractive indices given by (30).

(Recesved March 15, 1975)
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UNDE INTR-O PLASMA ELECTRONICA IN MISCARE
(Rezumat)

Se studiazd o plasmi relativistd, constitwiti din electrom: in migcare Se presupune cid
in starea neperturbati densitiftle de sarcind §1 curent ale fluxului de electron: sint neutralizate
de cele ale fluxului de 1om1 pozitivi, insi 10n1 pozitivi nu participi la propagarea undelor. Viteza
curentului de electrom este paraleld cu cimpul magnetic exterior. Direcf1ia de propagare a un-
det formeazi un unghi arbitrar cu cimpul magnetic Se determuni tensorul conductivititiv
electrice 1 ecuapia de dispersie In inchetere sint examinate citeva cazur particulare.
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ELECTRONIC SPECTRA OF FLUORO-TOLUENES IN
CYCLOHEXANE AT 77°K

T, ILIESCU and H. TINTEA

Introduction. The electronic spectra (absorption and Iuminescence)
of aromatic molecules in frozen solutions of adequate normal paraffins
(linear or cyclics) are generally composed of fine bands (quasilinies) grouped
in multiplets. This is the Spolski effect [1]

Rebane and Hijniacov [2] have developed the theory of the
Spolski effect supposing that the aromatic molecules included 1n the crysta-
lline matrix may be considered as impumnty centres.

We report in this paper the results which we have obtained studying
the fluorescence and absorption spectra of fluorotoluenes in cyclohexane
solutions at 77°K.

Raman and I.R. spectra of these molecules were studied by Fergu-
son [3)], Lebas [4] and Green [5]. Fluorescence spectra of the va-
pours were obtamned by Saryanarayamna and coworkers [6] and the
U.V. absoption spectra of vapours by Tintea [7], Caveand Thom-
son [8], Ken [9] and Joshi [10].

Experimental. The substances were prepared by us fiom the respect1-
ves p a. toluidines The purity of the substances was controled by chiomato-
graphy, I R spectra and UV absorption of vapours

Merk pa cyclohexane, after conventional purification was used as
solvent. The spectra were recorded with a £ 3,5 Hilger spectrograph having
a 25A/mm dispersion in the work domain.

We have utilised a 0,5 mm thick cell, a Dewar of quartz with three
windows at 90° and a 1000 W Hg lamp for the excitation of the fluorescene
(2538 A) The sample was frozen slowly in order to obtain only the mono-
clintc phase of cyclohexane [11].

If the freezing 1s done rapidly, we get simultaneous by the two crystallo-
graphic phases of cyclohexane 1.e. cubic and monoclinic

Each band of the spectra presents two components separed by app.
80 cm—?, the same as in the case of benzene [11].

Solutions in #-hexa e, n-heptane and #-octane were also tried but fewer
and larger bends than in cyclohexane were observed

The bands were the finest when the concentrations of the cyclohexane
solutions varied from M -3 to SM~? (substitutional dispersion in the matnx).
At greater concentrations molecular aggregates are formed and the spectra
become moze diffuse.

The finest bands are observed for the ortho and the meta derivatives
(~15 cm—?), the largest for para (~25 cm=—?).

This observation is 1n accordance with table 1, the smallest displace-
ment Avgo of the 0,0 band 1s for the ortho and meta derivatives

Table 1
1 Yg,p CI L Vo, CIM 1 Avy,q cm™?
Molecule i vapours solution at 77°K displacement
para 36 866 36 437 429
meta 37 417 37112 305

ortho 37 566 37 352 214
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Fi1g 1 ZElectronic spectra of para-fluoro-toluene at 77°K
a) fluorescence, b) absoiption
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Fig. 2. Electronic spectra of meta-fluoro-toluene at 77°K
a) fluorescence, b) absorption
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F1g 3 Electronic spectra of ortho-floro-toluene at 77°K a) fluorescence, b) absorption

In fact, Avgo may be considered as a measure for the interaction bet-
ween the electronic cloud of the molecule with the cyclohexane matrix [12]

Results and disscusion. Figures 1,2 and 3 show the absorption and
fluorescence spectra of the fluorotoluenes in cyclohexane at 77°K. All
derivatives present spectra of quasilinies. The position of the 0,0 band in
fluorescence is corresponding with the 0,0 band in absorption (or reflexion),
a characteristic of Spolski systems [1].

Para-fluorotoluene. We have measured 21 fluorescence bands between
32662 cm~! and 36428 cm~—! and 20 absorption bands between 36437 and
40072 cm-1.

In absorption the bands are broader than the corresponding fluores-
cence bands in the same conditions. The analysis of the spectra was made
with the frequencies indicated 1n table 2 Comparison is made with Raman,
LR., U.V. absorption and fluorescence of vapours.

Table 2
@” em™1 ®” em™? o’ cm—! » cm™!
o” cm™1 liquid [5] vapours the vapours Mode
Nr the authors fluorescence authors absorption [13]
IR Raman [6] [7,8]
1 316 w 313 312 — — — 15
2 334 vw 342 344 — — — 9b
360
3 464 m. 455 455 — 406 w 398 6a
4 491 vvw 502 502 — — — 16b
5 658 vw 638 642 R 593 vw 584 6b
670
6 848 vs 842 843 850 804 vs 799 1
7 946 v.w 956 — — 869 w 843 17a
8 — — 1157 - 1010 v w 1014 9a
9 1233 s 1224 1221 1255 1229 s 1229 7a
10 1297 w 1300 — 1300 — - 3
11 1616 vw 1603 1607 — — — 8a
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We observe a satisfactory concordance with the Raman and I.R.
spectra, but some difference with the data of [6] regarding the vapours
fluorescence spectrum is remarked. In absorption a good agreement with
the vapours absorption 1s present.

Meta-fluorotoluene. We have measured 34 fluorescence bands between
33129 and 37223 cm~! and 38 absorption bands between 37112 and 40998
cm™—1.

The frequencies are indicated in table 3.

Table 3
»” cm™?t o” cm™! ¢ em—1 ' cm™!
Nr ®” cm™1 iquid [5] vapours @ the vapours Mode
the authors fluorescence authors absorption [13]
IR [ Raman 6] (7.8
1 226 vw 212 212 200 102 s — 176
2 295 vw 296 296 — 261 w 260 9a
3 446 vw 442 450 — 424 w 436 6b
4 515 m 513 514 — 465 w 466 6a
- 552 vw
5 626 m — — — - — 4
602 vw.
6 732 vs 728 728 — 693 vs 687 1
750
7 794 vw 778 775 - — — 7b
8 895 w 886 — — — — 10a
9 | 1000 vs 1003 1003 — 967 vs 965 12
1055
10 1070 v.w 1079 1078 — — - 18a
11 1148 vw 1160 1160 — - — 9b?
1220
12 | 1264 s 1266 1264 — 1262 s 1261 13
13 | 1466 s 1465 1460 — — — 19b

We observe a good coincidence with the I.R., Raman and vapours
absorption spectra but a frequency o'’ = 626 cm-* does not appear in L.R.
and Raman and o’ = 102 cm~?! has not correspondent in the vapours spec-
trum.

Ortho-fluorotoluene It has been measured 27 fluorescence bands between
34874 and 37345 cm—! and 30 absorption bands between 37165 and 40222
cm™,

The results are resumed in table 4 No comparison with the vapours
fluorescence spectrum was possible because only a continuous band was
observed [6]. In absorption a good agreement may be observed but the
apparition, at 77°K of a band situated 187 cm-! towards red from the
0,0 band is unusual.
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Table ¢
@” em—1 ®’ cm™!
Nr ©” cm™? liquid [5] ' cm™! vapours Mode
the authors the authors | absorption [13]
IR | Raman [7.8]

1 191 w 186 186 164 w — 17a?
2 237 vw — — — — 17b
3 374 vw — — 327 vw 344 18a
4 437 vw 441 443 408 v 1w 402 6b
5 531 w 536 535 482 vw — 162
6 581 vw 576 577 528 m — 6a

7 757 vs 754 747 720 vs 706 1
8 941 s 935 935 — — 10a

9 997 vw — — — — 5
10 1036 m 1037 1039 930 s 925 18b
11 1246 s 1233 1233 1233 s 1233 7a

Generally, on the same plate with the reflexion spectra, the fluores-
cence bands are registered. The mirror symetry law 1s respected con-
cerning the distribution of the intensity of bands, espectally by para-
fluorotoluene.

It 1s known, after the theory of the impurity centre [2] that the Stoke
loss P, concerning a certain (local) vibration 1s given by

Table 5 (Pa)* Ty
nl Iy,0
Para | Meta I Ortho A
where I, 1s the intensity of
o’ Py w’ Py o’ Py the O’O band and I(n,u)’) the in-
Iggg %gé égg 82? g;g ?(?45 tensity of the # order har-
' 967 0,94 930  0.85 monic band

1263 0,40 We have calculated the

Soke losses with the data
from the absorption spectra Fluorescence spectra were avoided because
of the autoabsorption of the 0,0 band

The calculated Stoke losses are near and below the unity, a charac-
teristic of the Spolski systems The greater values for the para derivative
1s an mndication that the local vibrations are more modified by the electronic
transition than by the other derivatives

As a result, we have a greater difference between the values of the
vibration frequencies 1n the fundamental and those 1n the excited electronic
state Also a more diffuse character of the spectrum 1is present

( Recesved March 17, 1975)
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SPECTRELE ELECTRONICE ALE FLUORO-TOLUENILOR IN CICLOHEXAN LA 77°K

(Rezumat)

Se prezinti spectrul de absorbtie s floorescentd al fluortoluenilor in matrice de ciclohexan

la 77°K

Se face analiza spectrelor, datele obfinute fund comparate cu spectrele Raman, LR st

spectrele de absorbfie ale vaporlor

Valorile in jurul umitétnu obtinute pentru pierderile Stokes aratd ci avem de a face cu sis-

teme Spolsk1
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TEMPERATURE DEPENDENCE OF PROTON CHEMICAIL SHIFTS
OF WATER AND HEAVY WATER*

ANA FARKAS and ALEXANDRA CHIFU

The chemical shift, 3, of the proton magnetic resonance signal given
by water is an important parameter in the structural investigation of
aqueous electrolyte solutions. Its concentration dependence offers an exact
criterion of the structure forming or structure breaking character of ions,
while its temperature dependence is much discussed and cannot be undoub-
tedly correlated with intermolecular processes and macroscopic properties,

Because of the rapid proton exchange occuring between free water
and molecules 1n the hydration shells of 1ons, the PMR spectrum at ambient
temperature presents a single line, the position of which is mainly deter-
mined by the relative concentrations of the two water species. The fact
15 useful [1] in finding hydration numbers of ions, 1f one considers that
free water in a solution has the same behaviour as pure water. Further,
the shift temperature dependence, as a whole, is firstly determined by the

temperature gradient of the pure water shift, this latter magnitude %

itself is much argued in the literature [1—8]. Malinowski et al [1]
find a linear variation of 0.00956 ppm/°C for the 5 — 95°C temperature
interval, with gaseous ethane as external standard; Hindman [2]
reports on a deviation from the straight line in the same temperature range,
making use of gaseous methane standard. Such deviations are also found by
Akitt [3] who, working with Me,NCl as an internal standard, reports
the following values for the free water shift as a function of temperature:
0.0103 ppm/°C between 10 and 55°C; and 0.00855 beyond 55°C, the ave-
rage value of 0 00968 ppm/°C being closed to that obtained by Malinowski.

The use of internal or external standardisation is still under discussion,
especially where disadvantages are concerned. Diamagnetic susceptibility
corrections, necessary in the case of external standardisation, cause inaccu-
rate results, while internal standards can produce intermolecular processes.

In the present work we intend to examine the temperature dependence
of the chemical shifts of water and heavy water, using 0.1 molar tetramethy-
lammonium iodide as internal standard**. Hexamethyl disiloxane, HMD,
was used as external standard.

Experimental. The 0.1 Mole/l Me,NI solutions in water, respectively
in heavy water, were prepared with the p.a. salt. Normal water of an elec-
trical conductivity of 1-—2 mho/cm, obtained by repeated distillation, was
used. Soviet-Union made heavy water, after an adequate purification, was
subjected to 1sotopic analysis [4], which indicated a 99.7 molar percent
of D,0.

* This work was presented at the Scientific Session of the Umiversty Babes-Bolyar (June
1974)

** The chloride and mtrate salts of the same cation are highly hygroscopic, what makes
their handling difficult and complicates work with heavy water.
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Spectra were recorded with a Tesla-Brno type BS 487B NMR spectro-
meter, at 80 MHz In the case of internal standardisation, the spectrometer
was locked to the water signal and the chemical shift measured against
the position of the Me N * triplet centre, with a 4-0.1 Hz accuracy. Tempera-
ture readings were affected by an 0.5°C error. 5 to 15 spectra were recor-
ded for one and the same temperature value.

Results and discussion. Internal standardisation.

The variation of the water chemical shift as a function of temperature
in the presence of the Me,NI has a feature similar to that reported in the
literature. The deviation from linearity is found again 1 the same tempera-
ture range, the shift temperature dependence being reduced above 55°C
(Fig. 1). The fact that our experimental points are all displaced to higher
values of the field illustrates the structure breaking properties of the iodine
ion.

Y " | a
7 87"

- e

;..])2() - Mg, NI o/:
i1 ._,_HZO - ME4 NI o%z

a—HO0 — Me4NC£ 7
o . % Refld 7

e -

4l A

: . . , N ) t°§
30 40 50 60 70 §0 90

Fig 1 Proton chemcal shifts of water vs temperature usmg Me,NI as internal
standard
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A more significant difference can be noticed between the HDO in the
D,0 solution and the H,0 curves, namely of the order of 0 02 — 0 03 ppm ;
in other experimental conditions [5], this difference was found to be of
0 03 ppm. The value 1s not surprising when explained as an isotope effect,

because zero energy of the HDO molecule
Table 1 is lowered by the presence of heavy

P hydrogen.
: ds
—_— 103 -] a8
t, °C aT ppm/°C Table 1 presents the gradients =
HO | D.0 found by us in different temperature ran-
ges. Values are not ideutical with those
3095 9,12 908 in the literature, as the temperature range
gg:gg ggg g;? is more restricted. In the heavy water solu-~

tion, gradients are smaller, what at first
sight correlates well with the known [6, p. 148] difference between tem-
perature polarisability variations in normal and heavy water.
External standardisation
In this case, the comparison between temperature variations of the
shifts needs a correction, according to the relationship [7]:

2m
8corr == 8obs + —3" (Xﬂ,rcf - Xw,sample)

The influence of the standard can be eliminated by the substraction.

2r
8c«:n':,H;,O - 8(:ox'r,D,O = 8()l)S,H,O - 8obs, D,0 _I" '—3' (Xv,Dzo - Xu,HEO)

The volume magnetic susceptibility of heavy water can be calculated using
a relationship established by Merbach [8] for isotopic species of a given
substance

’
XV : Vmolar = XV Vmolar

Thus the correction may also be written as-

D,0
molar

H,0
2% 2 Vol
'_3‘(XV,D,O —XV,H,o)z—; Xy mo - (ﬂ—l)

As values of the yy u,0 in dependence of the temperature we took those used
by Malinowski [1]; for the ratio of the molar volumes we used the
magnitudes reported by Rabinovich

Table 2 [6. D. 124].

In Fi1g 2 8opsmo and O p,0 are pre-

@Bobs 105 ppm/°cC sented together with the correction vari-
t, °C dT PP ation vs. temperature.
a3
HO0 | DO Table 2 renders the gradients —==
0—90 . . .
30_55 ggg gg? found in the present work, for different
55—90 7.28 7.60 temperature ranges.
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"4.5jt O/;bs (ppir) -

o 1,0 ~HDM o
. H,0-HIM yayd

~50f ppm.10°
/ TR0 HO 7
a “ezi(xy - ylz)
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to
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Fig 2 A) Proton chemical shifts of water vs. temperature usmmg HMD external standard.
B) Diamagnetic susceptibility correction vs. temperature

In comparison with the internal standard experiment, here D,0 shows
greater gradients and a smaller deviation from linearity. The emphasis of
this situation in the 30—55°C range can be attributed to the correction,
which 1s always positive and decreases with temperature. Because in the
55—90°C domain the correction is practically counstant and very small,
it does not affect the run of the curves

The two types of standardisation used in the present work gave, in
fact, opposite results. In the former case different interactions may have
probably occured between the internal standard and the isotopic species
of water, respectively; in the latter, errors had cumulated 1n calculating
diamagnetic susceptibility corrections

When studying electrolyte solutions these unlikenesses must be taken
into account At high concentrations an internal standard is to be preferred,

3 — Physica — 1976
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as 1ts interaction with the other components of the solution is practically
masked ; on the other hand, at low concentrations the diamagnetic suscep-
tibility corrections preserve their additive character, so that one can rely
on external standards.

( Recesved March 17, 1975}
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DEPENDENTA DE TEMPERATURA A DEPLASARII CHIMICE
LA APA SI LA APA GREA

(Rezumat)

Se studiazd vanafia deplasim chumice cu temperatura la semnalul protonic dat de ap#

si de apa grea, in prezenta standardelor interne 51 externe
Rezultatele expentmentale se compari cu cele cunoscute din hteraturi Se comstati o

abatere de la linearitate in ambele cazuri Dependentele de temperaturi ale deplasirilor chimice
scad in domemml 55—-95°C.
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ASUPRA TENSORILOR DE POLARIZARE (III)

Z. GABOS

In lucririle anterioare [1, 2] am ajuns la concluzia ci tensorit de polari-
zare ai particulelor cu spinul 1 respectiv 3/2 pct fi exprimati — in cazul
,,pur’” — cu ajutorul unui numdir de doi, respectiv trei vectori Stokes. Apli-
cind metoda noastrd pentru cazul s = 2, m, # 0 constatdm aparijia unor
proprietati noi: starea de polarizare poate fi descrisd cu ajutorul unut
numér de patru vectori Stokes, dar doi dintre acesti vectori sint coliniari.
Deci momentul cinetic de spin al particulei rezulti din momentele de spin
a doud particule ,,fundamentale” cu s = 1/2, s1 din momentul cinetic orbi-
tal al acestei formatii.

1°. Matricea densitdfii de spin a particulelor cu s = 2 si m, = 0 este
datd de

4
(n) (1)
g = 2 t:i, N Tﬂ:‘i, 7

n=0 "

(1)
)

unde f;, , sint componentele tensorulur de polarizare de rangul #.

Acesti tensori sint simetrici si spurul lor se anuleazi Miiimile 70 .,
sint matrice 5 X 5, care pot fi construifi cu ajutorul matricelor de baza

[ 042 0 0 0 (o—\/f o 0 0
M2 043 0 0 V20 —43 0 0
Si=75| 043 045 o Ss=7z| 0 5 0—43 o,
0
0

0 043 0 42 0 43 0 —42

L0 0 0 42 o \ 0 0 42 0
20 0 0 o0
01 0 0 0
Sz=10 0 0 0 O
0 0 0—-1 0
00 0 0-2
Avem
1
T(°)=WI,

(I este matricea unitate 5 X 5) si
TW— L5, T8=_1_ L) =13 ]
~/10 1 1tz 24-2—1- (SHSO, + ) 3 S (8'1‘3 + ) :

T£3‘)1:_1_[ 1,91 . ——17—’2 ...]
1t2ts 36 (Slszsh—l—' ) 305(5518h’:+ ) 4
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4
Tsli),‘lai‘ =

RS _ 313
144[(5,15,,5,,,smt ) = EBHSL S B )

2”“4
+ =543, 37*" + )}

In parantezele unde apar puncte se jau toti termenii care se obtin in urma
permutdrii indicilor s,.
Aplicind metoda indicatd in lucrarea [2] obtinem

— 1 (1) __ 3 a l _'011 —.ax 3

w0 =, #) =2 s )+ S IE B L
2) — 1 g 7 X Py J— 1 _'(11 —’ag
t = E\/;{;.(E,‘ Bt ) — 0@ B9 ] S

l _'(11-’&5 Uz (o Oy S __l_ _.L‘ll ng _’dg —’d‘
5 1@ gt 4 ) = [(Ee B (Ee ) 48

1
t’(i)ﬂs: E{(gf‘:g‘:g‘: + .. .) J—

L B (B BB+ EB) ]}

(4) _l _1_ a Eas Pog Loy — _1_ _.O‘x _.05: a3
W= 5 {3 Bttt + ) = L IERE(Er gt

+ E0ExS,,, + EBEnS,, + ERENO,, + EnENS,, + EnERS,) + . L]+
o LESE(E B + ] (BB - B + Bundin)}
unde
E =15+ 2 [(Z B 4 ... ]+ 5 [(Es E(Es B + .0,

(In parantezele unde apar puncte se insumeazi pentru toate aranjirile de
cite unu, doi, trei, patru ale indicilor 1, 2, 3, 4).

Tensorii de polarizare satisfac relagia

4
2t he o, =1
n=0

"

Utilizind expresuile de mai sus ale mirimilor £r ,» Inurma unor calcule

simple se ajunge la concluzia ci relaf1a se verificd dacd este valabild egali-
tatea

3 — 3(xf + x + af -+ af A+ af - xf) - 6(xwexy - XaXs¥s + Xy Xsx5 +
+ x4 w%6) + (54T 4 x5x% + x3af) — 6(%1Xex5% + XXX X +

+ %g%a%4%5) = 0,
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37
unde ‘

- — - —
Xy = (gl: £2), %, L), x5 =

—

—

(E.IJ gd), X4 = (gzl gs);
xg = (B2 B9, o= (3, ).

— —t

Relatia are loc in cazul cind dot vectori Stokes sint paraleli, dect £l = &2
- =

unde ¢ = +1 Prin urmare vectorii £, €2 se asociazi unui moment cinetic

orbital (L = 1), iar vectoru _‘5,'3 respect1v _E"‘ la cite o particuld cu spinul 1/2.

(Intrat tn redachre la 16 mav 1975)
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SUR LES TENSEURS DE POLARISATION (III)
(Résumé)

On démontre que les composants des tenseurs de polarisation pour les particules de spin
2 et masse de répos différente de zéro peuvent étre exprimés en fonction de quatre vecteurs
Stokes, dont deux sont colinéaires
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STUDIUL EXPERIMENTAI, AI, OXIDARII ANODICE
A HIDROGENULUI DIZOLVAT IN STRAT SUBTIRE DE PALADIU

FELICIA BOTA

Pentru verificarea teoriei stabilite intr-o lucrare anterioard [1], in cazul
difuziei cu absorbtie pentru un electrod finit, aplicind metoda electrolizei
la curent constant, s-a utilizat o aparaturd care este descrisi in cele ce ur-
meazi Schema bloc a instalafiei este prezentatd in fig 1, unde sursa de
curent constant este o sursd de tensiune stabilizatd tip Orion, iar miltvolt-
metrul inregistrator este de fabricafie Dr Kuntze, cu impedanta de intrare
de 10% Q

A

—F

SC¢C

000~
¥
Hy

V

Fig 1

Partea principald o constituie celula de electroliza, termostata (fig. 2),
care contine trei electrozi: electrodul de studiu, din paladiu (1), electrodul
de referinfi, care este un electrod normal de hidrogen (3) si un electrod
auxiliar din platini (5). S-a lucrat cu un electrod de paladiu in formd de
disc, de suprafatd S = 1 cm? tdiat dintr-o placd de paladiu cu grosimea
1 = 10-2 cm. In centrul discului, pe o faji a sa, este sudat un fir din platini,
care asiguri contactul electric prin Inchiderea lui intr-un tub din sticld
umplut cu mercur. Aceastd fatd a discului, care contine sudura, precum si
suprafata laterald sint 1zolate de solufie prin aplicarea unui lac (4) 1zolant
din punct de vedere electric, neatacabil in solufii acide si care totodatd nu
impurifici solutia In acest fel, electrodul de paladiu este in contact cu
solujia numai printr-o fatd pland, circularid. Pregitirea prealabild a electro-
dului constd in curdfarea si activarea lui. Curdfarea se face prin metodele
obignuite, iar activarea suprafete: se realizeazd printr-un tratament de ano-
dizdn s1 catodizdrt succesive Electrodul normal de hidrogen (3) este un
electrod din platind platinatd, de suprafati mare, introdus intr-un tub
din sticld, care contine o solutie H,SO, 2N, previzut cu o capilard Luggin
(2) la partea inferioard El este alimentat cu hidrogen provenit de la un
electrolizor, purificat intr-un cuptor a cirut umpluturd este Pt 5% 4 Pd 59,
pe silicagel, ajungind si confind sub 10 ppm O,. Evacuarea hidrogenului
se face prin supapa (7). In celuld se afli o solutie H,SO, de o anumitd con-
centratie. Celula este inchisd cu un capac din plexi-glass, prin care toate
tuburile din sticld patrund prin slifuri, pentru a se asigura etangeitatea
celulei Aceastd m3surd de precautie este necesard pentru a se efectua scoa-
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terea completd a aerului, atit din interiorul solutiei, cit §i din spatiul de dea-
supra ei, inlocuindu-se cu un gaz inert, i anume, cu azot (6) purificat intr-o
coloand de purificare umpluti cu cupru dispersat pe kisselgur, la 180°C,
atingind o puritate de 10—20 ppm O,.

La inchiderea circuitului, paladiul fiind catod, se introduce o anumitd
cantitate inifiali de hidrogen in paladiu, proportionali cu cantitatea de
electricitate Q°. Dupi un timp de cca 20 sec, timp In care are loc echili-
brarea hidrogenului din interiorul electrodului cu cel de pe suprafa{d (feno-
men urmirit prin variatia potentialului pe milivoltmetrul Inregistrator), se
inverseazi sensul curentului de electrolizi, paladiul devenind anod, scofind
hidrogenul din paladiu la anumite valori constante ale curentului. Variafia
potentialului electrodului de paladiu este urmiritd cu ajutorul milivolt-
metrului inregistrator. Dupd fiecare determinare, hidrogenul rimas in
electrod este scos cu un curent de electrolizd foarte mic.

J

g,_\:_
=

Fig 2.
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Fig 3. Fig 4.

1T (mAsec) Curba de variatie a potentia-
4\ Iului in functie de timp, (fig. 3),
5001~ permite determinarea timpului de
tranzijie ¢ printr-o metoda grafici,
cunoscutd in literaturd [2]. La o
anumitd concentrafie inifiald de
hidrogen in paladiu, pentru fieca-
ool re valoare a curentulut de electro-
liz3 se obfine o anumitd valoare a
lut v, pentru valori mici ale curen-
tului, valoarea lui v este mare si
invers. Intr-o reprezentare t© vs.
1/I se obtine o dreapti (fig. 4),
fapt care teoretic a fost pus in
evidentd [1].

Pe de altd parte, conform
\ 0 teoriei stabilite [1], dependenta

X

300

It vs. I pentru valori mici ale
curentului, I < I, este tot li-
niard. Acest fapt este ilustrat in
fig. 5, unde sint reprezentate sase
curbe It vs I, pentru sase com-
centratn inif1ale ale hidrogenului
in paladiu.

200

(2)

w R Din aceastd figurd se observid

cd liniaritatea se péstreazd pind

3) la o anumitd valoare a curentu-

V 0 lui, valoarea In. Aceasti valoare
{g) '(5) .

0 ! ? ImA)  Pag 5
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I este functie de concentratia initiald C° dupd cum s-a ardtat intr-o
tratare teoretici anterioard [3]. Calculind valorile I, pe baza expre-
siei stabilite:

nFDC®°
Ilun = . 2 3
€ 14 m + m?6] 11 14+ m 4 m262 c* 'J
—In .
l 1 +21—e* 2(1 + m) 2(1 + m) 1~ ¢*
3(1 4 m) 03[1 + m + m26%]

se obfin pentru cele sase concentrafii inifiale ale hidrogenului in paladiu,
valorile date in tabelul de mai jos.

Nr. Q° 103 g C° I'ym (teoretic)
crt (md sec) (atomg H[cm?) (mA)

1 462 0,4787 1,153

2 336 0,3482 0,850

3 230 0,2383 0,620

4 153 0,1585 0,426

5 90 0,0933 0,267

6 45 0,0466 0,143

Comparind aceste valort cu cele objinute pe cale experimentali (fig. 5)
se observd o bund concordantd, fapt care confirmd valabilitatea teoriei
stabilite [3]

(Inirat wn redacise la 2 seplembrie 1975)
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EXPERIMENTAL STUDY OF THE ANODIC OXIDATION OF HYDROGEN DISSOLVED
IN A THIN PALLADIUM LAYER

(Summary)

The experimental verification of a previous treatment of the anodic oxidation of hydro-
gen dissolved 1n a thin palladium layer 1s presented The experimental curves show a liniar
dependence I+ vs I so far as a limit current value, Inm, as the theory has predicated These
Im experimental values are 1n a good agreement with those calculated, what confirms the
validity of the theory that has been established 1n a previous paper.
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PARAMAGNETIC RESONANCE OF Fe** AND Mn:** IONS
IN BORATE GLASSES

AL. NICULA and M. PETEANU

In the first EPR study concerning vitreous solids, San ds [1] reported
the existence of resonances at large values of the g factor, of 4 and 6, belon-
ging to a particular impurity which according to subsequent studies of
Castneret al. [2]turns out to be Fe*+ Such resonance signals have also
been reported for the Mn?* 1on, 1soelectronic with the previous, Griscom
[3] evidencing the set of six hyperfine transitions centered at g =3-3 1n
Li,0 4B,0, glasses, and Bogomolova et al. [4] reporting transitions
at g = 4 in chalcogenide glasses. In the interpretations which have been
done for the theoretical explanation of these transitions [2—5] one admits
the existance of a great splitting of the energy levels in zero magnetic field
corresponding to these paramagnetic 1ons

By correlating the EPR data to those of optical absorption and fluo- .
rescence one tried to make clear some structural particularities of glasses,
such as the coordination degree, the ligands field symmetry, the ionicity
of bonds [6—8]. Edwards et al. [6] studying the visible absorption
bands of Fe3* in Na,0 —PbO—Si0, glass conclude the tetrahedral coordina-
tion of the paramagnetic ion. The absorption and fluorescence spectra of
Mn2?+ studied by Bingham and Parke in various glasses [7] denote
a distorted octahedral symmetry in natrium borate glasses and a predomi-
nantly tetrahedral coordination 1n silicate glasses. The EPR spectra of Fe?+
and Mn?* in natrium borate glasses, studied by Loveridgeand Parke
[8] have been interpreted as arising from Fe®* ions placed simultaneously
in both tetrahedral and octahedral positions, respectively Mn2+ in tetrahe-
dral and aproximate cubic positions The idea of the existance of more ty-
pes of paramagnetic ion vicimties leading to an isotropic g factor 1s due to
Griffith [9] and was developed by Al. Nicula et al. [10] which
studied positions of the paramagnetic ions unequivalent from the point
of view of intensity and symmetry of the crystal field in zeolites

By studying the optical spectra of some rare earth ions in borax glasses,
Reisfeld [11] proposed a model according to which the paramagnetic
ion lies in a distorted cube of oxigen atoms, resulting from four tet-
rahedra having a boron 1on 1n the center, which contribute by a side to the

cube forming. (fig 1) A tetrago-

OO0xgen nal vicinity of the paramagnetic
ion results, characterised by a C,

Olon paramognetic  gymetry axe. We adopt the
e Bor model proposed by Reisfeld in in-
terpreting the results obtaned

from our ESR study concerning

the d° ions doped borax glasses.

Experimental. Two sets of

Fi1g 1 Coordination model of the paramag- samples, that is boratqe g'lasses do-
netic 1on 1n borax glasses ped with Fe3+ and Mn®+ ions, have
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been prepared over a wide range of concentration. The glasses were
obtained by melting at 900—1000°C in porcelain crucibles of the
borax + oxides of the studied ions mixtures, in an electrically heated
furnace Beforehand these mixtures were homogenized by pounding, exi-
ccated for a few days in a drying room so as borax (Na,B,0, -10H,0) loses
its crystallisation water, and again homogenised. After melting, the glasses
were solidified in air over a stainless steel plate, obtaining samples coloured
from light yellow to brown 1n the iron doped glasses, and from pink to violet
for those doped with manganese. Iron doped samples were realised having
the composition xFe,0,(100 — x)Na,B,0, where x =0-3, 05, 1, 2, 3, 4,
5 mol %, and manganese doped samples having the concentrations 1%,
2%, 3%, 5%, 7%, 10%, 209, by melting borax and Mn(CHZCOO), in the
above described conditions.

ESR spectra were recorded using a JES-3B type spectrometer, in the
X band (9300 Mc/s), the magnetic field modulation frequency being 100 kc/s.
The ESR measurements were
performed at both room and -
quid nitrogen temperatures

The resonance spectra of
the Mn?* doped glasses show a
peak at g, ~ 4-2 followed by a
wide line centered at g, ~ 3 -3
and at last, a signalat g, ~ 2
much more intense than the
others. At small concentrations, g
the hyperfine structure charac- 1
teristic to manganese was re-
solved for the g, signal. Thus,
the sample containing 19, im-
purity 1ons gave a spectrum /l
characterised by g, = 4.219,
22=3.294 and g, = 2 003 (fig 2) 5
having the hyperfine structure
very well resolved for the third
signal. This allowed us to eva-
luate the hyperfine coupling
constant 4 = 78 -7 gauss. The
separation between the six lines
of the set increases in the sense
of magnetic field increasing over H
the spectrum:

H =64 62;71-67;78 76;
84-97; 94.58 gauss

The Fe3* doped glasses
spectra consist in a resomance Fig 2 ESR spectrum of the Mn'+ doped glasses.
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F1g 3 ESR spectrum of the Fe3+ doped glasses

signal g, less intense, ano-
ther at g, ~ 4.238 asym-
metric and very intense,
and a third at g, ~ 2.004
whose intensity considerab-
ly increases with the samp-
le concentration (fig. 3)
Liquid nitrogen tempera-
ture does not modify the
spectrum  structure, the
only observed effect being
the 1ucreasing of resonance
signals intensity.

Being the most inten-
se and at the same time
the best resolved, the g,
signal allowed us to obser-
ve the dependence of the
signal intensity and width
on the Fe®+t 1ons concent-
ration. One takes the ESR
signal intensity proportio-
nal to the product of peak
to peak height and the
square of the width. The
ntensity measurements
can be used as indication
of the number of spins
participating to resonan-
ce. The g, signal intensity
plotted against the Fe,O,
concentration in the 1ni-

tial mixture, is represented in the diagram of fig 4 We represented
the intensity J obtained by dividing J,, (AHp)? to the quantity of
the studied sample. The signal width dependence on Fe,O; concent-

ration is presented

in fig. 5. Table 1

contains the experimental

Table 1
¥ &2 AHpp T op(AHpp)*

Sample (mol %) + 003 (gauss) (arbitrary umnits)

Fe 1 03 421 27 18 3 409

Fe 2 05 423 3397 13 802

Fe 3 10 420 49 26 37 551

Fe 4 20 426 8551 74 661

Fe 5 30 428 112 12 175 295

Fe 6 40 421 125 14 205 679

Fe 7 50 427 146 66 147 068
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Fig 4 Variation of the g, signal mtensity F1g 5. Vanation of the g, signal width
against Fe,O, concentration agamst Fe,O,; concentration

data (g factor values, g, line width, and its intensity) obtained for Fed+
doped glasses.

Theory. The tetragonal vicinity of the paramagnetic ion can be descri-
bed, in terms of equivalent operators, by the spin hamiltonian :

% = B,(03 + 508 + BIOY + BIOY + gBH - S =

=%, + gBH S (1)
where B, = af120, B} = D3, B} = F[180 In the strong crystal field
approximation one consider %, much greater than the gfH -S term, repre-
senting the Zeeman interaction By diagonalising %, one can see that

|4£1/2) states are its eigenstates, while |[45/2) states mix to |[F3/2)
states.

X, B |+£5/2) [4-3/2) |£1/2)
1 10 1 5
£5/2 | ca+ D+ F a 0 o
5 3 2
|F3/2> 7 ———Ea—%—D—F 0
|+1/2) 0 0 ¢—§D+§F

Solving the secular equation we obtain the energy levels in zero magne-
tic field -

e (R ML R (RS T
2T _%(a+§FJ+§D—[(a+-§F +2D)2+%a2]1’2 @)

2 8
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for which correspond the states.

$y(4) = cosu|4-5/2> + sin «|F3/2)

$,(+) = sin «|4-5/2) — cos «|F3/2) 4)
ba(£) = 1£1/2)
The parameter « is defined by:
tg 20 = J5a (5)

2
2(a+—gF)+4D

Therefore the tetragonal crystal field spilts the ®S;, state in three dou-
blets. In the case when the energetic separation between these levels exceeds
the microvawe field possibilities of inducing resonance transitions between
the doublet levels, these fransitions arise only between the sublevels of the
same multiplet, of course when the transition probability differs from zero.
In the hamiltonian (1) the Zeeman term being much smaller than the crystal
field interaction terms, will act as perturbation.

The static magnetic field application removes the degeneracy, each
doublet splitting being proportional
to H. In energy, the splitting ex-
tends over a range Ae = gfH, and
the g factor value will depend on
magnetic field orientation with res-
pect to crystal axes. It results a g
tensor having #x, y, 2z as principal
axes and the components :

gy =4 Y(H)ISy (=) (6)
g =4 () IS:Ib(+)>

Evaluating the g tensor com-
ponents for the three doublets (4)
"0_— one obtain the expressions:

//\ g =gV = 2./5 s 2a
5 / gB = P = 2\/5 sin 2«
(1)
g = 16 cos? « — 6
O Xi (2) .

(7)
g = 16 sin? « — 6

180 «
@ =g =6 =2
55 Plotting the g tensor compo-

nents against the parameter «, for

Fig 6 Dependence of g,s components corres-
ponding to doublets (1) and (2) on values of
the relative crystal field parameter o

the doublets (1) and (2), one can see
that the g, = g, curve crosses that
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corresponding to g, compomnent in two points (fig. 6). These describe an
isotropic g factor (g, = g, = &,).
In the doublet (1) case the two crossing points give the values:

g =g =g =4.285; —3.33

corresponding to the values of the parameter o given by tg « = J§/3
respectively tg o = — ~/5.

For the doublet (2) the two curves intersection takes place in the
points -

corresponding to o values given by tg a = 4'/5/5, respectively tg « =
= — 34/5/5.

By comparing these results one can see that in conditions of isotropy
&V (a) = g@(90 + «) which indicats the equivalence of the states {,(a) =
= =+ a).

Wiriting the energy levels expresions (3) in terms of the relative crystal
field parameter tg 2o, accounting for the isotropy condition :

% + 2F + 6D = 0 (8)

corresponding to the case tg o= \/5/3, we obtain :

= - D[R4 28
3 2K + 2
82=_D[E_6K+14] (9)
3 2K + 2
o=~ D[22
3 2K + 2

whete K is the ratio of crystal field terms ccefficients [12], K = Fla.
Plotting the energy e (in units of D)against the values of parameter K
(fig 7) one can establish the relative position of the three doublets and
the range of possible K values, giving concordance with the experi-
mental data.
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(a)

Fig 7

The relative position of the three Xramers doublets for,

(a) positive D, (b) negative D
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Discussions. Comparing the experimental data and those resulting
theoretically according to the previous paragraph suggest series of conclu-
sions exposed in the following.

The structure of the Mn?+ doped glasses ESR spectra evidenced
positions of.the paramagnetic ion in which it feels strong crystal field effects
(g, and g, signals), as well as positions characterised by crystal field effects
weak enough to be treated as perturbations (signal gz ~ 2). Having in view
the relative intensity on these three signals in the spectrum (fig. 2) we
ascertain the prevalence of the last type of paramagnetic ion surroundings
1 the sample The agreement between the g, and g, values and the theoreti-
cal data, allows us to admit the existance of strong tetragonal field sites.
The resonance trausitions observed over the spectrum would rise from the
doublet ¢; or g,. Signals at g = 6 were not present and this fact indicates
the situation when ¢, or ¢, are low lying. This corresponds to diagram 7. b,
that is a negative D.

The Fe?* doped glasses spectra show the priority occupancy on the
sites in which the strong crystal field effects are prevalent. Transition
gs ~ 2 is much weaker and less resolved than that corresponding to g, ~
~ 4.3 signal, and for small concentrations of paramagnetic ions was evi-
denced only at liquid nitrogen temperature.

(Recesved  Seplember 5, 1975)
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REZONANTA PARAMAGNETICA A IONILOR Fet+ SI Mni+
IN STICLE PE BAZA DE BOR

(Rezumat)
Lucrarea prezintd rezultatele objinute prin rezonanti electronici de spin asupra unor
sticle de borax impunficate cu iomt Fe’+ s1 Mn®+. Datele experimentale, confruntate cu cele

oferite de teoria prezentatd, evidenfiazi existenta unor vecindtdfi de cimp tetragonal intens
ale 1onului paramagnetic

4 — Physica — 1976
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DETERMINAREA CONCENTRATIEI DE LITIU PRIN METODA
TRANSMISIEI NEUTRONILOR TERMICI

T. FIAT si L. DARABAN

1. Introdueere. Pentru determinarea Iitiului prin metode radiometrice
s-au dezvoltat o serie de tehnici experimentale [1—3], care pornesc de
la reactia Li%(n, He!)H® Dintre acestea, metoda absorbjiometrier neu-
tronice are avantajul cd este o metodd simpld, rapidd, nu necesitd fluxuri
mari de neutroni §1 are un caracter absolut. Ea s-a dezvoltat pe doud directi :
metoda propriu-zisd, care mdsoard transmisia neutronilor cu detecton
obisnuiti de neutroni [4—86] si metoda activdrii intermediare [7—9] in
care se face acelagt lucru in ultimd instant{d, dar se m#soari atenuarea,
activitifii unur element care se afld in contact intim cu elementul ab-
sorbant ce se determind

Deoarece se lucreazd cu un flux de neutroni termics, se face in prealabil
o corectie a neutronilor netermalizati. Pentru aceasta se foloseste o plicuja
din cadmiu care are rolul unui filtru absorbind to}i neutroni: cu energii
pind l1a 0,4 eV. Dacd I si I sint viteza de numirare a contorulu1 cu g1 fara
placa de cadmiu atunci viteza de numdrare ce corespunde neutronilor
termici (E, < 0,4 eV) va f1 I — I¢q. Viteza de numirare fimd proporfionald
cu intensitatea fasciculului de neutroni, rezultd cd pentru determinarea con-
centratiei unui element cu secfiune eficace de absorbtie mare este suficientd
misurarea fracjiunii absorbite in probd, adicd a factorului de transmisie
in domeniul neutromlor termici. Cu aceasta se calculeazd [4] concentrafia
elementulu1l absorbant dupd formula:

1
1004 In —
T

C(%) =" (1)

unde A = masa atomici a elementului

N = numirul lui Avogadro
3, = secfiunea eficace totali a elementulum

m, = masa probei

= suprafaa probei

T = (I — Ica)/({o — Loca) = factorul de transmisie
I si I, reprezinti fluxul mésurat cu si fird probd, jar fcq §1 foca fluxul
mésurat cu si fird probd prin placa de cadmiu

2. Deserierea instalatiei §i a conditiilor de mdsurare. Instalajia constd
dintr-un contor cu scintilajie, o sursi de neutroni Am??! —Be® cu o acti-
vitate de 0,033 Ci, blocul de moderare-colimare §i schema electronicd de
inregistrare (Fig. 1). Este o variantd imbun#tifitd a instalatiei testate in
[14]. Sursa di un spectru de neutroni cu energii pind la 11 MeV, care se
termalizeazd intr-un strat de parafind ultrapurd cu grosimea de 35 mm.
Colimarea fasciculului de neutroni se face cu o fantd din cadmiu cu gro-
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Fi1g 1 Schema instalaier pentru determinarea concentraftei de litiu prin transmisia neutro-

nilor termici 1 — protectie dm Fe, 2 — parafmd cu 3% acid boric, 3 — pluti,4 —

sursa Am*! — Be®, § — moderator din parafind ultrapuri, 6 — fanti din Cd; 7 — monturi

dmn otel, 8 — proba, 9 — plicuta din Cd, 10 — t1ja de scoatere a sistemuls ce cuprinde

piesele 6, 7, 8, 9 din canal, 11 — cnstal scintilator, 12 — fotomultiplicator ® 3 Y —19M,

13 — grup de inalti tensmune, 14 — amplificator liniar/analizor VA—V—100, 15 — numi-
ritor VA—G—120, 16— inregistrator VA—G—24 A

stmea de 4 mm, diametrul exterior de 100 mm s1 diametrul interior de
40 mm, prinsd de mangonul de ofel care sustine proba. Cu o placi din cadmiu
cu grosimea de 1 mm se poate inchude orificiul fantei pentru misuritori
legate de corectfia diferenfei de cadmiu. Cristalul scintilator este ZnS(Ag) +
+ B cu eficacitate de 49, |si diametru de 40 mm. Probele sint preparate
sub formd de pulbere find, usor presatd In cutit cilindrice din plexiglas,
a céror perturbatie in cursul méasuritorilor se elimini. Instalaia de numi-
rare a impulsurilor, un analizor monocanal de inaltd fidelitate (10 Mc/s),
a permis alegerea unui timp de numérare relativ mic, de 2 minute. S-au
facut cite 10 misurdtori pentru fiecare punct Abaterea standard a mediei
era de maximum 460 imp/min la o vitezd de numdirare de ~ 12 000 imp/
min. In figura 2 se observa ci aplicind testul cadmiului, efectul neutronilor
termici se manifestd pe intreg domeniul spectral dat de cristalul scintilator,
acesta fiind prin natura constructiei sale firi rezolutie energetici. In aceste
condifti, un punct optim de lucru pentru studiul absorbiiei neutronilor
este cel al vitezei integrale de numdirare la pragul de 0,3 V
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Fi1g. 2. Distributia impulsurilor dupi amphitudine. 2 51 1 — viteza integrald de numdrare cit

s1 fira plicuta de Cd; 4 s1 3 — viteza de numirare pentru o lirgime a canalului de 0,1

V, cu g1 fird plicuta din Cd, 5 §1 6 — viteza integrali de numdirare a fondului dat de foto-
multiplicator, respectiv de o sursi gama Co% de 4,5 ¢Ci

3. Detrminarea absoluti a coneentratiei izotopice de Li®. Daci in
formula (1), 4 reprezinti masa unui izotop care are o secfiune eficace totalda
de absorbtie, o, mare In comparatie cu celelalte componente, dar s1 in
cazul contrar, cind acestea sint in concentraju infime, C9, reprezinti con-
centratia izotopici (m, masa de element pur) In lucrarea de fatd se de-
termind concentrafia izotopicd a Li® din Ii,CO,, intr-o geometrie in care
contorul este lipit de probd. Atunci, formula (1) devine:

1
A Jdn —
73,89 W= Apse
Cro(%) = 2 — ey aG
1 (A) 13,88 - mLx,Co, Ore 3 A, IOO (2)
118

S
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In formula (2) trebuie cunoscutd sectiunea eficace de absorbtie a Ta® mediatd
pe spectrul global al neutronilor termici [10], precum ¢i termenul al doilea
ce reprezintd contribugia elementelor insotitoare calculate in concentratii
echivalente. Pentru aceasta s-a determinat in prealabil pentru B sectiunea
eficace mediatd pe spectrul neutronilor termict delimitat prin testul cadmiu-
lui, misurind factorul de transmisie printr-o probd de bor amorf, la care
era cunoscutd concentrafia i1zotopici de B! Se obfine oue = 193145
barni. Secfiunea eficace de absorbtie pentru B¥ s1 11® variaza in domeniul
termic [11] dupd o lege de tipul.

const

TE (3

o =

Rezultd cd putem determina sec}iunea eficace medie de absorbtie pe dis-
tributia spectrald necunoscutd, cunoscind pe cea a B in aceleasi conditi,
cu ajutorul relatier.

G%m Opie

: = (4)

oil, EIA‘

unde o9, si of, reprezintd secfiunile eficace de absorbfie la energia de

E, = 0,025 eV si care sint tabelate. Obfinem Gye = 470 4 5 barni In
general, corecjia elementelor insotitoare se estimeazd greu teoretic De
aceea, cel ma1 stmplu este sd se facd o evaluare experimentald. S-a folosit
carbonat de sodiu, determinindu-se concentrajia echivalenti in procente
de I1® (efectul sodiului fiind asemuit cu impristierea neutronilor pe litiul
din carbonat). Rezultd pentru termenul al doilea din relatia (2) valoarea
de 0,0069,, ceea ce inseamnd cd acest efect este neglijabil.

Pentru probe in diverse cantitdifi, cu conjinut natural de Li% s-a

determinat concentrajia izotopicd prin metoda descrisi mai sus. Rezultatele
sint date in tabelul 1.

Tabel 1

Dispersia**

PP11,C0, Cy,s determinat Eroarea® relz}tlvé absglutﬁ a

T (glem?) o a determniru concentratfiei

s (%) (%) a

(%)
0,4641 7,87 0,32 7,7
0,6492 7,65 0,26 4,5
0,9772 7.36 0,19 2,2
1,4413 7,02 0,13 1,0
2,0905 6,95 0,07 0,4

L — 2
* Calculatd cu formula ¢ A_C = (ln ﬁ’) : (i) (8—1 - S_I?)
c I LJ\r 1,
8I, 8I, = abaterea standard a medier

** Calculatd cu formula He s 11,27 f
C
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Tn general, datoriti proceselor chimice de purificare a probelor comerci-
ale, continutul de Ii® variaza intre 7,11 si 7,449, Li® [12]. Se observi ci, pen-
tru carbonatul de litiu al firmei Merck pe care l-am utilizat noi, apare o
diferentd fai de concentratia naturali. In plus, apare o variatie sistematici
a concentrajiei determinate cu grosimea superficiald a probei, care se
explici [13] prin faptul cd la determinarea unui coeficient de absorbtie
existd o grosime optimi datd de relajia:

ux = 2,56 (5)

unde x = m,[S si p este coeficientul liniar de absorbiie.

4. Determinarea conecentratiei de litiu in minereuri. Metoda poate
fi aplicatd gi la determinarea absolutd a conjinutului de litiu din minerale
[5]. Studiul posibilitdtilor ei de aplicare pe minereuri compuse din ameste-
curi de carbonafi cu api de cristalizare, s-a ficut pe un amestec de Li,CO,

—f—f—3— L1,c0,
% —}—J—1— NoyC05 10 WO

T
o
o
=]
T

45001~

ntensitates transmisd prin probe [imp/min}

4000

3500~

i j 1 L ] [ B | !
n ol 02 03 0& 05 06 07 08 03 10

Grosimea mosica a obsorbantulus (g/cmz)

Fi1g 38 Curbele de absorbfie pentru Na,CO, - 10H,0
pur si Li,CO, pur.



DETERMINAREA CONCENTRATIEI DE LITIU 55

(cu Li® in concentratie naturald) cu Na,CO,; - 10H,0. Probele cintiresc
15 g, ceea ce da 0,796 g/cm? si contin litiu in concentrafii chimice de la O
la 13,75%,. Din figura 3 rezultd ci cele mai mari erori, in cursul deter-
mindrilor absolute, vor fi introduse din cauza prezentei sterilului de Na,CO,q
cu conjinut de api, care produce o largd dispersie a valorilor experimentale
in jurul curbei de absorbjie Din acest motiv, determinirile concentrafiei
de litiu din probele initial etalonate se fac cu erori relative de maximum
30% pentru 1,25% — 6,25%, Li, 109%, pentru 6,50% — 9,50 si 259, pentru
109% — 13,75% ILi. Observdm aparifia unui minim in erorile de deter-
minare. Folosind curba de etalonare, dati in figura 4, se pot face deter-
minari relative cu erori maxime de 209, pe intreg domeniul de con-
centratii

(Intrat in redacpre la 16 septembrse 1975)
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Fig. 4 Curba de etalonare a concentratiei de Li din
amestecul celor doi carbonati
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LITHIUM DETERMINATION BY THERMAL NEUTRONS TRANSMISSION METHOD

(Summary)

We got some new calculus formula for the isotopic concentration and for the correction

of the accompanying elements We applied the test of cadmium difference and we mediated
the Ta® absorbtion cross section over the entire thermal mneutron spectrum. The La® isotopic
concentration of some natural samples have been measured by an absolute method, obtaming
the relative errors of media of 0 07—0 329, for the amounts of 2 0905—0 4641 gfcm? L1,CO,4
We apphied the same method to the hithium determinations from the minerals By using a cal-
libration curve we determined the lithium from some crystalisation water carbonates mixtu-

res with a maximum relative error of 209%,.
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VERTEX FUNCTION METHOD IN THE 4—e DIMENSIONAL PHASE
TRANSITIONS FOR HEISENBERG MODEL

M. CRISAN and AL. ANGHEL

1. Introduction. The method of the vertex function was applied
recently [2—3] to study the phase transitions in Fermi systems. In the
critical region Wilson [1] applied the renormalization group method
to avoid the logaritmic divergence, Tsuneto and Abrahams [2]
used the perturbation theory and Ward identity to calculate the critical
indexes.

Recently Ghinzburg [3] used the results of the soviet group
which worked in quantum field theory [4—S5] 1in order to solve the non-
linear Bethe-Salpeter equation for the vertex functions

In this paper we are going to use lis method for the Heisenberg model
described by the Hamiltonian :

H = (are{28) + £ (V3@ P+ £ (0] M

where : §(x) = S(x) — < S(x) >

A
In this model we can consider a fluctuation field S(x) with #-components
and for » = 3 we get the results for Heisenberg model. The calculation
of the critical indexes will be done using the Sudak o v [4] integral equa-
tion for vertex function I'.
In order to solve this equation we define the Green function for the
fluctuations as:

Goir) = < S 5(0) > @)

with the Fourier transform :

1

Go(k) :k2 T A

(3

The irreductible interaction for the fluctuation-fluctuation interaction
is given by:

Topy = ((30p 8y + e v + 9avp,) (4)
The second order diagram from the fig. 1 is expressed as:
p? alp
AT = = & Lasson Toor§ -5 Gol#) Golt + ) 5)
ard this contribution is aproximated in the limit p < % as:
2 ab.
ATapsns = — & Lugas Tooms | 5Gol5) Gol2) ®)

which 1s logaritmically divergent if D = 4,
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In order to apply the theory of perturbations we take D as D =4 — ¢
and if in (6) we consider a cut-off for p we get:

2 Kp[/A\e
APL“B,IJ-V = - % Iaﬂ,cp Iop,u,v —1:[( —) — 1] (7)
EA q
where .

= Kyt dp, Ky = (20 w22 I(DJ2) ]

2. The vertex-funetion equation. The Bethe-Salpeter equation con-
taining the ,ladder” and ,,parquet” diagrams is shown in fig. 1.

) . 3
' 3 1 3 1 3
=X e )+
2 L2 e 2 A
2 I S

Fig 1

which 1s written down as:

Paﬂ, uy (%, Y, Z) = [ Iaﬁu.v - B S dat [Pao,u.p (t,t,t) PUB v (t: 2 t) -+ Pac,vp (t: Z, t) PUB Y

1

¥ z
(t’ t' t) + PGG,GP (tl t‘ t) PUQ.IJ-V (t— t t)] - Bl S dt PaB ap x t t) Fcp,u.v (t; t: t) - B S dt
x y

Paﬂcp(x' 1t t) Pap,u-v (y: , t)
where . p = K,[2cA® (8)
x = (Alg) v = (Aga)*; 2 = (Alga)" ¢ = (A[p)*
This equation will be solved using the notations:
Loguv (% ¥, ¥) = Diappy (%, _‘)’) 3 Dapu(%, #, %) = Toapu (%)

Copuv (2, 9, 2) = Ty, 9,2) Lapw + To(%, 9, z) Ragyy )
Loapuv(®) = Po(n) Loppy, Rapuy = Oop Sy
Plaﬁuv(x y (x y) afuv + Pz(x: y) RGB-HV

and from (8) we get:

Ty(%9,2) = A — B + 8) Sdt PE(t) — 2B S dtP, (%, §) Poft) —28 X

1 z

X §dtP1(x, t) Py(y,?)

y
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Ty(,y,2) = — B(n + 2) Sdt[Pl(x, 8) + Pa(x,8)] Pot)—

x

— B s dt[(n + 2) {Py(x ) Py(y, ) + Palx, y) Pa(y. 1) +

+ Py(r,8) Pi(y,§)} +n Py(x,8) Py(y,7)]
In this equations we take y = z and (10) — (11) becomes

Py(%,9) = A — B(n +8) §dt Pi(t) — 2p g P, (%,1) Pt)
Py(x,9) = — B(n + 2) S [ Py(%, 1) + Pa(x 8] Pofd)

x

which from x =y we get:

Pofx) = 2 — B(n-+8) | & Pi)
1
This equation can be solved if we write (19) as:
P — — Bln + B)PY(x)

ox
and performing the integral over x with the condition
Py(1) = A we obtain.
Po(x) = Mt(x)  Hx) =1+ Mn + 8)(x — 1)
The integral equation (12) for P,(x,y) can be written as:

ohlzy) 28P,(x,y) Po(y) with the condition P,(x) = Py(x)

oy
A solution of this equation has to be:
Py(x, y) = W (x)(y)
with ¢ + b =1 and this coeficients will be determined from

) _ _ 2ga
0 %5 B

d b= _2 8 g—._nt$6
an [n + 8. a o

59

(10)

(12)

(13)

(14)

(15)
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Using (16) we write P,(x,9) as:
Py(%,y) = A[H(x) )~ 0+oUt8) [5(y) [-2m+s (18)
and by the same method for P,(x, ).
Py, 9) = N2 ([t() 16100 () =0 200 — [43) =00+ [15) =30+
" (19)

For Ty(x,y,2) and Ty(x,y,2) we obtamn the expressions:

Ty(%, v, 2) = A[H(x)] " 0Um+8) {’iﬁ [£(y) ]~2e+8 — 2 [4(y) ]~ oM+
n -+ 4

n41
[t(z) ]+ +e) } (20)
846
To(xy,2) = -;i{s—i%:) [£(x) ]-6/+8) [t(y) ]~ tnt2ntey _ (2t D+ 6) J:fiﬁ": O [t(x)] " +E

() )24 — LD ) s oo 4. 20
4 —n n 44

[t(x)t(y) ] —(n+6)/(n+8) [t(z) (n+4)/(n+8) (21)
and with these results we get for » =3
Loapyv (k) = ak®Lopyy
Pl — o 969/11 kZE/ll IGBU-" + a_g [gGE/ll kSE/lI _ q9£/ll k2E/Il]RaBuV (22)

2¢ ~ 16n%e

(n+8kp 11

o =

Let us consider the vertex function F,p(g) obtamed from the equation
shown in fig. 2
or analitically:

A
— _ _1_ aPp 2
Fuglg) = 8 — 5 § 5 Fp)G(0) Tonsun (2) (23)
q
In this equation we put F,(g) = F(g) - 3,5 an using (4) we get:
F(x) =1 — pA(n + 2) Sdt_’F(t) Py
1
with the solution:
n+2

F(x) = [¢(»)] "
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Fig 2 Fig 3

For g € A and » = 3 we get

o 5/11 16n2e 5/11
o) =2 ¢ = [T o] (24)
The expression for the polarization operator (fig. 3)
is: R
1) = 5 | o2 Fual2)Fs(p) G2(2) (25)
which may be written as: !
I(x) = np 5 dtF () (26)
or: 1
T — npFi(x) (27)
ox

with the condition II{(1) =0
This equation has the solution

4—-n
) = 2 e - 28)
or in the approximation® ¢ € A and # = 3 we get:
Mg = 2 (= e)‘”“ 29
0 =754 (29)
The diagram for self-energy (fig 4) gives us for X,z (k) the wvalue:
A A
. — . —1— qu — qu — — —
Zap(b) = (B3 = — 5 [ L6B) | L Togool@ Toren @G2) (30)
k »
where we take Iyupuu(q) = Po(q) + Lasy pp
and using (14) as-* K A
% 7, u
(n +8) ( alp ////// ////
Pylk) =1 — 212 G2
of#) : §( GH(2) P3() Sk
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we get for X(k) the value-
A A
dPp _ _n + 2 d_Dp 7R .
() g s CO)Pop) — 2] = =" S s CE—PIPo(£) =11
(32)
Using this value for self-energy we get:
2wy __m+2( ddp . - -
Zy(k) = Z(k) — Z(0) s S( Gk —3) —GE)] Pup) (33)
or for n =3
A
%= 2 L 16 —F) — GE)1 P (34

k

3. The caleulation of the critical indexex. Near the critical point we
consider that the Green function G(kr) susceptibility and specific heat
have « the form:

Gkt = 0) ~ E=2+7
x(7) ~ G(k = 0,1) ~ == (35)
Cp(x) ~ I(07) ~ =

where %, v, o have to be calculated as function of e. Before we start the
calculation of the critical index we have to remark that if function F(g,4 =
= () has the asymptotic form:

F (‘L A = 0) = const [g]sn (36)

calculated in the limit of the large impuls and g(e, #) is a critical index
for 1 = A% — A% = 0 then in the limit of small impuls we have:

lim F(g # 0,4) = F(4) (37)

For the beginning let us calculate th index % from (35).
The Green function G(k, 4) may be written as.

G(k, 4) = [k + 4* — Z,(k) ] (38)
and in the limit k» 4
G(A) = — I3k) = Ak—-n (39)

Using for Pgy(x) the expression (15) we get as function of %

Pyfk) =

2e

2 e (40)
(n + 8)kpB?
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and (34) becomes
R L (. )

n+8 kpJl@mDIk—pA-n  pt-n
or using
dDP — kD_1w 3—Ed 7§ . Z—Ed
S(Zﬂ)p D= S po-=ap \ (sinv)2— dv
0
we get: n = 2(7;':_28) & (42)
or for n =3
5 2
—_ 2 3
M= o€ (43)

which is just the result given by Willson theory [1].
In order to calculate the index ,,y”’ for T % 0 which is 1n fact the critical
index for the magnetic susceptibility we use the Ward 1dentity

a;;; —Flg=1— az(ka:zo,f)
From this relation we obtain
.
r=G= limS F(g)dA® (44)
q—rOA’C

n-42
#+8

and using F(g) =[i q‘] for x ~ ¢ we obtam
®
A3 n_+2_ n4-2 1 w42
y = g TOLAR S g2 — Qe[42 — 42 ] EOFD (45)
4

and the critical index ,,y"” is

— 1y nt2 46
Y +2(n+8) ( )
or for n = 3.
5
= = 47
Y 1+242 (47)

The specific heat C, near critical temperature is expressed as:
C, = const II{0) = >
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and taking for II(g) the value from (27—30) we get

n—4
) = (2" (48)
(4 —nuly
in the limit of small ¢ we get
n—4 _ e(4—n)
Cp = const. e"® (42 — 42) "*° (49)
thus
4 —-n
- _ 5
o sn e (50)
and for » = 3.
1
o= —g I (81)

(Recesved September 25, 1975)
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METODA FUNCTIEI DE VERTEX PENTRU TRANZITIILE DE FAZA IN MODELUIL
HEISENBERG IN 4 — ¢ DIMENSIUNI

(Rezumat)

Se studiazd comportarea critici a feromagnetulun Heisenberg prin asocierea cu fluc-
tuatnle magnetizirn a unui operator S care este comsiderat ca avind n-dimensiumi Prin
rezolvarea ecuatier Bethe-Salpeter pentru funcfia de vertex I' se calculeazid indicu critici
care corespund cu valorile obtinute de Wilson prin folosirea grupulur de renormare.
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SUR LES VALEURS DES EFFETS ISOTOPIQUES DES IONS
SECONDAIRES CX, FORMES DANS I/INTERACTION DE H; ET D}
AVEC CX,; (X =H, D)

E. CONSTANTIN

Dans deux notes précédentes [1,2] nous avons comparé les sections
efficaces relatives d’apparition des ions secondaires CX} formés dans l'inter-
action de Hj (D) avec les méthanes deutériés CX, (X = H, D). Il résulte
de cette comparaison que les effets isotopiques différent parfois de ceux
de la fragmentation induite par les électrons. En méme temps il [y a des
différences entre les effets reliés avec les ions apparus dans l'mteraction
avec Hj et ceux correspondents & DJ. Dans les suivantes nous essayons
d’expliquer ces différences.

Ainsi, comme remarque, on a constaté que, si on utilise H} comme
projectile, la perte de H, par CH, est plus probable que la perte de D, par
CD,. Si le projectile est D}, le phénoméne est inverse, c’est le groupe D,
qui se sépare plus aisement. Les valeurs du rapport y* pour CH} (CH})/
CD;(CD,) sont 1,3 — 1,4 ayant H} comme projectile et 0,8 pour D,

Compte tenant de ces différences, nous supposons l'existence d'un
chemin réactional C2 dont les ions secondaires sont CX}. La formation
des ions CXj par ce chemin réactionnal peut s’expliquer en remarquant
que l'abondance des 1ons CX} est plus élevé si les atomes X de 1'ion projec-
tile X, sont identiques avec les atomes X de la molécule symétrique CX,.
On suppose donc que la réaction C2 consiste dans la rupture des liaisons
H—H, respectivement D—D, de lion H} (D}) suivie d’un recouplage des
atomes ainsi libérés. Le schéma imaginé est ci-aprés présenté (fig. 1).

On remarque que la concordance avec les résultats raportés demande
I'hypothése que la chance de la formation des molécules symétriques H ,
D, soit plus élevée que celle des molécules non-symétriques HD (I’hypo-
thése 1)

En méme temps, si on compare la perte de D,(CD,) avec la perte de
D,(CD,H, CH,D,) on observel? que la probabilité de perte de D, par
CH,D, P(C—D,) CH,D, est supérieure a P(C—D,CD, pendant que
P(C—D,)CDH reste inférieure 3 P(C—D,)CD,|. Dans

11dée des reactions C2, 1l résulte le schéma réacti- ST ~, .

onnal donné sur la fig 2 AR 4 .
Sion compare les ions et les molécules neutres H_f%.f'_'_'_' S

formés dans les réactions 1,2,3 (fig 2) on voit que H 7

la partie neutre 1ibéré est la méme. I,a méme ob-

servation peut se faire pour les réactions 4, 5, 6 oi v\:ﬁ._.f._.ﬁ\\

les groupes HD ont été mis en liberté D’autre part, H—C cH.. . AN

les espéces ioniques dans les réactions 4, 5 (ou 2, 3) g -

sont 1sotopiquement différentes. Il en résulte: Fig 1

5 — Physica — 1976
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+ o+ +
. D+ CD_H—CDH +2 . D' + cH_D—sCH?
1.0, 5 D,y 2.5 20y Oty + R0,
T No TN
\ . \1\ N
b — Chc0 AN H—CoD. D
H - — H S A
3 D'+ CO—CDf + 2D b v + ep_n—cont
% . M A L 03 COHY + 2DH
T \ T T == -
D+ D SO H N
N \ b N
D— C><D DN D—CX-D HS,
| N e B (N N
D H
5 Hy + CH,Ds—=CH} +2 DH 6. HE + CD=CD) + 2D
TE=———— — ——
N\p H N D H\
N N N
\ N
H— ,—-—\D H\ D— l\D H\
A N AN
Fig. 2.

— la probabilité d’apparttion des 1ons CXVY* est plus élevée si on
a Y = X (I'hypothése II).

— la probabilité que les ions CXVY* apparaissent augmente aussi
si on a X =Y dans le fragment neutre mis en liberté (I’hypothése III).

— en supposant que les deux conditions ci-dessus énoncées sont satis-
faites mais il s’agit des molécules ayant différents degrés de deutération
(par exemple les molécules impliquées dans les réactions 2 et 3) 1l y a
toujours une chance plus grande pour la réaction qui condurt aux produits
finals homogénes en D et H (IV). La réaction 2 est donc favorisée a la
réaction 3: CH,D, est non-homogéne en D et H pendant que les prodmts
CH; et D, sont homogenes.

La comparaison de la perte de HD et D, montre que HD (CD H) est
plus susceptible a4 se rompre que D,(CD,H). Ce comportement résulte
ausst en considérant I’hypothése IT et III. En ce qui concerne les valeurs
du rapport CDH+(CH,D,)/CD} (CD,H) elles sont déterminées par II pen-
dant que celles du rapport CH}(CH;D)/CD;(CD;H) montrent que, s1 les
condrtions II et III sont satisfaites, l'existence des ions CD} est favorisée

par rapport a CH .

(Manuscrit regn le 21 octombre, 1975)
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CU PRIVIRE LA EFECTELE IZOTOPICE ALE IONILOR SECUNDARI CX,;
FORMATI IN INTERACTIUNEA DINTRE Hj §I D CU CX, (X = H, D)

(Rezumat)

Dm studiul efectelor jzotopice H—D legate de 1onu CXS' (X = H,D) rezulti ci acestt

1om se formeazi §1 prin reactn lon-moleculi Concordanta cu rezultatele experimentale gy.e
la formularea unor ipoteze cu privire la dependenta probabilitifu acestut tip de reactie de

confinutul in deuteniu al 1onulm CX,_',*' §1 al fragmentulu neutru ehberat, de omogenitatea
in H sau D a reactanfilor $1 produsilor.
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ON THE TRANSFORMATION PROPERTIES OF THE SPIN—WAVE
STATES IN B CC. FERROMAGNETIC ALIOYS IN THE
HEISENBERG MODEL

V. CRISAN

In this paper we apply the consideration made by Brinkman
and Eliot [1] about symmetry of magnetic ordered materials in ordered
phase. The aim is to give a group caracterization of spin-waves states which
was done by the author [2, 3] using equation of motion and Green function
technic [4] in the RPA.

The structure under consideration is a bec Bravai slattice (CsCl
type O Pm3m) If the cormer sites and the center sites will be
called with 4 and B respectively, the Hamiltonian of the system may
be written:

Lo Ty 3 SESY — Jun 3 SPSF —2J45 > SESF—
<53 >

<i,1'> <Hy>
— v 2 HS: — pgp 2 HS)
t J

where, [, 4, Jpp and J,p ave the exchange integral between 4 atoms, B
atoms and A—B atoms respectively.

H 1s the magnetic field The atoms 4 and B are not equivalents Using
Holstein-Primakoff tranform for the spin operators in RPA the Hamiltonian
becomes

X=0C, —]§ [(C1 + Ca) by, b + (Co + Cy) by, bty + Cs(bs, i + B3, by,)]

when the coeficients ¢, depend of 2 [2] in special modes. The spin space

group G, is given by the direct product of the space group Pm3m with
spin rotations group about 2z axis ¢y

Time reversal does mnot add

c . any additional degeneracy

£ - .
§5s Shn with respect to those given
» \ s‘“k 5% :"1:#1 by the group G, [5].

‘ Hy A The space spanned by
the b,, operators 1s reductble
with respect to the group of
Hy the wave vector 2 By means
of the group-theoretical me-
thods we find the 1reductible
reprezentations of the spin
space group for 3 directious.
The rezults are shown in
fig 1 to fig 3 The symmet-
Fig 1 Fig 2 Fig 3 ry coordinates are equal to b,,,
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b:, respectively for all the directions under consideration so the nor-
mal coordinates are '

1,
\

2
Crr = E o O

w=2

where A gives the acustical (A = 1) and the optical (x = 2) branches.

In a classical picture of spin waves [6] in the spin wave state [ ZA > the
spin vectors of the sites 7, () precess around z axis at a polar angle 6, =
2 o \!

= arc sin( % tor a given p with azimuthal angle @, = ®, + % (I—é,, —

£

— Rn,) where n denotes the unit cell. In a particular cell if w # p’ the
spin vectors precess around 2z axis generally with a phase-difference
given by

Ap = k(p, — pw) if sign a,, = sign ay,

Ap = k(p, — pw) + m if sign my, = — sign oy,

In our case all the spins 4 from p cell precess around z axis with the
same angle, wich is different from that of B atoms because ¢, # «;; But
this relations can be drawn immediately on the basis of symmetry consi-
derations

In general all these information can be used in investigating the dis-
persion law by neutron scattering [7, 8] in picking out the most suitable
reflection conditions to excite the particular (branch under consideration)
motion of the spin vectors. In our case we cannot do that because the

2 branches have the same simetry.
(Recetved October 23, 1975)
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PROPRIETATILE DE SIMETRIE A UNDELOR DE SPIN IN ALIAJE CVC
FEROMAGNETICE IN MODEL HEISENBERG

(Rezumat)

S-au studiat, folosind metodele clasice din teoma grupunlor, proprietitile de simetrie
a stanlor de undd de spin, pormind de la grupul spatial al enstalulu
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EP.R. OF Mn(II) ION IN WATER — ETHANOI, MIXTURES

V. ZNAMIROVSCHI, O. COZAR and AL. NICULA

The presence of the ethanol in water leads to an increase in the hydro-
gen bonding number and consequently to a more highly ordered solution
structure [1]

The structuring effect of the ethanol in water was reported in our
previous papers on the EPR of copper (II) 1on [2—3] and vanadyl ion [4]
As an extension, we have now investigated the EPR of Mn(II) ion in the
water-ethanol mixtures in connection with the structuring effect of the
ethanol 1n water.

The EPR spectra of Mn(II) ion (3d% S = 5/2, I = 5/2) can be inter-
preted by using the spin — Hamiltonian

K = gBHS + aIS 4 D[S2— 1/3 (S + 1)S] + E(S? + S}
where D and E are the axial and rhombic parameters respectively The
two last terms forms the so-called zero-field-splitting term (z f.s.) which
1s zero 1n a cubic symmetry but it is very sensitive to amount of distortion
of the igand-field symmetry The cubic symmetry 1s not retained by Mn(II)
ion when it is tmmersed in a liquid under the action of solvent collision,
ligand exchange or lattice fluctuations [5]. The dominant relaxation pro-
cess which determines the EPR linewidth 1s due to the modulation of zfs
tensor [6—7] The zfs para-
meters of Mn(II) ion are diffe-

! 4 B) rent magnitudes 1n vitreous
guu:. ¥ 50% Hy0+50% E10H and crystalline media [8]
i 65 % H,0+35% EXOH Y Our experiments were
L2y carried out 1n both liquid and
L0 r frozen solutions, all the samp-
1 . h / les containing the same quan-
wl ” o tity (10 mg/cm?®) of Mn(ClO,),
-~ The EPR spectra were re-
wr ,_w_/ corded with a JES—3B spec-
2r trometer working at X-band
10 b ry s A | frequencies with 100 K¢ s-!

magnetic freld modulation

®ro, o At room temperature,
(LR ’ the gradual addition of etha-
2w L — nol in water leads to an in-
crease of the linewidths, mea-

} A00% 0 +20 % EroH sured peak-to-peak in the EPR
° "0 derivative spectrum (fig 1)

o e S S which 1s centered at g.; = 2.
% %2 7 72 772 772 ™ This suggests that the ethanol

aqueous solutions 1s a

Fi1g 1 Influence of ethanol concentration in water 11‘; qu Of £ t 28N
on the EPR lnewidths of Mn(II) on at room s 1OTIREI O structure  because
temperature it leads to an increase of the
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correlation time v which is dependent on the wviscosity Tof the mixtu-
res At room temperature the linewidth is given [6] as T31 = 32/5 (A%,
where A? = (2/3) D? 4 2E*

In agreement with recent experimental data [9—10] we obtained
that the linewidths of the resonances in pure water increase with the decrea~
sing temperature until —20°C where no hyperfine lines are resolvable.
The spectrum appears as a simple broad absorption line characteristic
for the polycrystalline state (fig. 2).

Unlike this, in water-ethanol mixture the hyperfine structure does not
disappear with the decreasing temperature (fig. 3). The hyperfine struc-
ture remains well resolved at low temperatures even at liquid nitrogen
temperature.

This 1s consistent with the hypothesis that water-ethanol mixture freezes
n a vitreous state. Here, the matrix effect is more evident than in the
case of pure water which freezes in polycrystalline state.

T=+ 10°C

T=+10°C

Fi1g 2 EPR spectrum of Mn(II) ion 1in pure Fig 3 EPR spectrum of Mn(II)
water for decreasing temperature ton 1n 809% water + 209 ethanol
for different temperatures
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{b)

Fi1g 4. EPR spectra of Mn(IT) 1on m 20% (a) and
359, (b) ethanol concentration in water at 77 K

At an higher concentration of ethanol in water 1t noticed that the
hyperfine structure lines are slightly distorted as a consequence of a super-
position effect of two resonances (fig. 4).

This may be attributed to a stronger distortion effect of the complex as
a consequence of the structuring effect of alcohol 1 water. More than that,
the ethanol molecules can enter in the first coordination sphere as ligand

the result being consistent with those in methanol [11] or acetonitrile
solutions [12]

( Recesved  October 23, 1975)
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REP A IONULUI Mn(II) IN AMESTECURILE APA—ETANOIL
(Rezumat)

Se face un studm REP al jonului Mn(II) in amestecurile api-etanol, la temperatura
camerel $1 la 77 K Rezultatele obfinute confurm# actiunea structuralizatoare a alcoolului
in apd Aceasta consti in frinarea modulim tensorulm z.f.s, fapt care se mamifesti prin
cregterea largunn hmnulor de structurd hiperfind. La 77 K se constatd ci amestecurile api-
etanol ingheatd in stare vitroasd, spre deosebire de apa purd care ingheatd in stare poli-

cristalini



STUDIA UNIV BABES—BOLYAI, PHYSICA, 1876

NOTE

INSTALATIE PENTRU ANALIZE DE COMPOZITIE BAZATE PE
ABSORBTIA NEUTRONILOR

T. FIAT si L. DARABAN

Determinarea concentrajiei unui element prin absorbfie de neutroni
se reduce la misurarea coeficientului de absorbfie a neutronilor, w, din
legea de atenuare:

I'=1, exp [—ux] (1)
aceasta fiind o metodi avantajoasi prin simplitatea s1 rapiditatea cu care
se pot face determindrile experimentale [1—4]

Deoarece coeficientul de absorbfie limard a neutronilor depinde de
densitatea atomilor absorbanf1 din probd st de secfiunea totald de absorbiie,
putem determina concentratia atomilor absorbant: folosind relatia

I
4 ln —

C(%) = N—ip .100 2)

unde I, si I = itensitatea {fluxului de neutroni mdsurat in absenta
probei, respectiv dupd trecerea lor prin probi,

A = greutatea atomici a elementului cercetat;

N = numdirul lui Avogadro;

o = sectiunea eficace totald (de absorbtie 1 impréstiere) a speciei
respective de atomu,

d = grostmea probet;

p = densitatea probei

Avind in vedere faptul cd pentru a obtine o precizie satisficidtoare
este necesar ca o al elementulut cercetat sd fie mult mai mare decit al
celorlalfi constituent1, metoda poate fi aplicatd la determinarea concentra-
tislor de Li®, B, Cd13 g1 a unor piAminturi rare, care au sectiuni eficace
de absorbfie a neutronilor termici foarte mari [5]

Efectuarea unor astfel de analize implici construirea uner instalatu
care si cuprindd o sursi de neutroni pentru laborator, un detector de
neutroni termici s1 moderatorul

Am folosit o sursi de neutroni Am—Be de 0,033 Ci, care di un
spectru continuu de neutroni cu energia maximi de 11 MeV. Cu ajutorul
e1 se pot obfine neutroni de 5MeV, 3 MeV, 0,5 MeV si termict. Fondul
gama este sub 4,43 MeV [1, G]

Ca detector de neutroni termici am folosit un cristal scintilator de
ZnS(Ag) + B de fabricatie ,,Gammas” cu o eficacitate de ~19%, dia-
metrul de 4 cm, cuplat la fotomultiplicatorul ®=Y—19M a unu1 radiometru
TISS Toate misurdtorile s-au ficut de cinci or1 a cite 5 munute, obtmnin-
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du-se o stabilitate foarte bund pentru aceastd instalatie (la viteza de numa-
rare fntre 500 si 2000 imp/min. abaterea standard a mediet varund intre
5 si 20 imp/min). Cristalul scintilator[7, 8] poate face o méasurdtoare abso-
lutd de flux pentru neutrom de energie intre 0—10 KeV datoritd reactiei
BY(n, o)L1?, dar determinarea neutronilor se poate face s1 pind la cifiva
MeV, insd cu eficacitate din ce in ce mai redusi Este practic insensibil
la radiatii gama - eficacitatea neutronilor/eficacitatea gama = 10% pentru
eficacitafr ale neutronilor de 1%,

Tinind cont cid o parte din hidrocarburile solide sint usor de mampulat
si au proprietd{1 moderatoare la fel ca apa, ele sint preferatein aceste expe-
riente [9]

Fluxul de neutroni mésurat in funcfie de grosimea stratulu1 de parafini,
mentinind detectorul fix la 40 cm de sursd, este echivalent cu fluxul de
neutroni pe care l-am obfine deplasind detectorul intr-un mediu de parafini
la distante din ce in ce ma1 mari de sursd. Pentru parafina folositd terma-
hizarea neutronilor este maximi la § em (fig 1, curba 1).

Punind in fata conteinerulw surset o placi de cadmiu cu grosimea de
4 mm, diametrul de 12 cm $1 diametrul fantei de 4 cm, se aproximeazd
foarte bine o sursd pland Daca sursa pland cuprinsi in planul (xy) emite
Q neutroni/sec.cm?, atunci pe axa z, Intr-un mediu considerat infinit, rezol-
vind ecuatia de difuzie [5], se obfine urmdtorul flux.

I (z) = 3 g 7 exp (— z/L) pentru z >0 (3)

unde: X, =226 10-2cm-?
51 L = 2,19 cm sint parametrii de difuzie a neutronilor termict (7T, =
= 293,6°K) pentru parafini

Rezultatele experimentale obtinute cu geometria de méasurare ardtatd
in fig. 1, aproximeazi curba teoretici dati de relatia (3) pe prima porfiune
a curber 2, aceasta fund porfiunea care ne intereseazi pe noi intre 4
si 9 cm grosime a stratului de parafind. Avind in vedere ci avem un mediu
finit se pot face corecfin care vor explica sciderea bruscd a curbei 2 de
lIa 9 cm in sus, folosind relafia datd in lucrarea [5]°

I(z) = Q s (“ =~ ‘*) (4)

S, L cos kiafL)

unde a este distanja de la sursa pland la gramita mediulut in planul xy
In cazul nostru a = 13 cm s1 1elafra (4) dd rezultate relativ bune

Curba 3 (fig 1) reperatd pe scara din dreapta esre diferenta primelor
doud si reprezintd gradul de focalizare a neutromlor. Palierul curber 2
indicd un fascicul paralel de neutromi

Optimizarea sistemulus colimare-piotectie s-a ficut cu ajutorul unui

strat de parafind cu un confinut de ~39% acid boric, avind grosimea de

13 cm de la sursa pland in sus, pe o lungime de 20 cm, si 8 cm de la
aceasta in jos.
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Colimarea fascicolului de neutrom (fig 2) se face prin absorbjia Iui in
peretit canalului. In acest caz se pun in evidenti niste reflexii neglijabile
in jurul punctului situat la 17,5 cm distantd de sursa pland (fig 3, curba I).
De asemenea, divergenfja inifiald a fascicolului se pistreazd astfel ncit
fluxul misurat pe axa canalului, la distante din ce In ce mai mari, scade
in mod constant urmind o lege de tipul (1) Fluxul relativ méisurat de
detectorul de neutroni termici creste brusc, punind in canal o rondea de
parafind purd avind grosimea de 1,5 cm (fig 3, curba 2} apor mérind
grosimea stratului de parafind fluxul rdmine aproximativ constant (fig 3,
curbele 3 si 4) Abaterea standard a medier pentru fiecare punct de pe
curbe este maximum -10 imp/min

S-a ficut corectia ,,diferentd de cadmiu” cu o foitd de 0,5 mm [1].
Astfel, s-a determinat ci sursa pland dd un procent de 38,59, neutroni sub
0,4 eV (misurdtoare ficutd cu fotomultiplicatorul lipit de suisa pland).
La 15 cm distantd de sursa pland s-a mdsurat prin aceeasi metodd un
procent de 61,59, neutront cu energu sub 0,4 eV

Rezultd cd absorbfia in perejir canalului nu se face integral, ci exista
un numir de neutroni termici care se reintorc in canal, ceea ce ar fi in
concordantd cu punctul de focalizare obfmut la 17,5 cm (fig 3) Folosind
o rondea de parafini de 4 cm grosime s-a determinat, la 15 cm de sursa
pland, cu foita de cadmiu lipitd de fotomultiplicator, un procent relativ
de 73,4%, neutroni cu energii sub 0,4 eV

Efectul de termalizare produs de parafina din canalul instalatiei se
vede in figura 4 Misurarea fluxului de neutromt s-a ficut cu fotomultiplica-
torul in trei pozitii fixe, indicate in dreptul curbelor.
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Nu a fost efectuat pind in prezent un studiu sistematic de optimizare
a factorulur de moderare-colimare in cazul generatoarelor de neutroni
[6, 10], dar aceste probleme sint in atentia noastri.
n condifii de ecranare a fondului gama din canal se pot face deter-
mindri de concentratii prin Inregistrarea radiatier gama de dezexcitare a
nucleelor din probd, produsd prin reactiile de capturd a neutronilor

(Intrat in redactre la 27 februarse 1975)
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DISPOZITIV PENTRU DETERMINAREA REZISTIVITATII ELEC-
TRICE LA METALE IN INTERVALUIL DE TEMPERATURI
80 — 700 K
IOAN ARDELEAN

Se descrie un dispozitiv in care se foloseste metoda celor patru sonde
pentru determinarea rezistivitdfit electrice la metale si aliaje, in vid, in
domeniul de temperaturi 80—700 K. Dispozitivul poate f1 utilizat, la
nevole, si la temperaturi mai inalte (pind la 1000 K).

In figura 1 este prezentat, in sectiune, dispozitivul realizat

. ’3 L i Wr
_ m&l

L‘, 2

123407, T, 8 9 5 7 6 M ¥ wid

Fi1g 1 Sectiunea longitudinald a dispozitivului de madsurare a rezistivitdfu 1 Port proba,

2 suport de ceramici cu cele patru sonde, 3. proba, 4 cilindru de ofel wnoxidabil, 5

st 6 resortur1, 7. puliti, 8 cilindru din ofel moxidabil, 9. tub de cuarf cu ghf; 10

fereastri pentru introducerea probei; 11 cap de distnbufie de sticld cu shif, 12 cuptor

electric, T, s1 T, — termocuple, 1 si 1 — sonde pentru tensmune $1 2 §1 2° — sonde
pentru curent

Port proba 1 este din ofel inoxidabil g1 susjine in partea superioard
suportul de ceramici cu patru sonde dm wolfram colimiare gi echidistante
(@ ~ 1,5 mm) Vederea din 4 privind dispunerea sondelor in suport este
dati in figura 2 Suportul cu cele patru sonde 2, a fost realizat folosindu-se
metoda descrisd in lucrarea [1]. Proba 3 se sprijind pe un suport din cera-~
micd fixat pe un cilindru de ofel inoxidabil 4 Datoritd faptulu1 ci port
proba este din otel inoxidabil, in intertorul e1 se
realizeazi mai bine omogenizarea cdldurii 1ar sta-
bilizarea temperaturii este mai rapidd Pentru
misurarea temperaturii in tot intervalul de utiliza- I
re se folosesc doud termocuple Termocuplul T, 2

este de cupru-constantan s1 se poate folost de la o—— 01
temperatura azotului lichid pind la 400°C, 1ar ter- To— o
mocuplul T, este de Pt-PtRh s1 se foloseste de la 2"
temperatura camerei in sus. Tija de ceramicd in

care este montat termocuplul T, este mobild, ceea I

ce permite ca si fie scos, la nevoie, in afara
domeniului e tem a °

ului unde te uperatura depageste 400°C, Pig 2 Vederea dun A
pentru evitarea oxidarii lu. Contactul mecanic (yez fig 1) privind dispu-
intre probd si sonde se realizeazd prin presare cu nerea sondelor in suport



S

DISPOZITIV PENTRU DETERMINAREA REZISTIVITATIL 79

ajutorul unui sistem de doud arcuri 5 i 6,

care pot fi astfel potrivite cu ajutorul piulifei

7 incit forta de apésare si fie cit mai mare,

¢ iar in timpul variatiei temperaturii si rdmini

17 /2 aproximativ constanti. De remarcat este

e A4/ faptul ci gi sondele sint arcuite :

| 1Z L/ Sistemul astfel realizat se introduce intr-

un tub de cuarf 9 cu slif pe care se montea-

Fi1g 3 Dispunerea sondelor in z3j un cap de distributie de sticli 11 Prin

raport cu proba 3 capul de distributie se scot spre exterior firele

de conexiuni de la sonde si termocuple, iar la-

teral acesta are un tub de racord la instalaia de vid. Dimensiunile port

probei sint astfel alese incit si se realizeze contact cu tubul de cuarf in

vederea realizirii unuir mai bun schimb de cdlduri. Infigura 1 n-am redat

conductorii de conexiunt intrucit in afara port probei 1 legitura cu siste-

mul de arcuri se realizeazd prin doi suporf1 cilindric: 8 din ofel moxidabil,

astfel Incit spatiul rimas disponibil este mare s1 nu se impun mici un fel

de restrictii in acest sens

Cu ajutorul cuptorului 12 se poate varia temperatura, iar in cazul

efectudrii masuritorilor de la azot lichid aceasti parte a dispozitivului
se 1ntroduce intr-un vas Dewar cu azot lichid

Dispozitivul permite efectuarea misurdtorilor pe probe cu forme geo-
metrice si dimenstuni diferite In cazul cind proba are o fatd plani s1 forma
geometrici oarecare, astfel incit si fie indeplimite condifiile Z > 24 si
I>d [2] (vezt figura 3), pentru calculul rezistivitdfii electrice se foloseste
relatia

21 12

U
= 2nd —
P R

unde d — distanta dintre sonde,
U — tensiunea maisuratd intre electrozii 1 1 17,

I — curentul care trece prin proba.

Dacéd proba este subtire, astfel incit Z << 4/2, atunci conform [3] pentru
calculul rezistivitdfii electrice se foloseste relatia

p = 2nZ

~|c

unde Z — grosimea probel

Pentru etalonarea dispozitivului s-a folosit o probd de N1 cu puritatea
de 99,59%,. Rezultatele objinute au fost comparate cu cele cunoscute din
literaturd [4] In acest sems, in figura 4 am reprezentat variafta rezisti-
vitdfi electrice, de unde se observé o concordanti foarte buni a rezultatelor
noastre cu cele din literaturd Valoarea mai mare a rezistivitdfii obtinute
de no1 este datorata gradului de puritate a Ni Astfel, dispozitivul construit
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Fi1g. 4 Variapra rezistivitifn N1 in funcfie de temperaturd 1 conform da-
telor din [4] §1 2 rezultatele obfinute de noi

poate fi utilizat Intr-un domeniu foarte larg de temperatur: pentru masura-
rea rezistivitdfii electrice la metale st aliaje, in vid. Domeniul de mésurare
pate f1 extins s1 la temperaturt mai inalte (pind la 1000 K)

(Intrat n redacire la 2 seplembrie 1975)
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DEVICE FOR ELECTRICAL, RESISTIVIY DETERMINATION IN METALLIC
SAMPLES, IN THE 80—700°K TEMPERATURE RANGE
(Summary)

A device using the four probe techmique for determuming the electrical resistivity of
metals and alloys, m vacuum, in the 80—700°K temperature range is described This
device can be used, when necessaty, at temperatures till 1000°K, and the measurements
can also be performed in controlled atmosphere
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in cel de al XXlI-lea an de aparitie (1976) Studia Universitatis Babes—Bolyai cuprinde
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