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STUDIA UNIV BABES$—BOLYAI, PHYSICA, 2, 1977

DETERMINAREA VITEZELOR SI A SECTIUNILOR EFICACE
APARENTE DE DISOCIERE METASTABILA A IONILOR
MOLECULARI (II)

Disocieri succesive in doud trepte

I. MASTAN, A. TODEREAN si V. MERCEA

1. Introdueere. Prin disocieri metastabile succesive in doua trepte infe-
legem acele procese in care 1onul fragment al primei trepte de disociere
se disociazi, la rindul siu, dind nastere unui ion fragment stabil, deci
procese de tipul

m:‘ _7\"_'.?_]; m+ Ags Og m1+ (1)

Problema disocierilor metastabile succesive ale 1onilor moleculari
a mai fost abordati in lucririle [1—3]. In lucrarea de fafi se incearci
dezvoltarea unei metode de determinare a valorilor aparente ale vitezelor
de disociere spontanid 2; si A, si a sectiunilor eficace aparente de disociere
indusd prin ciocnire oy §i 6;, In cazul unui proces de tipul (1). Ideea funda-
mentald a lucrdrii constd [4] in compararea rezultatelor experimentale
cu expresii teoretice obtinute ca solutii ale ecuatiilor de bilant pentru curen-
tii ionici. Rezultatele experimentale se obtin tot cu un spectrometru de
masi cu dubli focalizare §i geometrie inversati (vezi [4]). In consideratiile
teoretice care vor urma se presupune cd procesul de tipul (1) este singura
sursid de pierdere a iomilor m} respectiv m* si ci ionii m} nu pot trece
direct in ionii m;, ci doar prin intermediul ionilor m+*. In cele ce urmea-
23 se dau condifiile de lucru pentru detectarea picurilor metastabile.

1.1. Pruma zond fdrd cimp. Este portiunea de traiectorie intre ultima
fantd a sursei de ioni, punctul 1, si fanta de intrare in cimpul magnetic,
punctul 2. Pentru studiul disocierilor din aceasti zond se lucreazi cu me-
toda defocalizdni [5], intensitatea cimpului electrostatic mentinindu-se
constantd, E,. Fiecdrui punct ¢, (s = 0,1, ..., 6), al traiectoriei i atagim
o distantd x, §i un timp de parcurgere a acestei distanfe #,, mentionind
cd %9 =0 si ¢, = 0. Distanfele x, rdmin fixe fiind parametrii instalatiei
cu care se lucreazd. Timpii de zbor ¢ variazi in functie de potenialul de
accelerare aplicat ionilor. Astfel, pentru un potential de accelerare V timpii
vor avea expresiile

t'=ﬁ+A_"";Ax,=x,-—x1; (t=12 ...6) 2

U v

unde v = 20, = 4/2¢V[m, este viteza ionilor din punctul 1 pini la colec-
tor, iar v,, este viteza medie a ionilor pe porfiunea de accelerare [4]. Cind
procesul (1) este studiat in prima zona fird cimpuri pot apare urmitoarele
situatii:
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a) Pentru detectarea ionilor parinji m}, care au mai rimas in urma
disocierilor, tensiunea de accelerare va fi V = V,, viteza ionilor fiind deci
vV ="Fk, = JZeVo/mo. Timpil se vor nota cu ¢,.

b) Pentru detectarea 1omilor fii m¥, care se produc in prima zoni
fard cimp, se lucreazd cu tensiunea de accelerare V = Vy(m/m). Viteza
ionilor vafiv =%k = J2eV0/m iar timpii ii vom nota cu #. Expresiile
lor se pot deduce din relatiile (2).

c) Pentru detectarea ionilor m}, produsi in prima zond fird cimp,
se lucreazi cu tensiunea de accelerare V = V(my/m,), viteza ionilor fiind
v =4k = JZeVO/m,. Timpii se noteazi in acest caz cu ;.

12 A doua zond fdrd cimp. Este cuprinsd intre iegirea din analizorul
magnetic, punctul 3, si intrarea in analizorul electrostatic, punctul 4.
Disocierile care au loc in aceasti zoni se studiazi prin metoda DADI [5],
potentialul de accelerare si intensitatea cimpului magnetic rdminind de
data asta constante, V, respectiv H,. Din punct de vedere al vitezelor
st timpilor sintem deci in cazul prezentat la punctul a. Baleajul spectrului
metastabil se va face prin variafia intensitdfii cimpului electrostatic.
Pentru detectarea ionilor m*, formati in cea de-a doua zoni fira cimp, inten-
sitatea cimpului electrostatic va avea valoarea E = E(m[m,), iar pentru
detectarea ionilor mj valoarea E’ = Ey(m,[m,) Desigur, in toate cazurile este
vorba de ionii care au supravietuit pind in punctul 6, adicid pini la colector.

2 Eeuatiile de bilang. In vederea scrierii ecuatulor de bilanf se introduc
urmitoarele notatii I,(f,) — curentul de ioni ai speciel m} in punctul
1 al traiectoriel, (I(¢, =0) = I,); I,(t,) — curentul deé iom ai spectet
m* in punctul ¢ al traiectontei, (I; = Iy(t, = 0) = 0). Calculele de bilant
care se dezvoltd in paginile urmitoare se vor referi la ionii m™*, adici la
specia intermediari procesului de disociere succesivi in doud trepte (1).

21 Prima zond fird cimp. In conformitate cu schema (1) ionu m*
se formeaz3 din ionit myj cu viteza A; §1 sectiunea eficace o, §i se disociazd
In ionil m} cu viteza A, §i sectiunea eficace o,. Transcrierea matematici
a acestur proces conduce [4, 6] la ecuatia diferenfiald

= =0 + aNo)I — (& + cuNo)I' 3)

Pentru porfiunea de tratectorie 0—1, viteza iomilor se ia v = &, 1ar

timpul se marcheazi prin ¢’ < #. Rezolvarea ecuatiei diferentiale (3)

duce in acest caz la solutia I a cérel expresie nu se did aict Fa va

putea fi dedusi din consideratfiile dezvoltate in cele ce urmeazi. Pentru

portiunea de traiectorie 1—86, viteza ionilor va fi v = % iar timpii se notea-
za prin ¢’ > #]. Solujia ecuatiei diferentiale (3) in acest caz va fi

Tjyy = Totht VB - oxpl= (s & ooVEw)l — )}, [exp {— (\ + ouNR,) - 8} —

(% + 0uNEp) — (X + oy NEy)
' Io(M + o,Nk) - exp{ — (M + o:NRy) - 11}
— exp{— (A, + o, N&,) -2} | + . 4
p{= (% + oV, 1}] (% + osNE) — (A + o0,NE) 4)

<[exp{ — (M + aNE){E' — #)} — exp{ — (X + o NE)(t' — #)}]




DISOCIEREA METASTABILA A IONILOR MOLECULARI [181] 5

La obtinerea solutiel (4) s-a tinut cont de faptul cid in conformitate
cu rezultatele objinute in [4] se poate scrie

Tysf = Iy - exp{ — [M¢' + o, Nk, (2t" — ;) ]} (5)

Prima parte a expresiei (4) se poate scrie sub forma
I} - exp{ — (A + aNE)(' — 4)} (6)

,,Pachetul” de ioni descris de (6) nu are o energie potrivitd pentru
a urma o tralectorie normald in spectrometrul de masd §i ca urmare nu
va a]unge la colector. Din aceastd cauzd in calculele ce urmeazid nu se
va lua In considerare prima parte a expres1e1 (4).

,Stocul” de ioni m*t cu care se a]unge in punctul 2 al traiectorier se
obtine din (4) punind ¢ = ;. Acest ,;stoc” de ioni m* nu se va mai imbo-
giti dincolo de punctul 2 al traiectoriei, analizorul magnetic nepermifind
trecerea ionilor m;, ci va de5cre§te datonty disocierilor de tipul m+ 2% s,
Tinind'cont de legea conform céreia are loc o astfel de descregtere [4]
expresia curentulur Ig, in punctul corespunzitor lui #' = #; va fi

. Io(M + o,NE) - exp{ — (M + o, Nkw) - #1} ' '
Ig = 1 L i, — [(A o — &
6f (g + 0aNE) — (% + o VE) [exp{ (A + olNE) (53 1+

+ (2 + oNE)(lg — £2) [} — exp{ — (A + 6u2VE)(tg — #1)}] (7)
2.2. A doua zond fard cimp. Bilantul curentului ionic al speciei m*,

pentru porfiunea de tralectorie 3—4, este descris de ecuafia (3) in care
v = ko lar ¢ > #,. Pentru acest caz, integrarea ecuafiei (3) duce la expresia

Iy 4 o1NRg) - exp{ — [M#; + komoiN (28 — 1)1} .
(%2 + oxNRg) — (Mt 01NEg)

It?t, =

®)
- [exp{ — (A + o1 NE) (¢ — t3)} — exp{ — (As + 0. NEg)(# — 23)}]

In cazul metodei DADI prin analizorul magnetic trec doar ionit mg
avind viteza k,, deci in punctul 3 al traiectoriei numirul de ioni m™* este
nul. ,,Stocul” de ioni m* cu care se ajunge in punctul 4 al traiectoriei
este Ij,. Expresia lui I}, se obtine din (8) in care se face substitujia £ =¢,.
Acest1 ioni s-au format pe portiunea de traiectorie 3—4. Dincolo de
punctul 4 al traiectorier va avea loc o descrestere a acestui ,,stoc” de
ioni m+ datoriti disocierilor de tipul m* 2% m+. In consecinti,
punctul 6 al tralectoriei vom avea

I, = To(d + o1NRg) - exp{ — [Mt5 + RomornN(28 —8) 1} .
) (% + 0uNko) — (A + ouNko)
fexp{ — (M + oNEo)(ts — 4)} - exp{ — (s + 0aVEG)(ts _'t‘;)} —
— exp{ — (Az + 6aNEo)(fs — 23)}]
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3. Determinarea marimilor 2,, A, o; §i 6, In scopul determindrii valorilor
aparente ale mirimilor Ay, A,, oy $i 6,, mirimi care caracterizeazi procesele
de disociere metastabild succesivd in dou# trepte, de tipul (1), se intro-
duc functille

1, (ha + 0NE) — (3 + o, NE)
- exp{its + &,y 61N (2 — )} - lexp{ — [(AL + o1VE)(t5 — ¢1) + (10)
+ (e + 0 NE) (g — 1)1} — exp{— (% + auNE)(t5 — #))}]

R[)\l; . P(N)] — !is — (3 + o1NEy) - exp {— Mt + kopmoN (28 — 8)]} .
Iy (% + 6aNEg) — (M + o, NR)

- exp{Mdg + RopoiN (2t — 1)} - [exp{ — (M + o1 NE()(ts — £3)} - (11)
- eXp{ — (A2 + 62Vko)(ts — 24)} — exp{ —(As + 02NEo)(ts — 13)}]

unde I este curentul de ionmt mg la colector. Dacd setul de curenfi 1omict

¢, lgs $1 I se méisoard experimental pentru un sir de valor ale presiunii
#(N) din tubul de zbor, atunci se pot gdsi corespondentele experimentale
ale functitlor definite mai sus.

PD\J_, - p(N)] — Igr (M + o,NE) - exp {— (3 + oNky) - 4}

3.1. Determinarea mdrimilor %y, A,. Pentru determinarea lui A, si
2, se pleaci de la extrapolatele liniare ale functiilor P[%;, Ay, p(N)] si
R[N, 2, p(N)], pentru p(N) — 0, expresii care formeazd un sistem de
doud ecuatii transcendente cu necunoscutele A; si A, Celelalte mirimi
care intervin In ecuatii se pot calcula din parametrii de lucru si din datele
constructive ale aparatului. Extrapolatele P[Xy, Ay, 0] 51 Ry, Ag, 0] se
inlocuiesc cu valorile experimentale corespunzitoare. In vederea usuriri
rezolvarii sistemului de ecuatii se face substitufia A, = A, + «. Din ex-
presia lui R}, A, (), 0] se calculeazi 2, in functie de « iar din compara-
rea expresiilor lui P[A;, A(«), 0] si R[A;, Aq(«), 0] rezultdi urmétoarea
ecuatie transcendenti

Pia 2 — Rfx, A(a), 0] . ol — N —
[ o 2(“)1 O] exp { —a(fy — )} — exp{—alty — &)} [exp{ a( ¢ 2)} (12)

’ ’ o RD\D )\2(“): 0] '
— — — . — At — 8
exp{—a(ts —t)}] - exp { exp { — alts — 1)} — exp{ — alty — 1)} (ts = t) }

unde singura necunoscutd este & Cu a cunoscut se pot calcula 2, s1 A, pe
calea substitutiilor inverse.

3.2 Determinarea mdrimilor o, $1 5, In acest caz se pleacd de la siste-
mul de ecuatii format cu expresitle (10) st (11) in care A, §i A, se considerd
deja cuncscute. P[A;, Ay, p(N)] 51 R[Ny, Ay, (V)] se inlocuiesc cu valorile
experimentale corespunzitoare. Celelalte mirimi se pot deduce din condi-
tiile de lucru In vederea uguririi rezolvirii sistemului de ecuafii transcen-
dente, (10) 1 (11) se introduce substitufia ¢, = o, + B. Astfe], din expresia

Ini R[A;, Ay(a), p'(IN)] se deduce o; in functie de B iar din compararea
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expresiilor lui R}, As(ax), 2'(N)] si P[A, Ae(x), p'(N)] se obfine ecuafia
transcendenti

(o« + NEB) - PNy, M(a), p'(N)] = [CD - exp{ — BN(x — %)} — CE -
(13)

. s . f_ (a + Nkoﬁ) * R[lp 7‘3(“)» P,(N)] .
exp{— BN (s — )] \[M + ko[A-exp{—sN(x.—x.)}—B-exp{—BN(xa—xs)} l‘]]

in care singura necunoscuti este @.

4. Studiul eonditiilor de extrapolare liniard. Deoarece la determinarea
mirimilor A; si A, se porneste de la extrapolatele, pentru p(N) —0, ale
functiilor P[Ay, Ay, P(N)] si R[Ay, 2g, p(IV)), trebuiesc studiate condifiile
in care se pot efectua aceste extrapoliri liniare. In acest scop se fac schimbi-
rile de variabild ;N = a, = a $t 6,N = a, = na. Acestea atrag dupi sine
trecerea de la functiile P[Ay, 2y, p(N)] si R[Ay, Ay p(N)] respectiv la
funciiile P*[Ay, Ay, 7, @] 51 R*[%;, Ay, #, a]. Considerind madrimile 2, 2,
si # constante, in cazul unui proces de disociere metastabild succesivd
bine determinat, definim conditiile de extrapolare liniard a functiilor P*[2;,
Ap #, @] 51 R*[A,, Ay, #, @] analog modului de definire dat in lucrarea [4].
Studiul cantitativ va fi abordat pentru cazul particular

mF (50 uam) v % m+ (40 uam) 2 % mt (35 uam) (14)

si pentru urmitorii parametrii experimentali: V, = 3 000 volji, %, = 2 cm,
%, = 27 cm, %3 = 60,6 cm, %, = 80,6 cm, x; = 110,3 cm §i x4 = 120,3 cm.
Calculele cantitative s-au efectuat pentru o serie de combinafii ale
mirimilor A;, A, # $1 @ Rezultatele unei parf{i a acestor calcule sint repre-
zentate grafic in figurile 1—4. Curbele din figuri au fost trasate pentru
valorile numerice ale lui A; §i A, incadrate in chenar.

Calculele numerice au fost efectuate insi si pentru valorile lui A, tran-
scrise sub chenar. Curbele corespunzitoare acestor valori nu au fost trecute
pe grafice deoarece sint foarte apropiate de cele reprezentate. Ia scara
figurii nu s-ar fi putut face distinctie intre ele.

Din acest studiu se pot desprinde urmitoarele concluzii importante:

1. Pentru cazul # <1, functiile P[Ay, Ay, (N)] 51 R[Ay, Ay, 2(N)] pot fi
extrapolate limar, pentru p(N) — 0, in tot domeniul de presiune situat
sub ~ 10-% Torr. Domeniul de valori numerice ale marimilor A; §i 2,
care se stipune acestei concluzii, este suficient de larg pentru a acoperi prac-
tic toate situatiile care se pot ivi in spectrometria de masi uzuala.

2. Dacid #» > 1, atunci valorile lui a4, pentru care este indeplinitd
conditia de extrapolare liniard a functiilor P[A;, A, p(N)] respectiv
R[22 P(IN) ], se deplaseazi citre domeniul valorilor mai mici in comparafie
cu cazul # < 1. Se observi de asemenea ci odati cu cregterea valorii nume-
rice 2 mdrimii A, valoarea limiti a parametrului 4 se deplaseazi citre
valori mai mari. In particular daci #» = 10, atunci in cazul functiel PAy,%,,
P(N)], pentru A, = 10* sec-! se obfine 4 =2 - 10-® cm~!, iar pentru
A = 107 sec~! se objine @ = 10-5 cm~1. In cazul functiei R[%;, Ay P(N)]
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dacd » = 10, atunci pentru valori mict ale lwt A, apar zone,,periculoase’ la
valori ale parametrului  cuprinse intre 10~5si 10-%4 cm~1. Este vorba de zone
in care functia A[dR* [, Ay, #, al/da]z _, prezintd cresteri foarte puternice
si abrupte, sub forma unor adevirate virfuri Din fericire aceste zone nu
sint prea largi. Ele vor trebui evitate in misuritorile experimentale. De
exemplu, pentru A, = 10° sec~1, functia suferd un salt puternic, la ¢ =
= 10-% cm~3, de la valoarea de aproximativ — 19%, pind la valoarea de
aproximativ 4- 1009,

‘5. Valorile limitd ale funetiilor P[2;, 2, 0] $i R [, Ay, 01. In con-
tinuare vom discuta valorile limit3 ale funetiilor P[Ay, Ay, 0] si R}, 2y, 0]
pentru cazurile cind A, — 0, A, — 0 51 A, = A;. In urma calculelor efectuate
s-a ajuns la urmitoarele rezultate :

1. Dacd 2; =0, atunci functitle P[x, Ay, P(N)] si R[%Ag, Ay, p(N)1
se extrapoleazi, pentru p(N) — 0, exact prin originea sistemului de coordo-
nate, pentru toate valorile lu1 A, care indeplinesc conditia A, 20. Situatiile
M=0 2%>0s 3 =0, A, =0 nu se pot distinge una de cealalti dupi
valorile extrapolatelor pentru p(N) — 0.

2 Dacd A, =0 si A >0 atunci extrapolatele functiilor definite
la (10) si (11), pentru p(N) — 0, sint functii exponentiale de A; . Ele iau
numar valori pozitive

3. Dacd » = A, # 0 functia P[), Ay, (V)] se extrapoleazd, pentru
p(N) =0, cu o ordonatd in origine egald cu A (t; — £;) - exp{ — N (fg —
— 1)} = N(fs — #), dar functia R[Ay, Ay p(NV)] se extrapoleazi prin
punctul cu ordonata in origine egali cu A,(f, — #;) Este vorba deci de ordo-
nate in origine diferite de zero i pozitive

Consideratiile de mai sus au fost dezvoltate pentru valori fixe ale
timpilor de zbor ale ionilor in spectrometru Baleajul valorilor acestor
timpi intre limite cit se poate de largi poate sd aducd informatii foarte
pretioase asupra spectrului real de vieti medii care descrie disocierea meta-
stabild a unui ion molecular.

(Intrat in redacpse la 23 februarse 1976)
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THE DETERMINATION OF THE APPARENT RATE CONSTANTS AND CROSS
SECTIONS OF THE METASTABLE DISSOCIATION OF MOLECULAR IONS (II)

Two steps consecutive dissocrations

(Summary)

The using possibilities of a double focusing mass spectrometer for determination of the
apparent values of the rate constants A, and A, and cross-sections o, and o, characterizing
the two steps consecutive metastable dissociation process m+ 2oy m+ 2us m+ are discussed.
The prnciple of the method comsists in the following. The ratios between metastable peaks
ntensities of the m+ 1ons and normal peak intensities of molecular parent ioms are measured
at several pressures From the values of these ratios the apparent cross-sections ¢; and o,
of the collision-induced dissociations can be computed. The apparent rate constants A; and
A, of the spontaneous dissociations can be computed taking into account the extrapolated
values, to zero pressure, of these ratios. The conditions for which one can make a linear
extrapolation to zero pressure of the named ratios are also discussed.
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THE THEORETICAL STUDY OF THE ANODIC OXIDATION OF
HYDROGEN DISSOLVED IN A THIN PALLADIUM LAVER, BY
ELECTROLYSIS IN CONSTANT CURRENT (III)

FELICIA BOTA

The reaction:
(H)p — (H)ags =~ H+ + e~

presented in fig 1 [1] serves to determine the dependence between poten-
tial and time.

The adsorbed hydrogen is in equillibrium with the absorbed one,
Supposing a linear isotherme:

[H]ads =K [H]abs

or
[H]ads = K[Habs]x=0

It has been shown [2] that the dependence current — potential, for
ireversible processes is:

I = 28 SH.[Hou] - exp [g : sm(t)]

or
I = 285k - K [Haps]zeo0 - €XP [g : spd(t)]
But,
[Hags]z=0 = C(0, £)

where C(x, f) has been written in a dimensionless form 1n eq. (5) [3] and
it can be expressed in physical quantities as it follows.

_co_ ¥ 1 x 2 2Dt 14 3m
Clxt) =C"— % 21 + m) [(1 T TR 3(1 + m)
and for x = 0:
C(0 t)=co___’l— 142D 14+3m
’ 2:FD(1 + m) 2 31 +m)

or

C0.8) =Co— _* [lﬂ+2Dt_zz(z.|_3K)]
. 75—D 2(l+K) 6(l+K)2
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When ¢ = t, the concentration at the metal-solution interface becomes:
C0,7) =0
which leads to:

Co— _t [B+2Dv 10+ 3
&&D [2(1 +RK) 6+ K)ﬂ]
Thus,

I

(c — 1

and

I oF
w0 | el

The relationship for the potential is given by :

I = 2§Sk,K

e

RT
) =—In
EPd( ) &  Rg°K 2§

The potential difference between palladium and a hydrogen normal
electrode, during the electrolysis is:
E (t) = €pq — Ept
and when the electrolysis doesn’t occur, it is:
E® = %3 — ep¢

The difference between E(f) and E° is called overvoltage. The varia-
tion of the potential vs. time is presented in fig. 1.

Thaus,
N =AE = E(t) — E° = ep4t) — €pa
where
€4
ey = Ly HH _ RTy, [HY]
2§  [Hads] 2F  KC° ,
Therefore __
&)

AE =BIgn!* X Ry e ) —
wF kK aif

got—

+
BTy, H
& KC° Pig. 1
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or
K\« EKC°
AE = 2Ty . — s —
= () )~ S )
For reversible processes :
e(t) = F i L
= [Haas(t)]
RT, [HH]
=1
<hs & n [Hads]
and
25 [His] [Haas(t)]
or
AE = BTy, €0. 9
& (03
But
[Haas] = KC°
and
[Hass(t)] = KC (0,t) ‘
Becatuse ,
I
) =—r (r— 1
0. 1) zFS(l -+ K) (v )
They obtain:
RT I

AE = + ln(r-—t) )

-
=& gFC°S(l + K)

They can notice that as much for the reversible processes, as for the
irreversible ones, there is a linear dependence of the overvoltage on log
(v — #). The slope is positive for the reversible processes, and it is negative
for the irreversible ones.

As the subject of this work is an irreversible process, the slope is nega-
tive and it doesn’t depend on the initial concentration of hydrogen (deu-
terium) in palladium. It is possible to calculate the transfer coefficient
oy and o, Moreover, the plots of the intercept vs. the activity of hydro-
gen (deuterium) ions in solution are straight lines, which permit to calculate
the rate constants (%)), and (k3)p-

(Recesved March 5, 1976)
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STUDIUL TEORETIC AL OXIDARII ANODICE A HIDROGENULUI DIZOLVAT
IN STRAT SUBTIRE DE PALADIU, PRIN ELECTROLIZA LA CURENT
CONSTANT (III)

(Rezumat)

Se determini dependenta potenfialului in functie de timp, pentru procesele reverisibile
§i ireversibile.



STUDIA UNIV BABES$—BOLYAI, PHYSICA, 2, 1977

SPECTRELE DE ABSORBTIE SI LUMINISCENTA ALE ORTO, META
SI PARA FENILENDIAMINEI IN MATRICE DE BENZEN LA 77°K

IRIMIE MILEA

Fenilendiamina este o substan{d de bazd In sinteza multor compusi
organici, Corelarea spectrului de absorbfie si mai ales cel de luminiscentd
cu spectrele I.R. si Raman prezintd deci interes, contribuind la 0 mai buni
Cunoastere a structurii acestei molecule.

Substanta este destul de instabild si are o presiune de vapori mici,
mai ales substituentii para si orto, motive care au determinat nereusita unei
analize complete a spectrului de vapor: [1].

In prezenta lucrare se analizeazd spectrul de absorbtie si luminiscents
al fenilendiaminei inglobatd in matrice de benzen la temperatura de 77°K.

Instalatia experimentald folositd este descrisi in [2]. Spectrele au fost
fotografiate pe plici ORWO Blau Extrahart, timpii de expunere variind
intre 30 minute pentru absorbiie si 3 ore pentru luminiscenti.

Substantele utilizate au fost produse de firma Merk si au fost purificate
prin recristaliziri succesive din benzen. Puritatea s-a controlat prin verifi-
carea punctului de topire.

Ca matricl s-au incercat o serte de parafine normale liniare, parafine
ciclice §1 alcooli superiort insid nu s-au obfinut rezultate care si se preteze
la o analizi vibrafionald decit in matrice de benzen. Inghetarea s-a ficut
incet prin imersarea in azot lichud a cuvei cu solutie. Lirgimea benzilor, atit
in spectrele de absorbiie cit si in cele de luminiscentd, variazd intre 6—104,
deci chiar §i in cazul matricei de benzen nu se obtine o inglobare ideali exis-
tind §i interacfiuni cu moleculele matricei [3]. Domeniul de concentratii
in care spectrul se structureazi este aproximativ pentru absorbtie intre
2M-2 si 7M~-3, iar pentru luminiscenjd intre 2M-3 si 8M-S.

Conform teoriei orbitalilor moleculari dezvoltati de R. N..Nurm u-
hamentov [4], probabil cd la fenilendiamini tranzitiile nrn* si nn*
se suprapun la absorbjie, ceea ce face ca spectrul si fie structurat, insi difuz.
Luminiscenfa corespunde tranzitiilor de tip wrn* §i este continui la orto-
fenilendiamind. Faptul cd originea benzilor de absorbiie si luminiscentd
nu coincide, duce la concluzia ci este vorba de o fosforescentd conditionati
de tranzifia T ne — S, datorati conversiei interne cu probabilitate
mare Sppe = Trpe.
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Aspectul spectrelor se observd in fig. 1, iar rezultatele misuririi
pozitiilor benzilor de absorbtie §i luminiscentd in comparatie cu cele obfinute
prm efect Raman [5], [6], I.R. [7] §i spectrul de vapori [1], sint date
in tabelul 1.

92 — Physica 2/1977
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Tabel 1
Sub- Vapor1 In matrice de benzen
stity- | Efect LR. Interpre-
ent | Raman d:tbﬁ:izé exsctiz;c.gite stdri de bazd stin excatate tare
Avem—1 | Avem—? | Avem—?| Avem—? [vem—1| Avem—! 'vcm—1| Avem—! | Avem—?
31595 0—-0
31876 281 04281
32178 583 04-583
775 746
870
1030 32685| 1090 0--1090
1205
1250
1270 32899 1304 041304
1580 1895
orto 1600
31532
211 31301 231 32087 0-—-0
455 32551 464  |0-}-464
31052 480
599 537
715 32794 707 104707
757 758
780 30758 774
993 966 954 33025 938 |0-+2x464
1065 30512 1020
1172
1205
1319 1330 1318
33499 1412 104-2x707
meta 1483 1565
27136 28284 0—~0
26741 395 |28654 370 04370
421
469
520
646
691
733
750 29081 797 04797
845 26264 872
1015
1175
1264 1267 29562 1278 01278
1348 1314 25818 1318
1522
1612 1640 29963 1679 041679
25352 1784
25115 2021
304157 2231 02231
para 3045 8225
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Corelind aceste rezultate cu domeniile de frecvente pentru diferite
vibratii ale dertvafilor orto meta si para disubstituiti ai benzenului [8],
se pot elucida citeva din modurile de vibratie ale moleculei de fenilendiamina.

In tabelul 2 se observi domeniile aproximative de absorbtie ale substan-
tei in stare de vapori §i in matrice de benzen la 77°K.

Tabel 2
Substituent Vapon Matrice de benzen
Domeniul v - cm—! Domeniul v - cm—?
orto 33333—35714 31595—32899
meta 32258 —35842 32087 —33499
praa 29585 —32787 28284 —30415

Evident cid domeniile de absorbtie in vapori confin §i benzile calde si
din acest motiv largimea lor este mai mare, insd chiar st in aceste condifii
se observd cid deplasdrile sint maxime pentru substituentul orto $i minime
pentru meta. Aceste deplasdri fiind o masuri a interactiunii moleculei cu ma-
tricea, se poate conclude ci interactiunea este mare la substituentul orto
si micd la meta, care deci se apropie cel mai mult de conditiile 1deale ale
moleculei libere. Aceste concluzii sint verificate si experimental, spectrul
substituentulu1 meta fiind mult mai net decit al substituentului orto,
iar para fiind intr-o situajie intermediard Este probabil ci un studiu la o
temperaturd mai joasd ar conduce la o structurare mai neti a benzilor si
deci la o precizie ma1 ridicatd a rezultatelor experimentale.

(Intrat 4n redacfse la 7 octombrie 1976)
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THE ABSORBTION AND LUMINISCENCE SPECTRA OF THE ORTO, META
AND PARA PHENYLENEDIAMINE IN A MATRIX OF BENZENE AT 77°K

(Summary)
The absorbtion and lumniscence spectra of the phenylenediamine trapped 1n a matrx

of benzene at 77°K is observed 1in the near ultraviolet region. A vibrational analysis 1s
proposed A comparison 1s given with the results obtaimned by other authors.
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. GERAT FUR OPTISCHE SPEKTROSKOPIEMESSUNGEN BEI
: VERANDERLICHEN TEMPERATURWERTEN

IRIMIE MILEA und WERNER MIESKES

{

Optische Spektroskopiemessungen bei tiefen Temperaturwerten von
festen oder flussigen Substanzen benotigen unbedingt ein Kryostat. Kryos-
tate konnen von zwelerlei Art sein, (was den Aufbau anbelangt) undzwar,
einerseits, wo die zu messenden Proben direkt in die Kuhlflussigkeit ein-
getaucht werden, anderseits wird das Abkuhlen der Probe durch Leitfahig-
keit, durch Kontakt, erreicht, die zweite Methode ist vorteilhafter fur
solche Falle wo das Spektrum photoelektrisch registriert wird.

Beide Arten von Kryostaten bestehen in erster Reihe aus Dewargefiis-
sen. Im ersten Fall 1st etne Spezialanfertigung des Gefasses erforderlich,
da Fenster angebracht werden und
die Probe, welche an einer Kuvette
an einem Fintauchstab befestigt
1st, wird in die Kuhlflissigkeit
eingetaucht, Hiermit konnen die
Messungen nur bei einem Tem-
peraturwert durchgefihrt werden
und fur emnen bestimmten Wert
2y | o, %;SMfll)ru?klsst (%tler] (Da]ém%fe der

NI thiflussigker .(z.B. flussiger

) \\\\\ \ Stickstoff)gIm zweiten Fall besteht
4 die Gefahr des Verdampfens der
Probe, durch den ZEinfluss des
Kontaktes-Probe-Kuvette und
Kuhlfliissigkeit [2].

In diesem Bericht wird ein
Gerat dargestellt wo die meisten
Nachteile beseitigt werden Der
Langsschnitt ermoglicht die Beo-
bachtung der einzelnen Bestandteile
(Abb 1).

Der Hauptteil (wo sich, die
zu messenden Substanzen befin-
den) ist ein zylinderisches Gefass
(10) aus Aluminium Das Gefass
wird mittels eines Deckels (5) und
etnem Doppelarm mit Schraube
(1) verschlossen Um eine mog-
lichst gute Abdichtung zu erziehlen
wird eine ringformige Teflongarni-

| tur benutzt. Der Deckel (aus Alu-
Abb 1 minium) wird mittels einer kreisfor-
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miger Platte mit Profil, auf welche die Schraube des Doppelarms wirkt,
befestigt. Hierdurch wird ein gleichmassiges Andriicken des Deckels auf
die Gefasswand erreicht. Im Deckel sind zwei Offnungen vorgesehen fiir
den Zugang in’s Innere des Gefasses. An einer Offnung ist mittels Teflongar-
nituren ein Stutzen (4) angebracht welcher mittels eines Gummischlauches
mit einer Vakuumpumpe verbunden wird. Die zweite Offnung dient zur
Einfithrung eines Thermoelementes (3) aus Kupfer-Konstantan. Die Drahte
des Thermoelementes werden durch einen Teflonstopfen gezogen. Der Stop-
fen wird der Lange nach halbiert und durch das feste Anziehen mittels
einer ringformigen Mutter wird der Stopfen in die Offnung gepresst um auch
hier eine gute Abdichtung im Innenraum zu haben.

Die Halterung (7) aus Abb. 1 (wird naher in Abb. 3 dargestellt)
ermoglicht das Befestigen der flussigen Probe oder Festkorperprobe. Am
Plattchen (2) wird das Thermoelement befestigt [3]. Die Halterung wird
aus Kupfer hergestellt und wird auf eine kegelformige Basis (11) (Lrag-
korper) welche auch aus Kupfer ist, aufgesetzt Der kegelformige Trag-
korper ist am unteren Teil des Gefédsses befestigt und mittels Teflongarnituren
von Aluminiumgefass isoliert. An den Tragkorper (11) wird die zylinder-
formige Eintauchstange (12) angeschraubt, welche auch aus Kupfer ist.
Die FEintauchstange (12) wird in die Kuhlflissigkeit eingetaucht. Die
Kuhlflussigheit befindet sich in jedwelchem Dewargefass.

Das Gefass besitzt vier Fenster (siehe Abb 2) so dass Fenster (1)
u. (4) in gleicher Hohe und Linie sind, sie werden fur Absorbtionsspek-
tren verwendet. Fester (3) und Fenster (2) sind auf 90° und 45° bezuiglich
der Axe der Fenster (1) und (4) angebracht. Mittels dieser Fenster kann
man Luminiszenzspektren erhalten, Reflektion bei 45° ader 22,5° und

4
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Absorbtion 1m Triplettstadium. Die Fenster werden aus Material hergestellt
welches dem Spektralbereich endspricht (Z B Quarz).

Die Befestigung der Fenster ist ersichtlich aus Abb. 1, mit Hilfe einer
ringformigen Aussenmutter wird das Fenster (9) an Ort und Stelle befestigt.
Auch hier werden zur Abdichtung je zwel Teflongarnituren bendtzt. Um
das ,,Anlaufen’” oder Vereisung der Fenster zu vermeiden, werden diese
mittels ringformigen Heizwiederstanden geheizt. Die Heizwiederstande
sind parallel geschaltet und werden mit einem Transformator 220/6 V
gespiest

Die veranderliche Temperatur im Innenraum des Gefdsses, also der
Probe, wird mit Hilfe eines toroidformigen Heizwiederstandes geregelt.
Der Wiederstand ist am Tragkorper (11) befestigt und wird mit emnem
Autotransformator gespeist. Ein Kontakt des Wiederstandes ist an dem
Tragkorper bzw. Eintauchstange (12) befestigt und der andere Kontakt,
am Aluminiumgefdss (10). Der Wiederstand heizt direkt die Halterung
der Probe und der Temperaturbereich betragt 80K° bis 273K°.

Wahrend des Betriebes wird die Temperatur von 80K°, nach dem
Eintauchen der Eintauchstange in flussigen Stickstoff, nach etwa 15 Minuten
erreicht

Um den Wasserdampfniederschlag auf die Probe zu vermeiden muss
im Innenraum des Gefasses, Vakuum sein. Die Abkuhlung der Probe geschieht
relativ langsam, also demendsprechend auch der Niederschlag des Was-
serdampfes, desshalb i1st es angeraten die Vakuumpumpe erst nach dem
Gefrieren der Probe einzuschalten. Hiermit wird auch die Gefahr einer
eventuellen Verdampfung der flussigen Probe, beseitigt. Trotzdem durch
den geringen Vakuumbereich (1 mm Hg) nach 150—200 Minuten, im
Inneraum setzt sich Schnee an die Oberflachen der Probe, dadurch ist die
Dauer der Messungen begrenzt. Durch das Einsetzen eines Beutels mit
Silikagel wird auch dieser Nachteil beseitigt.

Nach einer Zeitspanne von 40—50 Minuten uberzieht sich die Ober-
fliche des Gefasses mit Schnee, dadurch werden die Messungen nicht be-
hindert da alle 4 Fenster rein bleiben, durch ihre Heizung. Dieses Konden-
sieren kann verhutet werden durch einen Warmluftstrom oder das Einbauen
der Gefasses in Polistiren.

In Sonderfillen, kann das Bestandteil fur den Durchgang des Ther-
moelementes (4), durch einen gleichen Stutzen (2) ersetzt werden und hier-
mit kann ein Stickstoffstrom (Ddmpfe) im Inneren durchgefuhrt werden.
Das Thermoelement wird entfernt und die verschiedenen Temperatur-
werte werden mit dem Heizwiederstand erreicht oder durch Verdnderung
der Gasdurchflussmenge der Stickstoffdampfe.

Aus dem Bericht geht hervor dass die Konstruktion des Gefasses recht
einfach ist und es kann jedwelehes Dewargefass verwendet werden, Ausser-
dem nach Beendigung der Messungen wird das Gerat aus dem Dewar
herausgehoben somit kann der flussige Stickstoff weiter aufbewahrt werden.

(Ewngegangen am 22 N bre, 7976)
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DISPOZITIV PENTRU STUDII DE SPECTROSCOPIE OPTICA LA TEMPERATURI
VARIABILE

(Rezumat)

In lucrare se descrie un dispozitiv care permite variatia continui a temperaturi probet
de la 80°K pini la 273°K. Ricirea se face prin conductie,
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THE FREEZING PROPERTIES OF ADSORBED WATER ON SILICA
SURFACE IN PRESENCE OF PARAMAGNETIC IONS

V. ZNAMITROVSCHI, 0. COZAR and V.V. MORARIU*

It has been previously shown that the spectra of Cu?* adsorbed on
silica surface depends on the amount of adsorbed water [1].

The goal of this study is to further investigate the freezing properties
of adsorbed water on silica surface in the presence of paramagnetic ions
(VO2+, Mp2+).

At room temperature, the VO?* ions in adsorbed state show the same
spectra as in bulk solutions which consist from the eight hyperfine structure
lines (fig. 1). This suggests that the [VO(H,0);12* complex is not influenced
by the silica surface. The anisotropic interactions are averaged by the tum-
bling motion of the ,,microcrystals”, the EPR parameters of this spectrum
being g = 1.988 and A = 95.2 Gs.

On the other hand, the EPR spectrum obtained at 77 K (fig. 1)
shows an axial symmetry of [VO(H,O);]** complex. It 1s characterized
by gy = 1940, g, = 2.007, A; = 190.5 Gs and A, = 66 Gs.

293 K 7 K

4}

2006s

Fig. 1. E.P.R. spectra of VO*+ jon on silica surface.

* Stable Isotope Imstitute, Cluj-Napoca.
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This result is similar to that
obtained in glassy water-ethanol mix-
tures [2]. On the basis of this simi-
larity we may conclude that the
adsorbed water on silica surface
freezes in an amorphous state and
not in a common polycrystalline
state. This fact is also confirmed by
the E.P.R. spectrum of Mn2?* (fig 2),
in a good agreement with the results
obtamned for adsorbed water on
v-alumina [3].

At room temperature the shape
of E.P.R. spectra may be changed by
partial dehydration, suggesting an
axial symmetry. In the case of va-
nadyl ion, two groups of hyperfine
lines corresponding to g, and g, beco-
me evident (fig. 3). This may be
explained in terms of a stronger

=

—_——-

150 Gs

Fig. 2. E P.R. spectra of Mn?+ on silica
surface at 77K.

interaction of the hydrated complex with the silica surface. The tum-
bling motion of the ,microcrystal” is quenched and the anisotropic inter-

actions are not completely averaged.

At 77 X the E.P.R. spectrum for VO2+ on silica dehydrated sample
(fig. 3) is not much different from that obtained at room temperature,
and the asymmetry of the complex is weaker than in fig. 1. In the case

S

293 K 77 K
.. A0Gs,

Fig. 3 E.PR. spectra of VO*+ jon after partial dehydration.
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of Cu?+* in adsorbed water on silica surface we have found that the spectrum
of partially dehydrated sample (fig. 4) is similar to that obtained in bulk
water at 77 X, where hyperfine structure is not evidenced [4].

These may lead to an interesting conclusion, that in the case of the
partially dehydrated samples the adsorbed water on silica surface freezes
in a polycrystalline state.

Therefore, the adsorbed water on silica surface seems to freeze in two
distinct ways, depending on its amount. For high adsorbed water content
(over two statistical monolayers) at room temperature, the studied hydrated
complexes have the same behaviour as in adsorbed state of water as in
bulk water.

The effect of the surface is evident only at low temperatures where
the adsorbed water freezes in amorphous state, unlike bulk water which
freezes in a polycrystalline state. In this case, the E.P.R. spectra are charac-
terized by a strong axial symmetry component.

For smaller adsorbed water content (about one statistical monolayer)
the water is more strongly bound by the silica surface and the mobility
of hydrated complexes of paramagnetic 1ons decreases.

By freezing at 77 K the ,,microcrystals” are easy attached on the silica
surface being not deformed by the structural network of water. In this case

203K 77K

Fig. 4. E.P.R. spectra of Cu'* after partial dehydration.
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a freezing in a polycrystalline manner appears. The axial component is not
well evidenced because of a small averaging effect.

In our experiments the adsorbent was a chromatogrdphic silica manu-
factured by Mallinchrodt Chemical Works and designated as ARCC-4/100-200.
The surface area measured by Kripton adsorption was found to be 600 m?/g.
The silica surface was impregnated with paramagnetic ions from aqueous
solution. After drying, the impregnated silica was introduced in glass tubes
which were sealed before E.P.R. measurements. The E.P.R. spectra were
recorded with a JES-3B spectrometer, working at X-band frequencies
with 100 Kc magnetic field modulation.

{ Recesved October 9, 1976)
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PROPRIETATI DE INGHETARE ALE APEI ADSORBITE PE SILICAGEL
IN PREZENTA IONILOR PARAMAGNETICI

(Rezumat)

In lucrare se face o mvestigare R.E.P. a proprietifilor de inghetare ale apei adsorbite
pe suprafafa pulberii $10,, folosindu-se ca senzort ionn paramagnetici VO gi Mni+.

S-a gisit cd forma spectrelor REP este dependenti de cantitatea de apid adsorbiti,
evidenfundu-se la 77°K doud situatn distincte. Atunct cind existi mai mult de doud
stratur1 statistice monomoleculare de ap# adsorbits, se obtine o inghetare a acestela in
stare amorfd, 1ar atunci cind existd o cantitate mai mics, in jur de un monostrat, apa ingheat
in stare policristalini,
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THE HYBRIDISATION IN TRANSITION METALS (I)
V. CRISAN, M. MURESAN

The description of the electronic energy levels of ferromagnetic transi-
tion metals, has been developed using the interpolation schemeof Hodges
and all [1] in order to obtain the influence of hybridisation in the den-
sity of states.

The electronic specific heat, the Pauli susceptibility, the transport
properties and the presence or absence of ferromagnetism, all depend on
the density of states at the Fermi level n(Eg). We are interested in the density
of states, to perform self consistent band calculation in order to find the
appropiate values for hybridisation parameters for spin waves in transition
metals calculation.

The many-electron Hamiltonian is:
H= Hband + Hcon' (1)

where Hp.ng is the ordinary band Hamiltonian and H is the correlation:
Hamiltonian and it is given by :

Hepy = Ué—4 anm,ul + Us=4 5 iy

100’

__.]d d 2 ntu.cniu.’a __]S dz nﬂl.o”fkﬂ

1ok
% ;é '

in Hubbard [2] approximation. The first term describes the intra-ato-
mic Coulomb repulsion between two antiparallel 4 electrons in the same orbi-
tal g on the same atom site ¢, and the second the Coulomb repulsion between
d electrons in different orbitals on the same atom. The third and fourth
terms correspond, respectively, to exchange interactions among 4 orbitals
and between d and s orbitals. We assume the polarization of the conduction
electrons to arise purely from the magnetisation of the d electrons via a
Hund’s-rule coupling (Js—9).

We shall represent the unhybridized d bands in terms of linear combi-
nations of atomic orbitals ¢, :
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where the cpu_(r — R) are atomic d orbitals centered at the site R and N
is the number of atoms in the solid. The atomic orbitals have the form:

@lr) = o) aet)ir
o) = (2)F srmetrlre
o) = (S et @

and satisfy :

e

[(P2/2m) + U 19(r) = Eatome o(1)

U(7) 1s the atomic potential and f*(») are the normalized radial function of
the isolated atom.

The conduction bands in a nearly-free electron approximation is describ-
ed by OPW method. The OPW's have the form:

bix(r) = &Ik + Ky = [k + K) — ZOIkuXkulk + Ryl (5)

where the % are reciprocal lattice vectors and y the normalization factor.
The wave functions (_;'I% + K) are plane waves.
FIE + B> = (Nvgiome) 112 B +EY. (6)
The appropiate OPW’s for the 1/48 of the Brillouin zone are formed from
four plane waves <7 |k + K> where K; = (0, 0, 0) K, = i (0, 2, 0), K, =
a

=2:”(1, 1, 1) and K4—— 1, 1, 1).

The interpolation scheme will use as basis functions the LCAO, s defined
in Eq(3) and the plane waves given by (6). The energy eigenvalues are given
by the solution of the secular equation

det |¢kvo |H |EV 6Y — ECRvo kv ad| =0

where v includes the d and conduction band indices: w and K. In the para-
magnetic case the 11 and |} blccks are identical and only a 9 X 9 matrix
must be considered, but in ferromagnetic case the secular determinant
is 18 x 18.
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Using the Hodges numerical values for interpolation parameters we
obtained the ferromagnetic band structure of Ni along % symmetry line

(fig. 1).

N [
—
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Fig. 1
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+ and — means the majority and minority spin bands. The hybridisation
matrix elements depend on the radial function of the atoms f(r). We have
made modifications in the numerical values of hybridisation matrix ele-
ments taking different values for numerical parameters containing the radial
functions. The results are shown in fig. 2, fig. 3, fig. 4.

. o048y - -
* ™ e ".1».0... e -
r % [ z K
Fig 3,
[ )
.o,LRY
+ o -

K 5 r b K

Fig. 4,
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F~ The parameter was twice smal-
ler (fig. 2) twice bigger (fig. 4) and
0,5 bigger (fig. 3), than that used
in Hodges papers. It is easy to
see that the forms of hybridised
bands are changed showing diffe-
rent % dependences for all four
cases. In general the forms of
bands are unchanged in the centre

m, n and the boundary of the Brillouin
— : L zone. Changing the hybridisation

Fig § parameters, not only the hyridized
bands are changed. Strong modi-
fications show the unhybridised d bands near the boundary zone
too.
We have calculated the density of states for the bands of fig 2.
Using Burdick £ — points in Brillouin zone and the following formula :

x W)

nk. |En(k)—E] < %- AE

AE S W (k)
k

(E) = 7

where W(k) is the number of % vectors in the star of %, and AE = 0.03.
we obtained the density of states which is slightly different from the Hodges
one.
In spite of the fact that some physical properties, like electronic specific
heat, are not in total agreement with that derived from this band calcula-
tion, this interpolation scheme is appropriate for the study of the mixing
of 4 with s—(p) states in transition metals.

The numerical calculations were made using an original program on
the Romanian computer Felix C-256 for which the authors want to thank
the stuff of CTCE.

(Receswved January 18, 1977)
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HIBRIDIZAREA IN METALE DE TRANZITIE (I)
(Rezumat)
Lucrarea gi-a propus studierea fenomenului de hibridizare folosind schema de interpolare

propusi de Hodges §i Ehrenreich. S-au urmdirit efectele modificéirii elementelor de matrice
din blocul OPW—~LACO in forma benzilor de energie si in densitatea de stiri.
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LARGE KCl SINGLE CRYSTAL PREPARATION

AL. DARABONT, P. FITORI and AL. NICULA

I. Introduetion. XCl has such optical properties which permit its
application as prisms and windows in ultraviolet and infrared spectroscopy.
It is one of the best materials for the apparatuses and experimental equip-
ments which have utilizations in the infrared region from 2 to 18 pm.
For this reason the obtaining of large KCl single crystals has a great impor-
tance. The present information gives experimental details with respect to
the large KCl single crystal growing in our laboratory for proper purposes.

The KCl single crystals have been yet obtained by many authors with
different techniques. From the great number of references we have selected
afew. Wagmner [1]prepared hittle single crystals of KCl by sublimation
invacuum. Botsaris [2], Steinike [3], Schnerb and -Bloch
[4], Schock [5] have studied the growing process of KCl from aqueous
solution with or without impurities. The crystal growing mechanism was
also studied by Batchelder and Vaughan [6]andby Shikiri
et al. [7], whereas the rate of growing by Peibst and Noak [8].
These two methods usually give little single crystals and a larger one needs
a long time of growing.

Crystals of large dimensions can be obtained in a relatively short time
from the melt. So Franks [9] obtained single crystals of KCl by slow
cooling of the melt in stationar crucible [10, 11]. Grassano and
Jacobs [12], Grundig and Wassermamn [13] grew doped and
pure single crystals of KCl by Bridgm a n-technique [14,15]. Grin-
dig [16], Pauly and Sde [17] purified and grew KCl single crystals
. by zone melting technique. Kanzaki et al. [18] and Warren [19]
purified and obtained KCI crystals in Cl, and HCI atmosphere by zone mel-
ting technique. Schonherr [20)] grew pure KCl single crystals with
low dislocation densities by Kyropoulos technique [21].. Butler
et al. [22] obtained high purity KCl single crystals by Czochralski
technique [23].

We used the Kyropoulos technique because of its following advan-
tages.

8 — it is useful in large crystal growing especially from alkali halides

— it was the easiest to achieve in our conditions

— the crystal growing process is observable all the time of growing
and the appearance of the defects can be remedied

— the crystal is growing free and the tension creation probabilities
are smaller than in the case of Bridgman-method or in the case of slow
cooling of the melt in stationar crucible.

As the cooling is realised along the crystal, it contributes to the appea-
rance of the tensions due to the temperature gradient, which is a disadvan-
tage.

3 — Physica 2/1977
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2 Experimental equipment. The experimental equipment used by
us 15 composed of the following parts

1) A resistance furnace with kanthal A heating wires, constructed by
us, from two parts- the lateral 1s a cylindrical one, the infertor 1s a flat

one.
2) The power supply 1s composed of two adjustable power transformers

both of 3 kW.

3) A porcelain crucible of 12 cm diameter

4) The cooling system for the crystal and the crystal holder is composed
of a double walled stainless steel tube, permitting the circulation of the
cold water or of the air flow, and the crystal holder

5) The reducing gear system providing the permanent rotation and
the periodic ascension of the crystal

The temperature was measured by the Pt—Pt(Rh) thermocouple

The starting material was polycrystallme KC(Cl from ,,Reactivul Bucu-
restr” or X,CO, (,,Reactivul Bucuresti”’) and hydrochloric acid (from Turda)
of reagent grade purity.

3. Experimental procedure. Approximately 3—4 kg of polycrystalline
KCl were put in the porcelain crucible and this in the furnace Then the
temperature of the furnace was increased slowly (1 day) up to approx.
800°C The melt was kept at this temperature for about 6—12 hours
for sedimentation of the insoluble impurties and elimination of the gas
bubbles After this period the melt 1s perfectly transparent In this time
the furnace was covered.

After the clarifying of the melt, the seed crystal fastened in the crystal
holder was brought slowly near to the melt and was introduced in it
By regulation of the cooling of the continuously rotated seed crystal
(3—4rot/min) and of the temperature of the melt, we selected the optimum
temperature and cooling conditions when an intimate contact between the
seed crystal and the melt was realised. Then by increase of the cooling
of the seed crystal, by lowering the temperature of the furnace and by perio-
dical climbing of the crystal we have got the wanted and possible dimensions
(limited by the dimensions of the crucible). All the time of the growing we
have tried to maintain a uniform crystal diameter by furnace temperature
and cooling regulation.

After the growing process was finished the obtained crystal was slowly -
cooJled from 700°C to the room temperature in the covered furmace in 48
hours.

The seed crystal of approximately 1 X 1 X 5 cm® dimensions was
obtained by Czochralski-technique.

The picture of the crystal during the growing process 1s represented
in fig. 1.

4. The experimental results. After the above mentioned conditions
in 20—24 hours we succeeded to obtain KCl single crystals of 95 cm in
diameter, weighting about 2kg and their picture can be seen 1n fig. 2.
From this crystal we could cut windows for IR equipments, especially for
those using CO, laser radiation.
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Fi1g 1 The picture of the crystal during I*1g 2 The picture of the crystals obtained
the growing process by the authors

To assure the crystal perfection we strove for the perfection of the
seed crystal selected from nearly perfect crystals. This fact 1s necessary to
avoid the transfer of the seed crystal defects to the growing cérystal.

About 1 kg of the starting material remains in the crucible This part
of the melt contains the majority of the soluble impurities from the starting
material. The use of this part for growing process without previous purifi-
cation contributes to the lowering of the crystal quality.

The rotation of the crystal causes the agitation of the melt and promotes
the polyedrical growing form [24], while the case of the fixed crystal favours
the cylindrical form [25]

( Recewved January 25, 1977)
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CRESTEREA MONOCRISTALELOR KCl DE DIMENSIUNI MARI
(Rezumat)

Informarea de fatd prezinti datele privind objinerea monocristalelor mati de KCl pene

tru scopur spectroscopice. Cristalele obfimute cu metoda Kyropoulos intr-un creuzet de porfe-
lan @ = 12 cm cintdresc aprox 2 kg, cu diametrul maxim de 9,5 cm §1 prezinti formi

poliedrici
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YETUDE EXPERIMENTALE DES FACTEURS ISOTOPIQUES H—D
DANS LES SPECTRES DE MASSE DU METHANE

E. CONSTANTIN et 0. COZAR

1. Introduction. Le but du présent travail consiste & établir la réparti-
tion de deutérium dans les fragments ioniques du méthane et les changements
de cette répartition avec I’énergie des électrons. Les spectres de masse ont
été obtenus avec un spectromeétre de masse de type CH4/58. 1’ énergie des
électrons ionisants a été comprise entre 13 et 70 eV. I’abondance relative
des ions superposés a été calculée en utilisant les relations de Turchevich
[1]. On a séparé ainsi les courants ioniques & mfje = 14 (CD* et CH}),
mle = 15 (CH} et CDHY), mf/e = 16 (CDf#, CDH}). Ayant les intensités
relatives pour chaque type d’ion nous avons calculé les facteurs isotopiques
B, C définis de la maniére suivante [2, 3]-

B = [%]’F C = [H,ip]li
Fl sl

IM = ion moléculaire, IF = ion fragment, et:

SCD,H,, |
D/H = :
X (m —CD,H,, |
S «CD,H,, _,
D/H 4+ D) =
/( T ) XmCDH 8
2 Résultats et discussions. a) Les ~.cxt

wns CXt, CXF, CX*X = H, D). Sur
la fig. 1 on a représenté la dépendance
de B de la concentration initiale en .
deutérium pour 25 eV. Cette courbe 5
montre que chaque type d'ion CX+, .|
CX;, CX+ présente un maximum avec
une position caractéristique par rapport
a I'abscisse Ainsi, pour les ions CXj, la . ——n
valeur maximale correspond a4 # =3 a ! 2 3 M
foutes les dnerges Dour s fons CXF p.. 1 e s et
" . B du nombre d’atomes de deutérium
position stable, il se trouve &4 # = 2 En contenus par 1l'lon moléculaire.

ny

v

(9}

ki
> .
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8 ce qui concerne les ions CX+ 1l pa-
a4 oy rait que la position du maximum
19 . est dépendante de l'énergie des
18} électrons ionisants, 4 mesure que
7 I'énergie diminue, le sommet se
‘6t i _ cow . déplace vers de faibles concentra-
/st x tions Par exemple, s1 a4 70 eV 1l
nh o _ . correspond a n =2, pour 25 eV
/3 O———o—— on le trouve a n =1 .
fol e T ,Comme les, valeurs de B sont
il supérieures 4 l'unité il en résulte
que le nombre d’atomes de deuté-

w0 . . . . . .
2 W «w & e 7 o T1ium dans les fragments augmente

Fig 2 Vanation du facteur B(CX3+) avec I?ar rappf)rt .au nombre D dans
I’énergie des électrons iomisants pour les ions I'ton moléculaire

provenants de CD,H, CH,D, et CH,D En tracant les graphiques pour

B en fonction de I'énergie des élect-

rons, on obtient des courbes du type donné sur la fig 2 Ces courbes montrent

que st 'énergie diminue, 11 y a une décroissance jusqu’a =~ 25 eV d’olt

les rapports augmentent légérement pour CX3r et plus fortement pour CXF

Nous avons comparé sur la fig 3 les rapports C fonction du nombre
des atomes D de l'ton primaire (70 eV). Le pointillé marque les valeurs de
C pour les 1ons moléculaires On peut voir que les courbes s’éloignent
progressivement du pointillé, ’écart maximal étant atteint par les ioms
CXt et celur minmimal par CXjF

Pour expliquer le comportement des courbes ci-dessus présentées, il
est nécessaire de considérer la différence entre la probabilité de séparation
de D et H de la méme molécule et le changement de cette probabilité
d’une molécule & l'autre ausst bien que sa dépendance de 1’énergie

des électrons

Ainsi, on a vu que la

? courbe B(CX3}) passe par
o un maximum (fig. 1) On
o peut atribuer cette allure a
I'augmentation de la difté-

2 rence entre la probabilité
a7 de rompre un atome H ou
08 D dans le sens CH;D,
o5 CD,H De la méme mani-
o4t e Dev ére, la croissance de B(CX})
o3 el de CH,D vers CH,D, peut
02 <7 étre considérée comme le
ol F résultat d’une diminution
- . . . + . plus rapide de la probabi-

o 1 2 3 4™ 1ité de formation de CHj

F1g 3 Les facteurs C (& 70 eV) fonction de mombre PAar rapport a . celle de
d’atomes de deutérmum dans l'lon moléculaire CHD™*. En ce qui concerne
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B(CX*), les probabilités de formation pour CDt+ et CH™ croissent diffé-
remment de CD,H* vers CH,;D ¥, celui de CD+ augmentant plus vite

Pour pouvoir expliquer I’évolution des courbes B en fonction de I’éner-
gle, it faut connaitre I’espéce ionique qui change plus sensiblement B.
On a obtenu Yordre smvant d’'influence sur le rapport CX+(CH™, CDH),
CXf(CHy, CHD*, CDyf), CXf(CH}, CDH}, CD,H*, CDJ}) ILe comporte-
ment est donc déterminé spécialement par les ions ayant le minimum de
nombre d’atomes de deutérium. Pour le groupe CXj, ces ions résultent de
I'’on moléculaire par la perte de D La croissance des courbes vers les.faibles
énergies correspond par suite & 'augmentation de la probabilité de perte
de H par rapport a la perte de D

b) Les wwmns H*, D+, H}, HD*, Df. La comparaison des valeurs
du B pour les fragments lourds et légers. Pour voir la répartition de deutérium
dans les fragments légers les rapports B et C ont été calculés Sur la
fig 4 on peut poursuivre la variation de B avec le contenu en deutérium
de l'ion primaire pour H*, D7 (courbe 1) et Hf, HD*, D} (courbe 2).
On a également représenté la valeur moyenne de B (courbe M). Sur la
fig. 5 on a porté les valeurs de B fonction de I’énergie pour CH;D et CD,H.
Les observations essentielles faites & propos de ces courbes peuvent se
résumer comme 11 suit:

— on remarque que les valeurs de B pour H¥, D+, d’une part, et
celles pour Hf, HD*, D d’autre part, différent d’habitude, elles deviennent
égales pratiquement seulement pour CD,H. La plus grande différence
correspond 4 la molécule CH,D,

— la valeur maximale de B moyenne se déplace de CD,H vers CH,D,
st I’énergle diminue de 70 eV 4 25 eV ;

— s11’énergie augmente, il y a une légére croissance de ’enrichissement
en deutérium autant pour les fragments atomiques que pour ceux molécu-
atres

8 B
@ -
f0L 2
[
L
ael- Pl ° CO03H
Q4 x__/_x’",_——-—x
o2¢ x CH3O
o " " " i x a4 1 w
c / 2 3 4 n 2% 30 35 wW 50 60 70 €

Fig 4 Les facteurs B(XH), B(X;I-) Fi1g 5 Les valeurs de B(X+) fonction de I'énergie.

X = H, D fonction de concentration
en deutérium
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3m La plupart des valeurs sont inférieures

a I'unité, excepté celles pour CD,H et CH,D,

HeV aux faibles énergies. Par conséquent on peut

_—a affirmer que les ions légers concentrent moins

\A le deutérium que les ioms lourds. La méme

& cs conclusion résulte en considérant les courbes
'?V ;aN/s.Loﬂo du type donné sur la fig. 6.

Y

[

Le comportement des ions lourds et 1égers

montre également I'accumulation de I’hy-

: : ‘ drogéne dans les fragments neutres d’autant

o 4 2 3 4 T plus que I’énergie des électrons diminue sous
Fi1g. 6. Les valeurs moyennes 25 eV.

By, 4 35 eV fonction de nombre . , .
d’atomes de deutérium contenu 3. Conclusions. Le présent travail donne

par lion molécularre, une autre image sur les effets isotopiques

H—D impliqués dans le processus de fragmen-

tation du méthane. La maniére de calcul [2] met en évidence la séparation

partielle de deutérium par son préférence pour les fragments lourds. Le

processus de séparation dépend de I’énergie des électrons ionisants aussi
bien que de l'ion qui dissocie.

(Manuscrst recu le 26 janvser 1977)
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STUDIUL EXPERIMENTAL AL FACTORILOR IZOTOPICI H-D DIN SPECTRUL
DE MASA AL, METANULUI

(Rezumat)

Prezenta lucrare urmireste modul de repartizare al deuteriului in fragmentele ionice
rezultate din disocierea metanilor deuterafi. Disocierea este produsd de electroni avind ener-
gia in domentwul 13—70 eV. Se constati o preferintd de acumulare a dentermlui in fragmen-
tele CX;, ¢X7, CX+ (X = H, D) comparativ cu 1onu de hidrogen X+, X7 . Distrubupa
depimnde de energia electronilor 1onizant: §i de specia deuterati care se fragmenteazd.
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ELECTRICAL, RESISTIVITY OF THE ITINERANT-ELECTRON
ANTIFERROMAGNET NEAR Ty

M. CRISAN, D. DADIRLAT

1. Introduetion. The study of transport properties at magnetic phase
transitions, and of the electrical resistivity in particular, has received a good
deal of attention. The case of ferromagnetic metals has been studied by
Fisher and Langer [1], Takada [2] and recently by Geldart
and Richard [3]

There are still several questions which have not yet been satisfactorily
classified in connection with the critical behavior in the electricai resistivity
of itinerant-electron antiferromagnet and its alloys. /

Expernimental data for itinerant-electron antiferromagne!, (Cr) and its
alloys obtained by Arajs [4] pointed out that the critical exponents
of Cr and its alloys are not very different from the values calculated using
mean-field approximation. On the other hand from the specific heat
measurements one can conclude that a A — transition appears at Ty =
= 311 K and for this reason the critical exponent of specific heat (C)
is very small (a — 0).

The paramagnetic-antiferromagnetic transition has been studied by
Feders—Martin [5]. Rice [6] Nakanishi and Maki [7]
Fenton [8], Crisan [9] using the electron-hole pairing model.

In this paper we are going to study the contribution of electron-fluctua-
tion scattering on the electrical resistivity of the itinerant-electron antifer-
romagnet (IT) in the molecular field (1) and static scaling approximations (2).

In section III we analyse the temperature behavior of the effective num-
ber mear the critical temperature Ty.

II. Eleetrical resistivity im the eritical region. The general expression
for the contribution to the electrical resistivity given by electron-fluctuation
scattering is

olr) = -1 (1)

nyre et T,
where
1
i I, Z4(p) (2)
In order to calculate (2) we define the fluctuation propagator
D(, t) = <TA(r, HA(0, 0)) (3)
with the Fourier transform
D(g, @) = [+ — H{g, ,)] (4)
- ds —; — —
1@ o) = T L6E, 06§, —F5 0n— on) (5)
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where G is the Green function of the electrons
The self-energy Z4(p, v,) is defined by

G-Yp, ) = Gyp, w,) — Z(p, w,) (6)
and Z will be calculated using the relation
B (p, 0 =0) = — T)qj L'(p, D(@)G—olg — #) (7)

I' being the electron-fluctuation vertex function, and for D(g) we will
use '

Do(q) = [+ + &¢* ] (7a)

Using these general results the ,,mean-field approximation’ and the ,,sca-
ling” approximation will be discussed.

1. The mean field approxvmation In order to obtain the self energy
we approximate (7) as

T, = AG_,  A*=AT Y T(p, 9)D(g, =) 8)

and from (6) we get

S(p) = ton = WeRd S - Vel ¥ E A

4 \/mf; + e?
and
A
Imz(p) = 4_5 (9)
In the mean-field approximation A2 is given by
A2 — 4TS P91 AT const || (10)
7(2x)% v 4+ ¢*

where
= (T —Ty[Ty .
The electrical resistivity p expressed by (1) 1s’

@dp 1
_ - 11
o(%) ConStS @9 T,(0) (1)

o(t) = const |z|? (12)

2 Static scaling approxumation In this approximation we take the ver-
tex function as

which gives

I' = v=%(g8), D = +f(¢8) (13)

where { and y are the critical index, ,,d” dimensionality of the system,
g and f the umiversal functions
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Following the same way as in the ,,mean field approximation” we
get

dv—y—%
o(t) = const ¢+ * (14)

and 1if we take { =0, v =%5 a good agreement of the relation (14) is

obtained 1f y/2 = 067
This result 1s in agreement with y = 1 33 obtamned by Takada [2].
IIT Temperature dependence of the effective number of eleetrons.

The calculation of the temperature dependence of the effective number
n, from (1) will be performed using [10]

—— [1 4 ReZle J:‘ (15)
ok* [5]=4o
where
dﬂ
2(8) = { 72Dk — 2)G(p) (16)
In the self-energy (16) we have two contributions and
=3+ 3 (17)

where X, 1s the long-range contribution and X 1s the short-range contri-
bution

The expressions for X, and X, have been calculated by Ausloos
[11] as

%, = —2Z(x)G(F), T, = et (18)

where ¥ = 1 and Z(x) = t~v*® and v, v are the usual cntical index.
Using for the Green function [2]

G(NI (N‘)m) = [“:;m - a(;)]‘_l (19)
we get
OR Tk, =) Jm ky _
‘ — (1 b v 20
a AU 20
and
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Finally we obtain for p(r) from (1) and (14)
‘_‘_yl2
p(t) = const ———— (22)
14 Cyd®Y

which is 1dentical with (14) if & = &,.

A more detailed effect of the Fulde Ferrel state on the resistivity
will be discussed in connection with the recent result obtained by Crisan
and Anghel [12] about the magnetic susceptibility near Tj.

*

The authors would like to thank Dr, M. Ausloos from the International Center
for Solid State Physics (Liége) for providing us with his recent results in this problem,
and prof. S Arajs lor useful correspondence.

( Recesved January 26, 1977}
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REZISTIVITATEA ELECTRICA A ANTIFEROMAGNETULUI DE BANDA IN
APROPIEREA TEMPERATURII CRITICE

(Rezumat)

Lucrarea studiazd comportarea rezistentei electrice a metalelor antiferomagnetice in
aproplerea temperaturu critice.

Se aratd ci ipoteza ,,scaling” di rezultate apropiate de cele obtinute prin caleulul in
aproximafia cimpului molecular
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ISOTOPE EFFECTS IN THE METASTABLE DISSOCIATION OF
THE, CH* AND CD* IONS

I. MASTAN, A. TODEREAN, N. PALIBRODA*

1. Introduetion. The occurrence of the metastable dissociation process
CH* — C+ 4 H in the mass spectrum of acetylene was mentioned without
details in an early paper by C. E. Melton et. al. [1] It is specified
that this process is only collision-induced. More recently a careful experi-
mental and theoretical study on the metastable dissociations of the CH+
and CD* ions has been performed [2—4]. In these papers it was established
that for low pressures in the mass spectrometer analyser the metastable
dissociation of the CH+ and CD* 1ons appears as a unimolecular process.
For large pressures in the apparatus on spontaneous dissociations the col-
lision-induced ones are superposed. The lifetimes of the order of 10-7 s were
measured for spontaneous dissociations. The electronic predissociation
strongly forbidden by some selection rules has been suggested [2, 3] as
mechanism for metastable dissociations of the CH+ and CD+ 1o0mns

In the present paper we shall give some results on H—D isotope
effects appearing in the metastable dissociations of the CH+ and CD* ions.
The measurements were performed in the methane and deuteromethane
mass spectrum

2. Experimental. The experimental measurements on metastable dis-
sociations of the CH* and CD* ions

CH+ —C+ 4+ H (1)
CD+ - C+4+ D 2)

in the methane and deuteromethane mass spectrum have been performed
using a double-focussing mass spectrometer with inverted geometry. A
schematic picture of the ionic path in the apparatus is given in fig. 1.

The method of direct analysis of the daughter ions (DADI) was used
for the detection of the metastable transitions. The recorded metastable
peaks are due to metastable dissociations (1) and (2) taking place in
the second field free region of the mass spectrometer. This region is situat-
ed between the magnetic and electrostatic analysers. The energy of the
ionizing electrons was of about 70 eV. For the whole ionic beam an acce-
lerating voltage of 3000 V has been used. The ion source repeller was
maintained to a mnegative voltage of —4 - —5V.

The pressure dependence of the intensity of the metastable transitions
(1) and (2) has been studied in order to know their nature. The obtained
results are given in figs. 2 and 3.

* Institute for Stable Isotops, Cluj-Napoca.
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Here there are plotted the ratios between metastable and parent
peaks in arbitrary units against the pressure in the mass spectrometer
analyser. From figs. 2 and 3 it can be seen that for low pressures the
metastable dissociations (1) and (2) are spontaneous For large pressures.
the spontaneous metastable dissociations and collision-induced omes are
superposed. Therefore, for large pressures in the mass spectrometer analy-
ser, the metastable dissociations (1) and (2) could be written as follows

CH+—— 2 ¢+ 1+ H

| on c+q g (la)
CD+—* _ c+4D (2a)
| ep -C+t+D

Here by Ay, Ap and oy, op the apparent rate constants of the spomnia-
neous dissociations and the cross-sections of the collision-induced ones for
the CH* and CD™ 1ons were respectively denoted In the next part we
shall estimate these values.
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3. Estimation of the values 24, 2,, oy and op. Discussion. The
method for estimation of the apparent rate constants of the spontaneous
dissociations (generally denoted by A) and of the cross-sections of. the col-
lision-induced dissociations (generally denoted by o) has been described
in detail in a previous paper [5]. Here we shall give only those equations
and experimental parameters that are necessary to estimate the A and o
values.

When the DADI method is used the following function in which the A
and ¢ unknown are correlated with experimental results and parameters
can be introduced

R[N p(N)] = I3/Is =

- exp{ — Mg} - exp{ — oNx,} — exp{— 2} - exp {— Nz}
exp {—Mg} + exp {—oNzg}

Here I% is the intensity of the metastable peak which 1s yielded in the
second field free region, I4 is the intensity of the parent peak, x, the
covered path by the 1onic beam from source to the (¢ = 3, 4, 6) point
of the trajectory, ¢, the necessary time of the ions to reach the 2z point
_of the trajectory and N the pressure in the flight region of the apparatus
expressed in molecules/cm3. For very low pressures (N — 0) in the mass
spectrometer analyser the equation (3) can be written as follows

(3)

R, 0] = =2l = el (4)

The estimation of the apparent rate constant A and of the cross-section
o may be performed starting from the transcendental equations (4) and (3)
where R[A, 0] and R[A, p(N)] were beforehand replaced by the corres-
ponding experimental values. For the mass spectrometer used by us are
known x3 = 59,6 cm, %, = 79,6 cm and x4 = 117,3 cm. Using this method
and the experimental results plotted in figs 2 and 3 for the metastable
dissociation processes (la) and (2a) the following values have been esti-
mated

g = 1/2g =7,64.10"% s, oy = 1,087 - 10~ cm?,
Tp = 1/Ap = 6,59 - 102 s; op = 2,36 . 10~ cm?

One can observe that Ay/A, = 8,63 and oy/o, = 46,1. That is to say
that the CH™* ion dissociates spontaneously with a rate constant eight
times greater and collision-induced with a cross-section of about forty six
times greater than the CD+ ion. Hence, the metastable dissociation of the
CH* and CD ions is accompanied by large enough H—D isotope effects.

The electronic predissociation strongly forbidden by some selection
rules has been proposed as mechanism for metastable dissociation of the
biatomic ions. This idea already appearsinthe earlier papers by J.A.H1i p-
ple et al. (6] and J. Momigny [7, 8]. In the framework of this
mechanism A. J. Lorquet et al [2, 3] have computed the theoretical
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values of the lifetimes for the metastable dissociation process (1) of the
CH+ molecular ion. The computed lifetimes are comprised between about
10~¢ s and 10~ s. The experimental values of the order of 10-7 s for the
lifetimes of the metastable dissociation processes (1) and (2) have been
reported in the papers [2—4]. It is appreciated that such experimental
lifetimes are long for the metastable dissociation of a biatomic molecular
ion. For metastable dissociations having lifetimes of the order of 10-7 s and
longer, as a possible mechanism has been suggested the electronic predissocia-
tion by tunneling effect. The tunneling is assumed to take place through
the potential barrier appearing owing to the crossing between an attractive
potential curve and a repulsive one. It is likely that long lifetimes and
large H—D isotope effects measured by us can be associated with the
electronic predissociation by tunneling effect. In a recent paper [9] about
the metastable dissociations appearing in the methane and deuteromethane
mass spectrum the measurement of some very slow metastable transitions
whose lifetimes reach values of 10~ s has been reported.

( Received January 26, 1977)
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EFECTE IZOTOPICE LA DISOCIEREA METASTABILA A IONILOR CH+ SICD+
(Rezumat)

In Iucrare au fost estimate valorile aparente ale vitezelor de disociere spontani Ay
st Ap gl ale sectiunilor eficace de clocnire og §i op pentru procesele de disociere metastabili
A > A »
CH+ TH—UH Ct+ - H 5i CD+ .23 C+ + D din spectrul de masi al metanului §i deuterome-
tanului. A fost pus3 in evident} existenta unor efecte izotopice HI—D considerabile, anume
;‘HIKD == 68,3 $1 GH/GD = 46.1,

4 — Physica 2/1977
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I’APPLICATION DE LA THEORIE DES GROUPES AU CAILCUL
DES COEFFICIENTS DU DICHROISME CIRCULAIRE MAGNETIQUE

1. BOSKOVITZ et E. TATARU

Introduction. Ces derniéres années on a prouvé la capacité du dichroisme
circulaire magnétique (D.C.M.) de fournir des informations qualitatives et
quantitatives sur les états quantiques de divers systémes et sur les transi-
tions qui ont lieu entre ces états. En conséquence, l'utilisation du D.C.M.
comme moyen d’investigation structurale est de plus en plus répandue.
Les spectres D.C.M. nous fournissent des informations similaires aux ceux
qui résultent des études de l'effet Zeeman, mais ils ont I’avantage que, 4
la différence des premieéres, on peut les mettre en évidence méme dans la
zone des bandes d’absorption larges, caractéristiques 4 la majorité des sys-
témes qui se trouvent dans I’état condensée.

L’interprétation du dichroisme circulaire magnétique consiste dans
Iévaluation des constantes &, &, € du D.C.M. celles-ci étant fonctions
de certains paramétres quantiques, les valeurs desquels peuvent étre ensuite
déterminées en comparant la courbe calculée avec la courbe expéri-
mentale,

Dans ce qui suit nous présentons les problémes généraux qui se posent
dans le calcul des constantes de la courbe de D.C.M. La difficulté du
calcul direct a fait qu'on a recours & des méthodes grafiques d’évaluation
[1] ou & exprimer en lieu de cettes constantes les moments de D C.M.
Dans le cas d’un champ cristallin avec une symétrie T, Schlwartz [2]
exprime les constantes en fonction des éléments de matrice réduite du
opérateur moment dipolaire électrique. Dobosh [3] détermine en utili-
sant la méthode des tensors irréductibles les' expressions des ces constantes
pour le cas de la symétrie octaédrique. Dans le présent travail on applique
cette méthode 4 un cas dans lequel la symétrie est de type Csy, en mon-
trant aussi le mode dans lequel ont été employés les résultats de la théorte
des groupes a la détermination du diagramme des niveaux d’énergie et
des fonctions d’onde dans ce cas.

_ Théorie. Dans I'analyse théorique [4, 5] de la dispersion du dichroisme
circulaire magnétique dans la zone des bandes d’absorption om introduit
les constantes (4 — J), H(4 — J) et (4 — J), qui sont indépendantes
de la pulsation, température et champ magnétique, et qui sont caracténsti-
ques pour le systéme quantique étudié. Avec A et J sont notés les états
quantiques entre lesquels a lieu la transition électronique qui est responsable
de 'absorption. Dans le cas oti I’axe optique est paralléle au faisceau lumi-
neux et au champ (Oz) les expressions de ces constantes sont [4]:

a4 =) = (3/d,4)aozj: Im (< a®lm,)7° > <g°lmy|a® >) - (<7°u,l7° > —

— < a®|ula® >) (1)
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BA — J) = (3/d) > Im [KZ](<a°|m,;j°> <k°lm,a®> —
a,3° #
— <a%m|y°> < koma® >) <jolulk’ > Bogs +1'<;(< a°lm,]j°> -

C <Ok > — < almy|j°> <jom, R >) < kCula® >|rek4

(A = ]) = (Bla) X Im (< aJm, |5° > <j°lmje° >) < a p,a° >

@0 Ja

olt K symbolise les états que le champ magnétique vient de méler aux
états 4 et J; par |a® >, |[7° > et |k° > on a noté les groupes de fonc-
tions d’état correspondants aux états A, J respectivement K et qui sont
ainsi choisis qu’ils diagonalisent ’hamiltonien de I'interaction du systéme

avec le champ magnétique extérieur ¥ = — E .H;d 4 représente le degré
de dégénération de I’état fondamental A4, et m,, m, m, et p, sont lei
composantes des opérateurs moment dipolaire électrique m = > ey,

respectivement magnétique 1 =22L [(7’, X ;5,) +25,1
T 2mm,C
Des expressions ci-dessus il résulte que pour calculer les constantes
du D.CM. 1l faut préalablement déterminer les miveaux énergetiques et
les fonctions d’onde de I'ion responsable de D.C.M. et puis il faut calculer

les éléments de matrice des opérateurs m et p.

Pour trouver les fonctions d’onde d’ordre zéro, c’est A dire celles qui
correspondent aux états obtenus par la réduction d’'un seul terme de
symétrie sphérique, dans le cas d’un champ cristallin faible, on cherche
des combinaisons des vecteurs | JM> qui se transforment les unes dans
les autres a toutes les opérations appartenant au groupe de symétrie locale.
Dans le cas du champ moyen les fonctions se construisent en multipliant
lgs combinaisons des vecteurs orbitaux |LM,) avec les vecteurs des états

e spin.

Au calcul des éléments de matrice nous voulons mettre en évidence
deux problémes. Le premier s’en référe au fait qu’il est possible que la tran-
sition étudiée vienne lier des états électroniques dans lesquels le champ
cristallin actionne différemment. Ainsi on aboutit qu'un des états soit
décrit par des vecteurs |LSJM) et I'autre par des vecteurs |LM SMs).
Dans des cas pareils 1’évaluation directe des éléments de matrice d’'un
opérateur de transition n’est pas possible et on a recours & I'exprimation
préalable d’un type de vecteurs comme une combinaison linéaire de ceux
d’autre type:

\LSTMY = D, (LSM My JM)|LSM Ms) 2)

M LAI S
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Les coefficients du développement, nommés coefficients Wigner se
calculent avec la relation [7]:
ST, U+ =D+ T =N+ 1T + 1) T2 om
mm = Smm X
" mm| TM) [ G+ + T+ 1)1 ] "

(3)

X 25 (=1 [+ m G — m) g+ m) ' — w) 1] -+ M) 1T — M) 122
; G—me) W =g Fm AN+ =N —g—m' 1) g — ] =)

ol1 la somme s’effectue aprés toutes les valeurs entiéres du » pour lesquelles
les arguments des factoriels ne deviennent pas négatifs.

Le deuxiéme probléme s’en réfere 4 la difficulté de calculer compléte-
ment les éléments de matrice de 'opérateur moment dipolaire électrique,
qui est issu principalement de la nécessité d’exprimer explicitement la
part radiale de la fonction d’onde. Pour éviter cette difficulté nous avons
fait recours A l'exprimation des éléments conformément au théoréme
Wigner — Eckart [7]-

. . JIT® 7> . s
Gr 1| Thljuma = (=1t SHEECRZ (o — mymalk —m) - (4)

ot TW est un opérateur tensoriel d’ordre %, et (jlllT(k)llj2> est 1'élément

de matrice réduite de l'opérateur T calculé entre les états de moments
cinétiques 4, et j,. Si des composantes m,, m,, m, on construit les com-

binaisons
T .
my ==/~ (m, + im,

elles forment un opérateur tensoriel de premier ordre 4 qui on peut appliquer
le théoréme ci-dessus.
Ce3+: LaMN

La configuration électronique d’ion Ce®+ dans 1’état fondamental
présente une seule couche incompléte — la couche 4f — avec un seul élec-
tron. En conséquent L = 3 et S = 1/2, et le terme Russel-Saunders correspon-
dant est 2F. L'interaction spin — orbite scinde le terme en deux multiplets
avec _{ = 5/2 respectivement 7/2, le premier représentant 1’état fonda-
mental.

Le champ cristallin a la symétrie Cs, [8]. Pour I'électron 4f, qui est
entouré par les couches fermées 5s2 et 5p8, il représente un champ faible
qui n’empéche pas le couplage spin-orbite mais qui améne 4 scinder les
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multiplets. De P’état fondamental il résulte, en utilisant les tableaux de
réduction [6] trois doublets

Dspy OT5 +1T5) + 2T + T - (6)

De ceux-ci, un niveau 2I'; représente le niveau fondamental; 1l suit
le doublet (*I'; 4 1I;) situé a A,/k = 34°K, et puis le doublet 2I';- 4
A,k 200°K[9].

A la conséquence de I'absorption, 1’électron passe de la couche 4f sur
la couche 5d. Sur cet électron le champ cristallin agit comme un champ
moyen qui scinde le terme :D(L =2, S = 1/2) de la maniére suivante:

Dy *Ts + 1T + 2T¢ ()

I’état inférieur étant de type 2T’} [10]. L'interaction spin-orbite améne
a4 la décomposition de cet état en deux doublets :

2Ty x.;,‘z_;, (iTF +1TH) + 2T 8)

Le diagramme partiel des niveaux énergetiques des ioms Ce?*+ dans
LaMN est présenté dans la fig 1.

Les opérations du groupe
de symetrie Cy, sont: P —

: c )
une rotation d’angle 2r/3 au- '°" uber ¢ Cog N 50
tour de l'axe O, et Q — réf- ry
lexion vis-a-vis d'un plan
vertical. Il résulte immédia- s
tement que toute combinai- 2p [ —1
son —————f 2ps
(4f° 5d') \ —5
q"=01|5/2:m>:l: \ /
) \ 204/
| N A
dans laquelle 2 = 3, est inva- 2 Fa/2 (31
riante & P. En cherchant des ) S
groupes de deux combinaisons F (’ 2=
de type (9) qui soit imvari- (4f5d°)% =t (k)
ants & Q il résulte pour I'état - \ 2F5/2 - Lyriivn
fondamental » Q: -2
2 ~—
layy = B5[2, — 1/2) + RS Y-Sy
-+ ¢15/2, 5/2) '
(10)
l@> =b |5/2, 1/2) —, ion ltber S5-0 Cay

—c|5/2, — 5/2) Fig. L.
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Pour déterminer les coefficients b et ¢ nous avons employé les rela-
tions qui existent, entre eux et les parametres g, et g; [11]

& =7 (¢ — 5

1 (11)
gL = 78 b
en tenant simultanément compte de la condition
b 42 =1 (12)

Puisqu'on connait [12] les valeurs gy = 0,023 et g; = 1,826, et
en cherchant & déterminer les coefficients ainsi que les facteurs g calculés
soyent plus proches a facteurs expérimentaux, nous avons choisi les solu-
tions & = 0,915 et ¢ = 0,403. Avec ces valeurs la relation (12) est satis-
faite avec une précision de 10-%, g, = 0,018 ez gy = 2,151.

En conséquence pour 1'état fondamental nous avons obtenu

a2 = 0,915(5/2, F 1/2) 4= 0,403 |5/2, £ 5/2) (13)

I/autre doublet 2['; aura comme fonctions d’onde autres deux com-
binaisons de type (13), mais avec de tels coefficients qu’ils forment un

groupe orthogonal avec celui formé par |a,) et |a,) .

iz > = 0,403(5/2, F 1/2)F0,915(5/2, + 5/2) (14)

1

Pour le doublet (*I'; + 1I';") nous avons choisi
[ksa> = [5/2, £ 3/2) : (15)

Dans les états correspondants i la configuration 54 on détermine
les vecteurs d’état en tenant compte du fait que le moment cinétique orbi-
tal L = 2. En procédant comme ci-dessus on obtient

lpra(l, My) > = d|2, £ 2> Fel2, F 1)

N’ayant pas & la disposition des dates relativement a la structure
de cet état, nous avons choisi les coefficients d et ¢ en admettant g = 2.
De ces vecteurs, par multiplication avec les vecteurs de spin |{(S, M,)) =

=|1/2,4:1/2>, on obtient les fonctions propres correspondantes au niveau
(TF +1T5)

s> = 12 EDNRFIUD F V5 2F1> M2F 12> (19
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Pour pouvoir calculer les éléments de matrice qu’interviennent dans
(1), en utilisant (2) et (3) nous avons transformé les fonctions (13) et (14)
dans : ' '

lassd =0,915( \/ 130512, F12 > F \/ |3 FI>/2 + 125 +
(17)
+o,403(\/7 13, £ 3> (1/2, F 1/2) —\/7 13, 23 [1/2, £ 12>

s> =0,408( \[7 180 112, — 112> F \[7 18, F 11112 & 12> +
(18)

H0915( £ B DN £ 12>~ |/ BEDNZ T )
7

Avec ces fonctions d’onde, en utilisant les relations (1), (4) et (5)
on peut obtenir les expressions des coefficients 4, & et € en fonction de
I'élément de matrice réduite {(3||m||2):

a = —j—s (3] [m ] |23 |* - 0,1452

0,23862

l<3IIMH2>I2-

i

e =— ‘z_s 1<3 |23 |2 - 0,001319

Hu conclusion il résulte qu'en utilisant la théorie des groupes il est
possible de construire le diagramme énergetique et celui des vecteurs d’état
pour le systéme Ce3+: LaMN . D’un cas 4 l’autre, en fonction de l'intensité
du champ cristallin, ces vecteurs seront exprimés par le moment cinétique
total ou par les produits des moments orbitaux et de{spin. IL'utilisation
de la méthode des opérateurs tensoriels irréductibles permet I'exprimation
des éléments de matrice de I'opérateur dipolaire électrique en fonction de
I’élément de matrice rédiite sans la nécessité de déterminer la part radiale
des fonctions d’onde.

I’expression théorique compléte de la courbe de D.C.M pour Ced+:
: LaMN, linterprétation du phénoméne et l’analyse des constantes de
D.C.M. dans ce cas fait I'objet d'un autre travail.

(Manuscryt recu la 27 Janvier, 1977)
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APLICARFA TEORIFI GRUPURILOR LA CALCULUL COEFICIENTILOR DE
DICROISM CIRCULAR MAGNETIC

(Reiumat)

Lucrarea prezinti modul de construire a diagramei energetice §1 a vectorilor de stare
pentru sistemul Ce +: La,Mgy(NO,), - 12H,0 (LaMN), utilizind rezultatele teoriei grupurilor.
Apoi se prezinti gl se aplicd la sistemul studiat metoda operatorilor tensoriali ireductibili
folositd pentru calcularea elementelor de matrice ale operatoruhn moment dipolar electric.
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MAGNETIC PROPERTIES OF U,_,Dy, Cu; INTERMETALLIC
COMPOUNDS

MARIN COLDEA, IULIU POP, ALIN GIURGIU

1. Introduetion. The intermetallic compounds U;_, Dy, Cu; have
the crystalline structure of AuBe; type[l]. The unit cell of these compounds
contains four formula units and the space group is F43m.

Magnetic susceptibility measurements do not indicate any localized
magnetic moment of 5f electrons in the lighter actinide r:etals, but rather
point out a Pauli — paramagnetism type of behaviour [2,3]. On the
other hand, the magnetic results on the uranium intermetallic compounds
have shown either a localized band [4] or a partially loculized one [5, 6].

The purpose of this paper is to investigate, through the magnetic
susceptibility measurements, the nature of 5f electrons in the U,_, Dy, Cu,
compounds.

2. Experimental. The investigated compounds used in this paper
(UCus, Ups Dyos Cu; and Uyg Dyoy; Cu;) were prepared by melting

, stoichiometric amounts of the element in a high frequency field using a
cold boat method. The starting components were of very high purity.

The formation of the compounds ‘was verified by X-ray analysis.

The magnetic susceptibility was measured between 90 K and 700 K,
in a 9450 Oe magnetic field, with a Faraday type of magnetic balance,
having 10-% e.m.u./g sensitivity [7i.

3. Results and diseussion. The curves of reciprocal susceptibility versus
temperature of these compounds are shown in figs. 1 and 2.

| 1 Y 1 ] L 1

0 100 200 300 400 500 600 700 800
T(°K) ——

Fig. 1. The reciprocal sucesptibility versus temperature for UCu,.
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Fig. 2. The reciprocal susceptibility versus temperature for Ug3Dyo7Cu and Up,2Dyo sCu,.

The experimental data fit a Curie-Weiss term, expressing the para-
magnetism of the localized f-electrons, plus a temperature — independent
one according to

C
T— 0p

X = + %o (1)

A summary of some of the magnetic characteristics obtained for these
compounds is given in table 1. The values for DyCu; compound are those
obtained by Buschow et al. [8].

Table 1

Values of densities, effective moments and Curie temperatares for the Uj_ , Dy,Cu; compounds

Compound M p(g/cm?) 85(°K) porofUstand cale.

‘ Dy*+ ions (up) ttaf (128)
UCuy 555.72 ~ 10.74 —260 i 3.46 3.69 -
Uo.8Dyo.7Cu; | 502 85 9.55 —2 8.7 — 9
Uo.2Dyo gCuy 495,30 9.41 0 9,37 — 9.57
DyCu, 480.20 9.29 +2 10.9 10.59 -
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The table lists the density calculated with four formula units per
unit cell, the Curie temperatures 6, and the effective magnetic moments
Wes calculated from the slope of the 1 [y, versus temperature curves.

The effective magnetic moment value of 3 . 46uz/U atom in UCu,
compound is near the value of 3 .69y, [9] calculated for the free-ion,
U3+ (state 4Igp), with all 5f localized electronic states. Consequently
our measurements have revealed a strong localization of 5f8 electrons in
contrast with the pure metallic uranium, which is a Pauli paramagnet.

If we take for the effective magnetic moments of U and Dy in U03
Dyoy Cus and Upg Dyos Cu; the corresponding values of trivalent ions
given in table 1, then the estimated values of the effective magnetic momen-
ts per unit formula are

e =V fand + fad, (2)

where f; and f, are the molar ratios. The good agreement between the expe-
rimental values of the effective magnetic moments in these compounds
and the calculated ones confirm the above-mentioned assumption. This
means that the state of uranium 5f2 electrons does not change by repla-
cing the U atoms with Dy atoms.

Figure 3 shows that the effective magnetic moment per unit formula
in these compounds increases linearly as the Dy content is increasing,
which means that the 5f electronic
state of the U atoms in these com- 15
pounds is unaffected by their sub-
stitution with Dy atoms.

In order to confirm the above-
mentioned state of U 5f electrons
in these compounds we have also
calculated all the contributions in
the temperature-independent term
Yo Obtained experimentally by fit-
ting. The temperature-independent
susceptibility y,, given in table 2,
may be expressed as

Ko = Xo + Xop T Xop T Ay T
‘ (3)

+ x5 + e+ Xawa

where y, is the Pauli paramagne-
tlsm of the conduction electrons,
5# and x% are the orbital contri- 0 0'5

butlons of the 54! and 64" electrons  UCug ) X*DYEU
of Dy and U atoms, x¥, and x¥, 5
Fig. 3. The effective magnetic moments per

are t.he van Vleck Par?magnetlc umt formula in Up—-sDy,Cu; compounds ver-
Contl'lbutlons Of the 4f and 5f 3 sus the Dy content,
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electrons localized on Dy and U atoms, respectively, y, = — 1/3y, is the
Landau diamagnetism of the conduction electrons and yg4, is the diamag-
netism of U, Dy and Cu atomic cores.

Table 2

Calculated values of all contributions to the suseeptibility for the U, _Dy.Cu; eompounds
(all values are given in 10—6 e.m.u./mol)

541 6d1 41* 5
Compound (87;} | XL Yo | X | 52wy | S (01’1‘1"_1)
UCh, 40 | 5148 | —17.16 | —106 | — |388 | — |728 | 4434
Uo 2Dyo sCug 70 | 5230 | —1743 | —77.1 |2716| 1164|614 |22. | 4402
Up sDy0.7Cu, 74 | 5230 | —1743 | —844 |3104| 7.76 7017 | 146 | 4422

Assuming that the Cu 4s electrons form with the U 64 and 7s and
with the Dy 54 and 6s electrons a conduction band the Pauli paramagne-
tism for the free electrons gives the susceptibility [10]

M2,

% = 186 X 10—6( ) B wise m wjmol (4)
4

where M is the molar mass, p the density and n the number of conduction
electrons per molecule.

Calculation of the y5%4 and »%¢ was "performed with the following
expression [11]

1
Xors 2 AN 4p5 75 (1 - :'%i) x5, (5)
where AE; o« 3 €V and 7, is the number of the 54 and 6d electrons per
atom.

The localization of the Dy 4f electrons and the fact that the tempera~
ture independent van Vleck paramagnetism does not contribute appreciably
to the f electron susceptibility allows us to use for y¥, the value calculat-

ed on the basis of the free — ion model [12] with the relation :

F(J + 1) F(J) 6
hv(J+1:J)+hv(J—1;J)] ©

_ Nauy
Xy 6(2]+1)[

where
F(J) = § [(S + L 4 12 — JF1[J* — (S — L)2]

All the above mentioned contributions are given in table 2.
The values for the susceptibility %%, result from eq. (3) and are

also given in table 2. Supposing that the 5f3 electrons are well localized
on U atoms in all studied compounds we have used the eq. (6) for the cal-
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=Y,

culation of hv(J + 1; J) using the obtained Valuea\for 1. The values

calculated in this way are given in the last column of table 2. One can see
that these values are very nearly between them and also with the value of
the free ion US%* obtained from optical absorption spectra, namely Av =
= 4560 cm-1 [13]. This result confirms once again that the 5f2 electronic
shell of U stomsin U,_, Dy, Cu; intermetallic compounds is strongly localized.

4. Conclusions. The magnetic susceptibility measurements indicate
strong localization of the 5f3 electronic shell of U atoms in U;_, Dy,Cus
compounds, in contrast with the delocalization of the 5f shell in elemental
U and also in some actinide intermetallic compounds.

One can underline that the magnetic behaviour of U atomsin U;_,Dy,Cu,
compounds is analogous with that of rare-earth elements in intermetallic
compounds.

&

The authors are very indebted to Prof. W. E. Wallace and Dr. X. S. V. I,. Nara.
simhan from Pittsburg Umversity, Pennsylvania for the samples studied in this paper

(Recesved January 27 1977)
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PROPRIETATILE MAGNETICE ALE COMPUSILOR INTERMETALICI
U1—2DyCu,
(Rezumat)

Susceptibilitatea magnetici a2 compusilor intermetalici Uy—1Dy,Cu, (¥ = 0; 0,2; 0,3)
a fost misurati in intervalul de temperaturd 80 —700 K. Variafia susceptibilititis paramagne-
tice in funcfie de temperaturi poate fi descrisi de o lege de tip Curie-Weiss, care exprimi
paramagnetismul electronilor f localizati din benzile 4f §1 5f a atomilor de Dy §i U, afec-
tat de un termen independent de temperaturi pentru care au fost estimate toate contribu-
tile
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ON THE PROPERTIES OF ALUMINA PROMOTED WITH
METAILIIC DIOXIDES (I)

Aluminium Hydroxides and aluminium oxides

I. POP, N. DULAMITA, V. CRISAN, R. GOOSS

1. Introduction. The aluminium oxides are much studied because
they are used as abrasives, adsorbents, catalysts etc. The modern investi-
gation methods: X ray diffraction, I.R. spectroscopy, textural determi-
nations and others, identified several crystalline forms of active alumina
and explained the formation mechanism of such forms [1—7].

The X ray diffraction spectra for different crystalline forms of alu-
minium oxides are quite different from one author to the other, because
obtaining chemically pure and especially crystallographically pure alumi-
nium oxides is still a difficult problem [8—13]. Very often phase mixtures
with different crystallinity degrees are obtained, the composition of which
is sensitive to minor variations of the preparation method [14—15]. That
is why we study here the relationship between the preparation method of
aluminium oxides and their physico-chemical properties.

2. Experimental. 2.1. Samples preparation. The aluminium hydroxide
samples: 1a, 16, l¢ were obtained from a solution of aluminium nitrate
and a 209, solution of ammonia, in a chemical reactor Symax, in iden-
tical precipitation, slirring, sluicing and desiccation conditions.

The sample la was obtained at 22°C, sample 1b at 22°C and 20%
glicol and sample 1c¢ at 55°C and 209, glicol.

The aluminium oxides 2a, 2b, 2c were obtained after thermal treat-
ment of 1a, 16 and 1c¢ at 550°C for four hours.

2.2. Roentgenographic determinations. The powder pattern of each
specimen was obtained by the Debye Scherrer method, using the filtered
CuK radiation, A = 1,5418A. The results are shown in tables 1 and 2.

23 LR spectroscopy. The I R. spectra (fig. 1) were recorded using
a Karl Zeiss UR10 spectrometer.

2.4. Textural determinations. The specific surface and microporosity
was determined using a BET installation, for the domain 5—300A through
nitrogen adsorption at a temperature of —196°C. The pores between
150—75 000A were calculated from the curves recorded using a Carlo-Erba
type mercury porosimeter, between 1—1000 atmospheres. The results are
listed in table 3.

3. Results and discussion. The X-ray diffraction spectrum of sample
la shown in table 1 has the lmnes 1, 2, 3, 5, 7, 8, 9 and 13 identical to
those of bayerite. The line with d = 2,68A cannot be attributed to any
crystalline form. The 1,46A line is from: boehmite., Instead of the 2,064
and 2,14A lines from the .literature we recorded a line at 2,10A. The
lines 1, 2, 7,9, 10, 11 and 13 of sample 15 are the lines of bayerite,
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Table 1
Aluminium hydroxides
13 la 1b 1c
a@d)y | I ad) | I daid | I
1 4,77 m-b 4,77 m 4,87 vy
2 4,33 meb 4,39 m 4,37 w
3 3,19 w-b 3,12 m — —
4 —_ —_ 2,84 w — —
5 2,70 vew — — 2,74 m
6 2,68 Vew 2,64 s 2,66 Vew
7 2,44 s 2,45 vs 2,48 v's
8 2,36 m 2,40 2,40 s
9 2,20 m-b 2,23 s 2,21 vw
10 2,10 w 2,11 m 2,14 m
11 - - 1,99 v'w — —
12 — - 1,88 m-b 1,91 Vew
13 1,70 m-b 1,73 m 1,74 Vow
14 1,46 5 1,46 m 1,46 m
15 — — 1,34 s 1,34 w
Table 2
Aluminium oxides
2a 2b 2¢
Sample
ad) | L dd)y | 14 dd) | TLa
4,57 w'b 4,62 v.s —_ -
—_ —_ 4,22 v:seb 3,48 VevVew
_ — — — 3,20 VeVew
2,81 w 2,84 w 2,88 VevVew
2,60] vew — — - —
2,42 m 2,41 s 2,41 v-s
2,14 vw —_ —_ 2,12 s
1,99 s 1,99 Vs 1,82 v-s-b
1,68 w —_ —_— 1,67 w
1,60 Vew — —_ 1,68 w
1,53 w 1,53 w — —
— — — — 1,46 s
1,39 v-s 1,40 Vs 1,40 vew
— — — — 1,34 v
1,20 w-b — —_ 1,22 s
1,14 w 1,15 vev 1,16 s

with the difference that the lines 7 and 10 are more intense, Instead
of the 2,69A line we recorded two lines, at 2,64A and 2,84A. The lines
3 and 14 belong to boehmite and the 2,40A line has no explanation. For
the sample lc the lines 2, 5, 6, 7, 8, 9, 10, 12, 13 coincide as position
with the interlayer distances for bayerite. The lines 13, 14, 15 belong
to boehmite. The lines 2, 7, 8, 9 do not coincide as intensity with those

of bayerite.
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Table 3
Textural measurements
Sample
2a | 25 2c
Speafic surface (m?/g) 206,0 228,0 134,6
Total volume of pores (5—750004) cmd/g 0,6887 0,5682 0,4870
Pore vadn A
525 18,42 9,83 -~
25—50 15,18 25,85 53-85
Pore radius distribution 50—100 36,84 23,02 33,32
% 100—300 11,96 25,44 2,26
300—1000 14,02 11,91 5,05
1000—10.000 2,83 3,04 4,61
10000—75 000 0,91 — 0,91

The sample 24 contains the forms %, y and 3 of aluminium oxide.
The n form of Al,O; crystallizes in the cubic system Fd3m, having the
lattice constant 7,94A. The line from 4,57A is diffuse and broad. The
1,99A line indicates the presence of the y form with a = 7,96A and
b = 7,82A. The 2,60A line belongs to the § form of Aluminium oxide
(Stumpf).

The sample 2b presents almost the same lines as the sample 2a.

The sample 2c does not present the characteristic lines of the forms
nand vy. Thelines can be attributed to a mixture of two crystalline forms:
cubic withAthe lattice parameter @ = 3,66A and tctragonal with a = 3,224,
b = 2,995,
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The IR spectra [16, 17] for the samples la and 14 (curves 1—3 in
fig. 1) show the presence of the oxidrilic groups, of the adsorbed molecular
water and of the Hydrogen, bound by Hydrogen bonds onto their surface.

At 3440—3520 cm—! a large vibrational band is observed, which
indicates that there is a mixture of bayerite and boehmite.

The great absorbtion of these bands shows the presence of strong
Hydrogen bonding.

The band from 1640 cm~—! correspondsto the vibration of the water
molecules, meaning that there is'an amorphous form in mixture with boeh-
mite and bayerite.

The large band from 600—800 cm~! corresponds to the vibration of
the hydroxil groups and to the vibration of the aluminium-oxygen valence
bonds.

The water content which was determined by heating the samples at
1000°C is 36,579, for la and 38,189, for 15, consistent with the presence
of a larger amount of bayerite, as compared with the boehmite and the
amorphous forms. :

The water content for sample lc is 26,449, showing the presence of
a large amount of boehmite impurified with bayerite and pseudoboeh-
mite.

The absorbtion bands of sample lc (curve 3) are weaker than for
la and 1b (curves 1 and 2).

The IR spectra for samples 2z and 2 (curves 4 and 5) show the
almost complete disappearance of the amorphous form. The same affir-
mation is valid for boehmite as, the 1075 cm~! peak has disappeared.
The absorbtion of the valence band has decreased because of the disa-
ppearance of Hydrogen bonding. The spectrum of the sample 2¢ (curve6)
shows that a complete dehydration took place during the thermal treat-
ment

Analysing the textural data presented in table 3 for the samples 2z
and 2b we realize that the presence of glicol in sample 2b determined a
22 m?/g increase in the specific surface and a 0,12 cm?/g decrease in the
pores volume. Sample 2¢ was obtained with glicol at 55°C. This resulted
i the decrease of both the specific surface (by 72 m?/g) and the pores
volume (by 0,20 cm?/g).

( Recssved Janmuary 28 1977)
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PROPRIETATILE ALUMINELOR PROMOTATE CU DIOXIZI METALICI (1)
Hidvoxize de alumimn st oxize de aluminiu

(Rezumat)

Lucrarea is1 propune analiza prin raze X, spectroscopie in IR §1 misurdtor: de porozitate,
a proprietidfilor oxizilor de aluminiu obfmmufi in trei condifu diferite. Deoarece s-a observat
o dependen{d mare a proprietéfilor structurale de modul de preparare a acestor oxizi, s-au
studiat §1 hidroxizii de alumimu utihizaps
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CONDITIONS FOR THREE-WAVE RESONANCES IN A
COLLISIONLESS PLASMA

MARIA CRISTEA

Nonlinear wave-wave interactions play an important role in dispersive
media. Sometimes such an interaction is called resonant wave-wave scatter-
ing or decay instability [7], [9].

The nonlinear wave-wave interaction between three plasma waves
has been intensively studied in the past few years [1], [31—[9]. This
process is such that an incident wave (the pump wave) drives two other
waves through coupling provided by the plasma, or interact with two
other waves already existing in the plasma.

If the pump wave drives two waves, both secondary waves being of a
different character from the pump wave, this decay is called an absorptiwe
wstability. The absorptive instabilities appear as an efficient mechanism
of energy exchange between wave modes. The electromagnetic energy of
the pump wave is converted into energy of plasma oscillations. Then this
energy is transferred by absorption to the plasma particles, resulting
an anomalous heating of the plasma.

The starting point .for the study of absorptive instabilities is the ful-
filment of the conditions of three-wave resonance:

Eo=];;+gz: Wy = 01 + W, ' (1)

Subscript o refers to the transverse pump wave, and subscripts 1, 2 refer
to the driven longitudinal waves. All w’s are taken to be positive
[31, [8]. '

The purpose of this paper is to investigate the conditions of existence
of three-wave resonances. We consider a collisionless, unbounded electron
plasma. No constant magnetic field is present. The electromagnetic pump
wave drives two Langmuir oscillations (photon decays into plasmon plus
plasmon [1]). The transverse, linearly-polarized pump wave has the disper-
sion relation

wj = w? + kic, (2)

where o, is the electron plasma frequency

Nge?
m§,= LA (3)
g

N, is the nonperturbed plasma density.
The longitudinal driven waves have the dispersion relations

o =} + YRVE o] = o} + YRV (4)
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v is the ratio of specific heats, and V, isthe thermal velocity of electrons

e

KT,
where K 1s the Boltzmann constant and T, is the electron temperature.

The frequency condition (1) can be written as

wy = «/co; + YRV 4 \/mz + yR3V2. (6)
If we note X = wy/w, and introduce the (squared) electron Debyelength
2, =V} (7)
equation (6) becomes
X = 1+ yREN 4 /1 + yEIAZ. 8)
After somewhat algebra this equation can be put approximately into
the form
YA (R £ Bo)* = X2, ®)
which is equivalent to the following two equations
by + k=0 (10)
By — ky| =Q (11)

with (2 = X?%[y32. Obviously, these two equations cannot be satisfied
simultaneously, unless %, =0 or %, = 0.
On the other hand, the wave-vector resonmance condition (1) yields

lkl - kzl < ko < kl + kz- (12)

Comparison of (12) with (10) and (11) shows that only (10) holds. Equa-
tion (11) would imply %, > Q, relation equivalent to yKT, > mc?. This
inequality can hold only if 7T, > 10%°K. Such a temperature is much
larger than the solar plasma temperature in the corona [2]. Thus relation
(11) does not correspond to a realistic situation, at least for a labora-
tory plasma.
. Therefore the absolute values of vectors
R, and %, must satisfy (10) and (12).
Figure 1 illustrates the conditions for the
existence of three-wave resonances, con-
cerning the absolute values of wave-
vectors. The shaded region in the %, &,
plane corresponds to (12) and the heavy
segment AB indicates the possible combi-
nations of k2, and 2, when both (10} and
(12) are satisfied. It can be seen that
hen <t =12 13

£
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In order to specify the directions of 751 and k, we notice that the
three vectors &y, %, and %, are co-planar. So we can write

ky cos 0, 4 &, cos 0, = &4 cos 6, (14)
ky sin 0; + &, sin 0, = &, sin 0, (15)

where the notations are obvious.
If we choose the co-ordinate

axis so that 0, = 0, then from @]
(14) and (15) we obtain | l
sin 6, 4 1 I
k] - _'ko Sm(el — 8,) "4' \\\
k. =k Lel . 16 A4 y 1\
: 0sm(el—ez) ( ) o . T "'e
It follows that = | ~~_""~"~"~""""7°°7
Sin e1 = O, Sin 92 < O, -4
sin(0, — 6,) >0, (17) .
or 2
Fig 2.

sin®, <0, sinf, >0,
sin(6; — 0,) < 0. (18)
The inequalities (17) and (18) are
symmetric with respect to 6,

and 0,, so we can use only the
set (17), that is
0<6 <n, —w <6, <0 (19
Obviously

sin 0; + sin 6, < sinH <

< sin 6; —sin 6,,  (20)

where 6 = 0, — 0, is the angle
between the vectors k; and %,. Fig. 3.

If 6, =0, =0, from (14) it
follows that &, + k, = &, hence
Q = k,. But this case is not of
interest, as we have already
indicated. @~ | 7 .

If 6,, 6, # 0, some forbidden - TTmEee
values of § can occur. In figures . /2
2,3 and 4, F, =sin 6, and F, = N 7
= sin 0, are plotted as functions _, S o
of 0. In figure 2 the values %, = l T“.“
= (Q=ko)[2, ky=(Q+ko)[2 are |
considered. In figure 3, k,=Fk,=
=Qf2, and in figure 4 we Fig 4.

o =N

b
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have ky = (Q + k¢)/2 and &k, = (Q — &,)/2. The full-line curves correspond
to Q = 5k¢/2 and the dotted lines correspond to Q = 3k,/2.

The values of g corresponding to shaded domains are forbidden.
The width-range of forbidden wvalues will increase with increasing Q.
Only if k; = k, = Q2 and Q < 2k,, the entire range of values 0 <
< § < = is allowed. Resonances are _possible for any values of Q only if
8 is close to 0 or w. This statement is in agreement with Hruska’s result :
the wave 0O delivers energy to waves 1 and 2 at the. maximum rate when
0; ~ 3n/4 and 6, ~ —x/4.

In short, the resonance conditions for the process involved here (the
transverse pump wave drives two other long1tud1na1 waves) imply some

restrictions concerning absolute values of vectors B, and k, and values
of angle 0 . The absolute values of wave-vectors must satisfy the relations
(10) and (13), where Q depends on both pump wave frequency and plasma
parameters (ratio of specific heats, electron temperature). The directions
of the two wave-vectors have been inferred only qualitatively. The most
probable values of their angle are lying in the neighbourhood of 0 and =,
and the least probable in the vicinity of =/2. Actually, the value =/2
1s not allowed, except the case %k, = %, = Q2 with %, € Q < 2k,.

{ Recewved January 28, 1977)
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CONDITII PENTRU REZONANTA A TREI UNDE INTR-O PLASMA FARA
CIOCNIRI

(Rezumat)

In lucrare sint discutate conditille de rezonant# a tret unde intr-o plasmi electronici
fird ciocniri, in absenfa clmpului magnetic. Se consideri cazul in care o und# transversalid
genereazi dou# unde longitudinale. Atit valorle absolute cit §i orientirile reciproce ale vecto-
nilor de undi ai undelor longitudinale sint supuse unor restricfi. Se determini domeniile
valorilor permise pentru aceste mirimi
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SUR L’INSTABILITE MAGNETOHYDRODYNAMIQUE D'UN
FLUIDE IONISE ET STRATIFIE, DOUE D'UNE CONDUCTIVITE
ELECIRIQUE FINIE. I’EQUATION DE DISPERSION (I)*

MIRCEA VASIU

1. Imtroduction. Dans le présent mémorie nous proposons de déduire
I'équation de dispersion d'un fluide ionisé, compressible, non visqueux,
ionisé et stratifié, doué d’une conductivité aectg:que finie. Le fluide se
trouve sous l'action d’un champ magnétique, B, dirigé d’aprés l'axe
Ox (nous choisirons comme systéme de référence un systéme de coordon-
nées cartésiennes x, y, z) et aussi sous l’action d’accélération gravita-

tionnelle g, dirigée d’aprés I’axe Oz. On suppose une transformation
thermodynamique isotherme du fluide. Pour simplifier le probléme, nous
négligerons le procés de conductivité thermique, le procés de transfert
de radiation. On suppose que dans 1'état d’équilibre le fluide posséde une
vitesse nulle. Nous utilisons les résultats obtenus par Terkovnikov
[1], Hines [2], et Y u [3]. Nous établirons une équation de dispersion
plus générale que I’équation de dispersion obtenue par Y u [3] pour un
fluide ionisé et stratifié, doué d’une conductivité électrique infinie.

2. Equations fondamentales pour le fluide. Dans les suppositions
ci-dessus, le systéme des équations s’écrit de la manidre suivante

o[5+ 0 v |= —8p + ¢+ = (v x B) x B, (1)
Op N
% +v-(s0) =0, @
B gxEXB) + vAB; v, =L @
ot o
* . @ =1 (.
a—t+(v-v)ﬁ—8°[a,+(v V)Po]: (4)
d B2
;(P +2TL’=—908 (5)
po = pe~ "L (6)

oft g, est la densité du fluide, ¥ est le vecteur vitesse d’un élément du
fluide, p est la pression du fluide, g est le vecteur d’accélération gravita-
tionnelle (g est la valeur d’accélération gravitationnelle), B est le vecteur

* Communication faite & la session scientifique de la Facnlté de physique de 1'Univer-
sité de Cluj-Napoca, décembre, 1976.
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champ magnétique, vy,, est le coefficient adiabatique, v, est le coefficient
de viscosité magnétique du fluide ¢ est la conductivité électrique du fluide,
@ est la perméabilité magnétique du fluide, y est I'opérateur nabla, Vx
est 'opérateur rotation (rot), p est la densité du fluide pour z = 0, L défi-
nit une distance caractéristique pour le fluide.

3. F’état perturbé du flui de. Admettons maintenant que de petites
perturbations de la vitesse, de la pression, de la densité et du champ
magnétique se superposent & I’état d’équilibre du fluide. Les perturbations
étant supposées suffisamment petites, leurs carrés et leurs produits peu-
vent étre mégligés. On suppose que les perturbations se propagent dans
le fluide sous la forme des ondes monecromatiques planes

¢’ = el - Ton (7)

ou ¢’ représente la perturbation d’'une grandeur quelconque, % est le vec-
teur nombre d’onde, w est la pulsation, 7 este le vecteur |[de position d’un
point dans l'espace. La substitution des perturba'aons (7) dans les équa-
tions (1)—(5), faisant les calculs d’une maniére analogue avec celle qui
est utilisée dans notre mémoire [4], permet d’écrire 1’équation (1) sous
la forme

po 25 = VIEV Jpo+ VieaV - E] =BV - (poF) +
o L ®)
+ = UV X B x B + (VX B)x By

ot £ est le vecteur de déplacement infinitésimal (v' = % , ot v/ est le

vecteur perturbation vitesse) , V2= est la vitesse du son dans le
fluide et '
=7 1 - -
B' =5 VX(EXxB,) (9)
= ! dB 2 d
(VxBo)x B' =7 g By iR E, + K%;”(—ﬂﬂzyBoE, +

+¢kBoE+"B°E)

-

(VX B")x By = 7(ik,ByB, — ik B,B.) + k(ik,B,B, — 12,B,BY) (1)
1 dV

€ V)po =52 = (— = -4t (12)

2 dz

V - (pof) = puk(V-E~ 18, (13)
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B, 2z Po (14)
4oy . _l_
T Po (15)
d'VZ 2 V2 2
1 A=V_Ad1d] Va (16)
2 dz 2L  dz| 2 dz 212
oll
2 Vin - B:
Q) =14 2k, Vi==» (17)
16 {Po
V, est la vitesse Alfvén.
On peut écrire I'équation (8) sous la forme suivante
— powit = v[p.,(—— — g]a + VpolhE, +
iy + hE | — pollikE. +
+ k€, + 1R.E, — % 5,) +72 (Q, Po 57 zk Ez)
+7{ g e[V (BE, + B, + BohE) + (18)

i)+ E g e ot (05 +

+ RRE + 5 k)

ou 1, 7, k sont les verseurs des axes Oxyz. On parvient au systéme
suivant d’équations différentielles pour les déplacements &, §&,, &, :

(@ — VEE, — VAL, — [Vﬁk,k, + kg —
(19)
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e+

— (V4 ) Bk B+ [0 = (72 ) gy 2

— Vi, o+ [0f — VI~

Ve — 2p?
« T4
T oL Fs

B, — ng,k,] £, -+

M., VASIU

Vi
@ B+ 8)] & —

(20)
R e FA TR
-7

2 ALs 1)

'V2
— kg — Q—fk:J £, =0.

4. L’équation de dispersion. I,’équation de dispersion s’obtient par
I'annulation du déterminant formé par les coefficients des grandeurs &,

& &,

— ViR

- V’sksk.v

—ile+ )

vy
5z (1 mg)
Vﬂ
0=Vt (Bt) —iky(g —
vy 1
VA =
+ (V: + ﬁf) kyk 0
gvi—ypsf L
s Q. ‘VI
— 1+
7, T wan iz — Zighs —
Q_:l) kyk‘ Ak| A—2V:k
11 o s

(Manuscrit recu 1o 29 sanvier, 1977)



SUR L’INSTABILITE D UN FLUIDE IONISE ET STRATIFIE (I) 75

BIBLIOGRAPHIE

. A Terkovnikov, D.AN. 130, 295 (1960).

. C. Hines, Can J. Phys., 38, 1441, (1960).

. C. Yu, Phys. of Fluds, 8, 650, (1965); 9, 412 (1966).
. M. Vasiu, Stud. Cercet. Mat,, 4, 635 (1967).

OO b =

ASUPRA INSTABILITATII MAGNETOHIDRODINAMICE A UNUI FLUID IONIZAT
SI STRATIFICAT, CU CONDUCTIVITATE ELECTRICA FINITA. ECUATIA DE
DISPERSIE (I)

(Rezumat)

Se stabileste ecuatia de dispersie pentru un flnd iomzat §i stratificat, cu conductivi-
iate electricd frmti., Fluidul se giseste sub actiunea unui cimp magnetic B, dirjat dupd
axa Ox, precum g1 sub actiunea acceleratiel gravitationale. Fluidul se considerd stratificat,
astfel incit densitatea fluidulur p, se consider# dependenti de coordonata z (strataficarea
flmdului se considers de-a lungul axei Oz), sub forma: p, = pe—Z/L, Pentru stabilirea ecuatiei
de dispersie se aplici metoda ,,mictlor perturbatii’”. Ecuatia de dispersie obfinuti generalizeazi
ecuatia de dispersie obfinuti de Vu pentru cazul flurdulmt 1omizat §i strataficat, cu conductivi-
tate electricd infinity
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COMPTEUR D’ECLAIRS A TRANSISTORS

STELA GlJU*

1. Introduetion. Dans les nuages d’orage s’engendrent d’immenses
quantités d’électricité, & cause des décharges électriques atmosphériques,
c’est-a-dire des éclairs. Un éclair ne décharge pas d’habitude toute la
charge électrique accumulée dans le nuage et c’est pourquoi, aprés cer-
tain temps, on peut s’attendre & des décharges répétées dans le méme
canal de décharge. Ces décharges puissantes, dans un canal créé, consti-
tuent la base de la formation des ondes électromagnétiques sous forme
d’'impulsions, nommeées ausst atmosphériques (ou sphériques), qui contien-
nent des oscillations électromagnétiques dans une large gamme de fré-
quences, ayant le maximum d’émnergie dans le domaine VLF (Very low
frequency) [1—5].

2. La deseription de Pappareil. Pour le comptage électronique des
atmosphériques radiées par les éclairs, nous avons construit un compteur
d’éclairs & transistors (fig. 1).

Les signaux électriques radiés par les éclairs sont requs par une
antenne horizontale longue de 20 m. A noter, & Ientrée, le filtre et le

1
!
]
I
I
l
Il
I
|
i
|
il
|
[
| s
2 7
7
& 2z
[#3 £
—al % L+ 97
Ky 2

F1g 1 Le schéma électrique du compteur d’éclairs & transistors

* Institut pédagogique de Tirgu-Mures
q gu
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potentiométre P,, 3 l'aide duquel on ajuste la sensibilité de l'appareil.
L’étage d’amplification comprend le transistor T;. Pour la protection du
transistor Iy des surtensions causées par les éventuels éclairs rapprochés,
il v a deux diodes Zener Z, et Z, connectées par opposition de phase.
Le signal amplifié est détecté par deux diodes D; et D,. L'étage formé
par le transistor T, aide le démarrage du circuit basculeur monostable
connecté derriére celui-ci, sans celui-ci le démarrage étant incertain. Le
circuit basculeur monostable comprend les transistors T; et T,. Le blo-
cage de 1’étage est assuré par les impulsions négatives arrivées A la base
de T,. A la sortie du circuit basculeur monostable, on obtient des impulsions
de la méme amplitude, oil le transistor T4 joue aussile rdle d'un discri-
minateur de l'amplitude. Pour réaliser la stabilité thermique, on utilise
une diode au germanium D,. Les signaux obtenus commandent le transis-
tor T et le circuit d’intégration du circuit du collecteur de T,. L’enregis-
trement des signaux a lieu par l'enregistreur a papier I, la déviation de
la plume étant proportionnelle au nombre d'impulsions par seconde. La
portion P,—C, sert au calibrage Aprés le chargement du condensateur
C, d'une tension connue, il sera déchargé sur le c6té d’entrée du filtre.

La gamme de fréquence de l'appareil est 3—15 kHz. Le seuil de
sensibilité a été fixé a 0,4 V. Le rayon de réception d'un compteur d’éclairs
m

est A définir en termes statistiques [6] et dépend aussi de sa sensibilité
[7]. Ayant en vue [6], [7], il résulte un rayon de réception d’environ 150 km.,

3. Les résultats expérimentaux. I/ appareil fonctionne depuis 1973,
enregistrant les atmosphériques radiées par les éclairs. Les enregistrements
effectués montrent la posibilité de la caractérisation des orages du point
de vue de leur activité électrique. Par exemple, sur le diagramme de
Venregistrement des orages du 2 VIII 1974 et 3 VIII 1975, on observe
que Yorage du 2 VIII 1974 (fig. 2) s’est caractérisé par une activité
électrique plus intense que celui du 3 VIII 1975 (fig. 3), parce que la
fréquence et le nombre des atmosphériques enregistrées a été plus grand
dans le premier cas. Quand il fait beau temps, en absence des atmosphéri-
ques générées par les éclairs, la plumme de I'enregistrateur suit une ligne

g H‘L il

20 19 18
Fi1g 2 L'enregistrement de l'orage du 2 VIII 1974
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U
1%

16 15 14 {3 12

Fi1g 3 L'enregistrement de l'orage du 3 VIII 1975

droite. On peut déterminer le nombre des atmosphériques produites dans
un seul orage. On peut utiliser cette valeur 4 la caractérisation de l'acti-
vité électrique des orages.

I’appareil signale 'arrivée des orages a quelques heures avant. Lors
de l'orage du 2 VIII 1974, qui a eu lieu sur la ville vers les 19 heures,
le compteur a signalé son arrivée dés les 14 heures (fig. 2). Lors de
Torage du 3 VIII 1975, qui a eu lieu sur la ville vers les 15 heures, le
compteur a signalé son arrivée dés les 12 heures (fig 3)

L’analyse des enregistrements met en évidence aussi le fait que la
fin des orages est relativement brusque en comparaison avec leur début.

En ce que concerne les fausses impulsions, la séparation de celles-ci
des véritables impulsions est encore un probléme qui n’est pas résolu
du point de vue technique [8]. Premiérement les perturbations du réseau
électrique peuvent étre enregistrées 4 coté des perturbations atmosphéri-
ques. Dans ce sens, le filtre électronique conecté & l'entrée de I’appareil
a le 16le d’éliminer en grande partie les perturbations que les différentes
impulsions produiraient.

4. Conclusions. Les enregistrement obtenus de cet appareil offrent
divers détails concernant la caractérisation d’'un orage et le mode de
son déroulement. On peut déterminer la répartition en temps des nombres
d’impulsions enregistrées pendant un orage, ou bien le nombre moyen
d’impulsions enregistrées dans un intervalle établi (par exemple 5 minu-
tes). De cette maniére, on peut obtenir un indice objectif pour la classifi-
cation des orages du point de vue de leur activité électrique.

Le compteur d’éclairs est utilisable dans la prévision des orages, en
indiquant aussi le rapprochement de l'orage quelques heures avant, ce qui
peut étre utile pour prendre des mesures de protection.

(Manuscrst regu le 29 janvier, 1977)
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CONTOR DE FULGERE CU TRANZISTOARE
N
(Rezumat)

Lucrarea prezinti un contor de fulgere tranastorizat (fig 1.) 1 citeva inregistrin efec-

tuate (fig. 2 1 fig 3). Pragul de sensibilitate a fost fixat la 0,4 V/m, rezultind o razi de
actiune in jur de 150 km. Contorul ofer# detalu cu privire la caracterizarea unei furtumi $
modul ei de desfisurare. Se poate determina repartijia in timp a numdruln de impulsun
inregistrate in timpul unei furtuni, sau numi#rul medm de impulsur: fnregistrate intr-un
anumit interval de timp. In felul acesta se poate objine un criteriu obiectiv pentru clasifi-
carea furtunilor din punctul de vedere al activititn electrice,
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CRONICA

Vizite din tard gi striinatate

® Cu ocazia unei vizite ficutd in fara
noastrd, avind ca scop un schimb de experientd
st documentare, dr doc E I Riumtev
de la Umversitatea din Lemngrad, catedra de
fizica polimerilor, a prezentat la 3 februarie
1977, in cadrul facultdf{n noastre, comumcarea
Proprietdfle fizce ale cristalelor hichide.

® De asemeni, in ziua de 6 aprilie 1977,
prof A. C Rose-Innes de la Umvers:-
tatea din Manchester, Inst of Sci1 and Techno-
logy (Anglia), a expus comunicarea Cristals of
magnetic flux (Cristale de flux magnetic),

® Prof dr C Begliu de la Faculta-
tatea de fizicdi a Umversitifn din Bucuresti,
mvitat de cédtre conducerea facultifn noastre,
a prezentat in 8 aprilie 1977 comumicarea
Cercetdry st onentdr: nor in fiznca particulelor
elementare

Cursuri litografiate

Lect. dr E Constantin, asist
O Cozar, Funca moleculer — culegere de
probleme, 1976.

Asist. O Cozar leet A Farkag,
asist C Cosma, prof dr doc V Mercea,
Fizica molecules — lucridn de laborator, 1976

Lect dr. M. Crigan, Fiznica temperatu-
rilor joase, 1976

Lect. dr. Gh .Ilomnca, asist. L.
Cociu Culegere de probleme de fizca semi-
conductorilor, 1976.

Prof dr A1l N1icula, Fizica drelectrici-
lor 51 feroelectricilor, 1976
Conf dr E T dtaru, Bazele radioteh-
1976
Conf dr V Znamirovschi, asist.
R. CAmpeanu, Interactunt nucleave, 1976.

Conf dr D Auslander, Fuxncd gene-
rald sv nucleard, I, 1977

Asist. V. Crigan,

nicie,

asist. E Rus,

Raze X — lucrdn de laborator, 1977
Sustineri de teze de doctorat
fn zmua de 11 decembne 1976,

Sorin Féarcag de la Institutul de tehno-
logn 1zotopice si moleculare, Cluj-Napoca, a
susfinut in fafa comusiei teza intitulatd
Studiul RES. al centrdor paramagnetice
obfanufr prin wadiert §1 ampurificare in cristale
zomice (conducdtor stuntific prof. dr. Al Ni-
cula)

I P Cluj —Municipiul Cluj-Napoca 298/1977.
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tn cel de al XXIT-lea an (1977) Studia Universitatis Babeg—Bolyai apare semestrial
in specialititile:

matematicd

fizied

chimie
geologle—geografie
biologie

filozofle

gtiinte economice
gtiinfe juridice
istorie

filologie

Ha XXII rony n3nanns (1977) Studia Unsversitatis Babes— Bolyai BHXOJHT ABa Pa3a B rox
€O CJIeJYIOMHMHE CNeMHaNbHOCTSIMH *

MaTreMaTHKa
(u3uKa

XEMHS

reojiorus —reorpabns
GHOJIOTH ST

¢draocodus
9KOHOMHUECKHe HAYKH
IOpHAMYECKHEe HAYKH
HCTOpHS

dunoaorusa

Dans sa XXT1T-e année (1977) Studia Universitatis Babes— Bolyai paralt semestriellement
dans les spécialités :

mathématiques
physique

chimie
géologie—géographie
biologle

philosophie

sciences économiques
sciences juridiques
histoire

philologie



