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THE EFFECT OF GERMANIUM DOPPING ON THE PHYSICAL 
PROPERTIES OF YBa2Cu30 7_s BASED COMPOUNDS

E . BU BZO *, V. POX1* a n d  M. OANĂ*

ABSTRACT. T he dopping of \ rB a2Cu30 7_$ compound w ith germ anium  ions, 
leads to  a decrease of th e  superconducting transition  tem perature, and an 
increase of the w idth of transition  Above ~  100 K, the compounds show a tem ­
perature independent param agnetism The magnetic susceptibilities increase 
when increasing germanium content

1 Introduction. In a previous paper [1] we studied the effect of zirconium 
addition on the physical properties of YBa2Cu30 7_8 superconducting system As 
a part of an one going investigation of the effect of substitution, we report in 
this paper some physical properties of YBa2Cu30 7_8 compounds doped with ger­
manium

The transition temperature Tc of УВа,Си3_лМс0 7_8 is strongly suppresed 
by substitution of Cu by ,M =  Fe, Co, N1, Zn, Al, etc [2, 3] The Cu ions 
in YBa2Cu30 7_8 system occupy two different sites one is Cu(l) site on chains 
and another Cu(2) site in planes [4] The three valent substitutions tend to the 
chain copper site and increase the overall oxygen content in the chain region, 
apparently disordering the chains This -leads to a phase boundary between 
orthorhombic and tetragonal-type structures near x =  0,03 For two valent ions 
(Zn, Ni) the samples remam orthorhombic for all ж values. The superconduc­
ting transition temperature decrease nearly linear when mcreasmg x. I t  is sug­
gested that Zn and Ni ions are randomly distributed between two sites [5, 6 ] 
or have a preference for the "plane” site [6] There seems to be little overall 
change in oxygen content, and very little impact m the chain ordering.

I t is also of interest to analyse the effect of dopping YBa2Cu30 7_8 with 
germanium ions Commonly these ions are m (+4), state, having ionic radius 
Гвс*+ => 0 44 A In some cases may be also'in (+ 2) valence state with xGei+ =  
=  0,65 A The radius of Cua+ ions is xcu2+ =  0 80 A Thus, from the point of 
view of their dimensions the germanium 10ns may occupy copper sites or /and 
to be arranged m sonie interstitial lattice sites.

2 Experimental. The samples- were prepared by solid state reaction. The 
mixture of Y20 3, GeOa, CuO and barium carbonate, in required proportions, were 
homogeneized, fmaly grinded and-calcmated The calcination has been made in 
the temperature range (920—950 °C), m oxygen atmosphere After calcmation, 
the samples structure was checked by X-rays The formation of perovskite struc­
ture was evidenced m all cases The calcmated samples were finely grinded and 
then compacted at a pressure of 3 tjcm2 The sintering has been performed m the 
temperature range (930—960) °C m oxygen atmosphere The sample were then 
slowly cooled.

* University  oi Cluj, Department ol Physics, 3400 CIuj-Napoca, Romania
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The final X-ray analysis shows the presence of the orthorhombic type struc­
ture The lattice parameters increase slowly with germanium content (figure 1).

Electrical resistivity measurements were made by using a standard four 
probe technique, m the temperature range 77—300 К

The magnetic studies were performed with a Faraday-type balance, m the 
temperature range 77—300 К

F i g  1 The X -ray diffraction patterns of Y Ba2Cu;0 7_8 doped w ith t  =  0 15 (a) 
' and я =  0 30 (b) G e02



THE EFFECT OF GERMANIUM DOPPING 5'

3 Experimental results. The temperature dependences of the electrical 
resistivities for YBa2Cu30 7_s compounds dopped with x = 0 15 and x =  0.30 
Ge02 are plotted in figure 2 The germanium addition decrease somewith the 
superconducting transition temperatures; Tc, although these still remain higher 
than 87 К  for x =  0 3 The superconductmg transition temperatures seems to 
be nearly linear dependent on the germanium content (figure 3)

The width of the transition AT = T onset — T л=0 was also analysed. By Tonset 
is denoted the onset temperature of the transition and1 Г.д=0 is the temperature' 
corresponding to nearly zero resistance As seen in figuré 3 the AT  values increa­
se when germanium content is higher

The temperature dependences of the magnetic susceptibilities, are plotted 
in figure 4 The sudden changes of x values around 90 K are connected with the 
superconductmg to normal state transitions Above ~ 100 K, the susceptibilities 
are not temperature dependent The x values increase when loncreasmg germanium 
content, as evidences in inset of the figure

4 Discussion. The X-ray analysis of germanium dopped compounds shows 
the presence of solid solutions at least up to y  =  03  No oţher phases were evi­
denced, suggestmg that germanium ions were incorporated m YBa2Cu30 7_8

F i g  2 The tem perature dependence of th e  electrical resistivities for samples w ith  x  =  0 15 (a) 
\ and ж =  0 30 (b) GeOj,
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F i g  3 The composition dependence of th e  superconducting 
transition  tem perature and of th e  w idth  of th e  transition .

F i g  4 T he tem perature dependences of th e  magnetic susceptibilities T he composition 
dependence of th e  susceptibilities is p lo tted  in  th e  inset



lattice. There are some posibilities for localization of germanium ions These may- 
substitute copper ions, to be situated m interstitial positions' or tó occupy both 
mentioned types of site The presence of orthorhombic type structure, even for 
% =  0 3 suggests that germanium ions are not .localized in cham sites (Cu(l)).

The germanium" ions seem to be not randomly distributed in lattice,’ as evi­
denced by the increase of the width of transition, when increasing germanium con­

s e n t There seems to be regions with somewhat slightly different composition 
ranges The widths of superconducting transitions m our systems are greater 
than for example in vanadium'doped YBa2Cu30 6_8 [7] This may be ascribed to 
different type of sites occupied by germanium, as suggested by dimensional con­
siderations

The composition dependence of the transition temperatures is not so strong 
as evidenced m YBa2Cu1_AMi0 7'_s compounds with M =  Fe, Co, Ni, Zn, Al, 
etc [2, 3] This is expected only if a limited number of copper sites are affected 
by substitutions

r The magnetic susceptibilities above Tc are not temperature dependent and 
increase with germanium content The copper ions seem to be m non-magnetic 
state

THE EFFECT OF GERMANIUM DOPPING ' ' ' j

r e f e r e n c e s

1 V P о p and E  B u r z o ,  Mater Sei F orum  62— 64, 205 (1990) , E  В u r  z о and V P o p ,
, J ' Mat Sei (in press)
2 Y  M a e n o ,  T  T o m i t  a, S K y o g o k u ,  S A w a ] i( Y  A o k i ,  ‘К  H a s l i i n o ,  A M i ­

n a  m l a n  d  T  F  u J 1 1 a, N ature  328, 512 (1987) ч
3 S T e r á d  a, N  K o b a y a s h i ,  H  I w a s a k i ,  A T a k i g a w a ,  M K i k u c l i i ,  Y  S l о д  о 

and S M u t  o, Physica 165— 166 В  1545 (1990)
4 Y  Y 'u, R  E S a b a t u l ,  A R  M o o  d-e n b a u g b ,  Y Z h u ,  S G S h y u ,  M S u e n a g a ,  

K  W  D e n n i s  and R  W  M с С a 11 u  n, Physica 169 C, 205 (1990)
5 R  S H o w l a n d ,  T  W  G e b a l l e ,  S S t a d e r m a n ,  A F i s c h e  r-C o 1 b r î e, M 

Sc To t t ,  J  M T a r a s c o n  and P B a r b o u x ,  Phys, Rev B39, 9017 (1989)
6 C Y Y a n g ,  A R  M o o d e n b a u g h . Y E  W a n g ,  Y X  u, S M  H e a l d ,  D О W e l c h  

M.  S u  e n  a g a, D.  A F i s c h e r  and J  E  P e n n e  r-H  a h u, Phys Rev B40  (1990)
7 S X  D o n ,  A J  B o u r d i l l o n ,  Y,  X  S u n ,  J .  P  Z h o v ,  H  K  E l u ,  N  fc,a v i d e s  

D H a n e m a n  C C S o r r e l l  and K  E  E a s t e r l i n g  J  Phys C21, E12.7 (1988)„

)
о



STUDIA UNTV ВABEŞ-BOLYAI, PHYSICA, XXXV, 2, 1990

LANDAU DAMPING SIMULATIONS

SPERANŢA COLDEA*

ABSTRACT. The existence o£ L andau dam ping (so called collisionless damping) 
is discussed, th e  theory  of th is basic process m  a cold and a w arm  plasm a and 
th e  corresponding dispersion relations and growing ra tes are done Subsequently 
th e  im put d a ta  and th e  results obtained by an onedimensional electrostatic 
simulation code are done and compared w ith  theoretical results F inally  th e  m ost 
probable mechanism of L andau  dam ping in  a plasm a is presented.

1 Intro ductioR. The existence of plasma oscillations was first demonstrated 
some time ago [1] for a homogeneous, infinite, onedimensional plasma system 
of fixed ions and a cold electrons fluid. The dispersion relation for Langmuir 
(plasma) oscillations, without an external magnetic field, was given as

e(co, k) = \ — =  0 ( ' (1.1)' CO“ '

where <m2 =  is the electron plasma frequency. 
fe me,

1 The dispersion (oi, k) diagram is a flat line and, consequently, the plasma 
oscillations have zero group velocity.

Subsequently a plasma of warm electrons and rigid ions was considered [2[ 
and after the analysis was obtained that for small wavelengths ih'KD > 1) the 
plasma oscillations obey the following dispersion equation

“a v\s(co, к) =  1 ----- — — ЗА2 —^ =  0 (12)6)! CÙ*

where the thermal velocity is v \  =  , T e bemg the electron temperature The
m

plasma oscillations with small wavelengths {k<i>pejvT,=  k \D p  1) have a small 
but finite group velocity, smaller than thermal velocity Afterwards the disper­
sion relation for a hot plasma' was obtained and this relation contains the so cal­
led kinetic Landau term (a complex contour integral)

e(tó, к) =  1 -  ■ Z ’Xle) =  1 +  - j^ r  (1 +  S« Z#.*)) (1 3)

where'
cù • wi/2

V2 A vr  *J2 k ■ ft1/2 T f
.(1  4)

• University  of Cluj, Department of Physics, 3400 CIuj-Napoca, Romania
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Analysing this dispersion equation it was concluded that the electrostatic wa­
ves of a warm plasma are also damped in the absence of collisions This Landau 
damping or collisionless damping [3] is a basic phenomenon and one of the most 
discussed process m plasma physics

. Subsequently the physical meaning of Landau damping, by neglecting the 
collisions m plasma, and the corresponding mathematical treatment will be de­
tailed. The simulation method applied to plasma physics will supply the absence 
of experimental data and we wifi describe the Tandau damping m a plasma without 
collisions as a phase mixing of the initial perturbations of the 4plasma system.

2 The' theory and the physical meaning of Landau damping. The theoreti­
cal study of continuous medium oscillations is based on the Fourier analysis 
of the movements m space and time, by considering perturbations of the form 
exp (ikx — cat) and obtaining the linear dispersion relation between the frequen­
cy w and the wave number k oi =  w(A) , we use here the linearized Vlasov equa­
tion for the distribution function of efectron velocities, f(x, v, t), which descri­
bes the dynamics of a plasma

So being, the equilibrium distribution function, and the selfconsistent electric 
field is done by the equation

Making the assumption that the variations of the distribution function per­
turbations and of the electric field E  have the form exp i(kr — Ы), it was obtai­
ned the following equations

_ 8 h_ Q
m 8v

(2 1)

8E __ q_ 
8x  E 0

j  Ж ) (2 2)

where
00 00

Ж )  =  $ j Ж \ ,  Vy,  v2) àvyàvz (23)
— oo — со

/ im[(ù — к ■ v)
(2.4)

and

from which results the dispersion relation for longitudinal electrostatic plasma 
oscillati ons.

— oo /

l (2.6)
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, The integral in (2.5) must be clearly defined because of his singularity at 
V =  u>/k This singularity w.as neglected by Vlasoy himself [4] passing over the 
collisionless damping which could result, such a singularity not bemg accepted 
from the physical point of view [5].

The best modality to analyse the Vlasov equation is to consider it as an ini­
t ia l  value, problem and to cáículate the system response to a determined initial 
value of the perturbed electrons distribution function [3]

• The time evaluation of the perturbations could be studied be using the time 
Fapiacé transform (with Re p >  0), defined as follows:

and

Rh'v .p )  = \e - i*  -.f{h, V, t)dt 
0 
00

Ф(к, p) = ^е-Р1Ф(к,'t)ăi.

(2.7)

(2 .8 )

for the electrostatic'potential Ф(А, t), which is introduced by the relation : E  =  
=  —V Ф.

By considering perturbations of the form exp(îÆv), the equations (2.1)’— 
—(2 2) are written as’ ‘

+  ikvf -  г Ф-̂ ü. =  0 
dt m dv

and
к2Ф =  — [' fdv 

J
The inverse, Laplace transforms are defined as

, о + too

Дк, V, i) =  - Í -  [ dpf{k, v„p)eP‘ 
" 1 2n:i J

O+1-00
ф(*. *) =  J р”‘ф p)dp

a —too

(2.9)

(2 10)

(2.11) 

(2 12)

and exp(^)i)—*• 0 when p —*- oo, for t <  0 For t >  0 the pole could be closed by a 
semicircle m the right half1 of the (Rep—Jm_£>)-plane. ' ,

The integral on this contour is zéro when his radius r-V oo, because by de- 1 
finition do not exist'sigularities included in this contour. Because this integral 
is zero the mtegral on the Bromwich contour (defined by a) must also be zero.

' The Fapiacé transforms of the eq (2 9) — (2.10) are of the form

, . (P>’-+ ikv)f{k, V, p) ik • — Ф(к, p) —  = g{k, (2.13)
m dv

I
1 , к2Ф(k,p)=^~,

S». ! ‘ - CŰ
j  f(h, V, p)dv (2.14)

1

I
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where g[k, v) =  f{k , £

I!.»- ■/(*» P)

0). Solving the eq (2 13) we obtain'
' ' • "

1 \g{K v) +  ik — Ф (k, p) • /Ó(ü)1.
-лж (P + ikv)

which is replaced in the eq (2:14) with the result

(2.15),

- ME 0 Ä 2 J

Ф (KP) =

g(K, «)
p + tkv da

f l -  ■ f°{v)Íb ' 1
L e0kni J (p + tkv) J

—  CO

(2.16)

and then
-f со

- m ,  ^ p ) ^ ~ r h(p + tkv)
гЪд /0(a) 
m (p -f tkv)

e0A2 J
gib, v) da 
(P + tkv)

. 11 _  J S L  { /°w dti I
I ke0m J, (p + tkv) J

(2.17)

where p is a complex variable and the integrals are not well defined. In the eq, 
(2 12) Ф(й, p) is replaced from eq (2.16) and for t <  0, Ф(&, t)’ =  0, the perturba­
tion being introduced at t =  0. The /-integral for Ф(&, /) 'is evaluated with the 
Cauchy theorem (or assomptotically for £—+■ oo).

Tandau has made the assumption that g(k, v) is a whole function (finite for 
the finite values of v) ' and 'the integral ' -

+ 0 0

,g(K p) 
(p + tkv)

dw (a)

analytically continued in the left semiplane-ÿ defines a whole function of p. 
The same argument is also valuable for the integral

+ 0 0

r fô(v) âv
(p + tkv) (b)

This consideration permits us to use the singularity, by integrating below it 
in the complex plane-и when p  moves from the right semiplane to  the left one, 
the movement of the pole v =  ipjk is made as follows : when Re(p) >  0 thè in­
tegral (a) is well defined because his pole is in the upper semiplane. When p mo­
ves with Re(p) >  0, the pole v =  гр{к crosses the real axis and moves m the lower 
semiplane ; (k >  0) (see the fig 1).

The initial distribution function f 0(v) is considered to be of the Maxwell- 
Boltzmann type ■ /
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• pot

Re(p)>0

planul V

Re(p) = 0 Re( p )<0
F i g  1 The complex plane v and. th e  poles for th e  integrals (2 15)—(2 16)

The potential <&{k, t) is a ratio of two whole functions of complex variable 
p  and then it is also a whole function of p 1

The integration contour becomes deformed in the left semiplane assuring 
that all the poles of the integrand be at the left of the deformed contour.

The poles come from the zeros of the denominator of the expression (2 16) :

1 -ff(l,)d” = 0  ' (2.19)
ke0m  J (p +  ikv)

C

if we note the haudau contour by C I t  was deduced that for Re(p) >  0 does not 
exist roots of the eq (2 19) when f 0(v) is of the form (2.18), and does not exist 
m this case growmg solutions (instabilities) [3]

Because do not exist poles in the right semiplane, the contour C is deformed 
■like in’ the’ fig. 2, where a is at the left of all pn(k) (the zeros.of eq (2 19))

On this deformed contour (Ъ) the electrostatic potential is evaluated as fol­
lows

1 — a-H oo

Ф(А, t) = Y2R„(k)epnW +  Í Ф{ k . p y d p  (2 20)

F i g  2 The deformed contour G (Landau contour) and th e  poles pn(h) for the 
in tegral (2 19) in  the complex plane Re{p>), Jm(p) ' -
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when t—*■ oo the integral from the right hand of eq. (2 2) is annuled : the contribu­
tion of poles p n[k) is dominant at t—*■ oo and in this case we have only a dispersion 
relation of the form

D(p, k) =, 0 . , (2.21)

This dispersion equation, which is valuable for many applications, explains 
the dispersion -of the electrostatic plasma oscillations only when, after an enough 
long time, the contribution done by the integral will be damped. Tandaujhas done 
a solution of the plasma oscillation modes for the limit of long wave lengths (small 
wave numbers k) and for times t-*- со [3] • Re(pn)->- 0 and Im(p„) remains finite 
when к—► 0 The pole from the complex plane will be under the real axis :

p «  —гы +  у (2 22)

where | у | -4 
direction of 

The eq

with the contour C illustrated m the fig 3

ы We use the sign of со so that the wave propagates m the positive 
the x-axis, when k >  0 
(2 19) can be written as

1
sQkhn

/о» <b 0 (2.23)

"V" = i P/k
\ y

I m ( v )  =0

F i g  3 The contour G around a pole v =  гр/k of th e  integrals (2 23) —(2 24)

Then we can deduce that there are two contributions to the mtegral of eq 
(2.23), one from the real axis and The other from the integration on the semicircle 
around the pole

c

/ о »  dP +  WÓH (2.24)

where the first contribution is the principal part of the Vlasov kinetic term and 
the second imaginary term is small. The principal part P  is easy to be evaluated 
if we use the uutial assumption [3] for the real and imaginary paits of the poles 
pk{see eq (2 22)) The pole v =  гр/k will appear for large values of the velocity
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V, where/о (w)—► 0 and we can evaluate the integral on the real axis by expanding 
the integrand after the powers of к .

+ CO

— со

. - f  CO

=  -  ^ 4  =  —  \ /о К  V, t)dv (2 25)рг > рг J
00 • ;

The eq. (2 25) is introduced in the dispersion relation (2 23) with the result

1 +- (—га + у)2
tnq2,

z 0k 2m ,/;(o =  ’'JH r 4  =  0 (2 .26)

equation which could be solved by the method of succesive approximations, con­
sidering p =  —i(ù -f- y, with I у I <1 oo The first approximation will be obtained 
by neglecting у and the small imaginary part of the equation (2 26) under the form

1 0 or 6i =  6ipe (2.27)

ОГ 61 =  61 pe =
I  ne* U /2

l»«Eo )
Includmg also the term in у and making the series expansion after this pa­

rameters we obtain the expression

, (2 28)

we have considered here that for a Maxwell distribution function f 0 <  0, do not 
appear growing waves and then the expression (2 28) represents the damping 
rate of electronic plasma oscillations By substituting fô(<ùpe/k) from eq (2 18) 
we will obtain ; ■

where

we define

у = [ _ ü ) 1/2. ^  . J Í £ L . e x p [ -
( 8 J Ä2 ‘k-VTe I 2k‘VTe)

2VTe 61.
Те

'pe

~̂De — VŢe
<йрс

as being the Bandau wavèlengths and then y can be written as
/ JtU/2 ■ l ( l \

? =  - ^ eXp| - Ä )

(2.29) 

■ (2.30)

I '

’ (2.31) 

(2.32)



LANDAU DAMPING SIMULATIONS 15

This result, as the first1 approximation 01 =  ыре, certifies the presumptioh 
initially imade that |y | oi. ‘

An other simple approximation of the plasma ' oscillation damping can be 
made in the region of small wavelengths X <  \Dc In this case it was considered 
that for a large k, co/Æ -4 1 The oscillations with À 4  kd are-damped in a fraction 
of a wavelength and then does exist collective oscillations of the plasma

As a conclusion, the expression (2.32) for у iá the coefficiènt of so called, “col- 
lisionless damping” or Landau damping of the electrostatic oscillations of a plas­
ma This result could not be verified by experiments but different physical in­
terpretations were proposed The most realistic and explicit interpretation [6] 
was done as follows- the expression (2 32) for у shows that the oscillations damping 
is due to a small part of the electrons which move with thé wave phase velocity 
Vf. Those electrons are resonant which can intensively mteract with the plasma 
wave The particles which move with velocities somethmg less than wave phase 
velocity will be accelerated, will take the wave'energy, and the particles with the 
velocitiès larger than v{ = a>jk will transfer energy to the wave In the case of 
a Maxwellian distribution (f0'(o/k) <  0) there are more particles which move slo­
wer than the wave, than those which move faster As a result the resonant elec­
trons absorb energy and so the wave is damped

3 The particle simulation of Landau damping process. The use of computer 
simulation method to study the Landau damping in a plasma is a way to verify 
the theoretical results and to supply for the absence of experimental data ; the 
results of such a particle simulation of this process confirm, the analytical data 
establish the physical meaning of the collisionless dampmg, which is not only 
a consequence of the integration on the complex contour but actually, it consists 
in a phase mixing of the initial perturbations1 from the plasma.

Using the electrostatic onedimensional model (code) of particle simulation, 
also used for other plasma processes [7, 8 ] the following “input” data for Landau 
damping are introduced in the ESI prográmme': '

Nr of N r of 
spatia l steps 
cells '

N r of Compens 
species factor

Ateriuation
factor

Time
step

H isto ry  of 
T outier energy 

(modes) (

Ingen
NG =  ' " N T =  
=  128- =  200 

-256 _ .

N SP =  A1 =  0 5
'  =  2- 1

л 4 2 = , 1 DT =  0 11 MPBOT =
=  1, 2, 3, 4 

B nd

Species 1 N r of particles Plasm a frequency Therm al velocity (quiet s ta r or not)

N =  1024 =  210 
=  5 1 2 =  2=

W P =- 0,383 T1 =  0 ,0 , 
= , 0,9

/ =  2,5 — 4

Specie 2
1

N = 1 2 8  1 WP  =  0 924 T 2 =  0ţ0 , 
=  0 5  

Mode =  1

qlm  =  0 01 

'B nd ' '

After .running this programme,-we can see that the MODE-1 presents a 
dampmg at t =  30 If we take a larger number of electrons N  =  4096,’ the physi­
cal properties of this damping will be detalied Erőm the diagrams of electrosta_ 
tic field energy evolution 'the linear damping rate qf the wave amplitude can b
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deduced and compared with the analytical result which is subsequently done 
[4], the nonlinear trapping frequency of the electrons by the wave can be also 
deduced

Y = <i>pe
k3

1

2kn‘DC
£
2

(2 33)

for — vT and XDe = ■ XTe 
k { 4nn0e2

If =  0 9 (from simulation) then у =  w, =  —0 058
Y =  a), =  - 0  058 ' (2 34)

Other results which are obtained after the computer simulations are the 
electrostatic plasma wave will be damped with ,the damping rate

У =  a, =  -0 .15  • a*  (2 35)
i

a value which is enough closed to that expected from the lmear theory [4] but 
we can see that the wave energy decreases by just an order and then the damping 
is slow A similar result was obtamed by other authors [9 ] by usmg a simulation 
technique which includes a quiet thermal start

If we use the parameters vT1 =  0.5 (or vT2 =  0) will be not obtamed an ex­
ponential decreasing of the wave amplitude as m the first case To reproduce more 
exactly-the Landau damping the following simulation expedients will be used, 
the electrons will be devided in two groups, as different species of particles — 
cold and warm electrons, with a Maxwellian distribution of velocities

We choose the values a>2pe > v'} and k ■ x  u>pt and the phase velocity vf 
is placed at the largest slope of .the distribution function / 0j(Wj), so will exist many 
particles m the caption region, but the dampmg rate is у °V-

Another expedient permits us to decrease the necessar particle number in 
•the simulation, N\ N} means that the cold electrons transport a much lar­
ger charge than the warm electrons We use for cold electrons Qjm =  0.01 with 
the aim to avoid a nonlinear response and N, =  N G , this simulation expedient 
does not affect the plasma oscillations behaviour at the considered small ampli­
tudes. The imput parameters used m this case of simulation are the following : 
INGEN DT =  0.1, NT =  1000 ; NG =  256 ; NSP = 2; A2 =  10-4 ; IPH I =  
=  20 ; IXVX =  20 ; MPLOT =  1, 2, 3, 4

The hot electrons are specified by the d a ta .
Nt =  2« ; WP =  0 383 ; vT2 =  0 9 , 
and the 'co ld  electrons b y  the values-
N % =  256 , QM =  0 01; WP =  0.924 ; v0 =  0,0 ; vT2 =  0,0 ; vx =  2,5 • lO"« 
(MODEL 1).

There is also the possibility of introducmg so called “marker” electrons, the 
third specie of particles in the simulation code, with the following parameters :
N* =  1020 , NLG =  1020 , QJM, =  - 0 1 ;  a>p =  lO“10 ; v0 =  0.9 ,
»T2 =  0.8 ; 0.9 ; 1.

)

\
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The results of these simulations are done in the fig 4a — d and fig. 4e which 
represents the evolution m the phase space (vx, x) and the electrostatic field ener­
gy evolution

The fig. 4a—e represent the time t =  2, 16, 20, 40 m the interval 0 ^ 
^ ^ 2 and indicate the “markers’” at the velocities и =  0 8 ,  0 9 ; 10. Each

particle is represented twice, once at (x, v) and second at (x +  L, v)
In the fig. 4d can be seen the decreasing m the oscillation energy In the fig. 

5 the mode-1 energy variation is done, being observed the oscillation dampmg 
also as a function of time The growing m wave amplitude, which is observed in

■ '  ( a )  •' ( b )

(0  ( d )

F i e  4 a— d. T he phase space (v*. x) evolution of th e  plasm a system  a t  the
tim es t =  2, 16, 30, 40 2

2  — Physica 2/1990
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P i g  4 e The evolution of th e  electro­
sta tic  field, energy and his decreasing

the fig 3 after the running time t =  45, is due to the electrons caption in 
the wave field Using only the particles with critical velocities » > 0 9  the simula­
tion to se t-o ff also the nonlinear process of electron caption m the wave po­
tential and their balance can be seen m the fig 6 for the mode-2 energjr.

In the fig V it can be seen the damping m time of the wave electrostatic field 
energy which represents the same evolution compared with that from fig 4f 
in phase space

These diagrams obtamed in phase space (wt, x) contam information about 
the mtegration code of Vlasov equation for f[x, v, t) which represents an other 
modality of plasma describing

j
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F i g  6' The nonlinear trapp ing  and balance of th e  electrons ш  th e  wave potential

F i g  7 T he tim e dam ping of th e  electrostatic  field energy of [the electrostatic
waves

4 Conclusions. The Landau damping is a lmear phenomenon which is diffi­
cult to recover for any significant period of time because ur a short time the 
nonlinear processes of trapping and balance which appear in a plasma impose 
the end of the damping , usually the nonlinear processes from the real or simula­
ted plasmas consist m the fact that the mitial equilibrium is strong distorted or 
distroyed as the wave amplitude grows very large (the nonlinear stage of the pics*
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ma instabilities) In our case of performed simulation we ascribe the nonlinearity 
which limit the Landau damping to the process of electrons trapping by the waves. 
From the same reason the linear stage decreases for large perturbations since the 
trapping period decreases As a conclusion we give a more detailed physical 
meanmg and the most possible mechanism of the Landau damping Considering 
a Maxwelllian distribution of plasma electron velocities there are some electrons 
which move more rapidly and some of them which move more slowly compared 
with the phase velocity vf = ы/k If we use a system which moves with this ve­
locity Vf the wave potential is a sinusoidal one in ж and decreases in time with 
a damping rate w, =  у Neglecting temporary this decreasmg it can be observed 
that the electrons with the velocity in the interval (v — (njk d; vtmpp) will be trap­
ped by the wave, having an oscillation around vs, with a frequency tùtrapp, we 
can see that the relations between these parameters are the following

j  m vfrapp = q Ф (3 1)

and
m ■ (ùlapp =  qk2 Ф (3 2)

where Ф is the highest amplitude of the wave component with phase »velocity
Vf.

If we return in our analysis to a fix reference system we ean observ that the 
resonant electrons with the velocities v e  — vt,aPp, are changed with

those with velocities c e  | 2-, ff- vtrapĵ  , in a tune t ^njc t̂rapp If initially there

are more slow electrons, with v e  f — _  vtrapp, — ], will appear an amplification
\k k I

of their energiës, which is supplied from the plasma wave energy and mdicates
why the damping rate w, is proportional to {3f0jdv) =  — and explains the collision-k
'less dissipation which leads to Landau damping m a plasma
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MAGNETIC PROPERTIES OE F e - R E - B  MET ATTIC GTASSES

fill. ILONCA* and V. IONCU*

ABSTRACT. Amorphous F e —R E —В alloys (R E  — E i, Ho) were investigated 
The tem perature  dependence of m agnetization shows a m axim um  a t low tem ­
perature The Curie tem perature  and th e  mean magnetic mom ent of iron  and 
R E  decrease w ith  increasing R E  content The values for critical exponents 8, 
ß and у 111 th e  im m ediate neighbourhood of Tc were obtained from  magnetic 
measurem ents, and these values are m  a reasonable agreem ent w ith  those derm ed 
from the  theories based on th e  three-dimensional Heisenberg model

1 Introduction. The study of magnetical properties amorphous .alloys with 
the additional of a small amount of a rare earth element to binary iron-boron 
metallic glasses have shown that these impurities alter magnetic and other phy­
sical properties [1—4] The influences of rare earth elements may be explained 
by takmg into account 1) the size effect of rare earth (RE) atom s, this may 
cause a disturbance of direct exchange between iron atoms thereby decreasing 
(or increasing) the Curie temperature of the Fe —RE—В amorphous alloys com­
pared with the binary Fe —В [1], 2) the magnetic moment of RE, since, it al­
ters the net magnetization of the alloy, 3) the high chemical affinity between 
RE and В atoms, which may lower the mobility of boron and makes higher the 
crystallization temperature by stabilizing the amorphous state , 4) the exchange 
interactions between the magnetic active atoms

The strongest interaction m crystalline and amorphous R E —TM  (transition 
metal) alloys is between the 3d moments The smallest m strenght is the interac­
tion between the localized 4 / moments [1] The interaction between the 4f  and 
3d moments in all heavy R E—TM alloys gives antiparallel couplmg

In this paper we present results of a study the influence of erbium and hol­
mium on the magnetic properties of Fe — В amorphous alloys with respect to the 
grant magnetic moment of Er3+ (9 60 \lb) and HoJ+ (10 6 \iD) for a free ion

2 Experimental Techniques. The Fe^-tRE^B^ (RE =  Ho, Er and 0 < 
< X ^ 9) ternary alloys were prepared from Fe —RE and Fe —В alloys by elec- 

tuc  arc melting m inert gas atmosphere The amorphous ribbons, on average about 
25 (j. m thick and 5 mm wide were made by single-roll melt-quenchmg on a cop­
per-nickel roller in an inert amorphous gas and were judged’to be fully amorphous 
by X-ray diffractions All the samples used in this nivestigation had been pre­
viously relaxed m an oil bath at 500 К  for 2 h

The magnetization and magnetic susceptibility were measured using the 
standard Faraday technique [5].

3 Results and Discussion. In general the temperature dependence of the 
zero field spontaneous magnetization as{0, T) and of zerofield magnetic suscep­
tibility /(О, T) are of special interest Both quantities have been derived from mea-

• University  of Cluj, Department 01 Physics, 3400 Ciuj-Napoca, Romania
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surements of the magnetization a (H, T) as a function of the magnetic field Я  
and temperature T. According to Èrommuller [6], the deviation, Au(H, T) from 
absolute magnetic saturation as(0, 0) is composed of three terms

Ag(H, T) =  ДaT(0, T) +  Aap(H, T) +  Aas(Я, T) (1)

where AaT ~ T3/2 represents the effect of single-particle and spin wave excitations 
in zero field. /

A<jp =  XpH +  аТЯ1̂  (2)

results from paramagnetic processes such as Pauli paramagnetism and the spin 
wave gap gy.BH  and finally

Aus =  CjH~W +  CjH"1 +  С3Я2 (23)
account for spin inhomogeneities due to stress sources and local structural func­
tions

In Fig 1 we show temperature dependence of mass magnetic polarization 
a of Fe—Fr —Б and Fe—Но—В m the 77—600 К  temperature range where the 
amorphous alloys are m ' paramagnetic state

/ /
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We used a relative temperature scale for the better comparison 
The amorphous Curie temperatures, Tc, as a function of RE (RE =  Er, Ho) 

concentration Fig 2 On alloying RE, the Curie temperatures decrease on straight 
lines This indicates that Er and Ho added to Fe —В weakens the ferromagnetic 
exchange between iron atoms This decrease of Curie temperature, may be caused 
by the size-effect of the Er and Ho atoms due to the distance — dependent ex­
change interaction or the magnetic moment of iron |xFe, m the given alloys de­
creases due to electron transfer from Er, respectively Ho, to the 3d band of iron 
[7] like that of boron to iron [8] On the other hand, E r—Fe of Ho —Fe interac-' 
tion is more stronger than Er—Er, or Ho — Ho interaction This R E—Fe interac­
tion (RE =  Er, Ho), together with the random single —ion anisotropy of the 
RE atom, may lead to a misalignment between iron moments

, The magnetization data plotted against IjH are shown m Fig 3 The straight 
lines show that CjHT1/2 and C3H2 from eq. (3), (the terms which result from pomt- 
like defects or magnetic anisotropy fluctuations on an atomic scale, and isolated 
quasi-fluctuations) are negligible m comparison with CH“1 which as due to quasi­
dislocation dipoles
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The T3/2 dependence for many amorphous alloys was verified [9] but from 
the series of amorphous Fe—R E—В (RE =  Re and Ho) alloys only the ninary 
Fe—В follows this dependence (Fig 4). The a (T3/2) curbe in erbium and hol- 
mium-containing alloys has á maximum This maximum is more remarkable 
in the alloys containing more RE and on increasing the Er, Ho content it is shif­
ted towards higher_ temperature.

The given results suggest that the magnetic moments of RE (Er and Ho) 
atoms are oriented antiparallel to iron moments. This is in agreement with the 
results on many amorphous R E—Fe alloys [10]

From the measured a (77, 0) values we determined the mean magnetic mo­
ment EFe+RE which is a function of erbium, respectiv holmium content (Fig. 5) 
We have calculated [AfJ+re f°r collinear antiparallel oriented RE  and Fe mag­
netic mament usmg fiH0 =  10 3 jj.«, p.Er =  9 60 jjlu and ixFc =  2,05 [ib We have 
obtaineda good agreement between experimental and calculated values (Fig. 5).

i
I
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___________ 1__________ L__________ 1____________L___________ L
û 2 U 6 8 10

' X Í□ f %  RE ]
F  1 g 5 Mean magnetic mom ents versus E r  and H o content.

The magnetic phase transition is described by

=  «0 (
T -  t c Y  

'Га Г
for T <  Tc (4)

V-1 _  bt>I T -  Tc }r for T <  Тс (5)ao 1 J
<j(H, T) =  Со#1/8 for T =  Tc (6)

where ß, у and 8 are critical exponents and д0, b0ja0 and c0 are the critical coeffi­
cients Since eq (6) is true only at T =  Tc, we ploted in \na  =  /(ln H) and we 
have used an interpolation formula given in ref. [11] A strait line was fitted 
for each temperature by the least-squares method for 10 experimental points.
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The temperature dependence of the slope a*-1 of the straight line fitted for ex­
perimental points could be interpolation formula [11] cr:(T) =  439 —0.48 
ж(Т — 592 2) The value cr* at T =  Tc gives the value of the , critical exponent. 
We have obtained the following values for critical exponents a =  4 10 — 5 10 ; 
ß =  0 4 1 -0  44 and у =  1 2 0 -1  50

4. Conclusions. We have investigated the influence of Er and Ho on the tem­
perature dependence of magnetization in Fe —Е Е  —В alloys 

The T3I2 dependence at low temperature was not verified 
The magnetization decreases with decreasing temperature and values of cri­

tical exponents 8, ß, у suggest us an antiferromagnetic coupling between the ato­
mic moments of Er, Ho and Fe 1

The amorphous Fe —R E—В alloys exhibit a' well defined magnetic phase 
transition with critical exponents m a reasonable agreement with those calculated 
on the base of the Heisenberg model
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DEVICE FOR THERMOSTATTING SMART ENCLOSURES 
SYNCHRONIZED'WITH, THE NETWORK FREQUENCY

V. IONCU*, GH. CRISTEA*

AHSTRACT. An instrum ent capable of therm ostattm g sm all enclosures perfor­
ming, a t the  same tim e, th e  tem perature control w ith in  less then  ^  0 01 K , and 
tem perature m easurem ent w ith accuracy better then  0 1 K , is proposed Helium 
or nitrogen vapour flow is used as therm al agent m  the low tem perature domaine 
The varicap diodes or platinum  resistors are used as'tem pera tu re  sensors The 
device is suited for tem perature  control in  NMK and NQR studies, m  phase tr a n ­
sition and single crystal grow th studies as well as for th e  m easuring of the super­
conducting m aterial param eters.

Introduction. A device for thermostattmg the enclosures having the volnm 
smaller then 100 cm3, which assures its temperature control within less then 
diO OIK and temperature measurement with accuracy better then 0.1K is decri- 
bed m this paper Unlike the previous devices intended to such purposes which 
were, generally, orientated towards so called “in phase-control” of the power 
[1 — 3], we propose a scheme working on the “synchr one-control” principle, 
also called "switching at passing through zero” In the domain of the low tempe­
ratures a helium or nitrogen vapour flow is used as thermal agent The device 
is suited for temperature control m NMR and NQR studies, m phase transition 
and smgle crystal growth studies as well as for superconducting material parame­
ters measurement

The temperature programming circuit. Instead the description of the func­
tioning mode of the apparatus, whose block diagrame is shown m figure 1, as a 
whole, we present first the role played by each of its blocks.

The temperature programming circuit ■ (Fig 2) is realised by means of the 
J30 operational ..amplifier The group of the resistive 'switches К i and K 2 allows 
the rough selection, in steps of 50 K, respectively of 5 K, of the temperature do- 
mam which has to be stabilized The Pb potentiometer assures the fine, l e. 
continually, adjustment of the temperature within 5 К  Practically speakmg, 
the obtaining of the pre-established temperature is equivalent to the restoring 
the equilibrium of the voltage at the input terminals of the I 30 operational, so 
that its output voltage is zero

The 10 mV/К  voltage at the mversory input terminals of the I 30 operational 
is supplied by the circuit amplifying and linearizing the signal given by the tem­
perature sensor Depending on the magnitude and the sens of the temperature 
deviation from the pre-established value, a voltage will appear at the I 30 opera­

tional output This voltage automatically commands one of the variants of the 
analogous digital converter (ADC) of the delta/sigma tjqpe [4] This type of con-

* University  of  Cluj ,-Department of Physics, 3400 Cluj-Napoca, Romania
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F i g  1 The block • diagram of th e  therm ostatting  instrum ent

verter has been accomodated to accomplish an integral sjmchrone command of 
the potter m the thermostattmg load

The ,,in phase-control” versus „synchron-control”. The applications of the 
different semiconductor switching devices (thiristors, triacs etc ),, described pre­
viously [1 — 3], to the electric power regulation m leads functioning m alterna­
ting current circuits has orientated so far, generally, towards the so called “in 
phase-control" of power (Fig 3a)
The “m phase-controlled” regulától s are simple but a serious difficulty arises, 
however, concerning the suppression of the perturbating radiofrequency spectrum, 
which appears as a result of the initial piofile of the harmonical evolution of the 
impulses The spectrum suffers changes according to the degree ot the adjust­
ment, the nature of the load and so on. The avoiding of radio interferences is 
particularly difficult, especially when high power is controlled

When the feeding voltage is not harmonical (but squre) and the power is 
a Imear function of phase difference (Fig. 3b), another question must be resolved 
This is the necessity of linearization of the adjustment' chai acteristic In the case 
of sinusoidal evolution of the signal, the power does not change m a linear manner. 
However, available power may be estimated by calculating the integral of the
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F i g  2 The circuit for tem perature programming

F i g  3 The modalities for the command of 
switches a) voltage evolution for ,,m  phase — 
com m and, b) linear voltage evolution for "in 
phase-command” , c) load voltage evolution for 

synchronous — comm and”

\
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signal over a whole period of time, using the sampling side of the voltage. The 
analogical character of the "m phase-control” manifests itself even m the limita­
tion of the temperature and/or of the long laştmg stability of the circuits (the 
phase-circuit, the semiconductor components etc )

In many cases, especialty m controlmg of the thermal processes, finds itself 
an application so called “synchronous-driving” which, though yields a perturba- 
tmg radio spectrum too, is much smaller [5, 6] The functionmg principle 
of the analogical-digital (AjD) converter with synchronous-driving is autlined m 
figure 3 Unlike the "m phase-control” command, here not every halfwave of 
the network voltage is commanded The voltage (current) evolution remaine har- 

‘ monical but it changes periodically, together with the switchmgs, so that to the 
controller arrives the needed number of halfwaves The figure, 3 justifies also 
the name of “switching at passing through zero” given to this kmd pf control.

Owing to the reduced level of the voltage (and current) impulses (ut, iz =  
=  0), which occure in the switching moment, the distortion spectrum is practi­
cally negligible as compared with that appearing m the case of “m phase-control”. 
Concerning the power, the most simple are the regulators with synchronous 
command, which are very much similar to the classical ones, having two alterna­
tives, of on-off type

The order of magnitude of the thermal sources and' environment time cons­
tants is much higher then the period of the network voltage Therefore, in order 
to obtain the pre-established temperature it is not decisive the sampling of every 
halfwave Depending on the requirements of the regulating stage, only the ra­
tio between the number of the active halfwarms and the number of the blocked 
halfwaves is decisive for transfering power towards the load, m a well determined 
instant of time To illustrate intuitively, the physical phenomenon taking place 
we present m figure 4 a succession of sinusoidal voltage patterns

The comparation between the "m phase-control” and the “synchronous- 
control” of the heating source is possible with the help of figure 4 The analysis 
of this figure logically leads to the conclusion that heating source can be contro­
lled not only m two positions but also in steps, by changmg the ratio of the num­
ber of the active halfwaves on the load to the number of blocked halfwaves , 
Therefore, the impulses succession, which releases the switch, must be matched 
to the requirements of the analogous nature of the control This means that a 
lmear dependence between the input cantities (voltage m our case), and the amount 
of energy transfered to the load should be assured A synchronized-version of 
the analogous-digital converter (of delta-sigma type) has been used by us- for the 
control of the impulses succession

The analogous-digital converter. In figure 5 we present the diagramme of 
the analogous-digital converter constructed by us, m order to control synchro­
nously the block driving the triac The alternating voltage of the network, having 
the frequency of 50Hz, is used for control only after it has been shaped in a rec­
tangular one, of 100 Hz, which is synchronous with the passings through zero 
The voltage shaping is done m the monolitic circuit I 6 of the phase blocker and 
in the circuits I 6 +  I a'of frequency devider (Fig 6) The access of the impulses 
(~0 5 ms width) to the optocouplings Ог and 0 2, to drive the triacs, is comman­
ded by the analogous-digital conveiter The information ls^transmited from data
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P i g  4 T he tim e diagrams com paration a) the  “in' phase- 
command" , b) synchronous-command w ith whole period blo­
cked , c) synchronous-command w ith blocked half periods of 
a single signe , d) "synchronous-com mand” by in tegrated  cycles

input D to the output Q (or Q) by means of the active front of the tact impul­
ses delivered by the bi-stable D (1/2 I e); determining m this way the state of 
the ’J33. comparator input

As it has been previously pomted out, the comparator switches at the ins­
tant when the “tooth” from the integrator’s output passes through zero level.



DEVTCE FOR THERMOSTATTING SMALL ENCLOSURES 33

3? 1 g 6 Tlie tim e base and phase blocking circuit <

The logical level at the output of bi-stable D changes as soon as the comparator 
switches over.

’Tipping the output of Q (or Q) and releasmg or blocking, ' simultaneously, 
the gate P8 (P13) is always synchronous with the positive front of the next tact 
impuls Depending on the connection manner of the gates to the tipping circuit 
Q (or Q) they are always active (ör blocked) for a single time mterval ta (or tb) 
of the integrator period. The working mode of this unit can be properly unders­
tood by simple mspectmg the time diagram m Figure 7 For this sort of command ' 
both positive and negative halfwaves are used

In order to perform a high quality synchronous regulator it was necessary 
to select an integrator having a large time constant, when we have built the analo­
gous-digital converter For exemple, to distinguish the order of units (in percen­
tage) it is necessary that the repetition period of the converter to be approximati- 
vely equal to 100 X ţ.0 ms =  1 s The convertion slope can be modified by choo­
sing the proper value for RS1 resistor The length of the integrator’s period changes 
according to the value of the controlled voltage' Because the ratio ta/tb 
is used for the control (Fig 7), generally speaking, this is not a deficiency On 
the contrary, since the temperature dependence projects itself identically both 
in the limited mterval ta{tb) of the convertion period and in the entire time inter­
val

The optoelectronic coupling block. The coupling which we have in mind is 
between the power group and the detector of anomalies Both from practical and 
security reasons are adequate to connect the controller with the power switch 
by means of a transformer or* by an electrooptic coupling device, avoiding ni 
th is manner the galvanic contact between controller and network The electro­
optic controllers are ideal for optimum control, as they assure a good separation 
of control block from network

- The control of-a high power circuit, by means of low power signals, energized 
directly from the alternating current network, may be obtained in' version pro­
posed by us The d c voltage of —15 V, feedmg the Ţ1 (T2) transitor, is obtained 
with the CM(C16j, D13(D15), Dw(D16) and 2?86 (R103) group For the logical level

— Phystca 2/19Í0
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F  1 g . , 7 T he tim e diagrams for integral-synchronous 
cohtro l of th e  power , a) th e  netw ork voltage voltage 
evolution , h) th é  signal'evolution a t th e  ou tpu t I I  o f. 1
jthe I"devider, (Fig- 6 ),,c )  th e  signal .evolutionat in -, , ■ 
teg ra to r ou tpu t for a 'determ ined  rvalueJ of th e > со-, , ,

"m m and  voltage from program m er1, d) th e  signal evo- j,
1 1 lu iion  a t th e  '0* ou tpu t of1 th e  tipping bistable circuit ' J 

(2/2i5);,,e) th e  impulses .succesion.a t th e ..o u tp u t,,of ;
th e  P 8 gate (Fig 5),, f), th e  voltage (current) on the,

J', 1 ’ 1,11 ‘ 11,1 ‘résistive load. Iu / ‘ 1 ' 1- . rlf ' 1 1 I ' ■ r . 4. ! l ! h[, ■ " : , ju

L  àïthe-P8(Pa) exit, á'sufficie'nt^tiíümmátion isMréateld by éléctrolumihiscent diód, 
so that thephiotótransistorin optoc'oupler’ works..Insuch conditions the Ï '1(T2) tran­
sistor opens, and á cürrént,‘of fhoút í]O 'mA passes through the controlling'gate of 
the triác. 'Ás a', result the triac opens too'1 and introduces a ,new chargé .in, circuit. 
When logical levél at the\P8(P9) gate e ^ t  is* changed,to H f the triac beçomes blo- 
"ckéd. The R9̂ (Rgg) resistor and Сд6(С^).сарасЬ:р:г eliminates the possibility of noise 
•appearance and improves .the working confidence in the cáse when, the'load,, has 
inductive features, too , > ' ,

' t r i l l  M i l . ' -  , 0 r  I .  .  J i ' . M  I i - . t ; ' .  I l  ! , ' ! • - J l  ; ■ f I ■ ■ - M  r  . ' I M  . ■> I ' W '  .1
_ .. ...In short, the detector,’of,anomalies,-is a.signalling-device I t  is built,usingjthe 
Die, D2o, P 92, R93 and Dy-, D1S, R100, R101 groups Its role is to signalize the'.in- 

I terruption of the load, ceasmg in consequence, the .thermostatting of the working
WcIMirW ' - 1 ' ' I I tr  •M./-I1M ' ...... . ''"'M'ar ■ i!h. wH'ericlbsùre. ,
i л  1 - .11 , )-  1-, 1 r ‘ 1 r j  n ' l i  -J ■!' I . ’ 1) l l  1 1 . 1 .'  I 1 1 • I . • j  • - I

i r r  Conclusions. The thermostatting -.instrument' realised allows1. the - extension 
cof measurement, possibilities of 'the NQR1 .spectrometer, 'to-which, i t  is attashed, 
-in a large idomain, of temperature and; a t  the samei time, improves the accuracy 
-.of. phase transition, temperature' measurement: ; -By. moving the-1 switch rK 2 .(Fig. 
2) from position 1 mto position 2, the thermostabilizer, may. be commánded- with 
’an, external .-voltage, - and .programmed, for the .thermal, treatments ’.of j materials, 
-or. for single .crystal, growings - The,main purpose of the instrument is-to assist aus 
'(in I measuring, the. parameters jof the! new, high temperature superconductingma­
terials andin performing accurate;NQR(measurements,as function, of temperature
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MINISUPERSPACE TWISTOR QUANTUM COSMOLOGY

's. VĂCAHU*

AHSTHACT. — T he tw istor wave funcţion of th e  Universe is introduced 
Using tw istor m ethods/а  firnte-normed solution of the Weeler-De W itt equation 
for a homogeneous mimsuperspace model is constructed

1 Introduction. The Pènrose’s twistor programme [1] mtends to give a 
new approach for describing physical phenomena and laws by methods of al­
gebraic and complex analytic geometry In recent years, twistor formalism have 
been applied with success in various areas: linear and non-linear field equations 
of the Yang-Mills, Einstein, supergravity and string theories [2—4]

We w ould like to explore the possibility of a twistor interpretation of the \\ ave 
function of the Universe [5]. Namely, we’ll consider the generation by twistor 
holomorfic functions of the general solution of the Wheeler-Dfe Witt (WD) equa­
tion m a simple mmisuperspace model

2 The basic minisuperspace formalism. In order to illustrate the twistor 
approach to the quantum mechanise of the Universe we consider [5, 6] a mmi­
superspace model consismg of a homogeneous massive scalar field O(f) minimally 
coupled to a ' Friedman-Robertson-Walker space-time metric (FRW.p model)

ds2 =  - G K ^ l—N ^ d P  +  a2(t) dflfsj,

where N(t) is the lapse function and сК12{Я) is the metric on a unit three-sphere 
With the cosmological constant set equal to zero, a(t) and Ф(£) to be fixed,on the 
boundaries at tx and t2 the action is

«I,
S =  -  Í d i -  -  f  +  я2 +  Í -  — !" -  тЧЩ2\ .

2 J  a [ \ ' N  dt I [ N  d t j  J
h

We note [6] that the Klem-Gordon (KG) equation, ч I ‘ '
(□ -  m -2)Y =  0

for a particle of squared mass m~2 m the auxiliary metric '

ds2 = m*M2(oc, O)d5f0),

where

a =  m~lea, M 1(a., Ф) =  ш~*(е^а — Ф2гь“), dS20> =  da2 — dФ2

(1)

(3)

(4)

•  A cadem y o i Sciences of Republic M oldova, /nsfilufe ol A p p lied  Physics Chişinău, Rep M oldova
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is'proportional to WI) equation for FRW® model with action (1) (the Hawking’s 
measure-dependent parameter p is set equal to one). Equation (2) is conformally 
equivalent to the KG equation with4 the variable masse squared term M(a., Ф)

(□  -  Щ а, ФЩ =  0
if one performs the conformal translation to the flat metric

(5)

dS*-+ dS(20) =  П’(а, ®)di*,
where

H2(a, Ф) =  m Ф), □  =
d J 8Ф1’

Y =  0 ~11F

We’ 11 consider only nonsmgular £1(а, Ф) factors
It should be emphasized that there is a wide class of quantum cosmological 

models (see fo r 'exemple the cosmolog}- based on the R -)- eR- Lagrangian [7], 
a semiclassical approximation for the entire Universe [8 ], or the quantum field 
theory of the Universe [9]) yhen the WD equation (equ ) is equivalent to the 
KG equ with a variable squared mass and one can consider analogically more 
general models than (1) if a conformal transformation to a constant mass KG 
equ may be found '

In the following section we apply twistors to describe mass field XF, équiva­
len t^ , the wave function of the Universe, m order 'to generate the general solu­
tion offflhe minisuperspace WD equ by means ot a contour integral in twistor 
space , '

3 The twistor description of the Wheelcr-De Witt equation, a) Twistor con­
figuration space of F RW<i,-mоdels. Ret iis parametrize pomts on the flat co- 
tiguration two-space Мщ, provided by the'metric fl), by coordinates -f4 =  (а, Ф),

1 I t° -j- T1 0
S {  0

_ l i a - ' ”
- Щ  ’ о а - Ф )

Twistors as'elements of the mmisuperspace FRWq, configuration twistor 
space c7z can be represented by pairs of spinors Z“ =  (gU(t), tia.) =  (w(o) —

where b =  0,1, or by spinor coordinates-t4 

,а +  Ф 0
>K

where A,A =  0,1.

гтАА'кА—  i t a a ’tza ., tca .) where gU(t) =  <o(0) 
equ Vawb(t) +  va- ^ ( i ) =  0, Va == 5/S?
we denote Z  =  Za =  (toA tza>) =  (itЛАwa-

is the solution 
and а == 0, 1, 2, 3 
tza-) and use dual

of the twistor 
For simplicity 
twistors W =

= Wa = (XA, гтАА'ХА) which are elements of the dual twistor , configuration 
space cn* ' , ,,

Now we would mention that under conformal rescaling 'ds20) — d52 =  
=  G- 2(a, T)d.Sr(l) components of "new” twistors Za, Wrx are expressed through 
the components of initial twistors Za, Wa by formulas Z“ —*■ Za =  (or'1, tza-), 
Wa-*- Wa = (XA, v-a'), ‘where

to-1 = <ÙA, nA- = nA- + АА'ЫЛ, Xa = XA — Г(АА'\ха !i A ----- u.A ( 6 )

i
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/  ,<4. ' l l  J l i  | W|  )' ) . /  > c’l / 1  J 1 \ dZ M < 4'  I r l 1 >,/»

in^a^iat space ôf(̂ 6n:m ^ i ^  ^p,m S = J(-  îţ ï» = ; , >;.i) field, equation;in,
terms of arbitrary ! holomorfic on thé same, domain ,ü  of dual twistor space е7с* 
fùttction f{W), homogeneous of degree :(—n — 2)" is, , ;

, 1 J '  r  Í j 1 ГГ j i .  [ i и  [ 4 ,1 î , 1 )i ‘*1 - 1. i i . j  i ) 1.) U i , 1 j 0 , 1  S i 11 J11 И  П  Y.i< 1 J I

Фае s(?0) = (2тсД 7 0 ) ° ^a ) D \ ,
J • ^

where D \ =  елвХа&},'б This formula may be generalized for massive fifelds^
For ’ V-I 'III W1 

' sider a function ! I .4- ,VJ b), we con-
■Ф i

S' S/
>; 4. ij Ml I'" ‘ 1 f ГГ ./(ж«, z a) =~f (Xa; ; r fi V ;!: ,J ,r-

1 . Г  j ' , 11  L( J ^  , ,  ) I , ] 1 П Г, - Y  I I I I  Г ' J - I l j  ! ) , " ! < • i . ' M j  Ю  M-l ■ "  ( S '  J>

* ■’ hblbmorfic 'ori1 two twisiors'’IF* -and Z“' arid homogeneous of dégréé''(—pK—‘
—!2) ‘ánd1'- 2V cörféspóndingl^'* ' ,jf '" 1 '1'' J ','1 ‘ v  J>
ii? i>r - ( .rpj) ribtn.' o r a  ,7 " é ,' , z  ■ p -uiíí

1ч/| ) , j;^[ ч/1 ' 1 I, I s/ ' <! (í г I л  i Г j[ ) , г ) Л

 ̂ u />, ii - (.7)1 
I - • ;  11, :  11 i i  i .  I ’ j . [ i  n i

,irj jti j / • . i * _• L
,, ; ! “ i j i,’ / “  1 / /  V j ,' i j - m i f i ”  i ;  , . i -  m u l

■ ' i , 1ÍS Is

• It'/mjoi'-iiff '‘.Ля-то j ,~,i v u  inn ' ' l .
'i ,{~ . r  r: ji v J f A ' / j " (,Ţ, |)r v i )* e U Pc'- *, • Pm i n j I j лч Lir vnj.

. - P
IbJO '/ lh л I 0-J i, If j fUl  m  ,11 I • , p ‘i J ' v -  Ï v ;

>r i J 1 r " , ■-, -'ff 'Z^F'{!kA' ;—ix/i4'l'RA,'> K'AA'\pA'\' V-aÎ'PPï1 A’^P-
i ‘ i / ' f  n,  é ; p ; ' 4 t u  ' U o h i . i j  ;; i j 

We introduce spinors •
- tn  г ч л  i'l, b ,  . í f d 'H i ' l í l Q  К  ’ if í" ' - l í í  ’í) I 'I .I  1 l ' i  l 'ií) ‘m i - i f j .  >ll í ' ‘ ■ IQ \

, ! ‘ P P STH’ K' =  VT ixp SG',H'. Л"-n  . í j '  . i ' 'о  и г м г  h , i r j  i n . o j  ) j L s ‘ i M 1 ! i i ‘и з о - '  íréi и . :ii>' -
whichjis symmetric, on indexes .F;.)., sX j and;, -̂>x rf ,t- , b\.r. j : п 'З ьи ^ и

- “■ ' Y q '"~s g '  ‘k i ’ = ' ' V £ o-p q  > ' s G ' r u 'Á:'' >' i e i ( 9 ) r'
i 7 - - ' 11 ; '•■’ /

which is symmetric on indexes G .. .KL  Using the twistor version of‘the Dalam-
, , . ■ i i ’ °  к  a  l i e n - /  j , , -  ---• bertian i , ţ ,i) . 53 и П'.*

о > t  // Г '
r, • (1ф:

-iijV[«/i :ru, ’ Ш' v ! I 'ia ■. 11 [c r xí ;j,,à \ ■' n -;V " ie y  л а!' о,--1
• • • ч и  D . f

* V  i i i l  i i i '  , * h  i i !')<• - i ,  i ,__ > - ( - j  i i  j  ’_ h  ' / 1 (

and.-quaptum/,mechanical ̂ changes игл 3/dZf *-* Z5, djôW ÿ^^W h  □ r 4̂ —pa7 iipi
! i .  i i v t  1 r. ’i h  - ,-iii I n n  ’ -  " i n  oj ' ‘ \  \  / и  i i . m  ->■//

wje^.hayep,,»,/ , ,jv ,/f лр2 ==, 2,|iaßZ?W  | \ j, r .',!Í (, c v - 1 v. i(H)
where I â  is the^ “mfmity twistor”. ' . )J' r' '

-V ii i - v  j  i . v  n [ , / i j , f ,  [ r : . u n m '  >’j , Z  i r  U n i t  l< i X r ■ j 11 г Ы Htti  ' i /  / ' ч /
If f(W a, Za) is an eigen state with .an eigen value p2 of the operator {Ш;, 

thb^enerkted'hOeording-to' (7)4fi'éldrja ' Î . satisfies tlïe'KG éq ' (□  ^ ’n2)»'.,.-r =  
=  0. Froni this eq. together with (7) iţ  fpllows that;«,', t. (impair with, ß ; - r 'from 
(8) or, if we need with y " • from (9)) describe an unreducible, free, of high spin
j =  (p 4-̂ q)) Dirac field of mass' |x (supposed to be positive), J
V ţ  ' '"a;,-- n , a, » i ". - \ \ , Л ч>

(



I
\

MINISUPERSPACE TWISTOR QUANTUM COSMOLOGY 39

j >.-: ; VFinally, ewe' should' mention; that ecbntour (integral g(7) 'generates (solution's of
v' / , ‘

KG equ. (2) Y(a, <t>)'if(we set fi =  q =  0 and,- g2 =  m~2' Multiplmg by conformal 
factor 0.~~Ча., Ф) ’we’ll find solutions of WP equ. (5)' 1 , ,\ ',l ' > . g. ’ , 1 \[;. VI /  . V ' 1;*' \  ,-G\ -/>; '\<b •- .

c) T w i s t o r  q u a n t i z a t i o n  of  ' t h e  U n i  v'e r s e. We mean 
by twistor quantization of the Universe the set of r.ules accordmg to which varia- 

' bles ’ of classical twistor geometry <are systematically, replaced by certam opera­
tors,^ pu tof .  which:,one, constructs quantum mechanics, of;.the Umverge./// i

/i 'When tlië twistbr^qiiahtiz'a^ibn1 r u l e s =FZ\j;f‘l É^rf^+Z'úf = ■ 
-J- , • h  L jM Ïi.' > .и  - ‘'r no i ■!., - j  q -л e.) 8 Z a i \ ■(■'ù' .r i m e , . '  iv U im  •

=; Zaf  where /  is a holomorphic function in Za, and ‘W'a•— ji  ‘"h, d/ни i  !w T; " ; , ; 7 ni m., m Iop и . ■ .m«.'-.'. >1
Wa —— =  Waf", where f "  is a holomorphic function, Щ W'a!, are brought

« /4 4̂ ' /N
into effect, we find the commutation relation, [Za,, Zg] ==__Sg and Wg] =
=  Sg which implies thalí ’fiié. heli’cíty'Operator ^-'(Z ^Z ^-^È ^Z ^d z 'È' =  —
_ ; ' _l . I-a-'w . Ú- U- v \  ' a " f  V - p. V . ţ ' < g 4

fW aWa -f- WaWal'should! be given by 5 ’/-G-)— -̂ -‘Jí |Z a^^-'-j-‘2 ji/ ' in'\ Cn repre­

sentation', or $  / я—>- -i- % IWa- ~ -  4- -2 j /"  in c7ţ+ representation

v If, wp, take f{Z*) ^degree of homogenity t'o be (H-y —j 2), and /(JTa) degree 
ofphomogenrtiy' to'lbe -(-Qjb —',2j ‘ tíie-’eigen lvalues of the helicity’ operator is'4-'Jig

J J 1 ‘ ! ! 1' .. ! 2 .
1 or, correspondingly,----hfi • { 3 d Л,

We
N/

define the 'holpmorfiq on - twistorэДб) function f{W^at, Z*) = F(t“, 
X*, 7гл-),, which is contained in tlie integral (7), as the twistor wave function of 
the Universe This function may be considered as the integral transformation 
describing-the-translation to usual wave function of the Universe on a superspace. ' 
More exact Jdefmition of this twistor wave function is possible on the language 
of sha.yes_ and -cohomologies because, it is an element of cohomology group, 
of shaves on projective twistor -space ,[2j-3] . ~  ̂ -
Ui; ItJ-would bej emphasized1 that the! [twisto.ru .Warm, function1 of the Universe 
f{W a, Z“) generates m the space-time, after differentiation on twistor Tvanables, 
spinoptensor wave fields, as we have seen according"to formulas (7) "— (9) This 
way, m, mmiáuperspace'approximation, the Universe may be described alternati­
vely by spfflor-tensor variable squared mass wave fields
U --4 . -Twistor'niass eigenstates1 of the’ Universe’.’ Our " starting’point bf 'tliis sec­

tion is th’é1 dl’ässi'c;paperv[2i]' in’ivhichl (ä Twistor Ve'rsibn’óf ’the KG Jeqii ’'Was first 
given ,.Penrose’s.equ . for mass-;eigenfunctions Ts '> j t uj,'j*.c - i.:,-' /« -■ ,J l
iiu.'  ; uyfr ' I. I j jdj Mo.'c-Vwt ytr/.' bUef-u; jr^ rl nln virunu m *

-F(X«, Z«) ^ F L X fa Z ,* )  ţ .v.td?}-  27agZ«ZP/^
dX* 8ZV-
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If F(Za, Х л) of degree (—2, —2) homogenity satisfies (12) it is ease'ly verified 
that

Ф(т.) =  (2tu) - ^ F { ( ' ^ ' Z a; Za.), ( г ^ 'Х л., X Ä-)}ZA.dZA'\X A.äX*  (13)

satisfies KG- equ. if (i2 =  m~2 and Ф(2а) = Y (t„)
We are interested bjr a general solution of the WD equ m a form amenable- 

to twistor-diagrammatic formulation A P Hodges m his work [10] had given 
detailed calculations and diagram representation of'the contour integrals for so­
lutions of type (12) equ

To generate an elementary solution for KG equ. (3) with p2 =  m~2, i.e. a 
Haukel solution, we write down

F (X* Z*) = (2TÍ i ) J d s 2 ( I  ju-)S IT P '^sin lf S )_1 ( 2ТП ) Л

Í
I  V  i V  V  V  v v v v

d WAd Y f (Woc; Y«J(WZXZ)
V  V  V  V  - 1 - S Y Y

where f(WK,YJ =

v v v v
( W W Y Yk N

l -A B E  F

k X  z
(.14)

V  V - 1  V  V  - 1  ’ - 1  V  O tfl V

W—A =<2ТГi ) (WA)^TTi )  V U  Ap

If we introduce the notation W — Ÿ for (2та-1)(IK Ÿ) 1 s we can represent
I__ I

(14) as

f

F i X ° \ z * j  = ( 2 T - Г 1 s
d S ( L u )j  2

„  '.TS Ş.
ТГР (sinTTS) l - -ş -Ş

(15)

-  'S  -

Here I  is a contour from —oo to oo that loops round all the poles of Г(—1 — s) 
We emphasize that formulas (14), (15) differ from those, presented m [10] for

V/ 4^ 4/
Minkowski space, because X, Y, Z, W are twistors in the conformally flat èpace 
with auxiliary metric (3) which are l elated with twistors m the flat spac'e with 
metric (4), by formulas (6)

\
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Using a contour Г4 with the propetry for integrals 

' (2m) J) {c1 +  In\хлал — ^1)}{c2 +  In(и>Асл — k2)} (хАи>л — k) ~2d2coÂd2x
г.

I —  cj  “P £9 “h A),  ,
✓ !

where с,*, A1; k2, k are constan ts,the generation of fimte-normed eigenstates 
can be represented as

FfX^Z*) =;

(16)

r|2Tl) t f / , ' * 2\ kb  S (П -5 )Г ’ =(2¥|)-’[Е1Ч,г“ -к )  .
+ Z(-1) n n(W„Z“ к Г п- 1| 1n=0 >

/4 ^ duIn (16) Ely) is the Euler function and U(W„, Za) satisfies the relation
(Z,awa)

=  W JJ(Za, Wa) where although U(Za, ]Ya) is not finitely defined, the result
of (16) is nevertheless finite, when contour T4 is used. Indexes v, v in (16) are in-

FI i Í
X Z X Y  — — fi2l =  (XZ — v)_1

1 i
(XY — v)-1 where /vv =  —• p2.

To conclude this section, we note that the Hilbert space of the Universe 
for FRW  models is determined by mass eigenstate finite-normed solutions of 
the WD equ. (equivalently of the KG equ. with a variable squared mass (5)), 
which are multiplied by conformal factor 0 _1(a, Ф) mass eigenstate finite-normed 
solutions of KG equ. (3) according to integral transformations (14) from the twis-

V 4/
tor wave function F(Xa, Za) (16) ,

5. Discussion. We have analysed the twistor interpretation of a particular 
tor FRW® mmisuperspace model Using twistor diagram methods a contour in­
tegral representation for the fimte-normed general solution of the WD equ. is 
obtained. This result is important to construct Hilbert spaces in the recently 
developing "second” and "third” quantisation of the Universe [11, 7] Of course,
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a pure twistor interpretation of the quantum cosmology whould be interesting 
and promising • ’’ ~l' J' ~n L ' J , ‘ 1 J ° ~ ‘

One might ask to what extend our-results are generahsable since') our tor mo­
del is quite' simple The'answer about the possibility of a twistor interpretation; 
of the WDequ. in a superspace of dimension n =3, 4, . . .  is afirmative.In [13J the 
twistor theory for spaces n >  4 is presented. Therefore, one may expect that twis­
tor approach will be effective too' for superspaces of higher than two dimensions. 
Perhaps, when the (theory is,mvariant under rescaJJing .transformations, one needs 
to mtroäuce local superspace twistor connections (see [12],'w/=;4). The Yang- 
Mills equ.for twistor-super space connection whould describe a'supplimentary 
twistor, dynamics for the'hUniverse. /

The author highly -appreciates the warm hospitality extended to him at the 
ClupNapoca University. This paper summarises the results of the talk given at 
the Romanian National Conference on Physics ,was, held there (24—27 Octobre 
1990) V .  jîŞ  •. Л ' Ч ' Л
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■ ON-,ТНЕ SPECIFIC; ,HEÁT OF SUPERCONDUCTOR'S

’ и О
I. GROSU*

1 1. . - Ь

- —  - - -  • Д CL­
AUSTRA CT. — The Specific heat r a t io ------' was calculated for large class

Ccn - .
' ' ii 1 : , ţ■ и I - ‘27гХсч ,> s - I •

of superconductors W e found .that for large y a lu e s---- —  .the specific h e a t ’ra tio  falls,, L , < » ■ ' ' u>D: . ~ ' M 1"
below BCS result

, Introduction. In this paper we consider an electron-phonon superconductor 
described by the Eliashberg equations For the electron-phonon spectral density 
a2(Q) • F(Q) we consider first a simple' á-f unction model and then a' two- 8-func­
tion model. The specific heat • ratio is qualitatively estimated.

CeN 1
Theory, a.) .The ffee-energy difference between the normal and supercon­

ducting states is given by the relation "[1], ■ ~ - , ■
(for weak coupling superconductors)

<4. ■ _ » ; '
( i )

m ■1, 0, + 1,where- oi,„ =  тгТ(2да +  1) ,
KB = \  .
N(0)—the density of electron states at Fermi surface. - 1
T—temperature . •

;; The Eliashberg equations, written on imaginary frequency ■ axis are [2] ■

<ù„Zs(n) —‘co„ +  7гТ Yi X(w — m) <*m
, ---------  [®m +  'Д2(ет) ] 1/2

A(n) • Zfn)  =  7zT  'S  [X(« —.m) — [!*]•
с  *»<= — со l<4> +  Aa(«i)]1/2,

where А (и) are the gaps and Z s (n) are-the renormalization factors.

X(w — m) =  ^ 2 0  . a2(0) -’jE(n) ■ dO 
О2 +  [2тсТ(и -  m ) f

(2)

(3)

(4)
O'
‘where a2(fi)F(£I) ,is the electron-phonon spectral density. ' 

Acaording to [2 ], the specific heat jump at Tc is • ‘

- r  - -, AC =  -Щ 0 )  • - i ± i -  • Tc •
'  ‘ G(-rc) ,

(5)

.“ U niversity  o l Cluj, Departm ent о 1 Physics, 3400 Cluj-Napoea, Romania
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and

F ( r ) = ^ i [ T (S : + , 1) - T ( i ) ]

Y (ж) — is the digamma function.

7 X -  Ц*' G ( T ) = r
1 +  X

1 +  X

m
( " D *

■In (6)

(7)

X M  — is the Riemann zetá function. 
Using’ (6), (7)- and (5) we get (at T =  Tc

~ 1,43
N

which is well known BCS result, where ■
■ с елг =  у тс

2 ;and ■ у =  —  tz2N ( o ) is the Sommerfeld ^constant.
3 ' V ,

(8)

b) "For \intermediate coupling superconductors the specific ' heat ratio is : 
- ’ , AC ^  щ о )  (l +  x)a [J-;(,Ú)]°

C ‘N  "  Y , X —  (A* G ( T C)
(9)

For-Bi—O;superconductors which are not in the strong coupling limit (ex­
perimental results are consistent with weak-to-inter mediate coupling [3]) ](9) 
gives .

• Д - 2  for À~0,5
- . ' cw N 1 1

c) For strong-coupling superconductors [2], [4], with a simple S-function 
model for,, the electron-phonon spectral' density a2(Q.)F(D.)

1 a2(ü)F(Q) =  S(Q -  Q0) \ (10)

: « w + ţ  а ? . ■ m  • f6 ■ ' » m  -  « r <»>

the specific heat ratio is

■ A c
С е к

For realistic values' X'~ 1,5, gd ~ 0,155, Tc ~ 18 K, , Q0~ 93 К (case of 
Nb3Sn) , —  ~ 3 ■ - ' - ’ , ;

1 C eN  .
- For large fl0 (Q0 less then u>D), and önly in this casé, the specific heat ratio 

is given b y . t

K i . 7 ^  n r  ‘AC ~ 1,43(1 +  X).-
■'CN 1 —

12tcs
7 -C(3)

X ' / T c i ® f I 1.134ÎÎ0 1 1 Г 7 1

— k ) - h ( — ) + i U t ( ^ 1]}''

(12)
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For : X ~ 1, [г* ~ 0,3, T, -  35 K,' D0 ~ 300 K ; AC 14. Ifc £20 м ^
' 'we have the following approximate1 formula.- u :

€  *  h43([ +  *> ' I '  + .** Т Г Р -  ■ ( S F  • [ 5 . 4 3 1 n ( i ^ j  -6 ,8 1 ]}  (13)
Because there are considerable differences in otr(Q.)F(£1) from one system to another 
we'adopt for the electron-phonon spectral density the two-S-function model:

a2(£2)F(Q) =  -  n 0 • 5(i2 O0) +  -  n£l0 • 8(Q w£20)
4 4 '

( 14) '

and -

AC

^ = 1 'í3(I+x) »

f its X ( T CV  r (  11 ( 1,134 £20\ h il l  11 ( - 1h  + — M  • 2 1 + - \ln - ------ - + 2---- --  -  1 + -
( 2 X -  (i* I Í20 / I I и* I \ T c I n'- , 3 \ n l

1- 7«з) x-ii*(n;) [3(1 + »»r^l t c ) + 3~ + u (1 + w] 
' • . . . .  (15) 

For - X ~ 1,55, y.* ~ 0,131, Q0 ~ 99 K, -Tc ~ 7,2 K, » ~ 0,53
(case ,of Pb) ~ 2 

d) Superconductors with large 2-77
v>D

For this kind of supercoductors the specific heat ratio is • 
AC ^  - 3 /

~CÏn  ~  7tc*C(3) • < > + »  • ( t r  • :‘Г + f ö - + 2Г + Ь 5 ;  + » r *

+ fe+fT (16)

2*77 !
(ÙJJ 0,56) *

For (oD̂ - 500 K, Tc ~ 45 К, X ~ 1, |  

and: —  ~,0,7 '
c «  * , 1 ‘ '

From (16), decreases slowly as cFLa ,1s increased (for X fixed).
. ( CcN . 4>D '

Conclusions : Our estimations for the specific/ heat ratio are in quali-
! • . C‘N

tative agreement with the experimental data. If the characteristic phonon ener- 
gy is less than оУд, values of order ~ 10 are possible, but in this situation lat-

tice stability problems can occur. For superconductors with) -. 2:rT,

AC
<од 1, the speci­

fic heat jump ---- falls below BCS result, in qualitative'agreement with [5].c„N ' .

I
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, ABSTRACT. — Inform ations about molecular' 'dynamics' for ethyliodide m1 p u re '1 J l)
' liquid and in !'d ifferent solvents are obtained by ţlie ; reorientational -and 'vibraL 1 ' '

-  • 1 t 'tio n á l'correlation functions for R am an C—I  ‘stretching vibration ■"• ' » u i гм .!• f
f i  ’ These relaxation  m echanism s-'àre‘1strong ly ' solvent and ‘concentration1 dé1 -’t1 I

”. ! - I Л о ; O . i 1 "i
l ’t J t ’lj  '  l'J. ' ’ I  U ’ ( i j 41 ) ftl Llil‘- 

,1 '] i) Ijl.if • I '.o ib
« n  K n í 1 + -  VM/-I

. , pendent , \ , - j _ j ;l ,

• n -V I J о il. 'n. i / i  i f f  , Í '-■■
• ' '  l i n  у  X ,, r' ' 1 1  n  • n / ' u . , 1 u n  i , ;  , i I j 111 r LOT i и - * 11 •■ I ' I О  I j I ,  I f I i / i' i i V  I л ,  u iI. Introductionv I t  is known, , [1} that mf prmationş^about mpleculaj: .relaxa­

tions , are obtained^ from, the jstudy t of thé / .vibrational bánd profiles. ; , j ‘, f \
Raman., spectroscopy offers .a-simple possibility to: separate vibratjonaband 

.reorientational. contributions ,to. the vibrational,^profiles,by, using the technique 
qf measuring the I vva n ă lvll, components- Tips,,procedure,,is correct:.only,.when 
both .relaxation, types, are- statistically uncorrelated.,,  ̂ , \ i р-цГ,, j-,-

I t  is possible itoi obtain, isotropic • ; (IiSJ) ' .and) anisotropic; !(Iamso) < profiles for 
Raman/lines ,.as . follows , [2,],^ r(wl), j,.y ■ .0I, x i.ii, jfn

L <[ P ‘J
• j•• jti; , ^(“,)иг у ! (“ ) ^ j)j(, , -n , / ‘o (1)

p i j i u „ i)fs _• -no; i .л lit ' >r:. > . leml j, по ri ifi tPioj  'i»jxol._.iói íé, id 
- ' -f««iso(w) =  Ivh(<à) ■ ' (2)

The time evolution of these relaxations can.be,observed by using the correlation 
functions technique (C F.): Vibrational C F : Gv(t) ánd reorientational CF G2R(t) 
are given by [1 ] 1 c.* ^ -, I . {

' 1 J / 1 < ' 1‘J m

f V '-„'Л i‘ '

and

, ou

Gv(t) =■ j  J )s„(w)exp(íwí)dtó

OU / 00 « / < (
G2R[t)=  ̂ Î anlso{(ù)cxp{uùt)d<ù 7 ^.1 lso(a>)exfr(i(ùt)dw

(3)

(4)

The aim of this paper 'is related to the study Of/vibrational and reorientational 
relaxations for C ^ibI  m pure liquid and in carbon disulphide, —n pentane and 
cyclohexane solutions from the analysis of band“ profile for the C—I  stretching 
vibration ,(~500 cm-1, p =  0 H) ' •

II . Experimental. The R am an spectrum  was excited w ith  the  488 nm  (0.17 W) lm e of the 
A t + laser of IL A  120—1 type  The scattered  light a t 90° was analysed w ith  a double monochro-

• U niversity  o f Cliij-Napoca, D epartment o i Physics,'34od CIüj-NapőcQ, Romania  
•* In s titu te  of Iso top ic  (and' M o ieou lbr  Technology,' P ' O l,<-S0x 700/ И-^З^ОО’Ciiij-N■Napoca 5, Romonia

\
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m ator of GDM 1000 type, I„„ and I vh being obtained by th e  rotation w ith 90° of the  polaroid 
situated  in  th e  collection optics Ttíe gypsum depolarized edge situated ш  the front of the  mono­
chrom ator slit ' rejects th e  selective reflexion of th e  light w ith different polarization, states in th e  
spectral aparatus E th y l’iodide was prepared by us and solvents (of „Merck-Uvasol” type) were 
used w ithout fu rther purification

The spectra were obtained w ith the following experim ental param eters the  registration speed 
0,06 cm -1s-1, and th e  slit w idth  1 2—2 5 cm The spectra were norm ally digitized a t 0 4 cm-1 
step  Only the high frequency side of th e  band was used m  order to  elim inate th e  asym metry m  
th e  low frequency side due to  th e  h o t bands

The experim ental CF Gv{t) and G,lR(t) were obtained by deconvolution (Eourier method) by 
tak ing  into account the triangular s lit function, determined w ith a corresponding line of th e  helium .'

The measurements were done a t th e  following tem peratures 286, 303' 313 and 323 К

III. Results and discussions. Fig 1 presents the CF m the form of In Gv(l) 
and In G2R(t) at a concentration c =  0,94 M in cyclohexane at 286 K. As GJÏ) 
decays slower than G2R(t), vibrational relaxation mechahisms have a smaller con­
tribution to the band profile than the rotational relaxation The same ratio of 
these contributions is mamtaine'd at 303, 313, 323 К  For small concentrations in 
cyclohexane (c =  0 77 M) the situation is the same for all temperatures. In pure 
liquid and for high concentrations (c =  8.25 M) in cyclohexane at different tem­
peratures an inversion of the contributions to the band profile was observed, ro­
tational CF decays more slowly, than vibrational CF,' proovmg an increase of 
the vibrational relaxation contribution■ m the band profile' (fig. 2 )

The same ratio of. the vibrational and rotational relaxation is observed also 
in other solvents like carbon disulphide and и-pentane

All solvents used are mert (without dipolar moment) We believe that the 
small rotational contribution at high concentrations is due to a strong dipole-
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0.Э 0.6 0 9 1.2 1.S 18 2 1 2.4

F i g  2 Gv(t) and G.,K(t) for C—I  stretching v ibration  of 
etyliodide in  pure liquid and in  cyclohexane a t high con-' 

centrations for different tem peratures.

-dipole interaction between ethyl-iodide molecules, which decreases as the dilution 
is increased.

The vibrational CE being of the shape ' '
Gv(t) =  exp(—tj-r„) (5)

permits the evaluation of the vibrational relaxation time t „. The values of t „ 
are represented as a function' of temperature for pure liquid and different concen­
trations in various solvents at- T  =  280 К  (fig! 3). t „ for pure liquid is practically 
unchanged with the increasing temperature whereas in the solutions increases 
with the decreasing dilution m different ways in the used solvents, the most po­
werful increasing being observed for n-pentane, solutions. Small change of t„ 
with temperature m pure liquid is another proof of the major vibrational contri­
bution to the band profile, knowing that a temperature change strongly influences 
only the rotational relaxation [1]. By taking into account the relationship.

If , I - т„ =  ( тоГ1/2) , (6)
m which Tj/a is the halfwidth of the isotropic line, it  results a decrease in the half­
width of the line with the dilution increasing In fig 4 the G2R(t) CF at T  — 286 К 
fpr different dilutions m cyclohexane are presented. The time decreasing of 
G2R{t) is well described by the relationship

FG2R{t) =  exp (—í/t>) (7)
where тг is the reorientational tim e ,

4  — Physica 2/1990
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P i g  3. The tem perature  dependence of t„ for pure liquid and 
different solutions of ethyliodide.
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G2r(í) decreases more rapidly as the dilution increases. Thus the restriction in the 
reorientation of the C2H 5I  molecules decreases'in diluted cyclohexane solutions 
by the reduction of the dipolar .interactions between C2H 5I 1 molecules in these 
solutions /

' The nonlinear behaviour of the In G2R{t) can be explained by the statistical 
nonmdependence of both relaxation mechanisms; opposite to the hypothesis on 
which G„(£) and G2R(t) are obtained At high concentrations this deviation is higher, 
showmg a stronger ^rotation-vibration interaction

Conclusions. Thé study of the C—I  profile for ethyliodide gives us the in­
formations' on the relaxation mechanisms responsible for the band profile and are 
depending on dilution and the used solvent.' ' • '

By á corresponding selection of the non-polar solvents it is possible to stress 
on the importance of the dipole-dipole interactions щ the restriction of the reo­
rientation for ethyliodide molecules i
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THE SELECTIVE IR M  PD DISSOCIATION 'O F .CF2HC1 MOLECULE AT 
- , HIGH FLUENCES

, ' IOAN DEAC*, VIOREL COSMA*

1 ABSTRACT. — The UC separation param eters were m easured as a function 
■ '  of substrate  pressure a t th ree  different СО,- — laser, lines situated  in  th e  P

- - branch of 9 4 pm band T he measurem ents were -carried out in  a strongly
■ focused beam and w ith  norm al.shape laser pulse T he resu lts give a picture of 

, ■ the  kinetic behaviour of v ibrationally  excited CF.HCl moleeules produced m
the  presence of strong  infrared  fields . . . .

' •' ’ - ,  I ,
Introduction. The, advent of laser as a source of well-colimated high' in­

tensity radiation of narrow spectral band which has stimulated the discovery 
of many new schemes of laser isotope separations (LIS) [1, 2] 'One of the parti- 

[ ' cular method of. LIS is infrared, multiphoton .dissociation (IRMPD). The best 
advantage of laser isotope separation by IRMPD is larger single-step selectivity 
which can bei achieved in the separation of medium-weight elements From a 
number of isotope from '2H to 235 U, 13C separation has been most extensively in­
vestigated by-IRMPD [4 ]-[24 ].

, Natural carbon consist of two stable isotopes: 98 9% 12C and 1 1 % 13C. A num­
ber 'of parametrical studies have been, published on 13C enrichment by C,02 — 
laser induced IRMPD of flurocarbons, whereby molecules are high vibrationally 
excited through optical pumping of their C — F  stretching of vibrational modes.

- Enriched products were obtained via IRMDP of CF3X  (X =  Cl, Br, I) [4—10], 
CC12F2 [11, 12] and CHC1F2 [13—24] under selected experimental conditions.

Several groups [15, 18, 20, 22, 24] are trying to find a workable photo­
chemical separation for large scale enrichment of 13C by IRMPD. of the above 
mentioned flurocarbons and it appears' that the most favorable. case studied so 
far is the IRMPD of CF2HC1 [15].

We wish to report in this paper a parametric study of IRM PD  of CF2HC1 
at high fluences- in the irradiation zone We studied the separation process with 
special emphasis of two important parameters • laser wavelenght and substrate 
pressure. IRMPD of CF2HC1 was investigated using the laser, lines situated in 
the red edge of the v3 (13CF2HC1) band.

Experim ental setup and method. A Q.O%-T E A .laser bu ilt by  us was used m  the  experim ents 
described below [19, 20] The laser was operated a t a repetition ra te  of 1 H z usmg a m ixture 
of CO, N , H e = , 1 1-6 gas as laser medium In  this conditions, generated laser pulse- has an 
ordinary shape (100 nsec FW HM  power peak followed by 1 p sec ta i l  w hiţh  contains tw ice as 
much energy as th e  peak) Laser tun ing  on th e  line of 9 4 pm band was performed usm g a diffrac­
tion  grating  blazed for 10 6 pm (100 gr/mm (

As shown in  F ig 1 a 1 m  radius concave m in  or focused th e  in itial 2 x 2 5  cm2 laser beam 
in to  th e  reaction cell, giving a cross section of about 7 mm2 in th e  beam w aist

The laser photolysis was carried out m  a cylindrical cell consisting of tw o crossed tubes of 
25 inm .i d each The long tube (50 cm) was used for th e  irradia tion  and the short one (15 cm) for 
IR  spectroscopy analysis Four NaCl windows enclose a to ta l cell volume of 0 3 1

■* Institu ie  ol Isotopic and M olecular Technology, 3400 Cluj-Napoca, POB 700 — Romaniaj . 1
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• - I

Upon excitation Ъу а "C02 laser radiation CF..HC1 molecules dissociates in to  CF2 and  HC1 frag­
ments Two CP, radicals recombine to  yield the  C2F 4 dissociation product Smce th e  COa laser was 
tuned  to  tHe/ lines of P  branch of th e  9 4 [im band laC bearing -molecules selectivity decompose 
and residual CF2HC1 gas shows a J3C deplention as compared to  na tu ra l carbon [13].

The isotopic concentration bo th  m  the residual gas CF.HCl (Cg) a n d 'm  the  dissociation 
product (Cÿ) were m easured w ith  a mass-spectrom eter (M~S) VARIAN-MAT-311- W e d e te rm ined ’ 

,th e  isotopic ra tio  13C/12C m  C2P 4 ,from th e  m tensity  of-the signals a t m j e =  81,82 and 83 (corres-' 
ponding to  13C2F J  12C13CF^ and 12CaF ÿ  respectively) '•The same ra tio  in  CF,HC1 w as calculated 
from  th e  intensities of signals a t  m j e — 51 a n d '52 (12CF„H+ and 13CF2H t ,  respectively).

The relative yield of product P/L, defined as th e  am ount E of CjF 4 produced by  IR M PD ’ divided 
by  th e  am ount I  of CF2HC1 present initially, was m easured both  by  MS an GC 'm ethods Calibra­
tion  of th e  MS and GC response was achieved w ith  aliquots of C2F 4 dilu ted  in  CF2HC1' in  th e  
same range of concentration as obtained in  th e  IRMPD, experim ents. W e used1 industria l grade 
CFjHCl with, its  tw o m am  isotopic specie's present in  n a tu ra l abundance ra tio  w ith  no added gas.

Results and discussions: We have been studying the dependence of the se- ' 
paration parameters*(Cp, Cg, PjL) on substrate pressure at three different laser, 
lines, situated m 9P  branch . 9P(12), 9P{26) and 9P(30) The wavelength of these 
lines (1053 9.cm~l, 1041.27 c;»~r and 1037 4 m " 1) respéctively are near'the ma-, 
ximum of the a sorbtion, band of 13CF2HC1 molecules (~1076 cm-1) [13]; m -the 
red edge. , , , ■ ■’

; Fach sample-of CF2HC1 was irradiated with 1500 laser pulses. Laser pulse 
energy for each of three-lines was fixed at 2 J. In-this conditions,-laser fluehce 
in the beam waist was about 30 J  (cm1 Fig, 2 show's our results .obtained' for 
9P(12) line; . ; ■. ., ' - - .

! As one can observe' there are three different domains for the separation pa­
rameters behaviour. In the,first domain situated at pressure below 0,6 Tbrr has 
been emphasized a collisionle’ss dissociation regim. Thisrassertion is supported 
by the fact that Cp is kept constant (~ 10 5%) when the pressure increases The 
slowly decrease of Cg is probably due to .the diminution of the “bottle-neck effect" 
with the pressure m'crease; In this region, PjL  mcreáses on [the1 account of the 
more efficient extraction of 13C from residual ' gas
I In the second domain situated between 0 6 Torr and 3 Torr, (the isotopic, 
selectivity rapidly decreases. This fact suggests that V —V-energy transfer plays

l
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P i g  2 V ariation of separation param eters Cp(0) Cg(X) and, P /L  (Д) 
w ith  pressure a t 9P  (12) laser line

an important role m dissociation mechanism Simultaneously the relative yield 
(P/L)> begins to strongly increase in agreement with a common decrease of Cp 
and Cg.

The third domain (above 3 Torr) is characterized by the occurence of thermal 
decomposition of the residual gas. In this case isotopic selectivity drops -rapidly 
to unitary value, while P/L strongly [increases, and Cg reaches the natural abun­
dance value. »

As it is'known, the dramatic drops of the process selectivity at high pressu­
re of CF2HC1 may be caused by V — V energy transfer from the excited 13CF2HC1 
to 12CF2HC1 [15] so that a certam number of 12CF2HC1 molecules decompose via 
collisional excitation in subsequent process At sufficiently high gas pressures 
these processes lead to the thermalisation' and non-selective bulk dissociation. 
The fact tha t this phenomenon appears'at lower pressures than observed in other 
works [16], is due the relative high fluence used in our experiment

In fig 3 the results obtained for 9P(26) line are shown. The three specific 
domams can be observed again' Their characteristic pressure, region is shifted 
to higher values, especially due to the laser lme taking off the resonant absorbtion
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F i g  3 V ariation of separation param eters Cp(0), Cg(X),  and
PjL  (Д) w ith  pressure a t 9P  (26) laser line

of X3CF2HC1 -In this case the isotopic selectivity hi colhsional regime is higher 
than for the 9P( 12) line ‘Also, the extraction grade (1 fCfi) has a maximum value 
lower than in the same case (9P(12))

' The trends observed m the Cp and 1 jCp behaviour ш passing from ,the'9P(12) 
to 9P(26) laser lmes are conserved also when using 9P(30) line (Fig 4).

In particular the same Cg minimum is observed m this case, but it is less 
pronounced and has a higher absolute value Also the drop of the process, selec­
tivity is present for higher pressures and has a better value m the collisionless 
regime '

Conclusions. We reported in this paper the IRMPD characteristics of the 
CF2HC1 gas phase molecules at high fluences and with normal laser pulses as func­
tion of substrate pressure and three different C02 laser lmes Three specific do-
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F i g  4. V ariation of separation param eters Cp{0), Cg(X) and.
P/L  (Д) w ith  pressure a t 9P  (30) laser .line

mains were found in the pressure range of 0 8—30 Torr : a collisionless regime 
of dissociation at low pressures, a second,domain in which up7pumping by infra­
red radiation competes with collisional decomposition processes, and for high 
pressure values a third dominated by thermal decomposition phenomenon The 
pressure limits of this domain and thé values of the separation parameters m 
each -one are dependent on tbe laser wavelength.

The general feature of the process, when the laser frequency get nearer to 
the absorbtion band of the 13CF2HC1 molecule, is the increase of the relative yield 
of'the product and extraction grade'of 13C from residual gas and the decrease'of 
the process selectivity m dissociation products For our data this means to move 
from 9P(30) (Fig.- 3) to 9P(26)-(Fig 2) and finally to 9P(12)'(Fig 1) laser lines. 
For all these laser lines there is a pressure threshold fcr which the thermal decom­
position sets m. , ' ‘ *
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The above data represent a part of a more elaborated parametric study con- ' > 
cerning the CF2HC ï  I  RM  PD in laser fields They are important for any tentative 
of scale-up of 13C separation process. ’ , . ' ■ -• '
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OPTOACOUSTIC, BASER SPECTRA' AND DETECTION, -ÖE ISOTOPIC 
‘ L DABEDDED ORGANIC COMPOUNDS

-, \

-, , !-, \ ! </ : ,1 1
I. BRATU», AD RIA N A  BARBU », ŞT. K H E IB IK *

1 ti ; ~'S * t j '< ' I - ’ w:, 'ut. nil ’ /. ,111
' , _ : -, ABŞl RACT.. ^  • Optoacoustic .laser,.spectra in tbe 9— Ц цт spectral .range fpr ' u

some deuteratecL organic vapours present remarcable isotopic effects В у, a'.pro , 
per selection of'the laser lines it is possible, to identify these labelled .compounds , -
and alsó to detect their traces in air at a subb-bm level . -, ,

,* i ,J.  - • • '  1\< • '  . 14 W .  - ,  .  1 > .
■■ ' , , ' I I n  1 _ .

• , , , I f I I J '  " I * 4  i '  -  ' J  .  ' .1 i f )  ‘ I. I - . ,  , r  '

rVJ, rl Introduetion. The optoacoustic (OA) , spectroscopy ,in ithe , ,C02 laser 
1 range is one of the most important branch of the molecular spectroscopy. It

is „possible to - investigate., the isotopic effects -which appear in these spectra by 
replacmg .some nuclei from different molecular compounds with läotöpic' nuclei. 

А' У 'Many molechlar compounds labelledf with 13C, 180 ' 15N, D, nB 'have numerous 
’applications in. medicine, ’ biology, - agrochemistry,( geochemistry, j geology,-.and ’ 
even; m optoelectronics -(optical fibers, electrooptic modulátors). Related-'with 
their use in t-hese domains is-n'ecessary to perform': ■' -
— "measurements ' in isötopic mixtures Around' natural 'concentration ,
— exact determination(of( the,, isotppiq- pontent fanţi its ,smalli variations ,■ ,>

■ » ‘ Some important results,for H2S .and HDS,, (5NH3, and 14NH3, UBG13 and,uB013
are given m [1] .In order toi solve these.) problems it is necessary to.know thef con­
trast in absorption of isotopic homologoues m.the OA laser, spectra—the isotopic 
effects; The OA laser .spectra jin the-9—’l l  \шг spectral range for a series of deute- 

. rium labelled compounds are presented, aromatic hydrocarbons (benzehe-ifB, 
.-o-xylene’-ipo)/' alcohols -■ (methänol-^, ' ethanol-af),-' halogenâted hydrocarbons 
(chloroform-d, dichlormethane-d2).' These OA laser spectra are recorded in1 order 
to 1 identifyWthè wavelengths (corresponding1'to certain lasernliile)’ at which the1"  ̂
contrast'in absorption( . (С7я/?7д )is .maximum (Uy and UD are the JÖA sigpal 
for protonatéa arid ,deuterated ( compounds,, respectively)’ " “ ) , ^  .

At the same time, ’the detection limit m air for some labelled, compounds 
( forfaiarly -presented is ^established., > c m  - - - u _

2 The Experimental Setup. In order to record 'the OA laser’ spectra is used ■ 
the1 following setup (fig” ' 1) '[2] consisting on ” i ' ( ' ‘ |
— C02 GW frequency st,abihsqd .laspjp, -, , , ,, , r n
— mechanical chopper ; with-frequency, range between T und 4000 H z,
— powermeter, LM2 Earl t,Zeiss j jg n a , , ■■,[•/ - > \ ) u. r ■ 1
— OA brass cell with. 100, mm length,;and, volume of 7 ()7„-ЛОЕшт3/ endowed 

■ h with a condenser,-microphone, and/two NaCl windows,, used un -nonresonant
; ’'ui-regime, ... c . u\ v л ) . .o-i, > ч- \ ' ,.,'i - ,  'i i
— lock-m nanovoltmeter of 232B' Unipan. "'H‘ 1 ‘ 4

STUDIA UNIV BABEŞ-BOLYAI, PHYSICA, XXXV,'2, 1990

• • Institu te  o f Iso topic and M olecular Technology, 3400 C luj’Napoca, POB 700 — Romania
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3 Sample Prepavation''and the Selections ,o£ the Wort Parameters.
The labelling with deuterium of the above, mentioned compounds was per­

formed, as follows . i w" ' I
■ — by homogeneous isotopic exchange {for CD-2C12 97 át.%'ÍD, C2H5OD 97 a t%  D, 
CH3OD 97 at % P,  ND3 5 at %  D) ; >{ £' j|l _i__Sqr
— by chemical synthesis (CDCl3l 97J át' % D) . '
— .by heterogeneous isotopic exchange (C6D6 97 at.%D, h{GeD4(CD3)2 97 at %D.

In all situations thé deuterium source was D20  “ ' X 
The following gas mixture was introduced in the .̂ OÂ  cell vapours of the 

organic liquid 'dbtaihéd' by vacuum évaporation arid; buffer^ gas (ex. air) at a t­
mospheric pressuré In order to1 obtain a highJresporisivity of this setup, the mo­
dulation frequency was sélected to be 12.5 Hz  (knowing the fact that in a nonreso- 
nant regime the OA signal decreases with the increasmg of the modulation fre­
quency) For eachlaser lme the emission,power was’fixied at the same value (o.2 W) 
in order to avoid the saturation effects and to obtain as many laser lines as possi- 

1 ble. ţ . '
4 Experimental Results and Discussions. 4 1 'Benzene - The absorption 

spectra for isotppici(iho,mqlpgues .of^benzepe ..(the .micro,phonic,,signal U in arbi­
trary units of wavelength of. the lasen beam). i&i-presented m fig 2

The isotopic effect is well established especially in the frequency range of 
the 9P emission branch ofvthe C02 laser.The values of these frequencies, as well 
as the ratios of the OA signals (the spectral contrast in absorption) obtained for 
both isotopic homologues, are presented,-in table I  ,

For 9P32 laser lme the ratio UHjXJ.D is maximum (16 1) The OA signal 
for CgHe is at least one order of magnitude gréater than that for C6D6 for the wave­
lengths noted with (*)г/ и , t'-J.i

4 2. Orto-xylene “ I n 1 'fliis case the 0Á  spectra for isotopic homologues are 
presented in fig 3 ' ) _ '

In agreement with these spectra the, ratio of the OA signals for both isoto­
pic homologues is maximum for 9A20 laser line. Table II  presents these ratios 
for several laser lmes ' '.' G rr 'J. 4 3  Dichlormethane r and chloroform. s.Both compounds, ' especially dichlor- 
methane’present strong .-isotopic effectsqn the 10 |im branch of the C02 laser.' 
This facţ is Illustrated in fig 4 for both isotopic homologues of the dichlorme- 
thaneand chloroform.’ Table III presents ,the values of the О A signal ratios for 
dichlormethane. 1 i [ , ,

о
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F i g  2 The OA laser spectra for isotopic homologues of benzene

t

\

\

Table I

The ratios • !  the OA signals for Isotopic homologues of benzene 
nt different laser wavelengths.

B ranch \ X / j i m U c , h J U c , d ,

9R 9 24 2 1
) 9 28 0.4

. 9 29 1 5 5

9P 9.65« 16 1
9 64* 16 0
9 62* 8 4
9 60 7 5
9 58 - 7 3 '
9 57 75
9 55 5 1
9 53* 8 6
9 52* 9 ’1
9 50 6 5
9 49* 8 9
9 47* 11 1

«
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F i g  3 The OA laser,spectra  for isotopic homologues of o-xylene.

I

T a b l e  I I

The ra tio s of the O A  signals fo r isotopifi. hom ologues 
of o-xylene a t  dlffereut laser n av elen g tlis

X/p»i/ UDIUH

10 529 3 5

10,568 3 8

10.609 4 9

10 650 3 1

10 693 3 0

u Dlu „

9 303 - 4 2

9 280 . 4 2

9 269' 4 3

9 258 3 3

9 237 3 1
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F i g  4 The OA laser spectra for isotopic homologues of dichlorm ethane and chloroform.

' T a b le  I I I

' The ra tio s o l the  O A  signals for Isotopic hom ologues 
o l d ichlorm ethane a l  different laser w avelengths

х/[1»п/ Ud IUH:
10 22, 28
10.23 10
10 24 32
10 26 25

'10 27 52 '
10.29 -• 137 ’
10 30 76
10 32 291
10 33 227
10 34 • , 167
10 47 80
10 51 *- 63
10 53 49
10 55" 37
10 57 26
10 59 17
10 61 13
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- ' • A veryrgood contrast m absorption • (about 300) is observed at the :10.32 \im 
wavelength. /For the" isotopic 'homologues of chloroform 'this ratio has a value 
of approximativelÿ, 10; both for 10.69 y.m and 10 78 \±m •

4 4 Methanol a-rtd ethanol For these alcohols the isotopic effects are weaker 
than for the previous compounds, especially tor ethanol The OA spectra for me- 
thanol-d1 is presented in fig. 5 and the values of the OA signal ratios can be found 
in the table IV. Thé laser lines 107? 18 and 10A12 can be used for the identifi­
cation and quantitative analysis of the isotopic mixtures of methanol In the

T a b le  I V

The ratios oi the OA signals for isotopic homologues 
o£ methanol a t diflerent laser wavelengths

Х/рш/ U h IUd x/p»t/ Uh W d

9 59 3 5 10 26 9 7
■ ’ 9 62 i ' ' 3 2  ■ 10 30 ' ' ■ 6 3

9 65 • 3 6 10 34 1 4 3  '
10 17 ' "  5 '8 1 10 59 - 4 3

- 10 19 • , 3 8 ' ■ ■ - 10 61 ' 4 8'
10 22 4 1 '

I
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case of ethanol-dj the isotopic effect is small only for three wavelengths (10 72 
pm, 10 32 pm and 10 33 pm) the ratios of the OA signals is approximately 1 7 

4 5 Ammonia. Fig. 6 presents OA spectra for NH3 and ND3 5 at % D /3/.

F i g  6 T he OA laser spectra

, о ND3 5 %
'  l 1 1  1 1  l  1 1  v n r i  l 1— * *

1016 Ю I t 4 -10 47 10 78

Alyrol

r isotopic homologues of ammonia

Very good isotopic contrasts (about two orders of magnitude) can be obtained 
both m 9R and 107? branches of the C02 laser. Table V presents the recommended 
wavelengths which can be used for the analysis of the isotopic content of the 
studied compounds

T a b le  V

The recommended wavelengths and the concsfionding ratios ol (he OA signals lor the investigated
/ Isotopic homologues

Compound Xj{xml Uh IUd Compound 1 Х/{хш/ u Dl u H
benzene 9 65 16 1 chloroform 10 78 , 10 6

9 64 16 0 ' 1 10 69 9 9
9 47 , 11.1

, 10 76 8 9

o-Xylene 10 61 4 9 dichlorm ethane 10 32 291
9 27 4 3 10 33 227
9 30 4 2 10 34 167

! 9 28 4 2
.

m ethanol 10 26 9 7 ’ammonia 9 29 40 7
10 30 6 3 10 29 27 7
10 61 4 8 10 33 13 4

5 Vapour Trace Detection. In order to find the detection limit (vapour 
trace detection in air), the initial mixtures of several toirs from each compound 
diluted m air at atmospheric pressure were halved successively The OA signals 
measured each time for selected laser lines, were represented versus partial 
pressure of the molecular compounds m order to find the limit of detection The
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initial mixtures are diluted successively until OA signal' to noise ratio is not 
lower than 10 'The corresponding results for the studied compounds are presented 
in figs. 7,8- * - . -

6. Conclusions. The OA laser spectra for deuterated molecular compounds 
can be used both for qualitative (isotopic effects) and quantitative analysis by 
a proper selection of the laser lines The aim is to obtain the maximum ratios 
of the OA signáls for the isotopic homologues. . ■ -

»

F i g  7 T race detection lim its 1 of th e  deuterium  labelled 
àlcohols

F i g  8 Trace detection lim its of some 
' deuterium  labelled haloforms -

5 — PKysica- 2/1990
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■ ‘ Through the identification of the laser lines where the absorption cross sec­
tions are high,'trace vapour detection limits m air for These' compounds are es­
tablished - ' -
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MINITORCH FOR INDUCTIVELY COUPLED PLASMA
u s e d  i n  a t o m ic  E m is s io n  s p e c t r o s c o p y

S. D. ANGIIUL*

ABSTRACT. — In  th is w ork is shown th e  m odality for achievement of a mini- 
to rch  for inductively coupled plasma used in atomic emission spectroscopy I t  
is characterized by an argon consumption and a radiofrequency porver absorbed 
in to  the plasm a w ith  30% approxim ately lower th an  m the  case of th e  conven­
tional three concentric quartz tubes torch  presented in  the w ork [1], under 
conditions m  which analytical capabilities are unchanged

1 Introduction. In the last years the modern analytical methods by emis­
sion spectroscopy have wittnessed a remarcable progress thanks to the rapid 
development of the electronics and computation systems, on the one hand, and 
thanks to use of news spectral sources among that inductively coupled plasma, 
on the other hand Thus has been found atomic emission spectroscopy using in­
ductively coupled plasma (ICP-AES) Greenfield [2] and Fassel [3] have been 
optimized the geometrical parameters of the torch and developed the ICP-AES 
system, the follow commercial apparatus using these achievements. For to im­
prove this class of spectrometers one has taken into consideration modernization 

aof the measuring and computation systems, projecting of more stable and adap­
table radiofrequency generators, achievement of ■ the improved systems for in­
troduction of the sample into the plasma and not m the last time, manufactu­
ring of new types of torches with lower argon consumption (therefore with lower 
consumption of radiofrequence power) without sacrifymg analytical capabili­
ties of this method ■

The total argon consumption (15—20 1 /да») from the conventional torches 
amounts the running costs of the radiofrequency generators for ICP, what is 
the mam disadvantage of ICP-AES method The accomplished researches [4— 
10] have imphasized a lot of possiblities to reduce the running costs of this A 
first possibility, but des,erted of practical reasons, is the recirculation of argon.
A second possibility is to use a less expensive gas, such as nitrogen, but the tem­
perature and consequently-the analytical properties of plasmas generated with 
molecular gases are inferior compared to an argon plasma, smce the dissociation 
of these gases absorbs too' much radiofrequency power A third alternative main- 
tarns argon as a sustaining gas, but operates to reduce the total gas require- t 
ments of the torch Three approaches can be distinguished for this last 
purpose reducing of the physical dimensions of the three torch tubes, external 
cooling of the torch (with water for example), using of the uncooled torches but 
made' of other thermoresitant materials (silica, ceramic)

Starting from these considerations, the author has proposed himself to make 
a low argon consumption torch, at a ladiofrequency power lower than that pre-

* IAU C  — U niversity of Cluj, 'Department of C hem istry, 3400 Cluj-Napoca, Romania
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sented m the work [1 ], and what is - constituent part of the ICP spectrometer 
made m IAUC—Cluj-Nápoca University.

2 Considerations on inductively plasma torch. In, an ICP spectrometer the 
conventional torch consists of three concentrai quartz1 tubes system. It'is introdu-' 
ced in a coil connected at a radiofrequency generator (12—50'MHz), able to sup­
ply a great enough useful power (1—2 kW) for ignite and maintain an argon dis­
charge at atmospheric pressure (Fig. 1) , ' _

Through the space between outer tubes is introduced the cooling gas whose 
■ flow rate is of 18—20 Ijmin and through the space between inner tubes is intro­

duced thé gas adjusting the vertical position of the plasma whh 1—2 Ijmm flow 
.rate The central tube is used for introduction of the sample into the plasma, 
pneumatic pulverized from liquid solutions with 1,5—2 Ijmm gas flow rate Due. 
to the torroidal shape of the plasma the core is relatively cool, which facilitates 
introduction of the sample The linear velocity of the carrier gas is a' compromise 
between a minimal value necessary to ■ penetrate the plasma and a maximal 
value that allows sufficienţ residence time in the plasma.

Several researches on high-efficiency torches show that plasma can be sus-' 
tained on an argon flow rate down to 4 Ijmm Below this flow rate the plasma be­
comes unstable and eventually extinguishes. In the work [9] has been studied 

, physical app.earan.ce of the ICP sustained in an air cooled torch After the plasma 
has been ignited at an argon flow rate' of 12 l'/min this was slowly dimmished to 
0,5 Ijbnn, watching’ the physical appearance of the discharge At 12 Ijmm .the 
plasma has a very long tail, obviously due to the torch extension. When the gas 
flow rate is diminished, the tail decreases m length with the gas flow rate. At 
about 4 Ijmm, the plasma becomes somewhat unstable but it is not extinguished^ 
When the flow rate is 2 Ijmin, the plasma becomes suddenly very white and is 
stable'again, having a spherical shape-rather than the conventional tail-fláme 
shape. At this flow rate 'the plasma touches the wall" of the torch, which is then 
glowing .softly inside, á large hole with a diamater of 5 mm being present in the 

1 center of the plasma - When the gas 'flow is .reduced further, the plasma shrinks 
somewhat in size’, until a gap of -1 —1,5 mm exists between, the plasma and the 
torch, the torch wall stops glbjvmg and the hole in' the plasma becomes smaller 

’ At flows less than, 1 Ijmm, the hole becomes just a darker spot and a gap of 2 mm 
exists betweén the-torch and the plasma Below 0,5 Ijmm, the plasma shrinks 

- somewhat further m size, but -the brightness remaiqs the same and the hole disap-

- Re­
generator

F i g  1 Generation of, in- , 
ductively coupled plasma

J^^cobUPg 
L  99s -■^opt-onal.

gas

sample
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pearès when’the gas flow is turned off, the plasma gradually turns purple due to 
oxygen diffusion and extinguishes., ■

3 Presentation of the minitorcli and experimental results. As a,result of 
the accomplished researches for jealization jOf a low argon consumption torch, 
the author has been chosen a constructive solution shown m Fig.: 2. ■ -

. The novelty of this torch is,the ceramic piece of sintenzed alumina (A120 3), 
thermore'sistent of 2000°C approximately'Also it can be observed that is used 
only a single dimension of quartz tube, that can be easyly replaced when it is , 
damaged: r ■ ’ -4 '

The decrease of ţhe geometrical .dimensions of the.torch and the optimi­
sation of the ratio ‘between inner diameter' of the quartz tube, and the,-outer dia- 

‘ meter of the ceramic piece have many important effe'cts. On the one hand the 
< argon flow rate for cooling and sustaining of the plasma has been decreased from 
20 l/m m -to 13,2 Ijmm, that is 34% On the other hand the radiofrequency power 
absorbed mtç the plasma has been decreased with 37,4%, from 1656 W  m the- 
case of the conventional torch, to 1037-IT in the case of the low. argon consumption 
torch Though the energy transfered tó the -plasma presents an important dimmu- - 
tion, nevertheless temperature is not decreased. By an approximate calculation 
results' that, tháhks to reduction of the torch dimensions the volume oftheplas- 
má has been dimmished with 44%, that is the energy density into the plàsma is 
greater with 12,5% approximately, m the case of the" mmitorch, which means 
an increase of the ‘plasma temperature This supposition has been verified by

F i g  2 MLnitorch construction -
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measurmg the intensity of the spectral line with wavelength of 403,307 nm of 
manganese using the conventional torch and the low argon consumption torch, 
m the same exerimental conditions, ascertaining that the intensity in the second 
case is greater.

For to confirm the ability for using as a great performance spectral source 
of the inductively coupled plasma obtamed with the aid of this torch, the analy­
tical results obtained m the case of mercury analysed at 194,227 nm wavelength 
are presented In Fig 3 is presented the calibration curve obtained for concen­
tration range between 3,4 and 100 ppb (jxgß) and m Fig. 4 is shown the spectral 
range between 193,952 and 194,576 nm of a solution containing 3,4 ppb concen­
tration of mercury Starting from the accepted condition in literature, according 
to which the intensity of a spectral line, for to be measurable, must be three times 
bigger than deviation of the spectral background in its close proximity, one can 
estimate that the detection limit in the case of this element is below 1 ppb, what 
is at the level of the best results ‘ obtained with this analytical method

F i g  3 Calibration curve for mercury line of 194,227 nm

F i g  4 Mercury lm e of 194,227 nm  in concentration of 3,4 ppb
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4 Conclusions. Taking into consideration the above mentioned ■ results one 
can assert that the minitorchmanufactured and experimented by thé author 
has more advantages in comparison with the conventional thrèe concentric'quartz 
tubes torch low argon consumption, greater density of energy into the plasma, 
reduced gauge; bepig the only deteriorable piece, the'quartz tube can be easyly 
replaced, this technology is not necessaryly a pretentious one Also one foresees 
the possibility of using ceramic materials for manufacturing other pieces of low 
argon consumption torch

, Ackm>ivled(|enienl. The author acknowledges w ith thanks the  help of Mr В D ar vasi for obtain­
ing of experim ental results , t , .
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■. STATIC SUSCEPTIBILITY AND MAGNETIZATION 'MEASUREMENTS 
, IN THE HI GH-Т/, SUPERCONDUCTOR SYSTEM Y ,_vGdxBa2Cu30 7_s

AL. NICtILA*, A. V. ГОР*, AL. DARABONT**, I. CO SM A* **

' , * ,  , ' [,
. ABSTRACT. ~  S tatic  susceptibility aud1 m agnetization measurem ents were 

performed in  th e  norm al s ta te  of th e  Y 1_jxGd^Ba!iCu30 7_^ .The dependence of 
Curie constant C and Curie param agnetic tem perature 0 versus ж indicates the 

' Curie—Weiss behaviour and possible exchange interactions The norm al s ta te  
magnetization Mn(H) evidenced th e  param agnetic behaviour . '

I

II

Introduction. Since the discovery of the oxide superconductors YBa2Cu30 7_s 
[l],,m any researchers have been devoted to various experimental investigations 
probing the nature of the .superconductivity. The Y can be replaced by many 
rare-earth elements while maintaining the same crystal structure and achievmg 
approximately the same superconducting transition temperature: T ,, independent 
of whether or ,.hot they are magnetic " Magnetic susceptibility m the normal 

■ state is one1 of the fundamental quantities which characterize the framework 
of superconducting systems [3, 4]. An analysis of the normal state magnetic sus­
ceptibility of the present metallic oxides is still somewhat uncertain. One of the 
difficulties consists in estimating the effect óf reduced-dimensional short range 
order of fluctuating cooper magnetic moments However, the partial substitution 
of a rare'earth element for Y in YBá3Cu30 7_s has not led to the enhancement.of 
superconductivity, but .niore often has 'caused its degradation. Our EPR measu­
rements m the Y1_xGdxBa2Cu30 7_s system [2] indicates at room temperature 
the overlapping over the characteristic Gd3+ line of a signal typical for Cul+

I resonance In fact several groups have reported EPR results which differ consi­
derably [6 , 7], function of sample preparation ,A reliable'explanation is 'no t 
attainable from EPR  results alone

In this context the magnetic properties are studied here through magnetiza­
tion and static susceptibility on Y1_xGdxBa2Cu3P 7_s (x =  1,5, 10, 15, 25%) 
function of \ magnetic fields and temperature.

Experim ental procedure. The samples were prepared by the  solid phaşe reaction m ethod and
th e  therm al h isto ry  is described m [2]

-T he norm al-state susceptibility x„(T) and th e  m agnetization M (H) were measured by a m ag­
netic F arad ay  balance The presence o£ a superconducting phase w ith T c >  77 Д  was established 
by testing  th e  Meissner Ochsenfeld effect on th e  samples cooled under liquid nitrogen tem perature. 
T he magnetic: susceptibility was m easured from 90 K 'u p  to  300 К  in th e  applied f ie ld 'o f '0 99 T  
for samples by ж =  5% , 10%, 15% and 0 53 T  for ж =  25%

Results and discussion. Thenormal-state susceptibility y„(T) and the inverse 
of the static susceptibility 1./Хи(Т) is shown for the samples of Y1_xGdxBa2Cu30 7_s 
in Fig: 1 (x =  5%, 10%, ' 15%) ■ . ’ V

* U njversity  oi Clu), 'Department o f Physics, 3400 C luj-Napoca  , .
?• Institu te  of Isotopic and M olecular Technology, P О Box 700, 3400 Cluj-Napoca  

- Pojitechnical Institu te  o f Cluj-Napoca, Department o f  Physics, C 3400 CIuj-Napoca, Romania
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I t is reasonable to assume that y.n{T) is described by the law Xj,{T) =  Xo +  Q  
/(T —■ вр). Here Xo ls the constant background, 6p is the Curie temperature and 
C is the Curie constant

The least squares fit to the data usmg this formula yields the value of C and 
0̂ , shown m Fig 2 For x e  (0 — 15%) the Curie constant increased linearly 
The magnetic susceptibility is estimated by substractmg the values of diamag­
netic contribution (—3,66 ICH7 emujg) for the ion cores m YBa2Cu30 7_s 
As can be seen m Fig 2, an increase in the Gd concentration x raises C, corres­
ponding to the enhancement of the Cune-Weiss behaviour m x„(T)
The deviation from \1е/да 8 [гл which caracterize the Gd3+ ions m the single 
phase orthorhombic structure, can be explained assuming- the presence of insu­
lating phases (Y1_,GdJBa2Cu05 with supphmenţary Cx due to the effective mo­
ment of Cua+ ions ~ 1,7 frB), and the presence of Cu2+ m the chains.

P i g  3 N orm al-state magnetization as a function of tlie magnetic field a t 1 =  92 К  for samples 
< by 5 , 10 , 15$ Gd
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The assumption of insulating phases is related with the existence of similar ne­
gative Curie temperatures evidenced by-some autohrs-[6, 7] in Y2BaCúOj and 
Gif,2BaCu05 “green” phases The dependence of the paramagnetic Curie- tempera­
ture bp function of X contain an exchange interaction effect - -
The normal state magnetization Mn(H)-measured by a Faraday balance a t T =  
=  92 El, is shown for several samples of (y^Gd*) — Ba2Cu30 7_sin Fig 3 
The curves Mn(H) provide an experimental evidence for the paramagnetic natu­
re of samples for T >  Tc

Conclusions. The 'static susceptibility and ‘magnetizations measurements 
evidenced the Curie-Weiss behaviour m the normal state of superconducting 
system Y1__J,GdţBa2Cu30 }, The dependence C(x) can be-explained assuming the 
presence of insulating phase with supphmentary C, due te the Cu2+. An ex­
change interactioris effect contain the dependence of bp(x) - 1
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SPECIFIC p r o b l e m s  r e l a t e d  t o  t h e  c o r r e l a t io n  b e t w e e n  
, THE LOWER. AND THE UPPER IONOSPHERE { ■

' . SZGCS GÉZA* and SZÖCS HUBA**

’ ABSTRACT. — The obiective of th is research was to  study  the  interaction
■ ' between the ionospheric layers Correlation coefficient between W olf’s num ber

and th e  average of critical frequencies was computed for th e  E  and F  layers 
Using method of m ultiple correlation th e  existence and characteristics of this

■ in teraction  has been attem pted ' . ' "
1 - ' J 1 ,

The condition of the ionosphere-layers is influenced pnmarly by external 
effects, viz solar activity and Cosmic radiation Simultaneously terrestial effects 
such as geomagnetic activity also influence this condition. The actual problem 
is .the interaction betwèèn tlie lower and upper .layers of the ionosphere 
' ‘ In order to 'study the interaction between the layers of the .ionosphere the 

following method has been applied • * ’
1. Using the data available for the periods from 1959 to 1977 and from 

Í984 to 1986, the critical frecvency f cE 1 for layer E ± was computed each month 
for the ordinary wave. Thus 3 654 data for the critical frequency was determined ;

2. The, correlation coefficient between the monthly-hourly averages of 
the critical freqúency and the pertaining monthly Wolf’s number was determined 
(I74 data) for each month (see table) ,

Table 7 '

Correlation Coefficients

Time
m onth 04 05 06 07 08 09 10' 11 12 13 14 15 - 16 17 18

X 0,47 0,58 0,72 '0,77 0,85 ‘ 0,72 0,87 0,69 0,74
I I 0,31 0,76 0,68 0,87 0,83 0,87 0,90 0,84 0,78 0,77

I I I - 0,46 0,83 0,74 0,93 0,83 0,86 0,87 0,80 0,88 '0,85 0,70 ,0,64
V 0,96 0,62 0,71 0,77 0,74 0,70 0,74 0,78 0,73 0,75 0,93 0,76 0,69 0,80 0,89
V . 0,59 0,65 0,93 0,87 0,88 6,90 0,93 0,89 0,89 0,91 0,84 0,85 0,91 0,52 0,66

V I 0,96 0,62 0,71 0,77 0,74 0,70 0,74 0,78 0,73 0,75 0,93 Q.-76 0,69 0,60 0,89
V II 0,35’ 0,83 0,90 0,86 0,83 0,92 0,90 0,93 0,85. 0,87 0,91 0,86 0,89 0,83 0,73

' „ v i n 0,88 0,86 0,94 0,87 0,90 0,95, 0,95 0,92 0,93 0,82 0,92 0,87 0,78
IX 0,40 0,84 0,84 6,85 0,90 0,85 0,84 0,90 0,85 0,86 0,76 0,78 0,81

X. ' 6,41 0,67 0,76 0,82 -0,81 0,87 0,87 0,84 6,73 0,44
X Ï , 4 0,58 0,64 0,80 0,83 0,77 0,85 0,73 '

X II  - /0,64/ 0,69 0,74 0,85 6,80 0,68 0,77 0,58

• E szteïhazÿ Karoly Pedagogical College, Eger, H ungary  
•• Kandó Kalman Tehnioal College, S zéke s  teher var, H ungary



SPECIFIC PROBLEMS RELATED TO LOWER AND UPPER IONOSPERE 77

3 Correlation coefficients for F  layers were determined similarly (f0Fz) ;
4 Multiple correlation for, coefficients of layers E  and F  was determined dif­

ferently. Final correlation coefficients are summarized in Table 1, while-graphi­
cal representation of data is shown m Fig 1 ,

5 The average value of correlation coefficients was computed ; the result 
is r =  0 600 ,

The result of the above procedure can be summarized as follows
1 The graph of correlation coefficients contains four maximums and four 

minimums
2 Correlation between the ionizing effects m laj-'ers F and E  is characte­

ristic (r =  0 91 in January, r =  0,83 m October) , similar case is m months of 
equinox (r =  0 92 in March, )'•= 0 85 m September) This correlation is weak 
in December (r =  0 36), m February (r =  0 23), m Avril (r =  —0 04) and m 
June (f =  0 34)

3 Variation shows over a 2 month period
4 Further consequences can be determined bjr an even moie sophisticated 

correlation analysis Interaction between the different layers is doubtless Fur­
ther development of .Solar Physics could give a new perspective for such theories.

P

P i f  1 G raphical representation of correlation coefficients variation as function
of m onth.
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Note '
The relationship between layers E ' and F2, which take place in different 

heights of the ionosphere, is too' complicated to study by a correlation computa­
tion based on, monthly hour averages The behaviour of layer E  is similar to that 

- of the Chapman-layer 'that is the electron-density related to f 0E1 varies m accor­
dance with zenith-distance of 'the Sun

As for layer F2, electron-density related to f cF2 is not governed by this law. 
The ionization in the two layers,is generated by radiations of different wave-’ 

/ -length (80—102,6 nm m layer E and 20—91 nm m layer F) moreover the recom­
bination processes m the two layers are different, also In layer F  quadratic 
.while m layer F linear recombination takes place. Transport of charges is diffe­
rent, as well In layer E  ‘transport of charges is negligible, while m layer F2 it 

> plays an important role by plasma diffusion. ’ v
Fluctuation of the curve shown in Fig. 1. (2 month period) may just be attri­

buted to that in layer E  (as it is well known) effect of geomagnetic activity is 
- hardly observed, - m layer F2 it results in considerable changes

I
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EPR INVESTIGATION OF Fe3+ IONS IN  
,, THE [95Te02 • 5PbO] .GLASSES

M. l ’ETEAIVTJ* and I. ARDELEAX*

ABSTRACT. — E P R  absorbtion spectra due to  F e3+ ions ш  жЕе2Оэ (T — x) 
[95Te02 • 5PbO] glasses for 0 5 <  л 20 mol % xevealed a strong dependence 

, of their struc tu re  and th e  values of th e  E P R  param eteis on the  glass compo- 
, s ition’ A t low F e20 3 content, resonances due to  isolated F e3+ ions in  sites of 

distorted  cubic field; prevail in  th e  spectra As nsm g concentration, a very 
m arked clusterizing tendency of th e  im purities was evidenced F or both types 
of absorptions, th e  E P R  param eters dependence on th é  F e20 3 content m  th e  stu ­
died m atrix , was able to  give us inform ations about the Fe3+ ions d istribution 
in  th e  m atrix , along th e  proposed, concentration range In  th e  80—300 К  tem - 
perature range, our samples behave ás param agnetic ones j

' iRtroductioR. The paramagnetic resonance- spectra of Fe3+ ions in oxidic 
vitreous matrices were successful m identifying the vicinities in which the crys­
tal field effects result in absorptions having g factor values very different from 
2 0023, and also in evidencing the clusterizing tendencies of the paramagnetic 
ions over a concentration limit [1—5, 10, 11]. The mteractions involving them; 
depend on- the strength and type of bindings m the host ■ diamagnetic matrix,i 
and also of the magnetic dilution of impurities, so that the absorption spectra and 
the EPR parameters dependence'on.the .paramagnetic ions concentration may 
provide ■ informations about the microstructure of the studied ions vicinity.

Because of their peculiar propertiesIiavmg number,of applications, tellurate 
glasses become over more studied m the last time By melting tellurium dioxide- 
and tranSition-metal oxides in suitable proportions one obtains amorphous com-', 
pounds which are electronic semiconductors; their propertiès being intensively 
used m , microelectronics Series of papers concerning the Te02—V2Og —Fe20 3' 
glassy system, "reported its electrical properties, connected with the concentration 
and mobility of the-current carriers, and the phas'e equilibrium diagram . [6,-E]; 
The Vitreous state forrriation in binary telluratè systems containing transition/ 
jnetal oxides has been investigated in detail [8] The ’ binary Te02 —Fe20 3 sys­
tem was studied from the point of view of its electrical properties [6] 'as well, 
as structural ones, by means of.Mossbáuer and I R spectroscopy, and positron, 
anihilation [9] ■ . - , . 1 ;

In order to obtain more informations abolit this system we ştudied'the;mag-- 
netic properties [12] and the E P R ‘absorption spectra of Fe3+ ions in .vitreous' 
95Te02 • 5PbO matrices ' 1 , ' ; , . . . . .

Experimentul; Our investigation concerns th e  *Fe20 , (1 — x) [95Te02 • 5P1ÍO] system, for ^
x  varying in  th e  range of-0 5', <  x  <  20 mol % V itreous samples were obtained, by m elting th e  oxidic 
m ixtures corresponding to  different concentrations m  an electrically heated furnace, á t about 1000°C

.. I I. , ‘ » . < . ’ 1 ' , > , ' 1 , 1 , ' ' - • i j - 1 . .
4 U niversity  oi C lujr D epartment o i Physics1,- 3400 Clitj'Napocci, -Romania .  - "Z ' ! '
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A fter an hour of stabilization a t th e  m elting tem perature  samples were quenched on a stainless 
steel p late  a t the room tem perature Typical glasses were obtained as both  aspect and structure

E lectron param agnetic resonance m easurem ents were performed a t both room  and liquid n i­
trogen tem perature, by using a JES-3B type  spectrom eter, m  the  X  frequency band, and a 100 
Ас/s field modulation

Results and discussions. Along the investigated concentration range the mag­
netic 1 susceptibility follows a, Curie-Weiss law, with a negative paramagnetic 
Curie temperature, 0̂ , increasing linearly in absolute value as the Fe20 3 content 
rises [12] The temperature dependence of the reciprocal magnetic susceptibility 
over the investigated temperature lange is linear, the magnetic transition tem­
perature having a very low value The magnetic ordering, if exists, takes place 
far below 80 К A linear dependence of the Curie constants on the Fe20 3 content 
was obtamed The values of C, were situated between the two limit values, vhen 
only Fe3 + or Fe2+ ions would be present m the matrix, suggesting the presence 
of both in our samples '

Over the investigated temperature range a paramagnetic behaviour was 
evidenced The magnetici ordering at lower temperatures has a local character, 
in agreement with the amorphous structure of our samples

The presence of the Fe3+ ions, and their distribution m the,vitreous matrix, 
was evidenced by means of the EPR measurement

The BPR investigation. of the xFe20 3 (1 — x)[ 95Te02 5PbO] system, 
for 0.5 ^  X ^  20 mol % revealed a strong dependence of the structure of the 
absorption spectra, and the values of the EPR parameters on the sample composi­
tion. For comparing the BPR absorptions intensity, and to follow their' evolution 
on the proposed concentrations range, the same amount of sample, ie  100mg, 
was tested The structure of the absorption spectra was not affected by the tem­
perature lowering, excepting for the signal intensity increasing, and a better 
resolution The features of these spectra are evidenced in Fig 1 The Fe3 + recorded 
spectra, mainly consist in absorptions centered at gei ~ 4 3 and gtf ~ 2 0 I t is 
known that the absorption at g ~  4.3 is due to isolated Fe3+ ions subjected to 
crystal field effects, actmg as principal mteraction m the spin hamiltonian Suck 

'an absorption was interpreted m terms of the axially symmetric crystal field, 
or of the rhombic one, prevailing m the spin hamiltonian [1, 4] I t was also pointed 
qut [5] that the,g ~ 43  absorption increasing as temperature lowering cannot 
be assigned to transitions inside the median excited Kramers doublet, as m the 
case of the rhombic field model [1] Therefore, it seems appropriate to consider 
the distorted cubic field case, which results 'in transitions having an isotropic 
g =  4.28 value inside the lowerest Kramers doublet.

In our BPR investigation of the Fe3+ ions m FFe20 3 J(1 — r)Na2B40 7 
glasses the cubic vicinities of the paramagnetic ion having a tetragonal distor­
tion, were taken into account [10] The specific structure of the borax glasses 
[15] supported this choice Telluraté glasses being more distorted, the complexes 
involving the impurity are almost planar [16] The theory of the g ~ 4.3 absorp­
tions was detailed for a variety of distorted vicinities [13], options for the most 
convenient case being available according to the structural peculiarities of the 
investigated matrix

According to Fig 1 the spectral structure dependence on concentration 
shows that at low impurities content resonances centered at g ~ 4.3 preyail in
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F i g  1 E P R  absorption spectra of the 
Fe2 + ions in  the ^Fe20 3 ( 1 — x) [95Te02 

5PbO] glasses, for 0 5 si x  з? 20 mol 
% Spectra were recorded a t different 
degrees of amplification, according to 

'  their details

the spectrum. As rising concentration, their intensity suddenly decreases absorp­
tions, becommg favoured at g ~ 2 0 The EPR absorptions evplutión along the 
proposed concentration range is easier to follow by considering the cpmposition 
dependence o f. the characteristic EPR parameters, that is the peak-to-peak 
height I  of the absorption line, the lmewidth AH, and the intensity approxima­
ted as J  = I  ■ AH2 The concentration dependence of these parameters is plotted 
in figs 2 and 3 for the absorptions centered at g ~ 4 3 respectively those centered, 
at <g ~ 2 0.

6 — Physica 2У1990

I
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In contrast to the g ~ 4 3 resonances whose intensity increases on an extre­
mely short concentration range, suddenly decreasing ' and completely disappea­
ring for X >  5 mol % Fe20 3, the g ~  2 0 absorptions intensity increases almost 
lmearily till about 15 mol % Fe20 3 and diminishes o n ^  after The increasing of 
the g ~ 2 0 absorptions is m prejudice of those centered at g ~ 4 3 values A si­
milar behaviour was detected for the Fe3+ ions m borate glasses [10, 11, 14] 
However, the g ~ 2 0 intensity increasing is much more pronounced and Lakes / 
place at lower Fe20 3 content m tellurate glasses than m the borate ones, provi­
ding a' striking clusterismg tendency of the Fe3 + ions In the composition depen­
dence of the g ~ 4.3 absorptions plotted m Fig 2 the intensity reaches its m a-. 
ximum at % =  1 5 mol % Fe20 3, whereas in the natrium borate glasses яИе20 3 •
• (1 — x)Na2B40 7 this maximum occurs for % >  4.00 mol % Fe20 3 [10], and m 
the lead borate ones for x = 8 mol % Fe20 3 as m the case of the AFe20 3 (1 — 
— x) [PbO 3B20 3] system [14], or x =  7 mol' % Fe20 3 m the case of the a:Fe20^ •
-, (1 — ж) [PbO B20 3] glasses [15] The Fe3+ ions vicinity seems to be more 
ordered m the borate glasses than m the tellurate ones, and more stable as confi­
guration during the process of impurities accumulation along the investigated 
concentration range

Having m view the structural origin of the g ~ 4 3 resonances, Moon et al 
[18] explained their evanescence by the removal of the local symmetry distor­
tions, at the iron ions addition The fact that the vicmity m tellurate glasses is 
strongly distorted was already evidenced, and also' the fact that the Те ions mi- 
crovicmity m amorphous compounds is similar to that of the, crystalline T e02 
[Î6, 19] During'the unpurifying process, the Fe3+ ions substitute for Те The 
symmetry of the neighbours determining the crystal field is low enough for jus­
tify the g ~ 4 3 absorptions The micro vicmity of the Te ion is a distorted te­
trahedron m the form of a roughs planar complebc Subsequent studies [9] sho­
wed that the tellurium-oxygen configuration type depends on the modifier content. 
One supposes that the Te04 tetrahedral complex' has, m tellurate glasses, au ex- 
ţra-trigonal distortion due to the nonbridging oxygens The explanation of the 
g ~ 4 3 resonances evanescence by means of the distortions removal seems ta  
be nonrealistic m ..tellurate glasses. [3].

\
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Another possibility of the g ~ 4 3 resonances diminishing would be the dipol- 

dipol broadening of the absorption lineby addmg iron ions m random positions 
in the matrix, or, so as [18] demonstrate, the . connection of the paramagnetic 
ions in clusters, growing as the concentration rises By simulating thê effects 
of interactions with the nearest neighbours and the next-nearest ones, Duff and 
Canella [20] showed that the isolated ions concentration culminates at values 
of x much smaller than those predicted by the theory of a random clustensing 
process The shift of this maximum to smaller values of x was atributed to exchange 
interactions extended to a wide range

In our opinion the g ~ 4 3 absoprtion removal during the impurifymg pro­
cess, is primarily due to destroying of the neighbours configuration in the iron 
ions vicinity Although randomly distorted these vicinities are m some kind alike 
to each other, hav ing at -the origin the same crystalline structure", and the same 

, abiliiy cf the J[e3+ ions' ;to order their surrounding These microagregates also 
assure -the degree of independence of the paramagnetic ions and, their specificity 
of “isolated” ones The-'gradual increasing of the paramagnetic ions density des­
troys the microstructural ordering In their neighbourhood and their vicinities 
as characteristic enlities become "less represented

The linewidth of the g ~ 4 3 resonances increases’ on 'the proposed concentra­
tion range, but thq initial slope corresponding to the dipolar broadening at low 
paramagnetic ions content, is changed at higher concentration.-The linear depen­
dence at low,concentration show a random distribution of the Fe3 + ions m the 
vitreous matrix [17] At higher concentrations The site population deviates'from 
randommess, the ions interacting strong enough To be mcorporated in-, a cluster 
structure This explains the AH  values much lower - as' those predicted by the 
initial slope (Fig 2), dúe to the superexchange interactions of the nearest neigh­
bours The increase of-the Fe20 3 content involves smaller-distances between 

, the Fe3+ ions and consequently magnetic interactions These are expected to 
take place by a superexchange-.t-ype mechanism. The strenght of the exchange 
interactions is not as great as to favour macroscopic magnetic ordering, th e ’sam­
ples remaining essentially in paramagnetic state over the studied temperature 
range. '
■The composition dependence of the g ~ 2.0 absorptions (Fig. 3) show an increa­
sing of both intensity and linewidth along the concentration range, but these 
pàxametèrs do not follow linearily the Fe20 3 content. This is due to the fact that 
during the melting process of the oxidic compounds besides the Fe3+ ions, Fe2+ 
enter the-vitreous matrix too at a certain step of the composition scale. Fe2+ 
ions are not involved in the EPR. absorption, but Their interactions with Fe3+ 
influence 'the characteristics of the absorption spectra. The Fe3+,/Fe2+balance 
depends on the matrix cornposition, the melting temperature, and ohter specific 
conditions [22, 23].

Conclusions. The EPR of Fe3+ ions in xFe20 3 • (1 — x) [95Te02 ■ 5PbO] 
glasses, for 0.5 < x < 20 mol °JQ reveals a strong dependence of the structure of 
the absorption spectra and the EPR parameters value, on glass composition.

At small impurity ions content, resonances centered at gef ~ 4 3 prevail 
in the spectrum These are due to Fe3+ isoltated ions in sites of distorted orystal 
field Their number ' increases on an extremely short concentration range, the 
corresponding sites being occuped at low concentrations.

ЕЕЛ. INVESTIGATION OF Fe’ IONS IN GLASSES , ß 3

/
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At higher concentrations the ions interact strong enough ,to be incorpora­
ted in a cluster structure The corresponding ,EPR absorptions- are centered at 
g ~ 2 0 Tellurate glasses are characterized by very pronounced tendencies' of 
c lu sterin g  of impurities in their matrix.

In the 80—300 К  temperature range, the investigated tellurate glasses4are 
'  paramagnetic The magnetic ordering is .supposed to take place far below 80, K.
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THE DETERMINATION OF OPTICAL INDICATRIX AXES IN' 
UNIAXIAL NONLINEAR CRYSTALS
I

* , GABRIEL MOAGAR-POLADIAN* -  , ,

ABSTRACT. — A m ethod for optical ind icatrix  axes determ ination is presen­
ted. I ts  use is of practical in terest for uniaxial nonlinear crystals I t  is a fast m e­
thod, which doesnt' need АГ- r a y 'apparatuses , ' - -

Introduction. The recent development in optical communications systems, 
optical radar and other branches in which-nonlinear media are involved, needs 
methods,for last determination of-their optical properties, in particular of their 
optical axes . - ’

Theory. The optical indicatrix is the surface of second degree which describes 
the value of the refractive index of a crystal as a function of crystalographic di­
rection. Its equation is '

X A V 2 2 X~  + ^ r  +'-Ц- =  1ПГ. V 9Г. ПГ ( 1 )

where nxt ny, nz are the refractive indexes along the three, perpendicular' direc­
tions X, Y, Z. , -

In the'case of biaxial crystals, the .indicatrix has the shape of'an ellipsoid 
with unequal semiaxes In the case of uniaxial crystals, 'the indicatrix has the 
shape of á revolution ellipsoid, and for isotropic.media the shape of a sphere.

When an electric field is applied to uniaxial or isotropic media, their symme­
try  is changed, this change being translated (from the point of view of optical 
properties) m changes of optical indicatrix ' So, m the case* of' a uniaxial nonlinear 
medium, the equation of the indicatrix in the absence and/respectively, in the 
presence of the applied electric -field -is

1— y? 2̂ *
Г2----- t-TT =  1. with n = ny — nc, nz = nc
'0 , ” e '

f ' ^  +  ^ . +  2 а Д У = 1  ■ ‘
y X i

(2a)

(2b)

where- rxy, is the (xyz) element of the électrooptic tensor Equation (2b)' could 
be transformed to the canonical form Let the electric field. E  be applied parallel 
with the optical axis (Z)' of the crystal Then, the transformation to canonical form 
is reálized)by turning the initial system of axes (X YZ) around Z-axis, with a 
certam angle- a The new axes are X ’Y 'Z  The turning angle is obtained from the 
equation (see 1) % . ‘ , i : ( ,

tg 2a 1
^ xy.E,_______

1
n 3 +  b ’xxs  * - i yyz)  L

• Institute of Aiomic Physics, Laser Devices^ Department /FT AI?—DSL Bucureşti
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and it is seen that the angle depends on the elements riyy of' the electrooptic ten­
sor and on applied field. In the case of uniaxial crystals nx = ny, so

tg 2a =  — ^ n • (4)
, r xxz }yyz •

In the presence of the electric field the uniaxial crystal becomes biaxial
The introduction of the crystal between two polarizers gives an optical trans­

mission for a light beam passing through the system equal to (see 1), (Fig 1) :

F i g  1 The optical transm ission axes

! - T  =  cos2(y  — ß) — sm2y sm2ß sin2 (5)

where Г is the retardation induced by the electric field In the case of crossed 
polarizers, each of them being parallel to one of the old axes X, respectively Y, 
the optical transimssion becomes

T j =  sin2 2y sm2 — 
x  2

(6)

Applying an alternative electric field, the optical transmission of the system, 
and thus the transmited light intensity, will be modulated at a frequency which 
is equal with that of thé field. Turning the crystal around its optical axis (Z), 
the optical transmision will vary with y as ln (5). When the input polarizer 
P j (see figures 1, 2) is parallel with one of the X ' or Y' axes, the system doesn't 
work as an intensity modulator (y  =  0 )  and the signal on the osciloscope (which 
is on the A C input) becomes zero. Knowing a, it is possible to determine the 
X, Y  axes m the absence of the electric field

In this method it is assumed that the optical axis (Z) was determined ear­
lier A method of determining this axis is that of the conoscope (see 2) I t is assu­
med, also, that the values of rxyt coefficients, with which a is calculated, are known.

Experiment. The scheme of the experimental arrangement is shown in the 
figure 2

F i g  2 The scheme of the experim ental arrangem ent



в

I t is typical, arrangement of an intensity modulator using longitudinal Pockels 
effect P 1 ,P2 are the .polarizers (which are crossed), H V represents the source 
of voltage which is applied on the crystal,. CN means the nonlinear crystal (the ! 
optical axis, the applied field and the propagation direction of the light beam are 
parallel)', LASER  represents the light source it was used (a low power He-Ne 
laser), FD is the photodetector and OSC is the osciloscope 

, . An alternative electric field . taken from ,the electric net ţhrough an up-con- 
verter voltage transformer, is applied ön the crystal. ,The electrodes on the crys­
tal are obtained by, colloidal silver deposition on.the lateral facetes of the crys­
tal. After the determination of X, Y  axes, the electrodes are eraişed.

About the two polarizers, P x is mounted on a [fix assembling The maximum 
transmission axis lies щ vertical direction.' P2 is mounted on a nobile support 
and is turned till there is obtained the maximum extinction (in this case the 
polarizers being crossed) ‘I t is preferably that P x be a Glenn-Thompsomprism, 
which has a very small closmg ratio' (measured to 10 ~5) The CN crystal is 
mounted m a mobile, graded support For the determination of X, Y  axes was 
used the next algorithm

— apply the alternative voltage on the electrodes • '
— observe on the oscilloscope screen if the" A..C voltage appreas or not.

If it .appears, this' means that one of the X  or Y  - axes is not parallel with Рх. 
In this case, the next steps a rc  - ' ' '

— turn the crystal till on the oscilloscope screen doesn’t  appear the A C.
signal In this case, P x is parallel with one of the X  or Y axes (so that axis lies 
in vertical direction). 1 '

— read the angle indicated by the crystal support
— turn the crystal with an angle equal to that given by (3), In this moment 

the X  axis (or Y) 1res m vertical direction Mark on the crystal this position.
Thé .experiments were done using KDP  and, respectively KD*P crystals. 

These crystals were already cut as m the next figure

DETERMINATION OF OPTICAL IîţJDICATRIX AXES - ,  g  y

y

F i g  3 The cu t crystal axes

Turning the crystal as described before, thé X, Y  axes were obtained as m 
figure 3, with a precision of 30' (given by the reading accuracy). Also, the angle 
between the position ío t  which no signal appears on the screen was found equal 
to 90° ,in concordance with the theory (the angle between X', Y ' axes, respecti­
vely, X, Y, being 90°). ; *

Bequest, a) I t must be determined with high accuracy the position of maxi­
mum transmission axis of the Р г -polarizer

b) it is necessary a fine mechanics (for the support in which the crystal is 
mounted) of very good quality, for increasing the determination accuracy ,

\
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c) the use of an amplifier between photodetector and oscilloscope, for making 
the electonic part more sensitive to very small beam intensities ■

' 1 Conclusions. At the end, some aspects could be underlined •
a) The, done experiments put in - evidence that the method is applicable.

The method could replace the A-rays apparatuses usèd for the determination of 
A an Y axes , , ‘ " \

b) I t  is used a minimum number, of components and devices Also, .the elec­
trodes could be whashed off, so the crystal does not remain with them m the next

, / processing step, that of cutting.
c) It us a fast method
d) The method could reach a very high accuracy, this fact depending, o n .

one hand, on the 'used mechanics, and on the other hand on the photodetection 
electronic system. ' ,

’ e) This method could'be automatized.- - 1 ,

, ■ '  \  R E F E R E N C E S  ■ -  p

1. !g  N e m e ş ,  Introduction to Nonlinear Optics, 1972, E d  Academiei R S R  (in R om anian). 
2 ,M. B o r n ,  E  W o l f ,  Principles o f Optics, 1962.
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CHARGE TRANSFER REACTIONS IN,. THE SYSTEMS 
IMPLYING ISOTOPIC" METHANES AT SMAIX 1 ENERGIES

1>. ARDELEAN*

ABSTRACT. — The charge transfer reactions of H ţ ,  CH+, CH+ and N + ions - ’• 
w ith  CH1, CH3D, CH,D2 and CDt  were stud ied  in a perpendicular^ type tandem  
mass spectrom eter An influence of the* k inetic and in ternal energy of the incident 
ions on th e  secondary mass spectra1 and on the isotope effects was observed The 
isotope effects are expressed as 7r,(D/H), Г,(Н) and r,(D ) factors. The dependence 
of the isotope effects on kinetic energy could indicate a  conversion of k inetic energy 
into, in ternal energy I t  was also observed a m om entum  transfer in  the charge ' 
transfer reactions The new  variable angle tandem  mass spectrom eter is shortly  
described. , ' ■ ’ ' x i x, • •

Introduction. The /data obtained from the study of the charge transfer reac­
tions are very useful in understanding of some. actuality phenomena in -physics 
and chemistry. .
’ So the data, concerning these reactions are useful in the study of high atmos­
phere [1—4], m the1 radiation chemistry [5, 6], m astrophysics [7—9], in the study 
of the flames [10—11], m the gas discharges [12—13], in the problems of chemical 
kinetics [14—15], in the study of some processes opcuring in the fusion plasma 
[1,6, 17], and generally m the mass spectrometry

Experimental. Thè apparatus was a perpendicular type tandem  mass spectrom eter, described 
earlier [18 — 20] I t  consists of a 180° prim ary mass spectrom eter w ith  an inhomogeneous m agnetic 
field, a retarding system, a collision chamber w ith  an accelerating system  for-the secondary ions, a  90° 
secondary mass spectrom eter w ith  homogeneous m agnetic field and an ion counter. , - '

The pressure in  the collision chamber was 1 5—2 5 X 10-4 to rr The prim ary  ions k inetic energy 
was in  the ran[;e 8 — 160 e V and the in tensity  of th e  prim ary ion currents was in  th e  range 3 X 10-10— 
— 1 5 X 10-11 A  The in tensity  of th e  secondary ion currents was in the range 10_la — 10-16 A .

Results and discussions. The secondary ions which could appear in the charge 
transfer reactions between a primary ion P+ and CH4 are CHf, CH]', CHf, 
CH+ and C +

For the case of the methane, the secondary ions could appear m a large range' 
of recombmation energy of the primary'ions [21], not only at the given fixed 
values [22] That is because in the polyatomic molecules there are many energy 
levels and at least one of-the sufficiently high recombination energy (R E ) of 
an ion could be in quasiresonance with one of the appearance potentials (A .P .) 
of the secondary ion, that means • Де =  A P  —• R.E.- x  0 - • 1

The results are given in terms of the relative cross sèctions (percents of the 
total charge transfer cross sections) versus the kinetic energy of the primary 
ions. ‘ ,

There were studied charge transfer processes implying as primary (reactant) 
ions - H,1', CHf, CHf and N+ and aş neutral molecules GH4, CH3D, CHaD2 and

* In s titu te  for Isotopic and M olecular Technology, P О ß 700, Cluj 5, 3400 C luj-Napoca , Ho/naniû
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CD4- In all these systems there were taken into account ionic species CXJ, CX+ 
and CX i,i C+ and sometimes CX+ being neglected .from quantitative reasons 
(X being'Я  or D) \  ■ ;

1 The systems implying H ţ and CHj \23—25] as primary In these systems 
the variation of the relative cross sections versus the kinetic energy of the pri­
mary- ions, is relative small That is probably because HJ primarily, but also CHJ,

' have a relative large range of R E ,  which makes that a contribution of kinetic 
energy be not so important. In fig. 1 are given the relative cross sections Qr 
[24/29] versus the kinetic energy Ec of the primary ions, obtained for systems 
С Н /— CH3D. The isotope effects have a-more important variation, versus the 
kinetic energy of the primary ions. This dependence is more important fcr the 
systems implying CHJ than' that for 1 the system's implying HJ The isotope 
effects are given in terms of n, and Г, factors [26] . ■ '

The explanation of such a type of isotope effects could consist in the diffe­
rence between zero point energy of C ~D  and C—H  bonds and in the different 

' density of the vibrational levels of the two bonds
The decrease of the nt (D/H) andT;(.D) and the increase of Г,(Н) factors/ 

all of them indicating a increase of ’the elimination of Я  atoms relative to the 
elimination of D atoms by the dissociative charge transfer, versus the kinetic 
energy of the primary ions, could indicate a conversion of kinetic energy into 

, internal energy, Table I. '~'J' . ' ‘ • ,
• In the case of Г1(Я) and Г2 (Я) their values become equal to 1 (dissappearance 

of the isotope eflect )at ~20 eV kinelic energy and l ecome smaller at eneigits 
undet 90 eV (the iso!ope effect is reverstd), - V

This could indicate a change in the read ion mechanism H was observed 
the apperance of the CXJ at energies under 20 eV and this could confirm the pos­
sibility of complex formation

It was estimated [27] that charge transfer,, reactions could proceed by  a 
frontal collision complex when the relative velocity pf the reacta*its is.и >  IO6/ / 1/  
(where- ú =  М 1М 2ЦМ1 -j- M 2)). For this velocity we have E <  2,2, eV lab, ' in 
our case (Mv M 2 — the reactants '( masses) ,

I t  results that between 8—20. eF, the charge transfer reactions could take 
place by frontal collision complex, à polarisation complex being improbable.

v/
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Table 1

The isotope eiiects in  th e  s js te m s  C H j—CD,H4_,

K inetic energy 
( ^ ) ,

--------------- J—

• Г 'Р /Н )  V
CH+ -  c h 2d : , CH+ -  CH3D

Г 2(Н) - T 2(D) TCa(D/H) Гг(Н) r i(D) ‘" iP /H )

8 0,89 0,88 0,98' 0,90 , 1,05 1,18 0,91
10 0,83 0,93 0,88 0,78 '  1,06 1,16 0,91
15 0,81 1,02 , 0,75 0,59, 1,02 1,12 0,89
20 0,81 ' 1,06 , 0,76 0,58 1,12 0,95 0,69
30 0,80 ' 1,16 0,78 0,54 1,19 0,93 0,63 ,
40 0,82 1,22 0,77 0,52 1,16 0,82 0,58 ,
50 0,78 . 1,26 0,75 0,47 1,20 ‘ 0,73 ■ 0,47
68 0,77 1,26 0,74 0,45 1 1,20 0,62 0,39
85 , 0,76 1,25 0,73 • 0,44 1,24 0,59 0,36

125 - 0,79 1,27 0,67 0,42 1,29 0,55 0,34
160 0,77 1,33 0,66 0,38 1,28 0,58 0,35

2 The systems implying ÜH£ and N + as primary ions In these cases [28,
29], the RB of the primary ions are a quite harrow band Probably for this rea­
son the influence of the kinetic energy of the’ primary ions on the secondary spec­
tra is more evident The relative cross sections for CH^—CH2D2 are given in 
fig’ 2 f , - •

The variation of the isotope effects versus the kinetic energy of the primary 
ions could also indicate a •conversion of kmetic into mternal energy, Table' II. 
At kinetic energiës under 20 eV it could be observed an important variation of 
the isotope effects, probably the explanation bemg the same as for the systems 
CH+-CD,H4_, . , ,

3 The role played by the excitation of the primary ions m  the charge transfer 
reactions [30]. As it knows the variation of the energy of the ionizing electrons 
gives a variation in 'the proportion of the excited states of the primary ions. .

, I t  was observed an important influence of the ionizing-electrons in the pri­
mary mass spectrometer, on the relative cross sections for ,CX^ ions This could 
be explamed by the decreasing of the energy defect caused by the excitation ener­
gy of the primary ions ' ^

F i f  2 T he relative cross sections for the system 
' . C N + -C H aD 2 _
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, Table I I

'T lie  isolope eifecls is 'llie  systems CIIJ — CD',II,i,
«

K inetic energy- r'(D /H )
CH+ -  c h 2d '2 1 ' CH+ _  CH3D

r i ( H ) r , ( B ) - u2(D/H) T i(H ) Tj(D) 7Гr(D/H)

8 0,92 0,93' 0,72 .. o ;7 i  ' 0,84 0,68 0,74
10 . 0,98 ' 0,94 0,-70 0,73 0,87 0,67 0,75

- - 15" 1,08 , 0,97 0,66 0,73 0,94 0,65 0,74
20 '1,11 1,02 0,64 0,70 ' 0,97 • 0,61 0,70
30 ' 1,12 1,07 0,60 , ■ 0,61 1,03 0,48 0,52
40 1,13 1,05 0,58 0,61 1,09 0,45 0,47 ■
50 ’ '1,11-' 1,13 0,60 0,59 ' 1,08 0,45 0,46,
68 : 1,09 1,25 0,57 1 0,50 1,14 0,43 0,41
85 ! 1,05" p 1,26 0,58 0,48 1,16 * 0,43 0,39

125 ' 1,01 1,26 ‘ . '0,57 0,46 1,15 0,45 0,38
160 r к .1,03 1,30 - ’ 0,53 ч 0,42 ' 

4

1,20 ; 0,42 ' 0,36

V •/ , I ■ , _ ' I ,
At energies of .the ionizing electrons..greater than ~35 eV, thé primary 

ions have enough internal energy and the reaction becomes termoneutral or exo- 
termic, and m this case'the dependence by the-electrons energy is vanished The 
relative cross section of CH3h obtained for the system CH7 —CH4 is given m fig 3 

I t was, also observed an important dependence of the isotope effects'on the 
electrons - energy. , - , „ , ■ . ; |

I t  seems that an increase of the internal energy of the primary 10ns is compe-. 
titive with an increase of the primary 10ns kinetic energy, Table III

4 The momentum transfer ’[31] The knowledge of the momentum transfer 
which take place in the .charge transfer reactions could give informations concer­
ning the ‘ reaction mecanism.. , ■, •

The quasiresonant. and resonant reactions. Ae «,0 take place by ',‘long range 
interactions” and the momentum transfer is.small In the general case, reactions 
are unsymmetrical These reactions take place, generaly, by “short range interac­
tions”, and a momentum transfer could by implied’ For to observe the momentum

о
30

20
10-
C-l---.---------1 ' ---------- ’---■----------

(J 10 20 30 40 50 63 70 Ee l (eVl

F  l g '1 3 The elimination of H  atoms by 
, dissociative .charge transfer

/  >
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Table I I I

The In tram olecular Isotope effect (vt2(Z)/H) fuc lo r) versus the  1оп1/1пц electrons energy

, Ionizing electron 
energy (eV)

prim ary ion kinetic energy (eV) ,
8 10 - ■ 20 30 50 100

Electronic im pact

18 1,09 , 0,97 ,0,72 0,64 ’ 0,59 0,57 0,47
25 1,05 0,80 0,65 . 0,60 0,’54 .0,50 0,45
35 0,93 0,80, . 0,61 - 0,55 0,49 0,42 0,42
40 0,90 0,78 0,58 -0,53 0,47 - 0,41 0,40 ' 1 -,
60 0,87 0,75 0,56 0,53 0,46 0,40 0,36
70 0,82 0,75 0,57 0,52 0,45" 0;39 0,35

0,37*

* See ref [20]

transfer the secondary currents were measured versus the r’epeller tension oi the 
collision ' chamber c . ,

I t  was observed an important variation of the relative cross sections. The 
results shows that CX^ ions appear by a mechanism which implies m a higher 
degree a short range interaction than the appearance of CX^, or, more probably, 
the kinetic energy is converted into internal energy more efficiently m the appea­
rance of CXÿ than for CX^ , - -

From the study of the isotope effects it results that for the ions containing 
moţe D atoms, which appear by H atoms elimination, the kinetic energy of pri­
mary ions is converted^ m a smaller degree in internal energy than for the secon­
dary ions containing more H' atoms which appear by D atoms elimination •

For to improve experimental method in these studies, it was constructed 
a variable angle tandem mass spectrometer The measurements made with this 
apparatus will allow to obtain more complete data concerning the ion molecule 
reactions 1 , -

. "The variable angle tandem mass spectrometer consists of a 180° primary 
mass spectrometer with a inhomogeneous inagnetic field;,’a retarding s}rstem, a 
collision chamber with a colimation 'and 'focalisation system for the secondary 
ions, an energy analyser, an secondary mass analyser, and a channeltron multi­
plier Thé system, of the .secondary analysing and, detection can rotate around’ 
the collision chamber axis, and this makes possible the measurement of the J an­
gular distribution of the secondary'-ions '

There are m progress the measurement's concerning thé CBJ1"—CHf, 'system, 
and the intention is to  ' obtain more exact data concerning the reaction me'cha- 
nism. • , ; ' - ' . ■ , - ’ ■ ' '

R  E  F  E  R E  N C E S
' 4 . ’ ' '

1 W  E i n  d i n g e r ,  F  C F e h s e n f  e l d ,  A E.  S c h m e l t e k o p f  and, E  E  F e r ­
g u s o n ,  J  Geophys Res ,?,79, 4753 (1974)

2 E  G r a i n  m,  R  J o h n s e n  and I I  A B l о n d  l, J  Geophys Res , 80, 2339 (1975)"
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F  T ' w y m a n ,  Prism and Lens Мпк1пц,
Adam Hilger, Bristol and, New-York, 1989

If the 'H o ly  Bible is The Book for a ll Cris- 
Jtians, I  th ink  th a t Tw ym an's book is m  its way 

(,'a «bible, a reference work, never out of fashion 
jl' Two editions, in  to ta l 7 printings, have been 
’issued so far — th e  first edition in 1942 and the 
las t printing m  1989 T his shows m  th e  m ost 
evident w ay th e  continuous ac tuality  of th is 
extraordinary book

For those who haven’t  h^d yet th e  privi- 
edge to  have m  their hands Tw ym an's book, 
i t  is of in terest to  know th a t Twym an was no t 
only a well-known specialist m  the field of op­
tical components making, bu t he was also the  
m ost generous and unbelivebly sincere author, 
offering to  the reader all his treasures, l e tech­
nological secrets All basic knowledges on m a­
terials for optical components, on grinding m a­
terials, on necessary machinery and procedures 
m  making prisms and lerises, testing apparatuses 
and  their use are there, .guiding th e  reader 
m  the difficult, bu t profitable and wonderful 

■ world of optical components’ manufacturers
' , PETR U  ŞTEŢIU

ly

P  T  M o s e l e y  and В C T o f i e l d ,  
Solide’• Stute ^Gas Sensors, Adam Hilger, Bristol 
and Philadephia, 1987

A modern chemical industry, more general­
ly  a- modern industry  is u n th in k ab le , today 
w ithout appropriate sensors, able to  give neces­
sary inform ation of concentration of 'different 
types of gases ,

The monography edited by Adam H ilger 
Publishing Company is derived from  a sym po­
sium, held in Oxford m  1985, on gas sensors and 
contains, th e  up-to-that-year results m  th is field 
The hook contains ten  chapters, each of them  
being a concentrated overview presented by 
UK wellknown specialists № th is field

Almost half of th is book deals w ith semi­
conductor4 gas sensors (SGS), based on S n 0 2, 
as probably one of the technologically most pro- 
missing m aterial B ut reported  results can be 
used as a guide line m searching and characte­
rising other in tei estm g' m aterials

In  spite th e  fact th a t  the  book is published 
m  1987 it  is surely of great in terest for those 
who w oik in the noble field of science and SGS ’ 
'-making industry  A t th e  same tim e it  gives 
to  users a general view of lim its and possibilities 
of m dustrialm ade SG(S and other gas-sensors‘

PETR U  ŞTEŢIU  ,

t
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în  cel de al X X X V-lea an (1990) Studia Universităţis Babeş-Bolyai apare în  urm ătoarele 
serii :

m atem atică (trim estrial) 
fizică (semestrial) 
chimie (semestrial) 
geologie (semestrial) 
geografie (semestrial) 
biologie (semestrial)' 
filosofie (semestrial) 
sociologie-politologie (semestrial) 
psihologie-pedagogie (semestrial) 
ştiin ţe  economice (semestrial) 
ştiinţe juridice (semestrial) 
istorie (semestrial) 
filologie (trim estrial)

In  th e  X X X V -th year of its  publication (1990) Studia Universitatis Babeş-Bolyai is issued 
th e  following series :

m athem atics (quarterly) 
physics (semesterily) 
chemistry (semesterily) 
geology (semesterily) 
geography (semesterily) 
biology (semesterily) 
philosophy (semesterily) 
sociology-politology (semesterily) 
psychology-pedagogy (semesterily) 
economic sciences (semesterily) 
juridical sciences (semesterily) 
h is to ry  (semesterily) 
philology (quarterly)

Dans sa XXXV-e année (1990) Studia Universitatis Babes-Bolyai para ît dans les series sui 
es :

m athém atiques (trim estriellem ent) 
physique (semestriellement) 
chimie (semestriellement) 
geologie (semestriellement) 
géographie (semestriellement) 
biologie (semestriellement) 
philosophie (semestriellement) 
sociologie-politologie (semestriellement) 
psychologie-pedagogie (semestriellem ent) 
sciences economiques (semestriellement) 
sciences juridiques (semestriellement) 
histoire (semestriellement) 
philologie (trim estriellem ent)
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