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STUDIA UNIV BABES—BOLYAI, PHYSICA, XXVII, 1982

SPECTRELE DE ABSORBTIE, FLUORESCENTA $I FOSFORESCENTA
ALE o SI g-METILNAFTALINELOR LA 77 K (I)

IRIMIE MILEA

Introducere. Studiul spectroscopic al metilnaftalinelor prezintd o deosebiti
importantd din cauza utilizdrit lor in multiple domenii ale stimnfei 1 tehnicii
[, 2.

Spectrele moleculelor in stare de vapori nu au reusit sd rezolve Intru
totul problema nivelelor de energie ale acestora deoarece apar nesigurante in
atribuirea bandei 0—0 si a unor fundamentale, unele grupuri de bande nu se
structureaza, in spectru aparind doar o infaguritoare a lor si de asemenea nu
este posibild tranzitia de pe starea de tiplet din cauza tranzifitlor neradiative.
Inglobarea moleculelor intr-o matrice inghefati cu care si aibi interactiuni
slabe face ca din spectrul lor electrono vibrational si lipseascd benzile calde,
sd se micsoreze posibilitatea formari1 de complecsi, si se elimine unele neajun-
sur1 legate de tehnica experimentald in vapori, iar aparifia spectrului ‘de emisie
este facilitatd datoritd micsordrii probabilititii tranzifillor neradiative

Substantele studiate in prezenta lucrare au fost preparate de firma Schering-
Kahlbaum A G Berlin, purificarea ficindu-se prin distilare fractionatd in vid
pentru e-metilnaftaling, 1ar pentru f-metilnaftalind prin recristalizdri succesive
din pentan §i hexan urmate de citeva treceri printr-o zoni de purificare in
vid. Controlul puritdtii s-a ficut prin misurarea cu o precizie de o zecime de
grad a punctelor de fierbere §i topire aducindu-se corectiile de presiune nece-
sare Alegerea solventilor folosi{1 ca matrice a fost ficutd prin metode aritate
anterior [3], [4] S-a gisit ci cel ma1 jotrivit solvent pentru a-metilnaftalind
este pentanul, 1ar pentru B-metinaftalind hexanul Puriticarea acestor solventi
s-a facut prin metodele clasice [5]

In functie de scopul urmirit am folosit trer instalatit experimentale care
au avut ca element de bazi un criostat de cuar{ in care proba era 'ricita
prin imersie in azotul lichid. Pentru absorbtie s1 tluorescentd s-a folosit un
spectrograf Hilger E,,,1/3,5 cu dispersia de ~60 A/mm in domemul din jurul
valorii de 3100A si 25 A/mm in jurul valorn de 2600 A, iar pentru fosforescenti
un spectrograf Zeiss cu trei prisme in montaj Fosterling s1 luminozitate 1/2,3
avind dispersia de 90 Aj/mm in jurul valorii de 5000 A Iluminarea s-a reali-
zat pentru absorbtie cu o lampd de hidrogen de 400 W, cu spectru continuu
intre 2200 si 3600 A, pentru fluorescen}i cu o lampd de mercur P R K-7 de
1000 W de joasi presiune din emisia cdrela s-a selectat cu un filtru de clor-
brom un domeniu de aproximativ 250 A in jurul linier de rezonanti intense
de la 2537 A, iar pentru fosforescentd o lampd de mercur H.B O. 200 de inalti
presiune $1 200 W, excitarea ficindu-se monocromatic pentru radiagia de 3021 A
a mercurului prin intermediul unui monocromator cu oglinzi Zeiss. Spectrele
au fost fotografiate pe plici ORWO-Blau Extrahart pentru absorbtie si fluo-
rescentd si ORWO-Gelb Rapid st Rot Rapid pentru fosforescentd Inregistrarea
spectrelor s-a ficut de pe plicile obfinute cu un fotometru rapid Zeiss cuplat
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cu un inregistrator Zeiss G;B, Pozitia bandelor s-a masurat cu un comparator.
Abbe cu o precizie de 0,3 A

Schemele nstalatilor experimentale folosite pentru absorbtie, fluorescenjd
si fosforescentd sint date in figura 1.

a-Metilnaitalina. Spectrul de absorbtie obtinut este format in pruma regiune
de absorbfie din linu inguste, 1ar in a doua din bande relativ largi Inregstra-
rea spectrului obtinut se vede in figura 2, 1ar interpretarea sa este datd in
tabelele 1 s1 2 Impreuni cu rezultatele obtinute s1 de alti auton

In tabele semnificafia notatilor este urmitoarea 1 — intens, d — difuz,
i — ingust, f — foarte, s — slab, m — mediu, r — relativ, 1 — larg. Interpretarea
s-a ficut finindu-se seama de frecventele corespunzitoare care apar in studiul
moleculer de naftalind, [6], [7], 1ar pentru modul probabil de vibratie s-au
folosit notatule curente din spectrele Raman s1 LR. [8]. Semniticatia este
urmitoarea B(C—H) — vibratie in plan a legiturn C—H, « — (CCC) — vibratie
de deformare in plan a unghiurtlor intre atomun de carbon, ¢¥(CC) — vibratie
de torstune a moleculei in afara planului, v(CC) — vibrajie de intindere in plan
a legaturilor C—C, y(C—H) — vibrafie de legdnare in afara planulu1 a legaturu
C—H.

In primul sistem de absorbtie se observd aparifta uner bande difuze, care
pare a fi inceputul unwi sistem difuz, plasatd la 147 cm™? spre rosu fatd de
banda 0—0 Aceastd bandi difuzd are o rezomantd in fluorescentd s se da-
toreste probabil unor agregate moleculare [9], [10], [11] In al doilea sistem
banda 0—0 s-a luat in concordantd cu spectrul de absorbfie in a douna regiune
a naftaliner [12]. Fati de spectrele efectuate in vapor: [13], la temperatura

apd gincdlzwe terestre
WYYy Lo
fspectr
Absorbtie pectroge.
<
, 146+274
— A
E\ﬁ""'m 13.8+1666

g

Zesie [0-01T

Fosf:rescen;c':

1
2X1664+167
2X1478+930+167
L 3X1478

i %71%64
+ '

Fig 1. Fi1g 2
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Tabel 1
o Modul Alti1 autor:
Intensita- vor.-| St | probabi
bNr A tea §1 | voo—v Interpretare € |metria|de vibra- 17 13 (17)
anda| em™t aspectul | em™? A te al [17] (18] b CeHy,
- bandelor 5 cm S e enler vaport | vaport [} o0
31 385 1d 147
0 31532 11 0] vou — - — 3168732114 | 31376
1 | 31806 | 1% 274 { vy, — |a” | y(CX) - - -
2 31926 11 394 | vy, — a’ a{CCC) — — -
3 32 002 fsi 470 | vy - a’ B(CX) 445 450 433
4 32184 mri 652 | vq — a’ a(CCC) — 685 660
5 32 325 mri 793 | vgy - a’” g(CC) — — 769
6 32 408 mri 876 | vyy — a’ ¥(CC) 986 — 847
7 32 607 mri 1075 | vip(va0) — a’ v(CC) 1114 | 1064 967
8 32 795 1263 | vy — a’ v(CC) — - —
9 32 881 } 1 larg 1349 | vg, - a’ v(CC) — 1300 —
10 32 978 " 1446 | v — a’ v(CC) 1441 — [ 1434
11 33 138 fsi 1606 | vy — a’ v(CC) — - —
12 33249 fsrl |1717) vs+ vy + 3 — — — -, —
13 33 460 sri 1928 | vs+v, —12 — — — — —
14 33 795 2263 | v;+ vy —24 — — — — —
15 34 038 } 1 larg 2506 | vgtvegtvy | —14 — — — — —
16 | 34307 | .md 2775 | v+ vag- v,
v 9| - - - -] -
17 | 84501 | si 2969 | vgptvay —14| — — — — -
18 | 34590 | £ s 1 |3058| vgtvy — 8| — — — — —
19 34 668 s i 3136 | 2X vty +29 — — — - —
Tabel 2
Modul”
Intens1- Alf1
— t S1- | probabil
Nr v tatea §1 |voo—v Veale autor1
banda| em—1 aspec t?ﬂ om—1 Interpretare —v mfétna bde vi- | [13]
bandelor em™! s rafie al vaport
moleculei
0 34842 (s 1 0| vorr* - - — 35078
1 35009 | s 1 167 | vyg - a’” B(CC) 148
2 | 35295 |1 4 453 | vy, - a” | g(co) 461
3 35772 {m d 930 [ v, - a’ a(CCC) 947
4 35893 |s d 1051 vy - a’ v(CC) 1143
5 36320 | m d 1478 v, — a’ B(CH) 1335
6 36506 | m d 1664 | vy — a’ v(CC) 1566
7 36673 |1 f d 1831 | 2Xv, +29 — — —
8 36962 | d 2 120 | vzt vag+vaa —22 — — —
9 | 37518 |4 2676 | vot Vgt viq, +20 — - -
10 37778 | d 2936 | 2Xvg +20 — — —
11 | 38171 |4 3329 | 2xX vy -1 — — —
12 38316 | d 3475 | 2X vyt +20 — — —
13 | 38748 |4 3906 | 2 vg+vq —20 — - -
14 38929 | f d 4 087 | 2 X vg4 vy Vo5 , —34 — — —
15 39266 | d 4424 [ 3X vy +10 — — —
16 39436 | d 4594 | 3 X vgtvgg + 7 - - -
17 | 39813 | 4d 4971 | 3x vy +21 - - -
18 | 39900 |d 5 058 | 3 X vg+ vag+ vaq — 4 - - ~
19 | 40319 | d 5477 | 83X v+ Ve —32 — - -
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azotulur lichud s-au obfinut mai multe bande st deci interpretarea spectrului
este mai completd Pe lingd aceasta, comparajia cu spectrele electrono-vibrati-
onale ale derivatilor monohalogenati ai naftalinei si analiza globald a acestor
spectre permite o atribuire mar sigurd a modurilor de vibratie [14]. Astfel
banda de la 1064 cm~! datd de deformarea legiturii C—H in planul moleculei
[13] estc probabil o vibratie a legaturit C—C. In a doua regiune de absorbtie

Tabel 3
" gg . a4 |FJ]sp_ | Al autor
o RIS > e 2| 8eWE N
g v fﬁ BT |Yoo—V Interpretare (- I g >y E Ty (17]in
< cm™t 5479 | cm™? nterpreta ol 5 sl = §{EFSL | (13] 1CGH,,
8.8 S E{oMS -a-'guﬂ°vapor1 la
5 8 @2 $o|zrE @ S‘D'QE 2 K
0 31352 | 1.d 0 | vot — 3211431376
1 31385 |m i 147 | vy — 150 | a’’ B(CC) 154 | —
2 31322 | m 1 210 | vag — 185 | a” 2(CC) 195 —
3 | 31231 {m i | 301 | vy — | 281|a” |qy(CX) - 281
4 31037 |i1 495 | v, — 480 | a’ B{CX) 417 479
5 | 30080 |s i 552 | v — | s65|a" |a«fccQ) | — 566
6 30 941 m 1 591 | vio — 605 | a” g(CC) — —
7 30 861 m d 671 | vy — 688 | a’ «(CCC) — 704
8 30719 |m 4 813 | vy — 810 [ a” A(CC) — 766
9 30563 |m d 969 | vy, - 963 | a’* v(CH) — 971
10 | 30451 |m d | 1081 | vy — |1085] a’ ¥(CO) — | 1023
11 | 30359 |m d | 1173 | va — |1172| 2 | BcH) — | 1164
12 30248 |m d 1284 | vj, — 1266 a’ v(CC) — -
13 30157 |1 d 1375 | va{vge) — 13741 a’ v(CC) - 1376
14 30076 | m d 1456 | v; — 1466 | a’ B(CH) — 1 458
15 29967 |m d 1565 | v — 15821 a’ v(CC) — -
16 29914 {m d 1618 | v — 1618 a’ v(CC) — —
17 | 29798 |s d | 1734 | vaotve —9| - | = _ N
18 | 29670 [1d | 1862 | vyutve +8| — — _ _ _
19 | 290582 |m d | 1950 | vggbve+vr +5) - | — _ I
20 290464 [|m d | 2068 | vytvy — 8 - — — — -
21 29408 s d 2124 | vy+va —11 — — — — —_
22 29 291 m d | 2241 | vy -+ vay + vy + 9 — —_ — — —
23 20171 |m d | 2361 | vy + v3 + vy 0 — - — — —
24 20070 | m 4 | 2462 | vy + v + 5 —12 — — — - —
25 28990 [m d | 2342 | vyu+vitves — 1 — — — — —
26 28893 [m d | 2639 | vy+vutve 1-26 — — — — —
27 28777 |m d | 2755 | 2X v — 5 — — — — —
28 28686 |s d 2846 | vyt v —15 — — — — —
29 | 28616 s d | 2916 | 2x vyt —19 [2912] &’ B(CH) N
30 | 28516 |m d | 3022 | 2xv,4vy, +29 | = - — - —
31 | 28421 {sd | 3111 | 2Xvg+vy-tus Y - - N
32 28320 |1 d 3212 | 2X vy+vg +33 — — — — —
33 | 28220 [1d | 3303 | 2%v,+v, 1) - | = _ N
34 | 28094 |m d | 3438 | 2xvi+vi, +3] — - _ _ -
35 27917 |m d | 3615 | 2xXv,+vy+ vy —12 — — — — —
36 | 27814 |m d | 3718 | 2X vgt vy, +1| - — — - _
37 27701 (s d 3831 | 2X v+ vy, 0 —_ — — — —
38 | 27601 |s d | 3931 | 2xvytve —- 8| - - — _ —
39 | 27533 |s d | 3999 | 2X v veatvyo +18 ] — - - - | =
40 | 27144 |5 d | 4388 | 2xv,+ve —20 | — - - — -
41 | 27085 |s d | 4447 | 2xvytvigtve | —~15| — | — _ I
42 | 26903 |s d | 1629 | 3x vty —9| — | — - N
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se interpreteazd banda de la 1566 cm™ ca 1335 + 222 cm™?, pe cind din
spectrele la temperaturd joasd a rezultat cd aceastd bandid este o fundamentals.
De asemenea banda de la 947 cm™ consideratd ca fund datoratd unei vibrafii
de deformare a legaturn C—H in planul moleculer [13] aparfine probabil vi-
bratiei- de deformare in plan a unghiurilor intre atomii de carbon, iar banda
de fa 1335 cm™ aparfine mai probabil v1bra1;1e1 in plan a ]egaturn C—H decit
legiturii de valentd [13]. Nesiguranfa in rezultatele obtinute in vapori in a
doua regiune de absorbtie apar si din cauza pozifionarii uneor: 1ncerte a bande-
lor difuze din aceasti regiune

In pentan la 77 K 1nreg1strarea spectrului de fluorescentd are aspectul
din figura 3

Interpretarea este datid in tabelul 3. Cu toate ci spectrul la temperaturi
joase s-a mai efectuat in pentan [15], interpretarea sa completd nu a fost
facutd In tabelul 3 sint date si rezultatele obtinute de alti autori, in a ciror
lucrari unele bande sint obfinute din spectrul de absorbjie ca bande calde [13].
Nu sint legate de anumite moduri de vibratie Spectrul de fluorescentd al
substanter riciti brusc la.-77 K este larg de tip excimeric si se datoreste
agregatelor moleculare formate. La ricire lentd séamind cu spectrul starii
cristaline

inreg1strarea spectrulur de fosforescentd in pentan la 77 X este aritatd
in figura 4 iar interpretarea in tabelul 4

Banda de la 21140 cm™?! s-a luat ca bandd 0—0 cu toate cd este mai
putin intensd ca urmitoarea, in acest fel existind. o bund concordanti cu

2X1375+671+591 ~

13757552+
2X1375+591
2?113372556395 §
X175 . 2X1398+vr
18 +.64 >
SE5+495 700+ 1572
375+495 - 700+1398
[ 1618__ 700
& 15565 565+ 1221 ;
t 1
f1123 A 11453
_g_ ! o B 12
~ [1081 Sl__i398
2 (969 a2
= ! =04l
I 7
591 ! 82
552 565
495 L 181
3ot YN JAL 84 \
210 \ 36
1%7 \
Al

Fig. 3, .Fi1g 4
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Tabel 4
8 'E 7 ?—? y 6 Té -t of

3 555 D= I R R
8 v g 2ug Yoo~V | Interpretare [Ycale —V 'E R g | B 3288 87 o

cm ™t gas cm 1 ecm™ (S ES ¢ |§R2B8 | Lolb
> gl 28m®| B 1887 E| E00
4 = bS] 5] = <
0 21140 [ s r i 0 Vop - — — — 21 000
1 21104 {1 r i 36 |vr — - - - —
2 21056 | mr 1 84 vr. - — — — —
3 | 209059 |14 181 | vy - 185 a” | B(Cco)
4 | 20575 |m ri 565 | v, — 565 a’ | (CCC 517
5 20520 (s r i 620 | vyo - 622 a” | @) -
6 20440 | m 4 700 | v - 701 a’ a(CCO) —
7 20099 |s d 1041 vy - 1034 a’ v(CC) —
8 19919 | m d 1221 | v - 1230 a’ B(CH) =
9 19742 {sri 1398 | vy - 1398 a’ B{CH) 1369
10 19699 |irt 1441 | vy, - 1441 a’ | (o) -
11 19660 ({m r i 1480 | v - 1465 a’ | g(CH) —
12 19568 | m r i 1572 | v, -~ 1583 a’ | y(Co) 1575
13 19503 | m r i 1637 | vy - - a’ | y(CQ) —
14 19333 ({m d 1807 v+ Va5 —21 — — — —
15 19219 |s a 1921 | vy+vis 0 — — — 1884
16 19039 | m d 2101 | vegt Vs -3 - - — . 2086
17 18848 | m d 2291 | vgtvs —19 - - — -
18 18524 | m d 2615 | vy+va + 4 - - — 2615
19 18327 | Hg> 2812 | 2xvp+vre | 420 - - - 2739

spectrele Raman si I.LR In general, spectrul de fosforescenti este slab cu
linii relativ largi.

Rezultatele obtinute de alti autor: relateazi un spectru din zece bande
din care pufine sint considerate fundamentale s§i care nu au o corespondentd
suficient de exactd cu spectrele Raman si I.R Aceasta se datoreste probabil
atribuirii gresite a bandei de la 21104 cm™! ca bandi 0—0 [16]

(Intrat in redacfre ia 17 notembrie 71980)
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K

THE ABSORBTION FLUORESCENCE AND FOSFORESCENCE SPECTRA OF THE « AND
B-METHYLNAPHTALENES AT 77 K (I)

(Summary)
The absorbtion and lumimiscence spectra of a-methylnaphtalene trapped in a matrix of pen-

tane at 77 K is observed in the near, ultraviolet and visilLil tegion A vibrational analysis is proposed
A comparasion is given with the results obtamned by other authors
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STUDIUL PROPRIETATILOR FIZICO-CHIMICE ALE ALUMINELOR
PROMOTATE CU DIOXIZI METALICI (V)

N. DULAMITA, V. CRISAN, A. POP, 1. POP sl G. MORARU

1 Introducere. Studiul aluminelor promotate cu dioxizi metalici a pus
in eviden{d dependenta proprietitilor catalitice [1, 2] de proprietitile textural-
structurale ale diferitelor forme de aluminid din sistemele oxidice Al,0,—CeO,
[1,3—5] Sistemele oxidice Al,0,—CeO, cu cantititi variabile de CeO, s-au
studiat prin spectroscopie de raze X §i spectrometrie IR, objinindu-se o depen-
dentd a lungimii de undd K, a aluminiului de concentratia CeQO, [6] precum
si date asupra modificdrilor cristaline cu temperatura de tratament termic [1].
Variafia lungimii de undd K, a aluminiului se explicd prin variatia parametrului
de retea a diferitelor forme cristaline de Al,O; st a—CeO,, care conduce la modi-
ficarea suprapunerii functiilor de undid din refeaua Al,O, respectiv interfata
Al,0,—Ce0O, Prin studiu! textural-structural s-a urmaérit obtinerea de informatu
asupra modificirilor de bazid din sistemele Al,0;—CeO, precum si asupra mo-
dului de distributie a cristalitelor de CeQ, in Al,0,

2. Partea experimentald. Probele s-au preparat din azotat de aluminiu si
azotat de ceriu (IV) si amoniu in mediu bazic (tabelul 1). Pentru toate probele
s-a calculat cantitatea de amoniac necesari pentru a coprecipita hidroxizii de alu-
miniu st ceriu la pH constant
Solufla de amoniac 259, s-a
diluat cu apd la 10 1, s-a mo-
Compozifia st condifiile precipitirll amesteeulul de hidroxizi  dificat mediul de reacfie prin
addugare de 19, dietilenglicol

Tabel 1

e Compozitia, Tunp de Teg‘lg:fa‘ si s-a incilat la 50—52°C
probe: in 9% masd pH | agtare, solutier Prec1.p1tarea. s-a efectuat cu
CeO, | ALO, ore °oQ solutia cationilor (volumul
solutier un litru) in tump de
1 ég gg g.g g gé 30 minute, sub agitare cu vi-

2 , x 3
3 30 20 95 2 P tezd constantd Precipitatele

objinute s-au spalat cu o so-
lufie apoasd de etanol 59,
Amestecul de hidroxizi s-a uscat la 100°C tumnp de 28—29 ore $1 s-a calcinat
4 ore la 550°C

Datele texturale s-au determinat utilizind metodele

— adsorbtia-desorbtia azotatului la tempcratura de fierbere a azotulu
lichid

— penetrarea mercurulul pind la presitumi de 1500 at

Cumularea datelor obtinute prin cele doud metode s-a efectuat la raza pori-
lor de 150 A

Spectrele de absorbiic in IR s-au inregistrat cu un spectrometrn Zeiss UR
10, tolosindu-se tehnica pastilirii in bromuri de potasiu Probele de oxizi au fost
tratate termic 2 ore la 400°C si respectiv 4 ore la 550°C Raportul probd-bromurd
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1.300. In prealabil pastilele s-au degazat la 103 torr, timp de oord latempe-
ratura camerei,

Spectrele de difractie s-au obfinut cu generatorul de raze X, TUR—M62,
folosind radiatia emisid de un tub cu anod de cupru, indexarea liniilor’ de difrac-
tie facindu-se cu metoda analitica.

3. Rezultate si diseufii. In tabelul 2 sint prezentate datele texturale ale
sistemelor oxidice cu 10—309% CeO,, din analiza cirora rezulti cd apar deose-

, Tabel 2
" Date texturale referitoare la sistemele Al,0;—CeO,
. Nr probe1 1 2 3 .
Tipul izotermei , II I 11
Tipul bucler de histerezi B+-A B+ A B + A
Volumul microporilor (0—3004)
cmd/g 0,432 0,389 0,477
Raza medie a mucroporilor A 47,75 47,73 55,05
Volumul porilor (150—7,5 - 10¢)
cmdfg 0,028 0,037 0,038
Volumul cumulat al porilor, cm3/g 0,451 0,416 0,492
Suprafata specifici, m?¥/g 181,1 163,0 173,3
Domemul, A \
Distribufia 525 3,99 9,51 1,15
minmi porilor 25-—-50 77.14 38,73 67,12
% 50-—10? 9,36 37,64 17,76
102103 8,34 10,26 11,24
102 —104 1,18 3,89 2,39
104—7,5 10* 0,00 0,00 0,34

biri semnificative in ce priveste suprafata specifici si distributia marimii porilor.
Pozitia benzilor de absorbtie In spectrul IR la 400 si 550°C este indicata in ta-
belul 3 Regiunea din spectru cuprinsid intre 500—900 cm™!, are benzi largi

Tabel 3
Pozitia benzilor de absorbiie in spcetrul IR Ia 400 si 550°C

Nr probei 1 1 2 2 3 3
Temp de calcinare, °C 400 550 400 | 550 400 5560
Pozitia benzilor de absor- 600 605 — 560 — 560
btie in spectrul IR 790 800 920 780 790 780
1080 — 1080 — 1080 —
1640 | 1640 [ 1640 ( 1640 | 1640 | 1640
3460|3480 3470|3460 (3470|3480
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corespunzitoare vibrafier de deformare a legiturii Al—O st Ce—O, care se mas-
cheazd reciproc.

Domeniul 900—1200 ¢cm™* corespunde transformirilor de fazi petrecute sub
actiunea tratamentului termic I,a 400°C s-a terminat procesul de descompunere
termicd a trilmdroxizilor punindu-se in evidentid doar boemit, caracterizat de
numirul de undd de 1080 cm™! Maximul benzilor largt st intense de la 3460—
3480 cm™! inglobeazd efectul vibratulor de valen{d al grupelor OH legate de
ionii metalict §1 de moleculele de api. Numirul de und3 de la 1640 cm™ s-a atni-
buit vibratiei de deformare a apei moleculare adsorbita fizic pe suprafata solidulu,
ca urmare a refinerii aper din atmosferd in timpul inregistriri spectrului ILa
400°C incid mai continud procesul de descompunere termicd al modificirilor
cristaline sdrace In grupe OH -

In schumb, la 550°C se observi numai benzile caractenstice vibrafulor
de schelet si de valend ale grupelor OH, aldtur: de vibratiile de deformare ale
apei fiziosorbite

Spectrele de difracfie indicd prezenta a trer modificari structurale distincte -
n—A1LO,, y—AlLO; s1 «—CeO, ale caror parametr: reticulart variazi cu concen-
trafia in CeO, (tabelul 4). Lungimea de undi a tranzifier K a aluminiului scade

de la 7,981 A, pentru proba 1,
Tabel 4 la 7,948 A pentru proba 3, ur-
mind variafta volumulut celulei
elementare al y—Al,0, [6] Corela-

Parametri reticulari

Nr | 1—ALO,| v ALO, |a— CeOy| f1a dintre lungimea de undi a linter
rob Kg A spectrale Ky a Al cu volumul ce-
probet | g A |a Ao A| 4 A | 1 .
ulet elementare a y—Al,0, indici

: 813 | 330 | 362 | 420 7 081 o mndependentd a nivelelor atomice

2 7.79 314 | 3.26 5.49 7,980 a Al intre care are loc tranzitia

3 2,27 | 2,27 | 3,33 5,36 7,948 Kg destarea structurald a a—CeO,,

fiind necesard calcularea curbelor
de distribufie a dimensiunilor cristalitelor de CeO, Pentru aceasta s-a folosit
o probd standard de CeO, cu dimenstunea medic a cristalitelor de 100 A st
liniile (310) la proba 1, (111) la proba 2 s1 (420) la proba 3, din spectrele de
difractie
Transformarea Fourier Fi(s) a profilulut liniei corectate ¢(s), se expruni
in functie de transtormatele Fourier Fu,(s) s1 Fz,4(s) ale linulor objinute experimen-
tal pentru proba 4,(s) st standard z,4(s)

Fafs) = 24t (1)

in care s = 2 sin 6/, obfinindu-se profilul corectat al limei 2(s) din transformata
Fourier inversd. Funciia de distributie a dimenstunilor medu M, a cristalitelor
G(M), se calculeazd folosind profilul corectat al lintet 1(s)

+e0

= — g s%(s) exp (1sM)ds (2)

G(M)
M

— 0

Integralele Fourier de tipul (2) se inloculesc cu integrale pe intervale As
finite, pentru care ,(s) respectiv 24(s) sint determinate experimental Pentru
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a fi calculate precs, profilul corectat al liniei #(s) s-a extrapolat analitic dupad
formula :

1(s) = A exp (— Bs) (3)

in care constantele 4 si B s-au calculat prin metoda celor mai mici patrate.
Curba. de distribufie a dimensiunii medi a cristalitelor de CeO,, (2), calculatd
cu tehnict numerice din profilul corectat al linie1 #(s), extrapolat dupi formula

(3), prezinti pe anumite intervale AM ale dimensiunn cristalitelor, valori &A}m

negative (fig. 1) Eluninarea acestor regiuni din curba de distribufie s-a ficut
folosind metoda self-consistentd [7], in care porfiunea negativd din curba de
distributie (9% < 0) se inlocuieste cu zero.

i

Dupi patru iteraju succesive, curba de distribufie a cristalitelor nu mai
prezintd nici o porjtune negativd (fig. 2), avind maximul principal la 65 A pen-
tru toate concentratille de CeO, Maximele secundare din curbele de distributie
apar la aceleast valor1 M pentru toate probele, indicind cé distmbutia de CeO,
in Al,O, se face In acelast mod indiferent de concentrafia In CeQ,, rezultind ci
mirimea suprafeter de contact a grauntelor de CeO, cu Al,O; nu influenfeazi
spectrul de emiste al aluminiulu.

4. Concluzii. Sistemele oxidice Al,O;—CeO, cu continut variabil de CeO,
se deosebesc semmnificativ din punct de vedere textural prin méirimea suprafefei
specifice §i distributia mérimu porilor.

6
L]
[
M)

™

)

(4

<

4

=

@«

o

=3 9]

= 2

= =

=z o]

3 3
E -
=
Z
2

S M4

Fi1g 1 Funcfia de distributie calculatd cu Fig 2 Curbele de distributie a crnstalelor
mtegrala (2) 1 — proba 1, 2 — proba 2, calculate cu metoda selfconsistentd. 1 — pro-
3 — proba3d ba 1, 2 — proba 2, 3 — proba 3.
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Spectrele de absorbfie in IR aratd cd, dupi calcinarea izotermi la 550°C,
timp de patru ore, apar numai vibratii de schelet s1 de valenti ale grupelor OH
superficiale.

Maximele curbelor de distributie pun in evidentd faptul cd distributia CeO,
in Al,O4 se face in acelasi mod, mndiferent de concentratia si marimea suprafefei
de contact a cristalitelor de CeO, cu Al,O, in probleme studiate.

(Intrat in redactie la 17 februarse 1987)
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Ut e

A STUDY OF PHYSICO-CHEMICAL PROPERTIES OF ALUMINA ACTIVATED WITH
METALIC DIOXIDES (V)

(Summary)

Methods for establishing the textures of soltd substances, IR, X Ray differaction have been
used to determine the structures and textures of oxyde systems Al;O;— CeO, which contain 10—309%,
CeQ, The distribution of CeQ, grains in Al;O; has been established in a similar way, regardless of
the CeO, concentration m these systems. The experimental results are correlated with the catalytic
properties of Al,0;—CeO; systems



STUDIA UNIV BABES—BOLYAI, PHYSICA, XXVII, 1982

NUMERICAL CALCULATION OF GASES INTERDIFFUSION IN
LIQUID METALS (II)

SPERANTA COLDEA

Following the preceding work, .the present paper was made 1n order to
test a tentative of calculation of the interdiffusion of gases in liqguid metals.
In the last decade the oxygen, hydrogen and mitrogen diffusivities in several
liquid metals have been measured by different experimental methods: The
previous paper presented a theoretical method to study the interdiffusion coe-
tficients of gases in liquid metals [1], with the purpose of predicting the values
of these properties and to compare them with the experimental ones. The ele-
ments of the proposed interdiffusion calculation method and the stages of cal-
culation are the following '

1. Firstly, the numerical densities #,, # and packing fractions %, and 7
are calculated using theiwr definitions ‘

= p,N /M, (t=1,2) (1)
n= N + fy (2)
and from the relations
R (3)
and , ‘
N="T1+ N 4)

2. One of the most important parameters of the theory is the hardsphere
diameter o, (2 = 1,2) of the components in the binary liquid system. The dia-
meters of the liquid metal particles and of the gas rigid-spheres are calculated
from the basic relations (9)—(10) of the paper [1], where we need the values
of the melting point density, p,,, the atomic masses M,, the melting temperature
T,,, the temperature T of the system and the covalent diameter of the diffusing

as, o,.
§ 3. The next stage 1s the calculation of the interdiffusion coefficient of dilu-
ted binary system (gas and liquid metal) from the basic expession (2) of the
aper [1
pep 4. [I]n the relation (1) of the paper [1] the correction term g, (o6y;) is the
pair correlation function at contact between two dissimilar spheres of the binary
tluid. The better correlation function form, which satisfies the Mansoori-Carna-
han-Starling state equation [2], 15 defined by the relations (6) —8) of the paper
I. We can calculate the values of gy, (o;2) and the Enskog interdiffusion coefficients
D,, for different binary dense flmds

5. Another important imput datum 1s the interpolated molecular dynamic
correction C of the Enskog theory [3], for several combinations of mass ratio
m,[m, and size ratio o,/c, of the components, for different values of the packing
fraction n [4]. These correction terms will be done in the tables 1—11.
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Table'1
The interdiffusion in H—Cu system
CS !
#(C®) &5 Dyy = Dypfers c D =C- Dy Dexp
(-10° cm?/s) (- 10% cm?fs) (10® cm?/s)
1083 3,54 0,763 0,89 0,7416 4,317 5a
1200 3,357 0,867 0,92 0,866 4,65 5a
1300 3,125 0,984 0,915 0,975 4,906 S5a
1 400 3,093 1,052 0,93 1,055 5,1278 5a
Table 2
The interdiffusion in H—Fe system
1535 3,559 0,892 0,848 0,825 0,774 12
1600 3,354 0,9806 0,846 0,766 0,805 12
1 650 3,37 1,022 0,877 0,96 0,425 12
1700 3,279 1,05 0,865 0,983 0,8721 12
1750 3,208 1,104 0,82 0,984 0,899 12
Table 3
The interdiffusion in H—NI system
1455 3,579 0,832 0,893 0,81 0,973 10
1550 3,33 0,9715 0,884 0,93 0,669 10
1 600 3,213 1,04 0,8467 0,95 0,704 10
1650 3,457 1,02 1,02 1,00 —
Table 4
The interdiffusion in H—V system
1912 3,487 1,101 0,861 1,037 -
1650 3.771 0,782 0,956 0,825 -
1 600 3,831 0,782 0,81 0,775 —
Table 5
The interdiifusion In H—Nb system
2 468 3,407 1,409 0,829 1,285 —
1650 4,263 0,8407 0,767 0,649 —
1 600 4,324 1,094 0,636 0,60 —
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Table 6
The interdiffusion in H— Al system
(o}
¢(°C) g% Dy = Dy olsts c D=C Dy Dexp
(103 - cm?/s) (102 - cm?/s) (103 - cm?/s)
770 3,207 0,820 1,01 1,03 0,1685 . 107% 11
870 3,04 0,940 1,40 1,424 3,125 11
900 2,993 0,980 1,35 1,432 3,627 11
950 2,919 1,045 1,286 1,454 4,63 11
1 000 2,850 1,114 1,66 2,00 0,623 - 107% 11
i Table 7
The interdiffusion in O—Ag system
960,8 4,216 0,125 0,643 0,085 0,0901 10
1 050 3,815 0,1421 0,687 0,103 0,096 10
1150 3,625 0,1579 0,746 0,124 0,1346 10
1250 3,658 0,175 0,74 0,136 0,148 10
Table 8
The nterdifussion in 0—Fe system
1535 2,403 0,1336 0,7678 0,1075 0,0892 26
1600 4,228 0,1461 0,792 0,1211 0,1334 25
1700 4,019 0,1617 0,854 0,1442 0,1565 25
1800 3,829 0,1783 — - 0,1814 25
Table 9
The interdiffusion in O0— Ga system
500 2,602 0,1806 — — -
600 2,441 0,2195 1,03 0,253 -
700 2,309 0,2599 0,79 0,334 —
800 2,197 0,305 1,48 0,453 —
Table 10
The iInterdiffusion in O—Cu system
1083 4,383 0,1148 0,782 0,094 0,0583 22
1150 4,236 0,2195 0,823 0,107 0,075 15
1200 4,13 0,131 0,847 0,1161 0,1071 22
1250 4,03 0,1384 0,852 0,12323 0,105 21
1300 3,935 0,1448 0,90 0,1362 0,1113 22
1350 3,85 0,15065 0,91 0,1441 0,144 22
1 400 3,769 0,16081 0,913 0,1531 0,172 21
Table 71
The interdiffusion in N—Fe system
1535 4,403 0,143 0,105 0,15 0,107 5b
1600 4,228 0,154 0,956 0,161 0,074 8
1650 4,121 0,1622 0,9562 0,1695 0,0792 8
1700 4,019 0,1704 0,957 0,178 0,08526 8
1750 3,992 0,179 — - -
1800 3,829 0,188 — — —

2 — Physica 1982
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6 TFinally, the values of interdiffusion coefficient are calculated trom the
corrected expression (11) of the paper [1] Numerical evaluations were made
for the diffusivities of O, H and N 1n hiquid metals as Cu, Fe, N1, V, Nb, Al,
Ag and Ga, for which exist experimental data

The parameters #, #, M, M, v Om Yo G Zu(64) are not related in
detail In the tables 1—11 are presented only the obtained values for gy, (oy,),
of the correction terms C and calculated interdiffusion coefficients D, compared
with the available, seltconsistent experimental data [5]—[26].

We can observe that the results of the theoretical method, obtained with
the Mansoori-Carnahan-Starling pair correlations are usually higher thanthe
experimental values for the interdiffusion coefficient, but do not exist very large
differences between Deae and De, The qualitative agreement of numerical
evaluations with the experimental data appear to be resonable

Because the measurements of the diftusivity of gases in liquud metals are
difficult, some experimental values carry considerable error. More accurate
interdiffusion data are needed to test the proposed theory and we must compare
our predictions with the experimental values over a wide range of temperatures
and compositions At present, such values are unavailable

The problem of accurately predicting of gases diffusion coefficients 1n hiqud
metals and alloys still remains to be developed. Knowledge of interdiffusion
coeffictents 1s 1mportant both for practical use and fundamental research. If
we know the diffusion processes we can understand the imdustrially complex
chemical reactions, where the combined kinetic and diffusional effects determine
product distribution It 1s, too, of major interes in testing current models of
the Iiquid state and in formulating models of mass transfer

(Recewved February 25, 1987)
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CALCULE NUMERICE ALE INTERDIFUZIEI GAZELOR IN METALE LICHIDE (II)

(Rezumat)

Pentru a testa modelul teoretic propus anterior [1] pentru interdifuzia gazelor (O, H, N) in

metale lichide (Ag, Al, Cu, Fe, Nb, N1, V, 51 Ga), sint calculatr detaliat parametru necesari, carac-
teristict amesteculu1 binar considerat §1 coeficientn de interdifuzie Dy, §1 ce1 corectafs cu ajutornl unm
factor de corectie dedus din calcule de dinamict moleculare, C. Valorile obfinute pentru D sint in buni
concordantd cu datele expenimentale existente pentru nterdifuzie
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METODA NUMERICA PENTRU MODEILLAREA PE CALCULATOR
A STRUCTURILOR SEMICONDUCTOARE

GAVRIL BUZAS*

1 Introducere. Modelarea pe calculator a comportarn dispozitivelor semi-
conductoare s-a rispindit in anu 70, dest primn past dateazd incd din 1967 [1].
Primele incerciri de acest gen s-au referit la tranzistori [2, 3] Apanfia dispozi-
tivelor semiconductoare cu o structurd mat complexd st in spectal a dispozitive-
lor semiconductoare de foarte inalté frecventd a determinat ca metodele de simu-
lare si fie preferate de foarte mulf1 cercetdtorr Azi practic toate experienfele
sint precedate de simuldri, vizind diverse aspecte generale [4] sau particulare
[5,6] ale comportdrut unei anume structurt Un alt considerent care a impulsio-
nat dezvoltarea tehnicilor de simulare este aspectul greoi al tratdrm analitice
a ecuatulor care guverneazi comportarea structurilor sus amintite Raspunzi-
toare pentru aceste greutdti este in primul rind neltniantatea ecuathilor care
descriu tramsportul purtidtorilor Relatule folosite in studiul fenomenelor de
plasmi in majoritatea cazurilor nu se pot aplica 1 la semiconductor:

In aceastd lucrare se prezintd o metodi numericid de rezolvare a ecuatillor
diferenfiale de transport pentru goluri, electroni s1 cimpul electric dintr-o struc-
turd semiconductoare st aplicarea e1r intr-o problemi de modelare pe calculator
a unei structurt n*pp* cu parametr: cunoscufi.

2. Rezolvarea sistemului de bazi. Admifind modelul umidimensional, pro-
prietitile golurilor st electronilor dintr-un semiconductor sint caracterizate de
ecuafiile de continuitate $1 ecuatia lur Poisson

JdP ojP
RS At o
ON 9N _~_p 2)
ot ox
oE
Z_L(P—N-Ny)=0 (3)
unde ]
jp=upr E P2 yp 2£ (4)
Q ox
JN=UN.E N+ ypnv. &2 - (5)
Q ox
.N—N?
G=aJP + JN| — —2% (6)

(P 4+ N + 2N)

# Institutul pentru tehmicd de caleul, Cluj-Napoca
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Notatiile folosite in ecuatiile de mai sus sint JP, JN — densitifile de curent
ale purtdtortlor, P, N — densitd{1 de purtdtorr, N, — diferenta densitifilor

donorilor $1 acceptorilor complet 1onizati, N, — densitatea intrinseci, G —
termenul de generare, UN, UP — mobilitifi, * — constanta lu1 Boltzmann ;
T — temperatura absolutd, t — timpul de viati al purtitorilor, « — coefi-
fictentul de 1onizare; () — sarcina electrici, E — intensitatea cimpului elec-

tric Aceste notatn au fost astfel alese incit si fie usor adaptabile limbajului de
programare

Metoda care va fi prezentatd presupune ci semiconductorul unidimensional
este divizat in # regiumi La lhimitele acestor regiuni se afld sarcini spatiale pentru
care s-au definit P, N, N,, Intre doui sarcini spafiale avem o zoni de cimp
electric, iar JP, JN, E sint marim1 definite in aceste regiuni

Considerdm regiunea cuprinsd intre diviziunile j—1 s1 741, continind dou#
zone de cimp (2 — 1, #) $t trei sarcini spatiale (j—1, 5, 7 + 1) FEcuatile (4)—
—(5) pentru aceastd regiune devin

JP,=UP, E, P,— ’LQT . UP(P,4; — P,)|Ax (7)
JN,=UN, E, P,+ %T . UN,(N,;1 — N,)/Ax 8)

Cu aceste notafii transcriem ecuatiile de continuitate (1) —(2) st ecuatia lu1 Potsson
(3) pentru un interval de timp cuprins intre momentele 2si & + 1

(P — Phy/At = GE — (JP* — JPL)/Ax @
(N} — NJ)JAE = G} + (JNT — JNE ) /A% (10)
(B — MY jax = £ (P — NI ) (11)

Relatule (7)—(11) permit aflarea valorilor lu1 P, N, E intr-un moment oare-
care. In legituri cu intervalul de timp Af se demonstreazi [7] ci el tebute si
satisfacd urmitoarele conditii Af < 2v, s1 Af < 2r; in care v, — timpul de
relaxare dinamici, v, — timpul de relaxare dielectrici locald In urma iteratii-
lor bazate pe relatule (9)—(11) se stabilesc solutile stationare La limitele extre-
me presupunem densitatea purtdtorilor majoritarn = N, si densitatea purti-
torilor minoritar1 = Ni/N, De asemenea curentul total prin structuri il con-
stderdam constant

Dupi aflarea solutiilor stationare, solufia la semnale mict o obfinem prin
aplicarea metoder perturbatitlor mict ecuatiilor (1)—(3) Prin introducerea
cantititilor AP, AN, AE avem

P=P,+ AP, N=N,+AN, E=E,+AE (12)

unde Py, N,, E, reprezintd solutule stationare
Admitind cd perturbatule variazi proportional cu exp (jof), inlocumnd (12)
in (1)—(38), efectuind denivirile, eliminind termenn stationari s1 notind

FP, =G, — agf,, FN1261+%
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avem
oFP oFP JFP
=" AP 4+ ZLAE
JoAP =2 AP +SZAN S0 A (13)
dFN dFN oFN
— &N oFN INAE 4
joAN =ZZAP + ZHAN 42 (14)
_aaAE — £ (AP — AN) (15)
X €

Expresule (13)—(15) reprezintd schimbdrile solutiei stationare in intervalul Al

3. Rezultate si eoncluzii. Metoda descrisd s-a aplicat la o structurd ntpp*
din Si. Pornind de la urmitoarele valort cunoscute [8] «,=258 107 m™!

(pentru « am admis forma « = «, exp [%‘ cu B =1,5.108V/m), e, = 12, UP,
=480 cm?/V s, UN(=1380 cm?/V -s, N;,=0,645 - 101°m—3, t=10"%s, Ax=10""m,

At = 107% s, am evaluat densitidtile de curent din (7)—(8). Apoi am trecut la
calculul solujiilor stationare pe baza ecuaiilor (9)—(11). Figura 1 reprezintd
solutiile stationare relativ la structura considerati pentru trei valori diferite ale
densitatii totale de curent si tensiune de polarizare 60V.

In continuare, pe baza relatiilor (12)—(15) s-au determinat valorile P, N
si E in aproximatia peiturbatiilor mici. In aceste calcule s-a tinut cont de depen-
denta densitdtu de curent de unghtul de zbor dati in lucrarea [6]

Rezultatele calculelor de mai sus s-au reprezentat pe figura 2 avind ca
parametru unghiul de zbor Se remarci dependenta puternicid a densititilor
de acest parametru, atit ca distributie, cit si ca mirnime Intensitatea cimpului
electric este influentatd doar in mici mésuri de valoarea parametrului In aceasti

1 P 1IN s E 15[
22 12
10 1 10 1 8. 7
o 3. 1010 A
3 10A/m
4 J= 0%
10?1 10" 1
24
18 ~{0YAL2
0" Jo » 107"Am 10
:1..
10" . —_— . — . . . . .
0 1 X 10°[m] © 1 X40%m] o 4 X 10°5tm]

Fi1g 1 Densitafile purtitorilor $1 cimpul electric in functie de distantd pentru
diverse valor: ale densitétu de curent [,
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P{m*) NImi?] [ECTH]

o

0 1 x40%ml 0 1 X% 0 4 x4gPm

Fi1g 2 Densitifile purtdtorilor g1 cimpul electric in funcfie de distantd pentru
diverse valor1 ale unghmului de zbor ©

fazi a calculelor am considerat J, = 107 A/m? si frecventa de 10 GHz Aceeasi
strinsd dependenti de unghiul de zbor s-a constatat si in [6]

Toate calculele au fost efectuate pe un calculator Tektronix 31, programul
fund scris in limbaj masini, iar graficele s-au trasat cu ajutorul unui plotter
Tektronix 4661 Metoda se poate implementa si pe un calculator Felix C256 cu
transcrierea programelor in FORTRAN

Rezultatele obtinute sint intr-o remarcabild concordanta cu datele publicate
in [7, 9], 1ar distributia densitdtilor coincide cu prezentarea teoreticid din [10]
Modelul de calcul poate fi particularizat pentru diverse structuri si regimuri
de functionare, cum ar fi structurile IMPATT, TRAPATT in regim amplificator
sau oscilator Totodatd acest model poate fi privit ca un prim pas pe calea
extinderii in vederea uner analize la ,,semnale mar1”’

(Intrat s redacfre la 17 martie 1981)
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ANUMERICAL METHOD FOR COMPUTER MODELLING OF SEMICONDUCTOR STRUCTURES

(Summary)

A numerical method used in solving the set of partial differential transport equations for holes,
electrons and electric field in semiconductor structures 1s described Using this method the one dimen-
stonal steady-state solutions and small signal solutions are given Some results are given for'a S1 nt+pp+
structure The method 1s paiticularly suited to the solution of problems involving semiconductor devi-
ces 1 various modes of operation
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SOME, OBSERVATION IN THE TRANSITION REGION BETWEEN THE
CHOLESTERIC PHASE AND LIQUID ISOTROPIC

S. SELINGER, AL. NICULA, R. SCHWARTZ, V. SIMON

1. Introduetion. The umque property that characterizes the liquid crystal
phase is the long-range orientational order retained by the molecules as they
diffuse about 1n a fashion typical of ordmary liqguids The value of orientatio-
nal order provides a correlation between different anisotropic properties.

Macroscopically, cholesteric liquid crystals are spontaneously twisted nema-
tics. It is possible to characterize the average orientation of molecules in a
cholesteric with the same set of order parameters as in nematics, with the distinc-
tion that 1n cholesterics the order parameters are defined relative to a local coor-
dinate system twisting along with the optic axis. From this point of view,
there is no distinction between chiral nematics and cholesteric liquid crystals,
1.e., they have the same symmetry However, the values of the order parametres
in nematics — including chiral nematics — and cholesterics might well be
different. Indeed typical nematogenic compounds contain aromatic rings linked
by double or triple bonds. It 1s known that dispersion forces in aromatic mole-
cules are larger and more anisotropic than in aliphatic molecules The sterol
groups wich from the rigid part of cholesteric-forming molecules are nonaromatic,
indicating smaller dispersion forces

Hence the dispersion forces are responsible for orientational order parame-
ter at the isotropic transition and the dependence of this order on external
variables in cholesterics might well be different from nematics.

The configuration of the protons in cholesteryl esters i1s not known well
enough to permit a precise determination of the order parameter using proton
magnetic resonance

In selecting the samples to be studied trough nuclear magnetic resonance
(NMR) we could obtain a determination of the transition point liquid crystalline
—isotropic phase [1], [2]

The melting points of componds as well as their temperatures of transition
from the liquid crystalline to the 1sotropic phase are closely correlated with the
literature data [3]

2. Experimental methods. Cholesteryl derivatives and B-nor cholesteryl
derivatives used 1n our experiments were synthetized at the ICCF Filiala Cluj

The experimental apparatus consisted of a model JNM 3H—60 NMR
unit with posibility for heating of samples by means of a blower of the heat aer.

Data were collected at 9 MHz Signals were improved with a integrator
linked to an X—YVY recorder The temperature controller maintained sample
temperatures within 4-2°C by means of a thermocouple in the sample air cavity

3. Experimental results. The linewidth variation of cholesteryl caprate
C,y3H;40, with temperature for the liquid crystal and 1sotropic phase is shown
1 Figure 1.
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Fi1g 1 ILanewidth variation of cholesteryl caprate with temperature

for B—nor cholesteryl caprate : C;,H;;0, is shown in Figure 2

The linewidth dependence of the temperature for the cholesteryl propionate
C30H;00, and B—nor cholesteryl propionate CyH,sO, 1s shown in
Figure 3 and Figure 4 respectively
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Fi1g 2 Linewidth vanation of B-nor cholesteryl caprate with temperature
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F1g 4 Linewidth variation of B-nor cholesteryl propionate with
temperature

4. Discussion® The NMR spectrum dramatic change 1s responsible for the
transition values of linewidth in Figure 1—4 are for the transition between the
cholesteric and isotropic phases.

Because the linewidth dependence of the temperature for the cholesteryl
derivatives and B-—nor cholesteryl derivatives shows close similarities, we
could conclude that the behaviour of the B-—mor cholesteryl derivatives are
also not different from those for cholesteric liquid crystals

5. Coneclusions. Futher investigation of the B—mnor cholesteryl derivatives
through NMR spectroscopy, and orientational order parameter measurements
are necessary and will be the subject of part II of this series

(Recesved March 20, 1981)
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CITEVA OBSERVATII ASUPRA TRANZITIEI DE FAZA INTRE FAZA COLESTERICA SI
CEA DE LICHID IZOTROP

(Rezumat)

In lucrarea de fafd este prezentati dependenta de temperaturi a lirgumm limer RMN pentru
colesteril caproat, B-nor colesteril caproat, colesteril propionat s1 B-nor colesteril propionat

Temperaturile de tranzifie sint in concordantd cu datele obtinute de not prin alte metode Se
pare cd §1 derivatu B-nor colesteril caproat st B-nor colesteril propionat prezinti proprietif: asemini-
toare cu cele ale colesteri] caproatulu, respectiv ale colesteril proplonatulur

Pentru ca si putem spune cu certitudme ci st derivatn B-nor colesteril prezintd proprietdf: de
cristal lichid a fost necesard efectuarea altor mésurator: g1 determindr: de parametru de ordine Rezul-
tatele vor f1 comunicate in partea a doua a acester lucrir
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STUDIUL STRUCIURAL AL UNOR COMPLECSI p-CLORBENZOATI
DE CUPRU (II) PRIN ABSORBTIA IN LR. $I ANALIZA
TERMODIFERENTIAL A

0. COZAR, I. BRATU*, R. SEMENIUC, I. ARDELEAN, M. PERICI

1. Introdueere. Cercetdrile asupra complecsilor dimeri de cupru (II) au
cunoscut o deosebitd amploare datoritd faptului cd acestia constituie modele
excelente pentru studiul interacjiunilor magnetice. Au fost sintetizafi un numar
mare de complecst, 1ar rezultatele expertmentale si teoretice cu privire la depen-
denta de temperaturd a susceptibilitafii magnetice sint prezentate intr-o serie
de lucrdnt [1-—8].

In paralel cu acestea au fost efectuate §1 studu RES [9—15], rezultatele
astfel objinute dind informaf1 mai complete asupra structuru electronice precum
st a cuplajulu1 dintre spinu celor do1 1om: metalici, datorat atit uner interacfium
de tip dipol-dipol (magnetic) cit si de schimb electromic [14, 15]. Extinderea
acestor investigatn prezintd o importanfd deosebitd si datoritid aplicatiilor in
biologie [16, 17]. Astfel, studule RES efectuate asupra unor complecsi de cupru
(II) cu aminoacizi $1 polipeptide, complecst considerajt drept modele ale siste-
melor biologice active, au evidenjiat prezenfa interacfiunilor spin-spin $t for-
marea startlor dimere ca in cazul Cu(DL—oa—alanind), - H,O [16] 51 Cu
(L —tyrosinat), {17]

O atentie deosebitd s-a acordat structurtlor dimere de tipul acetatulu de

cupru monohidrat [9—13] care confine 1on1 Cu—Cu la distante mic1, de ~ 2,64
A. In mod particular studule RES s1 de susceptibilitate magneticd efectuate de
nor [18] asupra p-clorbenzoaflor Cu,R, - CH;OH - 2H,0 — (I) s1 Cu,R,
- CH,COCH, 2H,0 — (II), unde R = (p—CICsH,CO,), au 1ndicat clar exis-
tenja specilor dimere la temperatura camerei, precum $1 aparijia celor de tip
monomer la 77 K Acest fapt este atrtbuit reorganizdrn prin inghefare a retelel
structurale a matncilor complecsior studiati datoritd moleculelor de apd pe
care le contin, ducind in final la ruperea cuplajului dintre 1onu de cupru. De
asemenea, raportul monomer/dimer este ma1 mic in cazul complexulur (I) decit
in (II), lucru explicabil printr-un confinut mai mare de apd a acestwa din urma
Totodatd in cazul complexulut (I) a fost evidentiatd prezenta a douid specu
monomere magnetic neechivalente, in timp ce in complexul (II) apare numai
una.

Faptul cd valoarea raportulur monomer/dimer precum $i a former speciilor
monomere sint determinate de un conjinut de apd diferit in matricile celor do1
complecst [18], s-a testat prin studii suplimentare de absorbfie in I.R si termo-
gravimetrie. Datele astfel obfinute s1 prezentate in lucrarea da fajd aduc infor-
mafi1 not cu privire la modul in care structura (natura) celor doi1 complecsi
dimer1, (I) cu metanol, respectiv (II) cu acetond, determina o capacitate proprie
diferitd de absorbjie a apei.

* Institutul de tehnologn izotopice s: moleculare, Cluj-Napoca.
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2. Tehniea de lueru. Cei doi complecsi dimeri au fost preparafi dupi refeta
dati de I, e wis st colab. {1]. Ambii se prezinti sub forma unor pulberi de culoare
albastru-inchis Spectrele I.R. au fost integistrate cu un spectrofotometru UR
20 Carl Zeiss Jena, utilizind tehnica pastilarii in KBr si a suspensielr in Nujol
Pentru calibrarea frecventelor s-a utilizat spectrul I R al polistirenului. Analiza
termodiferenfiald s1 termogravimetricd s-a facut cu un derivatograf ORION
GYEM TYD OD — 101 in aer. S-au folosit creuzete de plating, iar ca substanti
de referintd Al,O, Conditiile de lucru au fost aceleasi pentru ambele probe

3 Rezultate. a) Atriburea frecvemgelor de vibrapre. Spectrele I R. ale celor
do1 complesi In KBr la temperatura camerel sint prezentate in fig. 1 si 2. Frec-
ventele caracteristice ligandului (p-clorbenzoat) pot fi atribuite cu certitudine,
neexistind diferene semmficative fati de spectrele acidului benzoic si benzoa-
tului de Na [19]. Astfel, vibratiile caracteristice ciclului benzenic stut cele de la
1605, 1585, 1090 si 1030 cm™*. Vibrafiile grupdrii carboxilice produc absorb-
11 In jur de 1280 cm™ 1 1695 cm™1 Ele sint caracteristice former dimere pe care
o adoptd moleculele de ligand Specule monomere (in solufie de CCl,) prezinti
absorbtia veo la 1730 cm™ [19]. Vibratfiile simetricd si antisimetricd ale ionulut
carboxilat (—COQO™) in benzoatul de sodiu se gisesc la 1415 si respectiv 1549
cm™1, Pozijia celei din urmd depinde de electronegativitatea cationului prezent
in benzoafii metalica [19].

1 MM
400 SO0 800 700 800 90010001103 13(1) 150 1700 V[cm'ﬂ

Fig. 1. Spectrul I. R. al [Cu,(p-CIC{H,COy), - CH;0H . 2H,0] — (I)
in KBr la temperatura camerei

Absorbtie

Absorbtie

] 1 1 1 i 1 1

1 1 1 4 [ N
400 500 600 700 800 S00 100 1300 1500 1700 V [cm)

Fig 2 Spectrul I R al [Cuy(p-CICaH,CO,), - CH,COCH,; - 2H,0] — (II)
in KBr la temperatura camerer.
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In scopul identificirii vibrafiilor caracteristice Cut*—O sau a vibratiilor
combinate la care contribute legdtura Cu—O, au fost utilizate ca date ajutitoare
atribuirile ficute de Nakamoto st colab [20] in cazul unor chelaj1 de cupru
(carbonaf1 si oxalati) Mentiondm totodatd cd intr-o serie de lucrdri [21—25]
unde sint facute atribuiri ale frecvenier Cu—O, aceasta apare la 420 cm™ in
oxalati st la 462 cm™ in p — dicetone. De asemenea, Nakamoto [22] indicd
domeniul 420—480 cm™! ca fund caracteristic vibratiilor vy.._,, iar Cotton

[21] localizeazid frecventa vibratiei metal-igand la 530 cm™ st cea M—C intre
600—670 cm—1

Frecventele de combinatie vy_o + 3o_c=o St Vm—o + Ve—c sint localizate
in spectrul I R. al oxalatulu1 de cupru (II) la 795 st respectiv 541 cm™ [2] Re-
giunea spectrald 775—795 cm—* prezintd modificirile vibratiei de inel prin pre-
zenta cationului metalic (Cu?¥). -

Utilizind aceste date precum si distribujia de energie potentiald pe fiecare
mod normal de vibratie [20] in functie de contribufia relativi a fiecdrer coordo-
nate de simetrie pentru complecsti de tip 1 2 oxalati de Cu(II), precum sipen-
tru cei de tip 11 carbonati monodentafr de Co (III), se pot face atribuirile
frecventelor obtinute experimental in cazul complecsilor p-clorobenzoati I si
II (fig 1,2)-

— Banda de la 475 cm™? este atribuitd vibratiei Cu2+—O. In spectrul din
fig 1 mai apar doud benz: slabe la 420 s1 435 cm™ O atribuire certd insi a
frecventer Cu2+—O 1mplici necesitatea preparirit unor complecsi marcati cu 180.

— La frecventa de 530 cm™?, contributia umportantd o are vibrafia metal-
ligand. In cazul oxalatulur de Pt (IT), banda corespunzitoare acestui tip de vi-
bratie apare la 545 cm—* [20].

— Banda de la ~ 690 cm™! poate fi atribuitd vibratier combinate de tip
Veu—o + 8mel- . -

— Pentru oxalatul de Pt (II) frecventele de combinatie vpt—o -+ So-c=o0
au fost atribuite intervalulu 815—827 cm™ [20] Benzile ce apar in domeniul

770—800 cm™* (fig 1 si 2) pentru p—clorbenzoatnn de Cu (II) pot fi atribuite
frecventelor de combinatie vey_o + So0_c—o0

— Reglunea spectrald 1300—1500 cm—? cuprinde pe lingd vibrafia purd
a 1onului carboxil (COO™) st o frecventd de combinafte ve—o + You—o 4 So-c=0
mascatd insd de banda intensi vcoo—.

b) Studiul I R. al specvilor moleculare ale aper conpimutd in complecsi. In do-
mentul 3400—3700 cm~? apar benzile caracteristice moleculelor de apd confinute
in matricile celor doi complecsi (fig 3 a st 4 a). Banda largd de la 3400 cm™?
se datoreste moleculelor de api absorbite fizic, legate intre ele prin punf1 de hidro-
gen, 1ar cele doud benzi mai inguste de la 3585 si 3609 cm™ sint caracteristice
hidroxalilor nelegat1 intre e1 s1 aparfinind moleculelor de apd legate de cele de
complex Existd doud specit de hidroxili, avind energi de legdturd diferite.

Prin incilzirea prealabild a celor doi complecst la 110°C timp de o ord in
vid, banda largd de la 3400 cm™! dispare, pe cind cele de la 3585 si 3609 cm—*
rdmin practic neschimbate (tig 3 b st 4b) Ele dispar numai dupd o incélzire
a complecsilor In vid la 170°C, fapt ce indicd o legdturd puternicd intre aceste
molecule de api si cele de complex FEstimarea comparativd a apei prezente in
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matricile celor dot complecs: se poate face folosind metoda standardulur in-
tern (se alege banda de la 1600 cm™?, caracteristicd benzoatului)

In ceea ce priveste apa absorbiti (banda de la 3400 cm™1), se constati
cd In cazul probelor neincélzite, complexul II confjine mar multd apd decit I.
Astfel, raportul Agq90/41600 €ste 0,070 pentru complexul cu metanol (I) st 0,112
pentru cel cu acetona (II).

Raportul celor doud specut de hidroxilt (Aggef/Assss = 1,60) rimine constant
in ambil complecsi, atit pentru probele normale cit s1 pentru cele incilzite la
110°C

Dacd se urmireste micsorarea raportului Aggoe/Ajege SaU Aypep/Aigee PIIN
incdlzirea celor doi complecsi la 110°C in vid, se constatd cd din proba (II) pleaci
ma1 multd apd decit din proba (I) Astfel, dacd in probele normale raportul
Asggos/ A 1600 €Ste acelast (~ 0,128) el devine 0,111 pentru complexul (I) st respec-
tiv 0,069 pentru complexul (II) prin incilzire la 110°C. De asemenea, daci se
urmdreste raportul Agges/A g00 €1 este ~ 0,084 in probele normale si devine prin
incélzire 0,069 pentru complexul (I), respectiv 0,040 pentru complexul (II)

Din urmaérirea evolufier cu temperatura a benzilor 3400, 3585 s1 3609 cm ™
se constatd cd proba II (complex cu acetoni) are o capacitate de inmagazinare,
respectiv de pierdere a apel prin incilzire, mai mare decit I (complex cu metanol)

c) Analiza termodiferentrald 1 termogravimetricd In figurile 5 g1 6 sint
prezentate curbele TG, DTG s1 ATD pentru cet dot complecst, observindu-se
existenta a doud tipun de apd, una absorbitd fizic st care se evapord pind la 100°C,
1ar cealaltd clatratd in refeaua complecsilor care pleacd definitiv numai la tem-
peratura de 170°C (I}, respectiv 204°C (II).

Moleculele de apd absorbite formeazd intre ele legiturt prin puntt de hadro-
gen, dind in spectrele I R banda largd de la 3400 cn™ Din termogramele carac-
teristice celor doi compus rezultd ci in complexul (II), cu acetond, existd 2,63,
apd absorbitd pe cind in complexul (I), cu metanol, numai 1,30%

Tot din curbele T'G s-a gidsit cantitatea de api legatd de moleculele de com-
plex g1 care dd in spectrele I R. benzile de la 3585 51 3609 cm™. Aceasta este
de 3,81% (teoretic 3,939%,) in complexul (I) st respectiv 5,269, (teoretic 3,81%)
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F1g. 5 Curbele de analizd termodiferenfiali 1  Fi1g. 6. Curbele de analizd termodiferentiald g1
termogravimetricd pentru complexul (I) termogravimetricd pentru complexul (II).

in complexul (IT). Alura curbelor TG evidenfiazi de asemenea 1 faptul ci apa
clatratd, legatd de moleculele de complex, se desprinde treptat si nu brusc in
intervalul de temperaturt 100—170°C respectiv 100—204°C, ceea ce sugereazi
prezenta unei distributii statistice a tdriei de legidturi ale acestela cu moleculele
de complex.

Prezenja a doua tipuri de apa in matricile celor doi complecsi este evidentiatd
st de curbele DTG, care prezintd doud picuri distincte (fig 5, 6)

Pe curbele ATD se remarcd un pic aplatisat, endoterm, corespunzitor apei
clatrate. Faptul cd picul este apalatisat, susjine de asemenea ideea prezentei
unei distribufn statistice a tériei legdturn dintre moleculele de apa si cele de
complex.

4. Conecluzii. Datele experimentale obtinute din spectrele I.R. si analiza
termodiferentiald indici prezenta a doud tipuri de apia in matricile celor do:
complecsi. Una absorbitd, care se evapord pind la 100°C, iar cealaltid clatrati,
puternic legatd de moleculele de complex, care pleacd definitiv numai la tempera-
tura de 170°C, respectiv 204 °C. De asemenea, complexul cu acetond (II) contine
mai multd api, atit absorbiti, cit si clatratd, fagi de cel cu metanol (I)

O importanji deosebitd o prezintd moleculele de api legate de ale complexu-
Iu1, in particular chiar la ionul Cu%t, acestea fiind determinate atit in formarea
speciilor monomere prin inghetare la 77 X, cit st a forme1, simetriei, speciilor
mounomere [18]. Astfel, in complexul (IT) raportul monomer/dimer este 3/1 si apar
numai specii monomere de simetrie Dy, dar cu o perturbajie octaedrald 0, in
directia O, datoritd interactiei a doud molecule de apd cu orbitalul d, al i1onului

3 — Physica 1982
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Cu2* [18]. Spre deosebire de aceasta in complexul (I) apar $1 specit monomere de
sitmetrie Dy, planar-patratd, fdrd interacjium axiale pe O,, 1ar raportul mono-
mer/dimer este 2/3.

Comportarea difer1td a celor doi complecst de cupiu (II) poate fi explicata
presupunind cd acestia au proprietdti de clatrare refinind cite o moleculd din
solventul care este §i mediu de reactie, CH,OH (I), respectiv CH,COCH; (II).
In timp are loc desorbtla moleculelor organice clatrate, in locul cirora sint absor—
bite moleculele de apa. Deoarece moleculele de acetond au insd un volum mai
mare decit cele de metanol, ele vor lisa golurt active ale retelei, pentru absorbtia
apei, de dimensiuni mai mari. Acest lucru concordd cu caracterul hidroscopic
mai accentuat al complexului (II) decii al complexulu (I)

(Intrat in redacpic la 15 wumie 1987)
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STRUCTURAL STUDIES OF SOME Cu(Il) p-CLORBENZOATES BY LR AND
THERMODIFFERENTIAL METHODS

(Summary)
!

IR. and thermodifferential data obtammed on the [CyR,- CH,OH - 2H,0] — (I) and
[CuyR, - CHCOCH, : 2H,0]—(II) with R = (p—CICJH,CO,) 1dicate the presence of two species
of water molecules 1 the matrix of both complexes One.of them corresponds to the absorbed water
molecules which evaporate at 100°C. The other specie corresponds to the water molecules strongly
bonded by complex molecules which leave the matrx at 170°C and 204°C respectively, The second
complex shows a more pronounced hygroscopic character than the first complex The different beha-
viour of the two complexes is explamed by their chaltrate properties.
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MESONS IN A QUARK NONRELATIVISTIC MODEIL

T. BENCZI, R. I. CAMPEANU

Introduetion. Quantum chromodynamics (QCD) is a quantum field theory
of strong interactions based on the colour SU, gauge group. Aside from many
attractive aesthetic and phenomenological features, this theory has also the
important quality of being rigorously testable and therefore of being disproved
QCD is a strongly interacting field theory at large distances and becomes asymp-
totically free at small distances, where perturbative techniques can be applied.
Although QCD had a few insuccesses, like the prediction of too many hadronic
states, 1t is still regarded as the most likely candidate theory for the strong
mnteractions

Recently Nathan Isgur and collaborators [1,2] proposed a new and
simpler approach to the hadronic bound states and to the low energy hadron
dynamics. Tested 1nitially against noncharmed baryons, their ,,soft” QCD (or
SQCD) is a simple nonrelativistic model with medium-mass quarks moving in
a flavour-independent confinement potential perturbed by various short range
interactions anticipated from one gluon exchange 1n ,,hard” QCD. Their model
contains a number of parameters determined from the fit to an equal number
of wellknown barion masses Going then to mesons, Isgur [1] proposed to use
the same barion parameters and was able to predict masses 1n close agreement
with the expertmental predictions The motivation of this procedure was the
fact that the experimental results from meson spectroscopy were too sparse and
uncertain to rely in on the calculation of the parameter values

Our approach will be somewhat different from Isgur’s, we shall still use
one barion parameter, but we shall parametrize the confinement potential emplo-
ying 4 accurate meson masses. Like in the papers of Isgur and co-workers we
shall restrict our calculation to the mesons in a SU, symmetry group, 1e con-
taining quarks and antiquarks of 4 flavours up, down, strange and charm. In
SU, the meson states correspond to the basis vectors of the {4} % {4} represen-
tation, which can be reduced to 2 invariant and irreductble subspaces {4} % {4} =
= {15} + {1

The theoretical model. We employed the following form of the hamiltonian

H=ml+m2+Hu+Hso+thP (1)

where m, and m, are the quark and respectively antiquark masses, H;1s of the
form

Hy = p*/(2u) + Voo (2)
with p the reduced mass of the system p = mmy/(m; + m,),
H,, 1s the residual spin-orbit interaction of the form
Hy = — — (l Voo ) IS 3)

mmg \ 7 dr
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and H,y, 1s the hyperfine interaction conta- Vir)
ining a ,,contact’” term and a magnetic dipol-
magnetic dipol tensor

2 = 1S, . 5,80) +

3 mm, | 3

pLEE D s, 5]

3 »3

The flavour-independent confinement
potential (figure 1) can be taken of the

form -
Vconf - k : 72/2 + Q(?’) (5)

where the first term 1s the well-known har-
mounic oscillator potential and the second is
some unknown potential, which we expect to
incorporate a short range Coulomb-like attrac- Fig 1 The shape of the flavour-mde-
tive part and deviations of the long range pendent confinement potential
part from the harmonic oscillator form.

A simple method to calculate the eigenvalues of the hamiltonian (1) is to
solve first the reduced mass harmonic oscillator problem, whose low-lying eigen-
functions ®um (r) are well-known, and then to consider the other potentials in
a first order perturbation treatment. Doing so we obtamned the following matrix
elements :

‘<th;>> = Vnn’+ V]L (6)

Vaw =3 Vo [S(5 + 1= 3|1 0unl0) | 0r1n(0)|
=1 IN_ _3 — —
Vi = o <r> TS {ZL(L + DS+ DS =2 JU+1) — LL+1)

=SS+ DF =TT+ 1) = LEL +1) =SS + 1]}

! 1 k 2a 1 i
Hso = =1 == — . . X
<Ho> = [ - +m1m2<ra>][](] + 1) —LL+1)—SS+1] (D)
8\/2— 2 ol 1 1 -
with Vy= —"2"—.—— S, 1 =S_ @, |2
: ’ 3.3 @ omm, <7'“> 3 | i [*d7
and
° 33 o mm,
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The perturbation due to the confinement potential Q(r) has the following from
for the first quantum states.

4
Qoo = ﬁ gy
— 8 5
Qu = m *°q (8)
Qg0 = 8 o? 3q — 3adq, + aiq;)
20 3\/;“' 4 1 112 3
where
2. = | 7 exp (— Q)0
0
and

@ = [momok[(m, + my) ]V

The parameters g, (which are related to the unknown Q(r)) and % are the
four unknown constants The barion constant 3 is calculated from the difference
between A° and proton masses to be 300 MeV. The colour parameter « 'is rela-
ted to the barion constant through the relation «, = 3 JZn m33/(16 o)

The masses of the four quarks considered are. m, = m, = 350 MeV, m, = 580
MeV and m, = 1500 MeV.

Results and discussion. In orderto determine the unknown parameters we
employed the masses determined experimentally for =, p, K and K* mesons [3].
After solving a system of four linear equations we obtained

k= 3703 . 10'MeV?, ¢, = — 12,3 - 10~*MeV—2
gs = — 208 1071MeV—4, ¢, = — 69.8 . 10~¢ MeV—*

These values were then used to calculate the S and P meson states In calcula-
ting the perturbations corresponding to different states we noticed that for the
s-wave mesons the main contribution came from ,,contact’ interactions (V,.),
while for the p-wave mesons V,, vanishes and the tensor force (V) becomes
most important

We calculated S states with 1sospin number I = 0, %, 1 and P states

with I = 1. We didn’t attempt to calculate P states with I =% because of

the uncertainties in the spin-orbit term [1]. The calculated states are presented
i figure 2 with the following notation 2+1L;{JFP¢}, where J, L, S are the
total, orbital and spin quantum numbérs and P, C are the space and charge
parity
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Fig 2 Mesonic masses obtammed n the present calculation
The states are presented with names and quantum numbers
in the notation 25+1LJ {jPC}

Table 1 gives a comparison between our numerical values, the known
experimental masses [3] and the teoretical fmdmgs of Isgur [1]. It appears
from table 1 that our SQCD calculation gives mesonic masses in good agre-
ement with the experimental values and ‘in excellent agreement with the
results of Isgur However the number of levels predicted by our theory exceeds
the number of experimentally observed states. By considering different levels
of the confinement potential the model can explain the existence of several
meson states with the same quantum numbers but different masses. The mass
differences between the mesons with different hypercharge (unexplained by
the simple SU, theory) is now explained by the differences existent between
the quark masses, these differences determine the mass splitting of the unitary
multiplet {15}. The meson states belonging to the isospin singlet are in relatively
poorer agreement with the experimental values than the other states This is
due to the neglect of the relativistic effects [1]

(Recerved July 9, 1987)
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Table 1

Comparisen hetween the mesonic masses predicted by our caleulation, the experimental masses of
[3] and the theoretical results of Isgur [1]

15,407} 38,{1} P
1| exp calc mass 1| exp cale mass 1| exp calc mass
mass mass of [1] mass mass of [1] mass mass of [1]
1 139 139 160 1 773 752 755 1 978 887 875
1 — 1015 1010 1 1250 1232 1225 1 1241 1275 1275
_ —_ 1 1 300 1329 1325
. 1 1 1317 1320 1325
P 498 517 510 2 892 960 965
1
% 1 400 1227 1230 | 5| 1650 1430 1405
1
=| 186 1832 — || 2009 zos -
1 1
= — 2 413 — = — 2 508 —
2 2
0 549 560 — 0 783 933 —
0 957 898 — 0] 1020 1168 —
0 1275 1254 — 0 — 1421 —
0 — 1497 — 0 — 1635 —
0 — 2 882 — 0 3097 2967 —
0 — 3393 — 01 3684 3437 —
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MEZONI INTR-UM MODEL DE QUARKURI NERELATIVIST

(Re

zum at)

Folosindu-se un model de quarkuri nerelativist propus de citre Isgur $1 colaborator, se calculeazi
intr-o noud manierii cele mai joase stdr1 s §1 p mezonice. Considerarea interacfrumilor spin-orbitd 1
hiperfine, sugerate de ciitre cromodinamica cuanticid, permit obfierea de rezultate in bun acord cu
observatule experimentale Sint propuse citeva stiri noi, neobservate inci
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STUDIUL RES AL FORMARII PERECHILOR MIXTE DE IONI
Cuz+ — Vi+ ST Cuzt — Mn2+ IN MATRICEA 2B,0, - K,0

0. COZAR, 1. ARDELEAN

1. Introducere. Sticlele oxidice continind amestec de ioni ai metalelor de
tranzijie (MT) prezinti un,interes deosebit datoritid form#rii perechilor mixte
de ioni cuplati prin interactiunea de schimb [1—7], care se manifestd in pro-
prietdtile electrice si magnetice ale acestora Studiile RES efectuate de Bo g o-
molova sicolab [5—7] asupra unor sticle pe bazid de V,0; si V,0; — P04
confinind CuO au ardtat ci existi o puternicd interactie de schimb intre ionii
Cu?+si V4+ dind nastere la perechi mixte de ioni Cu?2+ — V4+ Recent, Bandy o-
padhyay [8] a evidenfiat si formarea perechilor mixte de 1om1 Cu?*+—Mn2+
cuplati prin interactiunea de schimb in sticle de tipul 30Na,0—70 B,O; cu un
confinut mic de ioni MT. Efectele formdérii perechilor mixte de iom:1 MT asupra
proprietdtilor electrice ale unor sticle oxidice sint prezentate in lucririle [5, 71.

In lucrarea de fatd vom prezenta rezultatele obfinute prin RES asupra
formirii perechilor mixte de ion1i cuplati, Cu?+ — V%+ 51 Cu2*—Mn2+, in functie
de concentratia ionilor MT in sticle din sistemele x(CuO ‘ V,0;) (1 — x)[2B,0; -

K,0] si x(CuO MnO) (1 — x) [2B,0; - X;0], unde 0,2 < x < 509 mol

2. Tehnica experimentald. Pentru studiul interacfier ionilor Cu?* — Vi+
si Cu2t — Mn2* prin RES s-a ales o matrice din sistemul 2B,0, — K,0, care
formeazi sticle transparente intr-un domeniu larg de concentratii [9]

Noi am studiat sticlele din sistemele x(CuO V,0;) - (1 — %) [2B,0,
- K,0] st x(CuO - MnO) (1 — %) [2B,0; K,;0] cu 0 € ¥ < 50% mol men-
$inind raportul B,0,/K,0 constant, prin urmare pastrind structura matricer
nemodificaty In acest sems, 1nifial s-a preparat matricea de sticld 2B,0, - K,0
prin amestecarea componentilor H;BO,; si K,CO, si topirea acestui amestec
intr-un creuzet de sintercorund folosind tehnica descrisi in lucrarea [10]. Dupi
ricire, matricea a fost mojaratd s1 amestecatd cu proportit corespunzitoare de
CuO - V,0 si CuO - MnO conform formulelor de mai sus Aceste amestecuri
au fost topite la temperatura de echilibru de 1150°C timp de o ord, in aer Récirea
sticlelor s-a efectuat prin turnarea topiturii pe o placd de otel inoxidabil, la tem-
peratura camerel

Misuritorile RES s-au efectuat in bandd X folosind o instalafie standard
JEOL—JES—3B, la temperatura camerer Masa tuturor probelor studiate a
fost de 100 mg

3 Rezultate si diseutii. a) Studiul sistemului de sticle x{CuO - V,0;) (1 —
— %) [2B,0; - K,0] Spectrele RES obtinute la temperatura camerei (fig. 1)
pentru sticle cu x € 59 mol sint tipice ionilor Cu?* izolati, In simetrie axiald

{10, 11] Ele prezinta rezolvate cele patru linii de structurid hiperfind (I cu = %)

atit in banda paraleld (g) cit si in cea perpendiculari (g )
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L &3

x = 10%, mol

x « 30%, mo!

x = 50%, mol

Fig 1 S;;ectrele RES ale sticlelor din sistemul
#(Cu0 - V,04)(1 — 2) [2B40; + K,0]

Odatd cu cresterea conti-
nutulut de 1om MT (x > 209,
mol) se observd o disparitie a
structurii hiperfine din banda
perpendiculard §i aparifia in re-
glunea g~ 2 a unei linii larg:
caracteristici ionilor metalict
asociafi [7, 12] De asemenea
tot pentru x > 209, mol apare
rezolvatd si structura hiperfini
datoritd ionilor T4+ aceasta
fiind insd acoperiti in mare
parte de cea a ionilor Cu?*
Distanta intre linule hiperfine
date de ionu V4+ este 69,6 gauss,
care comparatd cu constantele
de structurid hiperfind ale unor
complecsi de vanadil {13, 14]
aratd cd acestea aparfin absorb-
{iei perpendiculare.

Parametrii RES (& &,
4, 4 ,) objinufi din aceste
spectre pentru ionn Cu?* sint
dapr1 in tabelul 1 Deoarece
g, > g, > 2,002 se poate con-
sidera cd starea fundamentala
pentru electronul paramegnetic
este orbitalul ds_,:, ionii Cu?t

fund dispusi in stdri avind si-
metria octaedricd — distorsio-
natd (D), alungitd pe directia

Oz [15] Aceasti configuratie satisface condifta pentru aplicarea analizei prin
metoda orbitalilor moleculari dezvoltatd de Maki st McGarvey [16].

Tabel 1
Valorile parametrilor RES si ale coeficiengilor MO pentru sticle din sistemul
2(Cn0 - V,04) (1 — #)[2B,0, - K,0]
. A4 4,
* i 1 2 2 52
% mol g £1 10—4cm—1 10—4cm—1 * P

0,5 2,277 2,051 138,2 27,3 0,72 0,73 0,68

3 2,278 2,044 142,3 27,4 0,73 0,72 0,58
10 2,274 2,045 142,1 27,4 0,73 0,71 0,62
30 2,266 2,046 141,6 27,4 0,72 0,70 0,61
50 2,273 2,044 142,0 — 0,72 0,71 0,58
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modificatd apoi de Kivelson st Neitman [17]. Gradul de covalenjd
al legdturlor ¢ si m din planul xOy, precum §i = in afara planului xOy,
realizate intre 1onul central Cu?+ si atomii liganzi de oxigen in cadrul octae-
drului distorsionat Cu2+Qq este dat de coeficientii «2,82 si 32, care pot fi calculati
cu ajutorul parametrilor RES, folosind ecuatiile date in lucrérile [16, 17]. Aceste
ecuatii contin termenii AE,, si AE,,, care reprezintd energiile de tranzifie intre
stirle By, — By, si respectiv E, — By, Pentru ionii Cu®* in sticle 30Na,O—
—70B,0, cele doud tranzitii au fost observate la 12 600 cm™1, respectiv 16 600
cm™? [8]. Considerind aceste valori pentru AE,, si AE,, ca plauzibile §i in cazul
sticlelor borice cu potasiu, am obtinut pentru o2, p? si 32 valorile date in tabelul
1. Se constati ci practic atit valorile parametrilor RES cit si ale coeficientilor
MO rimin constante odati cu cresterea concentratiei de joni MT in aceste sticle
ceea ce indici faptul cd simetria locald a stirilor in care se afld ionii Cu?* rimine
aceeasi - :

Totodatd 1onii Cu?* se manifesti predominant ca specii 1zolate, distribuite
aleator, chiar si la concentratii mari de ioni MT (x > 209, mol) unde mai par
incd rezolvate liniile de structurd hiperfind din banda ‘paraleld (fig. 1). Acest
lucru se explicid prin faptul ci numdirul de i1oni V4+ nu creste proporfional cu
x9% mol, cea mai mare parte din ionii de vanadiu riminind in starea V3+, asigu-
rind astfel o dilutie magneticd suficientd chiar la concentratii mari de ioni MT
La concentratii mici ¥ < 20%, mol, 1onii V4 sint atit de pujini incit nu dau linii
RES observabile. Abia la concentratti mari, > 209, mol, se formeazd un numar
suficient de ion1 V4*, din care o parte se manifestd ca specii 1zolate, iar ceilalfi
formeazi impreund cu iomi Cu%* perechi mixte de iomi Cu?t — V*+, cuplati
prin interactiunea de schimb. Prezenta acestora se reflecti in spectrele RES
prin disparitia structurii hiperfine din banda perpendiculard si lirgirea liniei
RES in regiunea g ~ 2, fapt semnalat s1 in lucririle [6,7]

b) Studiul sistemulus ' de sticle x(CuO - MnO)(1 — x) [2B,0; - K,O1.
La fel ca in cazul sistemulu1 anterior, spectrele RES pentru sticle cu un confinut
mic de ioni MT (x £ 3% mol) contin clar rezolvate hniile hiperfine datorate
ionilor Cu?+, atit in banda paraleld cit si in cea perpendiculard (fig. 2). Tot
In acest domeniu de concentratii a ionilor MT apare de data aceasta si structura
hiperfing datoriti ionilor Mn2+, care este insi partial observabili (fig. 2) datorita
suprapunerii cu cea a ionilor Cu?*. Cele sase linti de structuri hiperfind tipice
ionilor Mn?+ sint centrate In jur de g ~ 2, iar Ayn = 87,4 - 10% cm™.

Valorile parametrilor RES pentru ionn Cu?t, precum si ale coeficienfilor
MO evaluati dupid metoda descrisi anterior sint date in tabelul 2. Se constatd
o crestere a acestora odati cu cresterea lui x in intervalul 0,2—19, mol, fapt
ce indicd totodatd o scddere a gradului de covalentd al legéturilor Cu?* — O.

Este de remarcat faptul ci si valorile lui g, st g, cresc odatd cu cresterea
lui x in intervalul mentionat mai sus. Aceasti crestere a valorilor 'tensorului

g poate fi explicati printr-o modificare a simetriei locale a ionilor Cu?+, de la
cea octaedrici distorsionati (sau tetragonali Dy) la o simetrie caracterizatd
prin prezenja unei puternice componente tetraedrice 7d [18]. O astfel de modi-
ficare a simetriei locale a iomilor Cu** odati cu cresterea confinutului deioni
MT a fost observatd si in cazul solutiilor apé-etanol la 77 K [19). La sticla cu

x = 39, mol (tabel 2) apare insi o scidere a valorilor tensorului g §i parametri-

!
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Tabel 2
Valorile parametrilor RES si ale coeficientilor MO pentru sticle din sistemul
#{Cu0 - MnO)(1 — #)[2B,0, - X,0]
A A
x Il 1 2 2 - 52
% mol ol €L 10—4cem—? 10—4em—? * b
0,2 2,287 2,050 133,2 24,8 0,72 0,75 0,67
0,5 2,304 2,058 134,2 27,5 0,74 0,78 0,76
1 2,325 2,068 141,1 25,1 0,78 0,79 0,85
3 2,287 2,034 138,8 24,7 0,72 0,75 0,45

lor de legdtura («? @2 3?%) datoritd interactiunilor dipolare puternice dintre ioni
metalici care determind disparifia structurit hiperfine si adunarea (gruparea)

Tig 2

>

2(Cu0 MnO) (1 — #)[2B,0,

(Cu)

9,

X.0)]

=05% mo

x s 3% mol

% © 20%% mol

Spectrele RES ale sticlelor din sistemul

spectrului caracteristic 10-
nilor izolafi intr-o singurd
linie largd la g~ 2, tipicd
tonilor asociatt [12]. In
acest mod centrele celor
doud seturi de limi hiper-
fine din banda paralela si
cea perpendiculari sint de-
plasate spre g =2, rezul-
tind astfel valor1 mai muici
pentru g St &,-

In sticlele cu un con-
fmut x > 5% mol dominid
interactiunile dipolare intre
toni1 metalici care deter-
mind aparifia ionilor aso-
ciaf1, acestia manifestin-
du-se in spectrele RES
printr-o linte largd la g =2
(fig 2) Liargimea (AH)
devine maximi pentru x =
= 30% mol (AHmax =
= 500 gs), 1ar apoi scade
odatd cu cresterea lui x,
astfel incit la x = 509, mo],
AH = 300 gs

Rezultd deci cd pind
la concentrajla x = 309,
mol intre ‘tonu metalicl
se manifestd predominant
cuplajul dipolar La con-
centrafii mai mari de iom
MT (x> 309 mol) apare
si devine predominantd in-
teracfiunea de superschimb
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magnetic, care se manifestd prin ingustarea liniilor RES [20]. Aceste interacti-
uni determind formarea perechilor mixte de ioni Cu?* — Mn2+* cupla$i prin inte-
racfiunea de schimb [8].

In timpul topirii sticler cu ambu oxizi CuO 1 MnO este posibild o reactie
de tipul [8]:

Cu?*t 4 Mn2+ — Cu+‘+ Mns+

Desigur aceasta se realizeazd numai partial in sticlele studiate, fapt demon-
strat pe baza masuridtorilor de susceptibilitate magneticd [20]. Se poate astfel
considera ci pe lingd 1oni1 Cu®* si Mn?* in aceste sticle sint prezenti gi ioni Cu+
si Mn3+ [8, 20]. Trebuie si remarcdm totusi cd viteza de cregtere a raportulm
Mn3+/Mn2+ odatd cu cregterea lu1 x in sticlele din sistemul x(CuO . MnO)
(1 — %) [2B203 K,0O] este relativ mica [20]. Acest fapt duce la aparitla ionilor
asociati in locul celor 1zolaf1 chiar la concentrafii relativ mici de ioni MT (x <
< 3—5Y% mol) in al doilea sistem fa}d de primul %(CuO - V,0 )(I — %) [2B;0; -

- K,0] unde 1onu Cu®* se mamifesta ca specii izolate (ce dau structurd hiperfini)
chlar pentru x = 40 — 509, mol, datoritd cresterii lente a raportului V44/V®+
cu cregterea lui x9, mol.

4, Coneluzii. In urma analizei spectrelor RES obtinute pentru sticlele din
cele doud sisteme studiate, s-a constatat cd in cazul #(CuO - V,0f) (1 — %)
[2B,0, - K,0] formarea perechilor mixte de ioni Cu** — V*+ se manifesti abia
la concentra}ii mari de ion1 MT (x > 209% mol). Acest fapt este atribuit creste-
ru lente a raportulur V#+/Vé+ odatd cu cresterea conpinutului de ioni MT (x%
mol). De aceea la concentratu mict (x << 209, mol) 1onii V*+ care exista in sticle
sint aga de pufini incit nu-$1 manifestd prezenta in spectrele RES. Numai la
concentratii mari x > 209, mol rezultd un numdr suficient de 1oni V**, o parte
din e1 manifestindu-se ca specii izolate, iar ceilalfi formeazi impreund cu iomii
Cu?+ perechi mixte de iom Cu?* — V4+ cuplar prin interacjiunea de schimb

In cazul celui de al doilea sistem x(CuO - MnO) - (1 — %) [2B,0; - K,0],
s-a evidentiat faptul cd sticlele cu x < 3% mol confin 1onu Cu®* g1 Mn2?* in pozi-
1 izolate, specu aleator dispersate, ce dau structurd hiperfind bine rezolvati.
Pentru 1onu Cu?* s-a observat o crestere a valorilor tensorului g cind x = 0,2 —
— 19, mol, fapt ce este corelat cu o modificare a simetrier locale de la cea
octaedrici-distorsionata (D4n) spre cea tetraedrica (7T'd).

Cind 5 < x < 309% mol apar considerabile interacfu dipolare intre ionii
MT ce duc la formarea unor puternice asociert cationice (dipol-dipol) care se
manifestd in spectrele RES prin aparifia uner limi largi la g ~ 2. Existenta
interactiilor puternice intre ioni1 metalici in aceste sticle se explica printr-o cres-
tere proporfionali a numdérului de 1om1 Mn2?* cu concentratia x9%, mol de ioni
MT, numirul celor care trec in Mn®+ fund relativ mic [20].

La concentratn 30 < x < 509, mol domind insi interacfiile de schimb
intre ionit Cu%*t s1 Mn2+ care produc perechi mixte de schimb Cu?+ — Mn?+,
Acestea se manifestd in spectrele RES printr-o sciidere pronungatd a lirgimii de
linie (AH).

(Intras in redacire la 20 scplembrie 1987)
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ESR $TUDY OF THE Cu?t—Vé+ AND Cut—Mn?+ MIXED EXCHANGE PAIRS FORMATION
IN THE 2B,0, - K,0 MATRIX

(Summary)

The ESR: study of »(CuO . V,04)(1 — #)[2B,0; K,0] glasses has shown that mixed exchange
Cul+—V4t+ pairs occur at high concentration of metal transition ions, ie. 20 < » < 50% mol In
the case of x(CuO0O MnO)(1 — x){2B,0; X,0] glasses, for 5 € » < 309% mol are evidenced the
strong dipol-dipol interactions between the metal ions. At 30 < # < 50% mol concentrations the
exchange interactions become dominant, leading to the mixed exchange Cu?t —Mn2t clusters
formation.
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DETERMINAREA CONTINUTULUI DE URANIU IN DAVIDIT PRIN
METODELE ACTIVARII CU NEUTRONI .SI NEUTRONI INTIRZIATI

V. ZNAMIROVSCHI, M. SALAGEAN®, M. CONSTANTINESCU?, C. NICOLAU, A. MOTIU

1. Introducere. Datele din literaturd [1—3] menfioneazd daviditul ca un
mineral ce ar putea constitui §1 o eventuald sursi de uraniu, confinutul in acest
element variind intre 2—259, [4]. . ’

Daviditul este un mineral oxidic cu o compozitie complexi, avind formula
generald X,Y;0,, unde X = U, Ce, La Fe?*, Fe?+ iar Y = Ti, Cr, V. Esan-
tionul analizat in prezenta lucrare provine din sudul Australiei de la Radium
Hill (= Olary), zoni cunoscutd pentru varietatea uraniferid de davidit.

Pentru determinarea confinutulm de uraniu s-a folosit pe de o parte metoda
analizei prin activare cu neutroni, iar pe.de alti parte metoda neutronilor intir-
ziati. o

2. Date mineralogice. Daviditul studiat in prezenta 'lucrare reprezinti un
fragment al mineralizatiei principale cantonate in gneisse rubanate (5] consti-
tuitd dintr-o asociatie de 1lmenit, rutil si hematit. Dupa [6] secventa paragene-
tici a debutat prin formarea unei asociatii intime de hematit, ilmenit i rutil,
intr-o gangi de biotit, urmati de intruziuni aplitice sodice cdrora le corespunde
.aparitia daviditulu : T

Studiul microscopic pune in evidentd o serie de caracteristici specifice. Se
constatd prezenta unui clivaj slab || (0001). De cele mai multe ori are o culoare
inchisd, neagri-brunte cu # ~ 2,35 dar dupd o incilzire de 950°C culoarea se
deschide in mod vizibil. Daviditul prezinti o fracturi concoidald in special la
probele caracterizate printr-o izotropizare avansatd. Unii autori au presupus ca
daviditul este o varietate de 1lmenit insi studiile prin raze X atestd individualita-
tea acestur mineral chiar i in cazurile in care izotropizarea este accentuata
Daviditul prezinti o capacitate de reflexie slaba si adeseori inconstanta. La obser-
vatiile efectuate in imersie s-a constatat uneori cé in cadrul aceleiasi granule capa-
citatea de reflexie este diferiti. S-a determinat cantitativ valoarea capacitatii
de reflexie la 17,2% La o observare atenti se constatd prezemfa unor reflexii
interne slabe de culoare brun-inchisa.

Daviditul apare atit granular cu conture puternic rotunjite cit si tabular
Frecvent se pot observa dezamestecuri de rutil in davidit ale ciror dimensiuni
sint de multe ori submicronice. Cercetarea prin raze X a pulberii de davidit, in
prealabil tratati termic pune in evidentd 'urmitoarele reflexe caracteristice
(10) 3,45, (10)2,87, (9)2,47, (7) 2,25; (8) 1,81, (8) 1,60.

Tinind seama de faptul cd apar fluctuatii mari in ceea ce priveste compozi-
tia chimici st implicit confinutul de uraniu, caracteristicile microscopice vor
suferi si ele modificiri corespunzitoare. Acestui fapt i se datoreste si aspectul
microscopic neomogen al probei. In pofida acestor variatii puternice ale continu-
tului de uraniu, individualitatea daviditului este de necontestat.

* Institutul de fizici g1 ingimerie nucleard, Bucuregtl,



48 V ZNAMIROVSCHI, M SALAGEAN, M CONSTANTINESCU, C NICOLAU, A MOTIU

3. Metoda aectiviirii cu neutroni. Metoda se bazeazd pe proprietatea nucleelor
de-a interactiona cu neutronu st de-a se transforma pe aceastd cale in nuclee
radioactive Detectia radiatiilor y caracteristice emise de aceste nuclee di infor-
matil cu privire la compozifia elementali a esantionuluw studiat.

Ca sursi de neutroni s-a utilizat reactorul VVR—S al IFIN—Bucuresti,
facindu-se doud setur: de 1radieri, lungt si scurte.

In iradierile lungi, proba investigati, impreuni cu proba standard GSP—1
[7—8] a fost iradiati timp de 20 ore la un flux de neutront de 103 nfcm? s Pentru
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Fi1g 2 Ewvidentierea produgilor fisionabili in spectrul
y al probei de davidit la 1radier: scurte

detectarea radiatiilor s-a folosit
un detector de Ge(Li) de vo-
lum 55 cm?, cu o rezolufie de
4,5ke V la ¢Co, cuplat la un ana-
hizor de tip Canberra cu 4096
canale Maisuritorile s-au efec-
tuat dupd un timp de ricire de
10 zile, durind 600 s.

Se observd (fig 1) razele
cracteristice ale diverselor ele-
mente, aldturi de elementele
fisionabile U s1 Th Se observa
de asemenea si produsu de fi-
stune (P.F.) 1811, #0Ba gi 192].

Iradierea scurtd s-a efectuat
la posta pneumatici existenti la
unul din canalele orizontale ale
reactorului, destinati urmiriria
izotopilor cu viajd scurti. Pro-
ba s-a iradiat timp de 3 min la
un flux de 10" n/cm? s. Misuri-
torile s-au efectuat dupa un timp
de ricire de 10 min durind 120 s

Se observd (fig. 2) st in
acest caz existenta elementelor
fisionabile aldturi de alte ele-
mente dozate anterior [9]

Concentratia de Th a fost
determinati din primul set de
wradient considerind drept etalon
roca standard GSP—1siluindin
considerare radiatia de 311 keV
a ¥WPa (Tyy = 27 zle).

Concentratia de U s-a de-
terminat din iradierea la posta
peneumaticd luind ca etalon un
minereu cu continutul de 0,5289,
U considerind radiafia y de 74
keV a 39U (T,=23,54 min) pre-
cum gi radiatule de 106 keV,
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228 keV si 278 keV ale ®*Np (T2 = 56,3 ore). Ultimele radiatii au fost luate
dintr-un spectru inregistrat dupi un timp de ricire de 30 ore, timp in care %Dy
(Tye = 139 mun) s-a dezintegrat total (*%Dy are de aemenea o radiatie de
279 keV)

Concentrajule elementelor U si Th astfel determinate sint 2,10% (0,06)
st respectiv 595 ppm (30), in paranteze fiind date erorile absolute

4 Metoda neutronilor intirziali. Concentrgia de U in davidit s-a determi-
nat $i prin metoda neutromilor intirziai Spre deosebire de alte metode tradifio-
nale pentru determinarea contfinutului de uraniu, metoda neutronilor intirziaf:
are avantajul simplitifii, rapiditafii si preciziei. In urma interactiei neutronilor
cu un nucleu fisionabil, apar fragmentele de fisiune si neutronii prompti. Unele
fragmente de fisiune reprezintd precursorit neutronilor intirziati. Aceste frag-
mente, prin enusie $~, conduc la nuclee in stare excitati ce se dezexcitd prin emi-
sie de radiafn 4 $1 neutroni intirziati

Dintre nucleele fisionabile 26U s1 23°Pu fisioneazi cu neutronii termici, iar
2981J si 22Th fisioneazd cu neutroni rapizi

In cazul unei probe de uraniu, contribujia esenfiali in emisia de neutroni
intirziafi o are *°U pentru care existd 6 grupe de precursori cu Ty, variind intre
55,75 s. 51 0,23 s.

S-a gasit cd timpii optimi de 1radiere, racire si misura sint respectiv 2 min,
12 s si 1 min Iradierea probei de davidit s-a facut la posta pneumatici a
reactorului, detecfia neutronilor fiind asiguratd de o baterie de contori pentru
neutroni constind din cristale scintilatoare cu plastic de bor [10] Ca etalon s-a
folosit o proba geologicd cu un continut de 0,528 % U.

In limita erorilor experimentale, concentrafia de uraniu in davidit coincide
cu cea determinatd prin activare cu neutroni.

(Intrat in redachie la 29 septembric 1981)
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THE URANIUM CONTENT DETERMINATION IN DAVIDITE BY NEUTRON ACTIVATION
AND DELAYED NEUTRONS METHODS

(Summary)
The uramum content determmmation m a davidite sample by thermal nentron activation

method and delayed neutrons method was made It was found the same uranium concentration
in davidite by these two complementary methods

4 — Physica 1982
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EPR ON SODA—BORATE GLASSES WITH NiO

S. SIMON and AL. NICULA

1

Introduection. In earlier papers [1—5] 1t was shown that the modifications
of the local order 1n the alkali borate glasses, determined by the alkali oxide
content and evidenced by NMR measurements [6] are also found 1n the modifica-
tions of the shape and parameters of the EPR spectra trom different paramag-
netic 1ons doped in these glasses In order to obtain sufficient mmtensive EPR
signals to evidence 1n the limits of the experimental errors the effects ot the alkal
oxide 1t was necessary to introduce different contents of paramagnetic 1ons In
the case of the samples containing NiO 1t was necessary to add at least 5 mol %,
Ni10. Because these relative high contensts of trapsition metal oxides may
determine themselves modifications of the local order in the investigated samples
it was followed by ®B—NMR measurements the influence of the Ni1O content
on the boron atoms coordination [7], determuned in the alkali-borate glasses
by the alkali oxide content. One noticed that the tetracoordinated boron atoms
fraction was only affected at higher than 10 mol9, N10O concentrations that showed
that the evolution of the shape and parameters ot the EPR spectra from glasses
with 5 mol9% NiO may be used to describe the local order in the nickel doped
soda-borate glasses.

The borate glasses with NiO were investigated by optical spectioscopy
and magnetic neasurements [8], without knowing papers studying the EPR inves-
tigation of these glasses

Experimental results. The glasses were prepared by the technique described
1n other papers [1—5,7] at a temperature ot 1000°C The samples were noted
with the symbol £Ni, where z repiesents the inolar concentration of N1O and
R 1s the ratio between the sodium oxide concentration and the boron oxide one
(see Table 1) The samples composition 1s given in Table 1

The EPR measurements were carried out in X band, at room temperature,
on powder samples Figure 1 shows the recorded spectra. One notices that these
spectra may be regarded as the superposition of two signals. a broad one with
a width of ~ 900.Gs and a narrow one at g, & 22 with a width of ~ 300 Gs.
One observes that the share of the two signals in the EPR lineshapes modifies
both with the alkali oxide content and with the increase of the nickel oxide The
dependence of the relative intensiliy of these signals on the alkali oxide con-
tent is shown in Figure 2 One remarks that the intensity of the broad line 1s a
maximum for 02 € R < 04 while the 1ntensity of the narrow line is a muni-
mum 1n this composition range.

The 1ncrease of the nickel oxide content from 5 mol% to 10 molY, determi-
nes two effects * a duminution of the total intensity of the EPR signals accompa-
nied by the increase of the broad line intensity (fig 1b) and at the same time the
alkali oxide exhibits a weaker effect than 1 the case of the samples with 5 mol9%,
NiO. Increasing the concentration of NiO to 15 molY%, for the samples with



Tabel 1

Samples eomposition and symhbol

#mol % B,O0, 86,36 | 81,80 | 79,16 75 70,83 | 73,07 | 69,23 | 67,85 | 61,28 | 63,33 60 56,66
y mol % Na,0 864 | 820 | 1584 15 1417 1 21,03 | 20,77 | 27,15 | 2572 | 3167 } 30 28,34
R=2 01 02 oo 03 04 0.5

X
z-mol ¢, N0 5 \ 10 5 10 15 5 10 5 l 10 5 10 , 15
"Sample 0,1 0,1 0,2 0,2 0,2 0,3 0,3 0,4 0,4 0,5 0,5 0,5
symbol Ni, Ny, Nig N1, N1, Ni,q Ni;, Ni, Ni,q Ni, N1, Ny,
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I'1g. 1 The EPR spectra from soda-borate glasses with
a) 5 mol% NiO
b) 10 mol% Ni10O
c) 15 mol 9% N10O
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R =0.2 and R=05 (fig 1c) leads to the ;
considerable increase of the broad lime - ouj __ brod
tensity, especially 1n the case of the samp- _,+\
les with R = 0.2 20
Discussion and eonclusions. The shape
of the EPR signals from the samples con-
taining 15 mol% NiO and with-R =02 "5F
(Fig. 1c) allowed the supposition that the
broad line arises from N2+ 1ons grouped in
from of clusters 1n the vitreous matrix The
narrow line could be assigned to the Ni?+
ions disposed relatively 1zolated in the 5
matrix, the interaction between these 1ons
being weak In this hypothesis it 1s evi- . . [ ) ,
denly that as the nickel oxide content in- o1 0z 03 04 05 R
creases the probability of clusters building Fig 2 The R dependence of the mnten-
1s higher, that determines the increase of Sty of the two signals 1dentified m the

. . . EPR spectra from soda-borate glasses
L:he broad line intensity in the EPR spec- contamng 5 mol% NiO
ra

narrov
hine — >

The decrease of the total intensity of the EPR sigdals with the nickel oxide
concentration could be the result of the existence of paramagnetic ion pairs
with antiparalell coupled spins The effective spin of these pairs 15 S =0 and
therefore the greater the fraction of these pairs is, the lower is the intensity of
the EPR signal This possibilty is also supported by the fact that the magnetic
measurements evidenced the existence of strong interactions of antiferomagnetic
type These measurements also indicated that the increase of the nickel oxide
content leads to a smaller magnetic moment per nickel atom It is not excluded
that inside of the clusters the magnetic interactions are strong enough to exist
magunetic order so that practically an effective spin S’ could be assigned to
the cluster A superparamagnetic component could arise 1n this case in the EPR
spectra In this way one could also realize a diminution of the paramagnetic cen-
ter density and thus a decrease of the EPR signal intensity

This conclusion 1s supported in addition by the results of other studies which
evidenced the phase separation in this composition range of the alkali-borate
glasses [1, 9]

It was shown that there takes place the separation of a microphase in form
of droplets, rich in alkali oxide, and its fraction 1s a maximum for the glasses
with 02 € R < 03 The scanning microscopy correlated with X—ray diffraction
indicated [9] that the nickel ions are preponderently disposed in the microphase
1 form of droplets rich 1n modifier oxides The distribution of the nickel 1oms,
in the investigated glasses, in the microphase in form of droplets rich i sodium
oxide results 1n a considerable increase of the effective density of mickel ions
1n these zones of the matrix The increase of the nickel oxide concentration makes
more probable the clusters building and implicitly the broad line intensity waill
be higher (Fig 2) It 1s evident that in this case the number of the nickel 1ons
disposed in the microphase poor 1 alkali oxide, majoritare as volumia, decrea-

ses and the intensity of the narrow line assigned to the relative isoleted nickel
ons will be smaller
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The apparent uniformizing of the shape of the EPR spectra from the sam-
ples with 10 mol9, NiO is the result both of the diminution of the phase separa-
tion phenomenon and of the increase of the density of the nickel ions disposed .
in the microphase poor in sodium oxide. Thus it becomes possible the building of
the clusters also in this microphase and therefore in all the samples the inten-
sity of the broad line increases.

The obtained results confirm once more that due to the effect of the vitreous
matrix on the EPR spectra of the paramagnetic ions doped in them, these spectra
may provide information about the matrix structure on the whole. It is inferred
in addition, the nostatistical character of the paramagnetic ions distribution in
the alkali-borate glasses.

(Recewved October 7 1981)
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DIELECTRIC PROPERTIES OF GLASSES WITH HIGH TITANIUM
OXIDE CONTENT

S. SIMON, V. SIMON, AL. NICULA

1 Introduetion. The amorphous materials, like glasses, as well as the par-
tial crystallized ones, like vitroceramics, have been lately the matter of a gieat
number of studies, due to their large applications 1in the most variant fields of
the techniques and at the same time to the theoretical interest to elucidate the
structure and the properties of these materials.

The dielectric properties of glasses are caused by the delayed response of
carrier motion in an applied field This response is experimentally manifested
as dielectric polarization and an electiic conductivity which depend on the fre-
quency of the external ficld [1] The relative permittivity of dielectric constant
¢, is commonly used to provide a measure of the polarizability of a material
At very h1gh frequencies, 107—10'8 Hz, any polanzatlon process is possible, so
that ¢, = 1 for all dielectrics In most dielectrics the carrier motions (migration,
jump, d15tort1on) which produce the polarization do not all take place at the
same rate (Fig. 1). The distortion of the electron clouds around individual nuclei
occurs in ~107%% s The displacement of ions within their potential wells takes
~107% s, the jumping motion over a barrier into an adjacent site may take 10~ —
— 10—* s, while the migration of the carriers towards the separation zones of
the heterogenous dielectrics, or the reorientation of the permanent dipoles
18 very much slower and may take from 10—% s to minutes or aven hours depen-
ding on the particular process, the material and the temperature [3]. Electronic
and ionic effects often make very similar contributions to dielectric polarization
phenomena and they may indead be closely interwoven [1]

The frequency and the heat treatment dependences of the relative permitti-
vity, measured in the range 10*—107 Hz, of samples from Ti10,—BaO— Gd,0,
and TiO,—PbO—Gd,0, systems were 1nvestigated

2 -Experimental. The samples were prepared by melting of the components
(Table 1) in alumina crucibles, at 1300°C for 30 minutes in an electric furnace
The melts were poured onto stainless steel plates at room temperature The
ggr‘aal crystallization of the glass samples was carried out at 850°C for 15 and

hours

The dielectiic measurements were carried out by means of a TESLA Q-
meter at room temperature, from 51 kHz to 50 MH:z

Tabel 1
Samples composition
Component oxides T10, BaO PhO Gd,0,
Sample symbol Te— mol % mol % mol % mol %
T . 2B ' 333 667 - —-
[T 2B]G4 317 633 — 3
[TP]G, 47.5 — 47.5 5
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3. Results and discussion. The variation
p with frequency of the permittivity of glasses
N 1s more complex than that shown in Fig. 1

4" m
|

For glass, and for many other dielectrics,
the 1irregularnty’ of structure and the variety
of atoms and ions make it very difficult to
calculate the macroscopic polarization and
N N AN % thus the relative permittivity from the pro-

109 102 19157 perties of the ions. However this value can

1001 fiHZ) . .

be determined for certain systems by means

Fig 1 Theoretical frequency depen- of the relationship [4]
dence of the diclectric permuttivity [2]
g = 2 g, " X
13

where ¢, 1s the dielectric permittivity of the glass, ¢, the dielectric permittivity
of the component oxides and x, is the molar concentration of the component
oxides. In this way it was possible to determine the values of ¢, for some samples
at 1 MHz. The calculated data were in good agreement with the experimental
ones, determined at the same frequency

Figure 2 shows the frequency dependence for the sample T 2B untreated
and heat treated at 850°C for 15 hours. One notices that the ¢, value increases
by partial crystallization about 2.5 times due to the BaTiO; microcrystallites
grown in the samples The nonspectacular increase of the dielectric constant

could be explained by the
! distortion of BaTiO, micro-
T-28 crystallites submitted to the
strains exerted by the wvit-
reous phase.

Adding 5 mol % Gd,0,
to the matrix T . 2B the melt
becomes more fluid and the
glass more homogeneous, as
evidenced 1n the electron mi-
20 o t=oh croscopies The dielectric per-
e t =15h mittivity is lower than that
T :850°¢ of the matrix (Fig 3) and
practically remains constant
151~ in this frequency range The

dielectric permittivity of the
e . A [T - 2B]G; of the partial crys-
~ o _r&o tallized samples increases with
° the treatment time 1 the first
part of the frequency range

and then slightly decreases

5 3 7l tog (TIAZ1] In this case the dielec-

Fi1g 2 The fiequency dependence of the dielectric per- tric constant may be regar-
mittivity for the T 2B samples ded as an amount charac-

-
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w
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terizing the structural homo- g, : .
genity of the samples. The (1-2816 b
best constance of its value S
was obtained for the vitreous 2o}
[T - 2B]G; sample which is
the most homogeneous glass,
as evidenced by electron mi- .
croscopy [5] With the growth 5 .
of the different microcrystal- o t soh o
lites &, modifies in function
of frequency o teSh  Tagl0%
The [TP]G;samples (fig4) 0 o t«25h
exhibit a weak 1increase of the
dielectric constant with the — e s ) o e b o e e e e e e e 20
heat treatment time and a .
frequency dependence even  Sp
for the untreated sample (£=0)
which denotes that also the
untreated sample contains
crystalline phase the fraction é 3
and symmetry of which does
not pronouncedly change with
the heat treatment time . In

i -
7 log [t [Hz])

Fi1g 3 The frequency dependence of the dielectric per-
mittivity for [T . 2B]G, samples

these samples takes place only  , | . 1TPlG

the development of the ga- °F 5

dolintum containing micro- o t=0

crystallites after the heat o t=15h

treatment, which results in o t225h Ay

the symmetrization of the
environment of the Gd*+ ions.
This process was also eviden- 15k
ced by Gd3+ EPR from sam-
ples of the both investigated
systems [6]

4 Conclusions. The be-
haviour of the studied sam-
ples 1n the 1nvestigated fre-
quency range could be as-  10f ° °
signed both to migration and
to jumping of the 1ons and : ,

. i
electrons, without being pos- 5 6 7 legit{Hz))
sible the separation of these Fi1g 4 The frequency dependence of the dielectric per-
processes in the absence of mittivity for [TP]G, samples

other electrical measurements

It is also necessary to take into account the fact that in these glasses the oxygen
atoms may be connected either to two network former cations (bridging oxygens) or
to a network former and to a network modifier cation (unbridging oxygens). There-
fore the polarizability of the two types of oxygens 1s different in the studied glasses
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The possibility to obtaine vitreous or vitroceramic samples with high dielec-
tric constant it was evidenced. The values of ¢, may be modified by the controlled
heat treatment.

The frequency dependence of the dielectric permittivity may be used to
reflect the structural modifications induced in samples by different factors as
preparation temperature, heat treatment temperature and time, or by other
conditions.

( Recesved October 7, 1981)
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MAGNETIC RESONANCE ON BORATE GLASSES WITH Gd,O; and Eu,0,

S. SIMON and AL. NICULA

Introduetion. Part of the EPR results on some sodium borate glasses con-
taining different Gd,0, content were given in our previous papers [1—4].
The Gd** EPR spectra from all the investigated glasses are similar to those
recorded from silicate [5] or chalcogenide [6,7] glasses. In these spectra in
addition to the transition from g = 20 other transitions at lower mag-
netic fields, ie with high g factors, were evidenced The same spectrum
type was also obtained from synthetic zeolites doped with Gd,O; [8,9] To be
noticed that in the case of these zeolites the Eu?* ion exhibits a lineshape
similar to the Gd3t+ EPR spectrum, without that the hyperfine structure to
be resolved. The same Eu?* lineshape was observed in phosphate glasses [10].

In order to interpret the lines from low magnetic fields, characterized by
large ge factors the possible transitions of the Gd®+ and Eu?* ions disposed
in strong crystalline fields of different symmetry [5—9, 11, 12,] were analized.
According to these theories one considers that the Gd3+ and Eu*+ EPR spectra
from glasses may be regarded as the superposition of the resonance lines ari-
sing from these 1ons disposed at least in three types of sites

a) sites in which the paramagnetic ions are submitted to the action of a
weak crystalline field and give rise to a resonance line with gex = 20

b) sites for which the crystalline field term and the Zecman term from
the spin Hamiltonian have approached values, and the 1ons disposed in these
sites contribute to the rcsonance line with gex ~ 2.8 .

c) sites of strong crystalline field which contribute to the resonance line
with Bett N 6.0

Analyzing the manner in which the relative intensity of these lines from
the Gd** EPR spectrum modify in function of the different factors it was
established that the Gd®+ EPR spectrum is sensitive to the structural modifi-
cations induced in the vitreous matrices by the matrix composition and prepa-
ration temperature [3] or by their partial crystallization [4]. Although the
NMR studies [13, 14] mndicated that in the sodium-borate and lithium-borate
glasses there 1s approximately the same type of structural elements, the EPR
studies evidenced considerable differences between the two types of glasses
- regarding the dependence of the Gd** EPR spectra on the alkali oxide con-
tent and preparation temperature These results make the matter of the present
paper Results obtained by the EPR study of the Eu?* 1on from lithium-borate
glasses are also presented

Experimental. The effect of the glass composition on the Gd*+ EPR spec-
tra was followed on the samples given in Table 1, where M denotes sodium
or lithium. The samples were obtained by melting at 900°C mixtures of H3BO;,
Na,CO; or Li,CO, and Gd,0; 1n switable proportions, according to Table 1
The melts were kept at the preparation temperature for 30 minutes and then
they were poured onto stainless steel plates at the room temperature
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Tabel 1
Composition of the alkali borate glasses contaimng Gd,04
x molY%, B,0, 90 45 8292 76 54 7107 66 33
y mol% M,0 9 05 16 58 22 96 28 43 3317
= % 01 02 03 04 05
z molY%, Gd,0, 05 05 05 ° 05 05

The samples with europium were only prepared in the lithium-borate gla-
sses. The Fu,0, concentration was the same as that of the Gd,0; introduced
in the lithrum-borate glasses. The Eu®* ions were reduced to Eu** by adding
1% carbon and 1% Sb,0, The preparation temperature of the samples which
contains Eu,0, was of 1100°C The effect of the preparation temperature was
followed in the range 800—1300°C on lithium-borate glasses with R =01 and
R = 0 5 and on soda-borate glasses with R = 0 25 and R = 05 All the samples
were prepared in alumina crucibles. In order to verify and to eliminate the possi-
ble effect of the alumina crucibles about 309 of samples were melted in pla-
tinum crucibles

The EPR spectra were recorded on powder samples at the room tempe-
rature, on a standard Jeol equipment, at 93 GHz

Results. The Gd*+ and Eu*+ EPR spectra recorded from the hithium-borate
glasses are like those shown in Figure 1 The registration gain for the samples
containing europium was three times higher than for those soped with gado-
linium Eu?* EPR signals were obtained for the samples with 02 < R < 04,
the intensity of these signals being a maximum in the case of the samples
with R = 0.25 (Fig 2) The dependence of the Gd** EPR signal intensity on
the alkali oxide content is shown in Figures 3 and 4 The effect of the alkali

et 28

ge,==20

05mol%Gdy 05

Samples with R=025

Smol%Eu0y

H

——

T'irg 1 LEPR spectra from lithmm borate glasses contaiming Gd,0; and
Eu,0, (samples with R = 0 25)
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oxide content on the Gd3* signal ty
shape, evidenced by the modification  (gu}
of the ratio between the intensity

of the lmes with large g factors al
(60 or 28). and the intensity of the 0 el
Iine with gexr & 20 1s given in Fi-
gure 5. 13

The manner in which the pre-
paration temperature influences the W%
shape of the Gd*+ EPR spectra from
sodium-borate glasses 1s shown in
Figures 6 and 7 In contrast with X e e s o
the previous works [3, 4] . which g, g 2 The ulltensxty of the EPR signals from
only the evolution of the ratio bet- Eu,0; samples vs the 11,0 content
ween the amplitudes of the diffe-
rent lines from the Gd3+ EPR spectra was regarded, in this paper the line
intensity was determined also taking into account the broadening of these lines.

Diseussion. The identity observed between the lineshapes of the Eu**+ and
Gd*t+ EPR spectra from the studied borate glasses represents an argument in
the favour of the assumption that the two 1ons are disposed in similar sites
1n the disordered systems. The more weaker Eu®* signal in the case of the euro-
pium doped samples 1 comparison with the Gd*+ EPR signal obtained for
the same concentration of rare earth oxide concentration proved that only a
part of the Eu3+ ions were reduced to Eu+. The dependence of the Eu!t EPR
line intensities on the alkali oxide content also demonstrates a change in the
redox equilibrium of the lithium-borate glasses. The evolution of the EPR signal
intensities confirms the earlier conclusions [15, 16] regarding the more reductive
character of the alkali-borate glasses with 02 € R < 0.3.

Tp: 100°C
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F1g 3 The relative intensity of the lines with g, & 60 28 and 2.0 from the Gd*+ EPR spectra
vs the alkali oxide content a) samples with NagO, b) samples with 11,0,
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Fig

05 R
4 The dependence of the total intensity of

the Gd%+ EPR signals on the alkah oxide content

Following 1n parallel the man-
ner in which the Gd** EPR spectra
are 1nfluenced by the alkali oxide
content one notices a difference bet-
ween the effect of the sodium and
of the lithium oxides. Li,O determi-
nes a relatively linear decrease of the
EPR signal intensities (Figs 3b and
4), while for the glasses with Na,O
the EPR line intensity 1s a maximum
for the samples with R < 0.2 and
R > 0.4 and a minimum for the
samples with R = 0.3 (Figs. 3a and
4) The diminution of the intensity in
the samples with R == (0.3, although
identical Gd,0, contents were intro-
duced in all the samples, could be
explained accepting that in the

. studied glasses the antiferromagnetic

interaction, evidenced by suscepti-
bility measurements [17], 1s suffi-
cently strong to form ion pairs with

the spin S = 0. The presence of these strong interactions in the samples with
low Gd,04 concentration is possible in the case when the Gd3* ions are not
umformly distributed in the vitreous matrix. In the case of the samples with
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Fi1g 5 The modification of the mtensity of the lines with large g ¢ factors 1 the samples doped
with GdyO, vs the alkali oxide content. a) samples with NagO, b) samples with Li,O.
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Fi1g 6 The effect of the preparation temperature on the ratio betweeu the intensity of the Lines
with geu ~ 60 and g eff ~ 20 from the Gd3+ EPR spectra- a) glasses with Na;O b) glasses with
14,0

a weaker EPR signal it is to sipose that the Ga®t ions are disposed in
zones relatively reduced as volume, increasing thus the probability to exist here
Gd3+ ions sufficently approached to realize the mentioned coupling.

In addition to the dependence of the EPR signal intensity on the alkali
oxide content, one also noticed a particular change of the EPR 51gna1 shape,
shown in Flgure 5, where the intensity of the lines with gt ~ 6.0 and 2.8
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Fi g 7 The effect of the prepaxatlon temperature ou the ratio between the intensity of the line with
£egt ¥ 2 8 and the line with g’ & 2 0 from the Gd®+ EPR spectra a) glasses with Na,O, b) glasses

with 14,0,
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in relation with the line with ger =~ 20 versus the alkali oxide content 1s
given. The increase of the intensity of the lines with g > 2.0 indicates
an increase of the Gd®* ions number disposed in relatively strained sjtes, charac-
terized by strong crystalline fields.

The 1ntensity of these lines 1s a maximum in the case of the samples for
which the total intensity of the EPR signal 1s a minimum. Therefore one con-
siders that the Gd®* 1ons submitted to the tensions of the vitreous matrix
move in the melt towards the zones richer m alkali oxide and thus there are
conditions to appear the above mentioned 1on pairs

The raising of the preparation temperature yields both in the sodium-bo-
rate glasses and 1n the lithium-borate ones the increase of the Gd®* ions number
disposed in sites characterized by strong crystalline fields The broadening: of
the Gd*+ EPR lines 1s the result of the increase of the microenvironmental
fluctuations around the Gd3*+ iomns. The increasing preparation temperature
also determines the decrease of the melt viscosity, so that by undercooling a
higher disorder degree 1s frozen in the vitreous matrix, what leads both to a
broadening of the distribution range of the oxygens from the first coordination
shell of the Gd®* 1on and to increase of the Gd*+ ions number disposed in rela-
tively strained sites, characterized by strong crystalline fields

One notices (Figs 6 and 7) that by raising the preparation temperature
the differences observed between the shape of the Gd*+ EPR lnes in the gla-
sses with different alkali oxide content are diminished. That confirms once
more [18] that the increase of the preparation temperature induces a diminu-
tion of the structural effects caused by the increase of the alkali oxide content

Conclusions. The Eu?* spectrum, obtained for the first time in this glass
system, proves that the Eu?* jons are disposed in similar sites to those of
the Gd3+ 1ons. Analogous to the situation observed in zeolites also in glasses
the hyperfine structure for Eu?* is not resolved

The shape modification of the Gd®*+ EPR spectra as the alkali oxide and
the preparation temperature increase indicate the possibility to use 1t 1n the
obtamming of information concerning the structural modifications induced in
the different matrices by some factors which determines changes of the local
order.

(Received “October 7, 1987)
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REZONANTA MAGNETICA PE STICLE BORICE CU Gd,0, SI Eu,0,

(Rezumat)

Staclele littu-borice §i sodiu-borice dopate cu Gd,0, s1 En,0; au fost investigate prin RES. .Spec-

trul RES al Eu?+ obfinut pentrn prima dati in aceste sticle este sumilar cu cell al GA*t. Se arati ci
natura oxidulu alcalin, ponderea I in raport cu oxidul de bor §i temperatura de preparare a probelor
influenteazd in mod deosebit forma spectrelor RES, Aceste modificiiri sint corelate cu efectele facton-
lor mentlonatx asupra orduun locale din sticlele studiate
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CONTROLEUR DE NIVEAU POUR LES LIQUIDES CRYOGENIQUES

I. POP, V. JONCU

I’emploi des liquides cryogéniques pour diverses études dans les laboratoi-
res regoit une tmportance de plus en plus grande De ce fait, 1l est trés impor-
tant, dans de nombreux cas, de connaitre, a& tout moment, la hauteur des
niveaux des liquides cryogéniques pour éviter de graves préjudices (voir le cas
des bobines surconductrices).

D’autre part, on peut réaliser un systéme de remplissage automatique des
réciptents a azote ou helium liquide, en employant le méme appareil, ce qui
est trés utile.

Les différents systemes existants utilisent des résistances au charbon, thérmo-
résistances, des tablettes a silicium, etc. [1—8]

Le procédé décrit ici, ne comprend aucun élément actif dans la sonde a
mesurer introduite dans le liquide en obtenant de cette maniére une fiabihité
élevée.

Le controleur de niveau que nous avons réalisé et que nous allons y dé-
crire, fait partie de la catégorie des contrdleurs capacitifs

La sonde (fig 1) est en effet un coaxial composé d'un tube en inoxe d’un
diameétre intérieur de 6 mm et d’un axe centrale (noyau) toujours en inoxe
d’un diameétre de 2 mm ILe noyau central est convenablement axé a l'aide
des piéces d’écartement, disques en teflon placés dans le tube de 10 4 10 cm
et qui présentent 4 trous (¥ = 1 mm) en croix qui laissent passer le hquide
(fig. 1)

Dans la parot du fourreau (le tube inoxe) est pratiqué une série de trous
avec un dyametre d’un mm 1ntervalle entre les pieces d’écartement en teflon
pour éviter un pompage du liquude cryogémique, ce qui déterminera I’accroi-
ssement de la consommation du hélium ou de 'azote hquide

I’épaisseur du fourreau extérieur doit étre compatible avec une bonne
résistence mécanique dans le cas ot la sonde est mobile S1 elle fait partie
commune d’'un récipient Dewar, ’épaisseur peut en étre réduite, ce qui diminue
la consommation du lhquide cryogénique

Le bloc électronique (fig. 2) comprend le générateur {multivibrateur) réalisé
par trois portes logiques de l'intégré CDB 400 (A, B, C), celles-c1 étant liés
en montage d’une telle maniére qu’elles engendrent des oscillations d’une fré-
quence de 1 MHz.

La 4-éme porte (D) de l'intégré joue le réle d’un formateur de signal, ce
qui n’est pas absoluement nécessaire le signal arrivant sur le monostable CDB
4121 sur I'éntrée B, ou la commande peut étre faite & un signal lent, variable
et irrégulier

Le multivibrateur monostable est réalisé avec le circuit intégré CDB 4121
alimenté, tout comme CDB 400, 2 une tension de 5 V. Le déclanchement sera
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Fig. 1 La sonde capacitive

fait par l'entrée B, spécialement adaptée a l'attaque par une tension qui peut
varier lentement et irréguliérement.

La constante de temps de l'impulsion de sortie du monostable est:

.

« \ v= RC,n 2
Avec le changement de la capacité C,, qui détermine la constante de temps
du monostable, on change ausst la caractéristique de déclanchement du mono-

B

re)
o

. R

Fi1g. 2. Le bloc électromque du contréleur de niveau.
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stable, respectivement la valeur moyenne de la tension a la sortie du multi-
vibrateur monostable (on sait qu'aprés le déclanchement, les sorties de CDB
4121 sont indépendantes des transitions ultérieures des signaux d’éntrée et depen-
dent seulement de la constante de temps).

En nous appuyant sur ces faits, les indications pA-meétre (100 pA) seront .
proportionnelles a la capacité de la sonde (respectwement au niveau du liquide
cryogénique dans la sonde).

Le mesurage du niveau (de la capacité de la sonde) est assuré par l'entrée
B du monostable d’une fréquence étalon quand la sonde est couplée aux bor-
nes C,. La vanation de la capacité C, de la sonde (par le remplissage avec du
liquide), détermine, i la sortie ¢ du monostable, 'apparition des impulsions
. dont la durée est fonction de la capaciié de la sonde ce qui conduit au chan-
gement de la valeur moyenne de la temsion de la sortie.

A cause du fait que les variations AC, de la sonde pour les liquides cryo-
géniques sont petites, le bloc électronmique a ¢été complété par un amplificateur
de courent (T,) protégé pour les vanations de température (D,). Celui-ci acti-
onne linstrument analogique (nA-meétre) connecté dans un montage en pont

Pour les mesurages on fait le réglage de R,y (avec R; = 0) en mettant a
zéro Jaiguille de l'instrument pour la sonde non introdwte dans le liguide
Puis on fait le réglage de Ry jusqu’a ce que l'imstrument indique 100 (la
sonde du dispositif est completement plongée dans le liquide — 1 m).

L’alimentation du montage est faite par une source de tension stabﬂlsee
a5 Vv (fig. 3).

I’ tmportance de tels dispositifs de mesure a été mentionnée au début de
ce travail. I’apparell est réalisé par une technique moderne (circuits intégrés
logiques) en suivant un schéma simple, robuste, en travaillant avec une sonde
sans ¢léments actifs, motif qui donne la garantie d’une fiabilité élevée.

(Manuscrys regwu e 29 octodre 1981)
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CONTROLOR DE NIVEL PENTRU LICHIBE CRIOGENICE
(Rezumat)

Este prezentat un dispozitiv electronic pentru controlul nivelulut lichidelor criogenice in contai-
nere inchise, realizat in tehnica circuitelor integrate logice, permitind misurarea mivelelor in plaja

i
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CONSTRUIREA CIMPURILOR JOOS-WEINBERG DIN CIMPURI DIRAC

Z. GABOS

In lucrare se ajunge la vectorul de stare Joos-Weinberg al particulet cu
spinul unu g1 masa de repaos diferitd de zero, prin combinarea bispinorilor par-
ticulei s1 antiparticulei Dirac. Se aratd in continuare ci si pe aceasti cale putem
ajunge la unele rezultate stabilite [4], [5], [7] privind pardmetrizarea matricei
densitdtii de spin.

1. Utilizind matricele

0 —10, 0 -1
] , = B l
Yy (1.6! 0 ) Ya (_1 0) (1)
care se obfin din matricele Dirac prin
11 :
— UyPU, U= l( ) 3
Yu Ye El-11 (2)
pornind de la ecuajia Dirac
¥
Yo — + m ¥ =0, (3)
0y
pentru particulele cu helicitate pozitivd si negativd obtinem bispinorii
W, = u,(0)e*, A:—{—%,—%,px:«—p.;—st, (4)
unde
1 Aoy 1 (Ao _q1p2
Uiz = —:( ou ), U_ypp = —_( P “: (5)
VE\—A47p VE\—4do_ip
cu
8 $ _
Ccos — —sin — e~
4T 2 2
4= \/ s Q2= y P12 = . (6)
l—v ES LS
sin — e'? Ccos —
2 2

Unghiurnile 9, o sint definite prin ¢; = sin & cos ¢, ¢; = sin & sin ¢, e3 = cos &
—
(¢ fiind versorul in directia miscarii). Bispinoru u, satisfac conditia

Tatbyy = 8, unde @ = 5 v, (7)

Pentiu antiparticula Dirac avem
— — —

Wi = va(v)e =5, cu va(v) = a1 (v). (8)
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Bispinorii » '
1 A e 1 (A
Vypp = — —:( ? ”2) y Ve = ——_( __CPI/Z ) 9
NZ \ Ao ip VZ \ A 91
satisfac condifia
Thow = — S (10)
In continuare vom mai avea: nevoie de matricea
(=10
Y5 = Y1YaYsYs = ( 0 1) (11)

-
2°. S3i considerim particula liberd cu spinul unu, viteza v, si masa de
repaos M, Afirmim ci vectorul de stare al acestor particule

¥, = Op@)e™ A= +1,0,—1, Px=Px— FE, (12)

N, o . = =
poate fi comstruit cu ajutorul bispinorilor #,(v), ,(v). Tn acest scop folosim
matricele

M =-— % eur{YsYe — YY) (1F ¥e) (13)
scriind expresia
CIIAA . Nv; M, uy
Op)=| 2 ° (14)
CllA .7 MY u, y

formatd .cu coeficientti Clebsch-Gordan.
Prin efectuarea concreti a calculelor se ajunge la

2 —
q>1=le‘°( i ) 0, = — | ¥ ) o= L[4 Z‘P-l). (15)
2 A2 ,

— A7, — %o 2 — A%,y
' Méarnmile
—cos & cos ¢ + ¢ sin @ ‘sin & cos ¢
®1=| —cos & sin ¢ — ¢ cos ¢ |> @zz(sinﬁ sin ¢ |
sin & cos &
cos & cos @ + ¢ sln ¢
P = (cos ¥ sing — 2 cos @ (16)
—sin &
satisfac conditia

(e, D)pa = Agn, (17)

unde
(O)m = —184n. (18)
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Nu este greu sd ne convingem de faptul ¢ mérimile de sub (12) satisfac ecuatia
Joos-Weinberg a particulelor cu spinul unu

i3
oxydx,

Yov T M3¥ = 0, (19)

care confine matricele

0 1 0 9, 0 18,—(3.9, + s,-&,)) '
- ’ - » y = . 20
Tas (1 0) T (—i&,- 0‘) T (18,,—(3,&,-+B,-9,) 0 (20)

Mirimile de sub (14) satisfac condifia
P, 0y = — Sax, unde B, = Dy, (21)

3°. Matricea de densitate de spin a particulei respectiv antiparticulei Dirac
poate fi formati cu ajutorul vectorului Stokes & si y

(n, o). (22)

Cu ajutorul acestor matrice putem construi matricea nenormati cu elementele

) M 1M P
Pury = C_}_ 1 Cl' L1, Pmm; Pm.m; <23)
) ”iy ?m, —Z-ﬂl, —2—”11

Indicele de rind M respectiv de coloani M’ ia valorile +1, 0, —1, pe cind
indicele de rind m,, m, respectiv de coloanid m;, m; iau valorile 1/2, —1/2.

In urma cfectuiinii unor calcule simple pentru elementele acestei matrice
obtinem

(") = ]I (1 4 &3 + n3 + E3ma)s 90':) = % (1 4 &y + Eone — Eama),
Plior = % (1— ia — Mg+ Egng), P17y =0T = )1,‘ [Eim— Eona— o(Bime + Ean1) ),
(24)
9(1‘6) == p((,';) =1 «,/‘7 B+ — (B + n2) + (Eama + Eam) —1{&yns + Esm2) ],
PO”ll = P(21.0 = 4—\7.2—: (& + N 1(52 + 71'.') — (51"13 + 537]1) + i(ﬁz”ia + 53")2)]-
fmpiértind aceste expresu cu
Sp oW =< 8+ (& 0] (25)

se ajunge la matrnicea p cu spurul unu

1
= —— ", 26)
P Spp® ¢ (26)
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Elementele matricei de densitate de spin pentru particulele cu spinul unu sint
date de

1 1 1 1 :
P11 = g f ‘2‘ ta3s foo = 3 tsa\:}
1 1 1 " ' 1 .
P—1—1 = ; — Tts '2" l33, P1-1= P~1 o (tu - tzz) —1tyy, (27)
1
P10 = 931=‘2‘( — iby) + «/— (15 — itag),

RO |

*
po—1 = P—-10 =

. 1 .
(8, — 1ts) - % (B1a = 1lgq).

Utilizind (24), (25), (26), (27) se ajunge la expresiile stabilite de not pe o alti
cale [71:

' 5 ’ i . ' .
t, == %‘ (Ej '+‘ 7]_1),' tkm === [Eknm + Emnk - (E’ n)ak"'] (28)
34 (E 7). T34 (E g L

Rezultatul obtinut este valabil pentru o superpozitie coerenti a stirilor de bazi.

w2

\

(Intrat tn redactie la 18 noiembrie 1987)
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LA CONSTRUCTION DES CHAMPS JOOS—WEINBERG A L’AIDE DES CHAMPS DIRAC
(Résumé)

'

On obtient la fonclion d’onde des particules de spmn 1 et de masse de repos différente de zéro,
en partant des bispineurs d'une particule et d’'une antiparticule Dirac Ainsi avons nous obtenu une
nouvelle possibilité pour établir trés simplement les expressions connues concernant la paramétrisa-
tion de la matrice de densité de spin des états purs.
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PROPAGATION OF ION-ACOUSTIC WAVES IN AN ARGON-—
HELIUM PLASMA WITH WARM IONS (II)
Nonlinear propagation

M. CRISTEA

In the first part of this paper [1] we have analysed the propagation of
the ion-acoustic waves in an Ar—He plasma 1n the linear approximation, assu-
ming unequal ion temperatures In order to compare our results with those re-
ported in the literature, we have considered, as a particular case, equal ion tem-
peratures, .

In this part of the paper we are going to extend the investigation, taking
into account the nonlinear effects The system of basic equations leads to a Kor-
teweg-de Vries type equation, which admits solitary waves solutions We analyse
the soliton amplitude and width dependence on the light ions (He) concentration
and on the temperature of the two ion species

Making use of equations (1) and (5) from [1] we can get the following re-
lations

(1) A W _ ex ()

v =— = = g 1

! AN — o x (1)

,v;l) . A £1) > ngl) (2)
pd ¥ — o Y

Ww___ @ (M _ e 3

ny _A).z -0 n, = ", ( )

12(1) — 1 —« (‘1) _ 1 o ngl) (4)
pAd N — o, 4

o = u ©)

With the help of (1) — (5), in the second order appioximation, the following
system of equations is obtained

@ @ all)

_ anl o aUl LL—DL aﬂc y_zal ﬁ (n(cl))z — 0 (6)

P 98 X & X 0%

au® ol a2 pd e an(l) oM i

— Aar—2 Gyt @90 g BEXA e B2, — 7
g T T Ty e T 7

on® @ 1o g
S N SN D S Sk i e N ®)

0% 23 Y o< Y? 0E
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EAC) antd) o0@
— Al — o)A+ 65—+ (1 — o) —
[ ( ) 2t + o2 ot + ( ) oz +
(9)
4= a)xa_”ﬁ_l)_l_l— ansl)a_”g _
Y ot Y ck
enld  o0® (1) &2 ’
—_—— - n‘ — 0 . 10
dE o ot / (10)
' o) @
3—5“_{—”1 +n — n' =0 (11)

)

Eliminating the quantities 2%, ) and ®® we find the second order correc-

tions to the densities

o) a0 a2
o0& X 0 Xe ot
(12)
m
ple po 2134 oz)\’) 1) on,
—— — —_——— . n —_—
+ ( o) T
md 1 gom? . 2ed = o fi’ﬂ
13 Y 8t Y3 o .
) (13)
m
1—a 1—a, 2pd(l — N (1)0%
+ ( oy T e

Differentiating now equation (11) with respect to £ and substituting there (12)
and (13) we obtain the nonlinear equation for n"

(4

anll) _ onih)
N R E

P X2 vt | o :
(14)
+E’_°‘+1__°‘_1+2A)\2‘i25+:1___°‘) n(l)an_gl)z()
{X“ ys # (Xa T ye ] T
which can be written in the form
o) P PO
_°_ Pngl)—’- ‘=0 15
P -+ § ¥ +0Q Y ‘ (15)

where we have introduced the notations

P = N,/N,, Q = 1N, 16)



76 M CRISTFA

with

g 11—«
Ny = 2pdx ’%{T_‘—T) (17)

W 11—«
NZ_XI_{— Y2

— ' af e | 1o

14 2udx (X +- ) (18)
. Equation (15) is a Korteweg-de Vries (KdV) equation, the coefficients
P and @ being functions of the plasma parameters Although the KdV equation
has been deduced a century ago, during the last years considerable research
has been devoted to the study of this equation [4, 6, 7, 13] in view of its many
diverse applications [5, 8, 9, 12]

The stationary solutions of the KdV equation can be obtained [2, 3, 8]

introducing the new variable

y=&— Ux (19)
so that (15) becomes an ordinary differential equation

—U® Py Lo
ax dy

dy?

=0 (20)

where w = #". This equation can be integrated once to obtain

0Z% —C, 4 Uw— Z (21)
dy? 2

C, being a constant of integration. The second integration can be effected after
multiplying both sides of (21) by dw/dy Then
2 (Y _ ¢ Uopr— Ly 29
Z(dx) o+ G+ W — —w (22)

and the general solution can be written in the form of an elliptic integral

w "

dw
= 23
wS JEw ()
where w, is thée value of w at y =0 and
Flw) = é(zc2 + 2C,w + Un? — g zpﬂ) (24)
. Imposing now the boundary conditions
dw d*w
w—ao,}—l——#o, " —-0 as |y|— (25)

/
which require C, = C, = 0, equation (23) can be integrated to yield the soli-
tary wave

w(E — Ux) = 3—1‘:'- sech2[% \/-g = UT)] ‘ (26)
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The solution (26) shows that the soliton amplitude is proportional to P!
and its width 1s proportional to Q'2. Further we shall analyse the dependence
of these quantities on the He ions concentration and en the ionic fluid tempe-
ratures. . ) ‘

Figs 1—-4 represent P and Q'? as functions of the concentration «,
whereas on figs. 5—7 the variation of these quantities with the He ions tempe-
rature is plotted For each curve the plasma parameters are indicated.
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Fig. 1 represents the variation of soliton amplitude with the ‘concentra-
tion «, for both ion species described by adiabatic equations of state (y,=1y,=3).
All the curves have similar shapes. From the maximum value, corresponding
to a = 0, the amplitude first decreases abruptly and attains a minimum wvalue
situated in the range « << 0,2, then starts increasing monotonically as « in-
creases. The curve I, which corresponds to cold ions (6, = 0, = 0), is 1den-
tical with that obtained an [11] The amplitude has higher values if the Ar ions
are warm (curve II), and lower and lower values as the He ions temperature
increases.

The soliton with (fig 2) is independent of the concentration in the case
of cold 10ns (curve I), is less affected (for small ‘«) if the Ar ions only are warm
(curve II), and presents a mimimum all the more pronounced as the He ions
temperature 1s higher.

If the Ar or He ions are isothermal the behaviour of the amplitudes
1s different (fig. 3). For K > 0, when the He ions are isothermal {curves I
and III), the soliton amplitude decreases with increasing «. This result is si-
milar to that reported in [12].On the other hand, for K < 0, i.e. isothermal
Ar ions, the amplitude increases as the concentration increases (curve II).
In both cases (K > 0 and K < 0) the amplitude can take negatlve values, con-
sequently rarefaction solitary waves are possible.
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The soliton' width (fig. 4) decreases monotonically as the concentration
increases for both K > 0 and K < 0. . )

The .variation of P~! and QY2 with the He ions temperature, plotted
on figs. 5—7, has been calculated for a single value of the concentration,
namely o = O 1. ‘

. .
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Fig 5 shows the variation of soliton amplitude and width with the He ions
temperature for y, = y; = 3 (adiabatic equations of state). It canbe noticed °
that at different values of the Ar ions temperature the amplitudes are iden-
tical for 6 > 0,2 and take different values only for small 6, values The soliton
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Fig. 5. : Fig. 6.



PROPAGATION OF ION-ACOUSTIC WAVES (II) 79

width 1s not influenced by the temperature of heavy ions, all the three curves
which correspond to different Arffions temperature being identical. Hence,
the variation of the Ar jouns temperature does not affect the soliton amplitude
and width. On the other hand, the curves show clearly that these quantities dec-
rease significantly as the He ions temperature increases, at least for the con-
sidered value of « It is well known that the effect of a finite ionic tempe-
rature is to reduce the amplitude of the solitary wave [9, 10, 12]. Further-
more, considering unequal ionic temperatures, ome can see that this effect
is mainly determined by the light ions temperature.

Fig 6 shows the variation of soliton amplitude with the He ions tem-
perature when onc ion species 1s isothermal. The heavy ion fluid is isother-
mal only in a very nairow domain of 6; values (curve I) In this range the
amplitude decreases monotonically with the growth of the temperature. For
K > 0 the amplitude also decreases as 0, increases, but for small 6, values it is
negative The scale on the right-hand side of fig. 6 refers to the curve III, cor-
responding to cold Ar 1oms. It is interesting' to notice that by increasing so-
lely the He 1ons temperature, the soliton amplitude is larger by about one
order of magmitude, compared with the case of relatively warm heavy 1ons (curve
II) The sohiton width (iig 7) decreases as 6, increases if K < O (curve I), and
increases with increasing 6, if K > 0 (curves II and III).

The results of our computations, which are displayed in figs. 1—7, show
clearly that significant changes occur in a two ion species plasma with unequal
temperatures, compared to the case of more usually considered plasma with
equal 1onic temperatures

Furstly, if both 1omic fluids follow adiabatic equations of state, the be-
haviour of the soliton amplitude and width is similar to that reported in the
literature for plasmas with equal ionic temperatures. But the increase of one
or other iomic temperature has opposite effects. Thus, the increase of heavy
ions temperature favours the formation of solitons, while the increase of light
ions temperature prevents their formation

Secondly, as it is well known, in the case
of equal ionic temperatures, one 1on species
(namely the light 1ons) can be isothermal (in
our notation K > 0) Apart trom this situation,
in the case of unequal 10nic temperatures there
exists also the possibility of isothermal heavy
ons (K << 0) Whereas for 1sothermal light
1ions our results are similar to those already
known, for isothermal heavy ions the beha-
viour of the soliton amplitude and width 1s
quite peculiar

Finally, 1t 1s worth noticing that in both
cases (K > 0 and K < 0) 1t seems that rare-
faction solitary waves can appear in certain

ranges of the concentration and temperature, p!
where the amplitude takes negative values. . - .
The pownts of discontinumty, where the ampli © 02, 0 os O

tude would become infinite, correspond to such Fig. 7.
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values of plasma parameters which prevent the formation of selitons Indeed,
for these values the coefficient P tends to zero, consequently in equation (15)
the nonlinear term vanishes. Or, as it is well known [2, 3, 8] the solitens can
appear only if both the dispersion, determined by charge separation, and the
nonlinearity, determined by convection, are present simultaneously.

' (Recerved December 18, 1981)
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