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STUDIA L'NIV BABEŞ—BOLYAI,, PHYSIC A, XXXII, ,1, 1987

EFFECT OF A SPATIALLY UNIFORM EXTERNAL PERIODIC 
MAGNETIC FIELD ON WAVE PROPAGATION THROUGH PLASMA

(.. BÄLKAXU*, S. COI.DEA* mill J . KARACSO.W4

R a cu eJ  Novetttbct 18, 1980

ABSTRACT. — The effect of a spatially uniform external periodic magnetic 
field on wave propagation through an electron-ion plasm a was studied I t  was 
found th a t  th e  ions produce modifications of pum p frequency and were recovered 
th e  growth rates previously defmed [3] when ions motion was neglected A new 
case for onset of instabilités was obtained By another method, — th a t  of m any 
tune  scale perturbation  [4] — i t  was found th a t  there was no possibility of ap
pearance of instabilities due to coupling of electrostatic and electromagnetic 
modes, as an effect of the pum p magnetic field

The parametric instabilités of plasma - waves due to magnetic pump 
fields have been intensively studied [1—5] because of their applications 
in supplementary heating method [3] of tokainak plasmas. By applying 
a previously used method [3] we will study in the present paper the 
effect of spatially uniform magnetic fields on wave propâgation through 
plasma, taking into account the ions dynamics. The many time scale 
perturbation method ' [4] will be also applied for the same problem, in 
view of obtaining new possibilities of parametric excitations

The solutions for zero order tieid quantities are of the form :

=  z B 0 • cos w0 ■ t

E m =  ;<°> =  *<0) =  p T  = рУ  =• »Í01 =  «<°> =  0 (2)

where the subscripts e and г reifer to the plasma electrons and ions.
From Maxwell's equations and motion equations, written in cylindrical 

coordinates, we have found that the Eqs (1) —(2) are exact solutions 
of the zero order field equations, only if the following conditions are 
fulfiled

rl (3) and cB 0r ^  eB 0r j
Me* me2.

(4)

where c is the light velocity, r is the distance from the axis of sym
metry, —e, e, m, M  beemg the electron and ion charges and mass wp is 
the electron-ion, plasma frequency :

Wp =  w\ +  ze>? (5)

* University of Cluj-Napoca, Physics Department, 3400 Cluj-Napcca, Eomama
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w i t h

w i -:4кп0е21т (6a) 1 and is)2 — 4tcw'0ea/M (6b)
From Maxwèll's equations’ and hydrodynamic eqhations,' linearized about 
the time dependent state, given in (1) —(2), making the following assumti- 
ons for space dependence of the field quantities and for time dependence 
of 2-component of the magnetic field :

X  = X+ ■ e,Kx +  X ~  ■ e~lKx ' (7)
f , CO I \ ,

(8)B f=  ]T) • ' e,(“+vw»)i
' ■ 4 ' ’ ! v = —CO ’ ‘ ’ l

it is obtained an infinite set' of equations for Bt-'

where

and'

2(Bz)v-2 4~ (1 + ' c4)(Bt)4 '+  l4+2(B$) v+2 =  0

at
, 4w* (z+ v + 2) '[(* +, V + X1

X

Г caK 3 +  .hj2 I Г ' I , • J , ■ u>4
I ^  -  — * Г ~  1(г + V + 1) • |,(f + V + l)i -  - Z ]

, [(z + V + l)2 -  w2Jw%] [(г + V + l)2 -  — ■

I /
4w$

[(z +  ,y)2 -  (c*K‘ +  a f l/ a ;2]

X

( z +  v)[(* +  v)2 -  f l 2/u,2]
i >

(z +  V -  1) [(г +  V — l ) 2 — zoj/wj]

X

+  -

[(г + V — l)2 — w*Jw%] [(г + V — l)2— — waew\lw5]

' 1 1 {z +"v -H ‘l) • [(г + 4 + l)2 — ttij/mg] I

+

({z +  V '+  >1}B — te*/aij}] [(г +  v Ч-‘ l ) 2’— w \J w li  — w \i

L = ~ 4г«о (2 + Ч-2)[(г4 -у -2 )2-£1^К'], X

X
(z +  v)2

с*Ка +  w2
{z + v -  1) (z +  v -  l ) 2 -

(9 )

(1Ö)

( H )

( 12)
[(г +  M -  l ) 2 — w2J w 2] - '[(г  +  v -  l ) 2 -  w‘LJw l]  — a>2a)2/a>J

} I v' ' 1 .
where

Qe =  eB0jmc (13) ; z =  wj-wQ (14), O? =  c2K 2 +  w2 +  w2 (15)
w% =  w\ +  yk2V2fe ’ ’ (16)
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Y beeing the ratio of the two specific heats of electrons and vTt is the 
thermal velocity of electrons.

The assumptions that the ions are cold is made because we could 
neglect the effect of magnetic field ,on ion motion by virtue of

£1, =  eB0jMc £2, (17)
The obtained expressions (10) —(12) include the ion contributions 

and differ from the expressions previously given (3). As a consequence in 
the infinite determinant of Eq. (9), together with the simple poles z = n 
and z — n d; wbjw0, the second order poles z = n ±  wLjw0 and z =  
i  ws/w0 appear, where

ws = *JyK • vs ; wl = w] + w \c (18)
vs = vTe (mjM)W (19)

are the ion-acoustic frequency and velocity, which are due to the plasma 
ions, (n is any integer, positive, negative or zero).

We can apply a previously developped method [3] to the deter
minant of Kq. (9) and obtain the following dispersion relation •

sin2 u z  — sm27i • — ) (sin2 те - - sin2 77 ■Wl  j1 [ sin2 t: z  — sin2 77 • | =»0 Д 1\ Wg J1

=  e2Xx • sin 277 • ( sin2 TZZ - Sin2 71 • - ) l sin2 те — Sin2 77 • Щ 1 +
Wg ) \ L г»о )

-j- £2X2 • sin 2tc • ^  (sin2 те - sin2 77 • - ) l I  sin2 те — Sin2 77 • +
W„J] i »0 /

—J- • sin 2 тс ws ( . „• — 1 Sin2 7I Z  --  S i n 2 71 . U sin2 те -- sin2 77 n k
Wg Д Wg 1

where
£2 =  Q\{w\ < 1  , (21)

^ о -  l)[(Qţ/»о -  b2 -  __________
1 2 ü l  I  [ (n fc/te>0 -  l )2 -  гв*/гв§] [(Оkjw0 -  l )2 -  -  w \w ^w J

(Пл/ги,, + 1) [(Оklw0 + l)2 -  №2/i£)J]
[(Clk/iVo +  l )2 -  ггт/г^Р [(ПА/ги0 +  l )2 -  гв^/a'J] -  » 2ш2/ ^

( 22)

(0) w, [3ßi°>
-  1 - , 4Пр»/«/„(ДНК -  l)3 + 2wjnllwî

{ПЦы0 -  l)2 -  тут* X

X
n<°>

+
ЗП?

40 Hw,
+  1 -

№  + >)2
1 I

+
n i

(O №)/«,„ +  1)= wh  К

,(0)
Л12

[ 4 0)
l »0

(23)
+ 1
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with

‘ (qii< -  о '
' -Щ2 - [(OJ/io -  l)2 -  *»i./wS]

id   Щ1тii + 1
Л12 —  -------------------------------------------------------------) ( í i* /“ !o + 4 ) 2 -  v p j j w l

■'! '<• 1 ‘ ’ . [(“ 'i/ a 'o  +  I)2. — '(с2Л4 +  «$'/■“ $ ] (ш|_/и)5 — От2/ю5 ■

' (wLlw0 +  1) • [{wLlwa +  í )2 -  a%lw%~\ • 2{юЦт- -  o£/a/f) ^
í I

[(— -  i f  -  («*** + « ; ж ] ( - 7 -  ^
И  Wo I , JV “ 'S “ 'S+  •

, =  4  +  —,'“'о

+

2 (“'Г./“'о -  1) • [(“'£ /“'о -  l )2 -  • (to£/*ííg -  a'2/“'?]
t' I 1 -

» »1

[( * * ’)•- aH
7— Ц  • [ ^ H  ^  l)2 -  f ]  + '

X3 —

l (w Lelw о -  l)2 -  í5?2/“ '§]

[(“ 's/a'o — l )2 — (c2A2 +  ' “ '2)/“ 'S] • {w yw f+  w;jwl)

{wslw 0 +  1) [(“ 's/a'o +  l )2 — ПЦ/а»?] • 2 (ш2/гв§ — a'f./a'S)

(“ 's/a'o — l )2 — (с2* 2 +  “ ' 2)/“ 'S • [(a'2/“ ' § +  a',2/“ '?)]

2 1 — -  : f(— -  i f  -  «î m I - ( -  ~t )I»» / LI “'о 1 V “’S “'S 1

— +

■(24a)

.(24b)

•tfë-'F-ï-i]} <*>

(26)

The quantities with the superscript 0 are those in which the effect of 
ions motion is neglected. By using the substitutions :

X =  tg nz ;
j fm&b j Tciî Г I TZÎVi«I =  t g — a2 =  tg — a3 =  tg — i

(27a)

(27b)

the Fq. (20) can be transformed into an algebraic equation •

(x2 — аЩх2 — af)(x2 — я§) =  (1 +  #2)27ue2 •’ {Х^^л2 — afj x  

X(#2 — «I) +  Х2я2(ж2 — afj{x2 - я§) +  \ 3a3(x2 — a\){x2 — я?)} 

For x =  я3, taking into account that , ,
, • |и ‘ j 1 ' ', -* > Л«*

1,2
=  @{mjM)

(28)

(29)
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the equation (28) reduces to a biquadratic equation for which the sta
bility conditions are obtained from Eqs. .(38) — (39) of paper (3), taking 
the corresponding expressions for Xx, X2, given by Eqs. (22) and (25). 
The conditions for the onset of instabilities are the following:

1. ''' fíA/w0 = ’W± Д/л or n d i ’—± ' —
2  7C '  (30)

where n is any positive integer and Д is small. The 
maximum when

growth rate has its

A =  е2тг(Х1) (31)

with the following expression •
, 1 f ' l  —  s t o o f a ) , (32)

2. WLfw о — n zh — or — i h re 2 re
(33)

here the growth rate reaches its maximum

r2 =  w0zz(>.2)
if * '

K Í  3 U Í  i Ф*)

A =  г27г(Х2) (35)

3. 0*± я * =  » ± л
tVQ 7C ' (36)

The condition for a maximized growth rate is
A =  2тгг2(Х1) (37)

and the maximum growrth rate is

r3 =  w0s2(xi) (38)

Replacing Xx — X2 in the Eqs. (37—38) the results for longitudinal waves 
are obtained

If the condition x Ф аъ is not fulfilled, when
W $  ' ! A or (39)
W Q 7Г 2 re

from the equality

sin2 n z  —
• о  W ssm2 7 Г  • — =  e2X3 • 7 C  sin 2tc •  — (40)

“ »0

we can obtain the maximum growth rate as
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with
Д =  е2 - г (Х3) '' (42)

In  the above considerations the assumption n Ф 1 was made.
When the many time scale perturbation method [4] is applied to the 
considered problem we obtain the following results : taking in the basic 
equations the following expressions :

E =  E T ■ it +  EL • êx ; В  =  В ■ êy (43a)
and

V =  vT • ег +  bL ■ êx (43b)
and considering for the field quantities a spatial dependence exp (ikx), 
We come to the following system of coupled equations for the Fourier 
transforms of longitudinal and transverse quantities of a cold plasma,
without collisions (ye =  vl = T i = T ,  =  0) .

—— +  — E f =  Qe ■ vjk ■ cos (44a)
. dt m

+  iK n0 ■ =  0 (44b)
dt

— +  tK n0 ■ v[i = 0 (44c)dt
dv^"
——---- — • Ek =  — • cos wQt (44d)

dt M

iK  ■ Ek +  4тхе{пек — п,к) =  0 (44e)

dEu г T------- 4rten0 ■ V'k +  4ixen0 ■ vŢk =  0 (44f)
dt

T  ' ’ '

—  +  — • Et = — 0.ev̂ k • cos w0t (45a)
dl , , m

iKBk -  -  —  +  —  n0 ■ vjk -  — n0v l  =  0 (45b)
2 dt c c

tcK ■ E l  =  dBkjdt (45c)
T

— — — • E l =  £ï, • vlk ■ cos w01 (45d)
dt M  ,

The magnetic field is sufficiently weak so that the many time scale per
turbation can be applied to Eqs. (44) _ and (45), the quantities which
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contain Í2, and £2, beeing small compared with the others. Doing the 
well known assumptions [4] : ,

EL(t, zt, z2t , . . . )  =  Eo(t, zt, zH, . . . )  +  £• E\{t, zt, z2t, . . . )  +  

+  z2 • Ef(t, zt, zH, .)
where

— =  — +  e 
dt St 8{tt) +  ••

' — =  — -j- £ : Í2 ---- -----1 +  . . .
dt1 St* I 8(d) 8t J

Eok(t, zt) =  A t[t, zt) exp (iwLt) +  AZ(t, zt) exp (— iwLt) 

EÏk{t, £t) = A t (t, zt) ■ exp (iüht) +  Ar(t, zt) ■ е х р (-гй ^ )  

and eliminating the secularities we obtain the following results :

(i) when w0 =  wL -j- Qh

d A \;

and

and

d(tt) 4 wpilfr

dA +
1 (î

d(et) 4 wpClk

(ii) \ \

d A J 1
d(zt) 4wpilfr

d A r . 1
+  ----- Г"d(zt) 4ivpQ.fr

{w 2c ■ Q.e — w \  ■ O,)A r =  0

(w ]  • — w 2, ■ Q ,)  A t  <= 0

[w] ■ Q e —  w 2 Q , ) A l  =  0

(wl • £2, — w2 ■ Q.,)Al =  0

(46)

(47)

(48)

(49)

(50)

(51a)

(51b)

(52a)

(52b)

(52c)

In  both of the two cases we obtain an oscillatory solution, without gro
wth :

and
A t ,  4̂ г , A l , A T ~ exp (lyerf)

у =  ----- - (ж2 • ilc — w2 • D,)
AwpUb

(53)

(54)
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' ' As a conclusion of'1 our calculations it results that the ions intro
duce a modification of the pump frequencies, Eq. (30) and Eqs. (33—34), 
a t which instabilities can appear.

As can be seen from the expressions (32), (34), (38), (22) and (25) 
there are situations in which the growth rates are increased and otheis 
in  which they are decreased On the other hand, the last possibility for 
excitation, given by Eq. (40), at integer and semiinteger subharmonic 
frequencies of ion sound frequency is experimentally very difficult to 
observe, because of the conditions (21) and (29).

By applying the many time scale perturbation method we reach 
Eqs. (53—54) and so we have recovered a previous result (5) due to the 
ppmp magnetic field ; the appareance of instabilities due to the coupling 
of electrostatic and electromagnetic modes is not possible
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QUADRUPOUE INTERACTIONS IN HÎ^Zr.V-, INTERMET AULIC 
ч • COMPOUNDS

< M. CÔtOEA"-. I. 1*01’* and V. СШЧЛХ*

, ’ 1 , ï . >'
Р  i f  a  bid January 30, 1987 .*

ABSTRACT. , — The lattice (?1;lU) and conduction electron (q') contributions to  
the electnc .field gradient on V nuclei m  the intem ietallic compounds HfV2,
H f, jZr0 6V2 and ZrV2 are analysed I t  was found th a t  q' ~  — ̂ O j^te

' ' The measurem'ents of the electric-quadrupole interaction in the inter- 
metallic compounds pointed out that between the magnitude of the elec
tric field gradient q at the given site and the density of electronic states 
at The Fermi energy N(EP) there is a strong correlation. The conduction 
electron contributions to an electric field gradient in a metal or an inter- 
nlctallic compound, analysed by Watson, Gossard and Yafet [1], are 
■linearly related to N(EP) and are of experimental significance in many 
ordered metals Furthermore, it was also found that such a correlation 
'is 'to be found between the electric field gradient and the critical tem
perature of the superconductors. There is a general trend for the super
conductors having higher Tc to also have larger q [2,3]. I t  is the point 
of the piesent paper to study the quadrupole interactions in Hf1_xZrsV2 
nitermetallic compounds and to illustrate the role of the conduction elec
trons from the immediate vicinity of the V nuclei in the measured elec
tric field gradient q at t-he V sites

The mtermetallic compounds 
Hfx_vZrТУ? crystallize in the cubic 
lattice of Cu2Mg type, space group 
Fd3ni, with eight formula units 
per unit cell as is shown m F ig , 1 
[4] The local symmetry at a V 
site is noncubic and a nonzero 
electric field, gradient may occur 
These compounds are'superconduc
tors, and the (critical temperatures 
Tc, determined by Wallace, Craig 
and Rao [5], are shown in Fig 2 

’ In order ' to find the charges 
of the ion coies m these compo
unds we have measured their mag
netic susceptibility versus tempe
rature between 80 and 1 000 K p i g l The unit cell for H;v,

* (JmversUy of Cluj-Napoca, Physics Department, 3100 Cluj-Xapoca, Romania
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The magnetic susceptibility 
obeys the Curie-Weiss law 
X =  C[(T — 0>), with 0, <  
<  0, and from the slopes 
of the curves x-1 (T) the 
iollowing values were deter
mined for the magnetic 
moments per unit formu
las • 3.92 y.B for HfV2) 3.61 

for Hf0 5Zr0 BV2 and 5.49 
ид for ZrV2. Taking into 
account that Hf and Zr 
do not carry magnetic mo
ments in the metallic state 
[6,], the obtained values 
of the magnetic moments 
may be attributed only to 
the V atoms. So, the effec
tive magnetic moments per 
V atom in these compo
unds are as follows : 2.78 
[j-в in HfV2, 2 56 in 
Hf0 5Zr0 5V2 and 3 89 pB in 
ZrV2. The minimum value 
of the magnetic moment 
for Hf0 5Zr0 5V2 compound 
is in good agreement with 
the largest super — condu
cting temperature (Fig 2). 

Is is to note that the magnetic moment values per V atom in HfV2 and 
ZrV2 compounds are very close to the values 2.82 pB and 3.87 which 
correspond to the values of the magnetic moments for V:!+ and respec
tively V2+ ions. On the other hand, from the value of the magnetic 
moment in Hf0.5Zr05V2 compound was found that one V atom carry on 
an average in the conduction band 3.13 electrons

The NMR spectra of 51V nuclei were recorded by a JNM-3 spectro
meter at 9.212 MHz, improved by a broad-lme attachment JNM—BH—2. 
The spectra for all investigated compounds may be described m terms 
of the first-order quadrupole splitting with a nonvanislung asymmetry 
parameter. The values of the quadrupole constants e2qQjh are given in 
Table 1 and their dependence of the composition is shown in Fig. 3, 
revealing a maximum lor Hf05Zr05V2 compound. The asymmetry para
meter has approximately the same value for all compounds, namely ~ 
~ 0.23. In  -the second column of Table 1 the , experimental values of 

the electric field gradients at the V sites are given, obtained from e2qQjh 
constants, using for the nuclear-quadrupole moment the value Q =  0.032b, 
determined by Chids and Goodman [7,8]. Following the treatment of 
Watson, Gossard and Yafet, we write the measured electric field gra

i l  i  g. 2. The variation of th e  critical tem perature and 
th e  magnetic m om ent w ith composition in H /[ _ l Zrx\„
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dient as

' q =  (1 -  Y°o)?latt +  (1 -  R qW  (1)I I ' , < I
where (1 — y») an<l (1 — R q) are the Sternheimer antishielding and shiel
ding factors, respectively ; Çiatt is the point-charge contribution and q' 
is a local field gradient caused by the redistribution of occupied con
duction-electron states near the Fermi surface q' is the shielding response 
of the conduction electrons within the spherical potential of the APW 
sphere to the external potential imposed by the field gradient of point 
charges. I t  is therefore linear in — qMt and related to the densities of 
states at the Fermi level for the various bands, through the expression 
[1]

?' -  -  2*qMtN(EF) £  /,<г2\<г-з> ,«ро(cos 0) >,)* (2)
*

where / ,  is the fraction of states at the Fermi surface having particular 
spatial character and PI (cos 0) the second order Tegendre polynomial. 
For purely d orbitals and for orbital symmetry dxy dyt -f- dlx with / ,  =  
=  1/3 for each orbital (equal numbers of xy, yz and zx orbitals), the 
equation (2) has the form [1]

q’le*qlMN(Ef Kr*y<r-z} =  -  4/49 (3)

Table 1

Values of tlie quadrupole constants, the contributions to the field gradients 
and the Sternheimer factors for Hf1_*ZrtV3

Compound
n

e*qQlh
(KHz) (1023cm -3)

îla tt
(1023cm -3) ?7?iatt 1 -  7=0

HfV2 ■ 357 62 1 97 2 96 - 1 9 20

H f0 5Zr„ 6V2 414 15 2 29 3 43 - 2 6  5 27

ZrV, 371 82
I

2 05 0 30 - 2 0  5 27

The lattice sums on the point charges Zv and ZHf  (or ZZr), associa
ted with the V and Hf (or Zr) lattice sites, from a sphere of radius 2.3a0 
which comprise 760 vanadium and 380 hafnium atoms, yield for the elec
tric field gradient at the V site the value

Ouit =  -  (107 6ZV -  50.6 Z Hf) (4)
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In order to estimate the contribution q' in the electric field giadient 
at the V site in these compounds we have also calculated the density 
of states N(EF) at the Fermi level (Table 2) Írom the electronic specific- 
heat data determined by Rapp and Vieland [9] and Inoue and Tachikawa
[ Ю ] .  . , -

( !
. " , 7 able 2

Verities o i '  t lie  In itie о param eter*  aQ f /5,5 ] .  the Y  c o e u in e n t o f !]ic t le e lro n ie  sped fie -lieü t*  
1 anU U ie d en s ity  o f sta irs. a t the F e rm i le \ e l lo i «

- Coinpond
L attice paiam eter

(A)
Y X IO“* 

(erg jenv' K 2) (states/cF)

HfV2 7 400 1 89 1 22

Hf, 6Zr„ 6V2 7 310 2 80 1 70

ZrVj 7 445 1 (30 1 32

The values of q tatt and q '/q u tt ,  as, deduced from equation (3), taking 
for <r2><r-3> the value of 7a u. [1], are hstpd m Table 1. The contri
bution q' of the conduction electrons in the measured electric field gra
dient for the investigated compounds is significance being approxima

tely 20 tunes the lattice contri-
___________ bution

In equation (1) we can set 
1 — R q equal to unity with no 
greater than 20% uncertainty [1], 
so that for 1 — у M one obtains 
the values given in the las tcolumu 
of Table 1 These values are very 
close to that determined by Fra
din and Zamir for V3X compo
unds [2].

The existence of a maximum 
in the quadrupole constant e-qQjh 
versus composition for the ternary 
system Hf1_%Zr1V2 is the result 
oi the maximum in the density 
ol states at the Fermi level N(EF) 
(Fig 3), which is also responsible 
for the maximum in the ciitical 
temperature, Tc [11]. I t  is inte
resting to note that these maxi
mum values appear at the com
position X =  0,5, where the lattice 
parameter show a minimum.

CaTrposi
F i g  3 The variation of the  th e  quadrupole 
constant and th e  density of states a t the 
Ferm i level w ith composition for Н / ^Zr^Vj
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ABSTRACT. — The , a —(Fe30 3—Ala0 3) system  w ith  th e  corundum  crystalline 
structure was Investigated from  th e  magnetic view-point in  th e  tem perature 
range 100—1100 K .

The system  is antiferrom agnetic and th e  tem perature dependence of the 
magnetic susceptibility is anorm al and consists of th ree  stages. The magnetic 
susceptibility in  th e  param agnetic region is almost tem perature independent, 
th a t  is very peculiar. The magnetic phase diagram  was established for the 
a-(Fea0 3—A130 3) solid solutions.

1. Introduction. The oxidic system a — (Fe20 3—A120 3) crystallises 
in the corundum type of structure. The unit cell with the rhombohedral 
system of crystallization contains two Me20 3 unit formula, and belongs 
to the — R 3c space group. The cations are distributed along the 
thernary axis in the 4c positions, and the anions in the 6c positions. 
The corundum type of structure is based on a little deformed compact
ness of the O“2 ions, where half of the octahedral positions are occupied 
with perfect regularity by Me3+ cations. Alternating anionic and cationic 
layers may be separated in the corundum structure ; the cations being 
distributed along the thernary axis, while the anions are distributed along 
the 3 axis. As a result one obtains a structure formed from Me06 octa
hedrons disposed in an infinit chain .along the direction of the rhombo
hedral axis. Because of the exchange and electrostatic interactions the 
anions and the cations are shifted from their ideal positions and the 
alternating layers are goffered. So, the ideal cationically centered anionic 
octahedrons are deformed by the supplemental atractive forces between 
this cations, but the three oxÿgen ions diverge, while the corresponding 
ions from the nearest neighboring anionic layers converge, determining 
thus a high screening of the positive electric charges. These shifts are 
different for the concret cases of the compounds and determine different 
values of the exchange energy interactions, and consequently different 
magnetic spin structures (1). Four types of the exchange interactions 
Га, Гь, Ге, and were evaluated by Ishikawa and Akimoto (2) in such 
kind of structure.

The higher values of the exchange energy have the first two-inte
ractions Г„ and Г6, because of the cation-anion-cation biggest angle, which 
allows a bigger overlapping of the d-orbitals of the cations with the p-

University of Chij-N&poca, Faculty of Mathematics and Physics, 3400 Cluj-Napoca, Romania
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orbitals of the anions. The exchange energies Г,. and Г3 have less esenţial 
role in the direct exchange. Three possible types of ordering with an м-para
meter result from the analysis of the different possible kinds of anti
ferromagnetic ordering in the corundum structure. Shull, Strauser and 
Wallan [3] pointed out that hematite, a —Fe20 3, at TN =  948 К  pass 
from the paramagnetic state in the antiferromagnetic state with spin 
magnetic moments orientated perpendicular on the c-axis, but at 250 К 
the spin magnetic moments are orientated antiferromagneticaly on the
direction of c-axis, the rhombohedron axis as : -|-----------К in accordance
with the first mode of the antiferromagnetic ordering, whence and the 
specific temperature dependence of the magnetic susceptibility, and in 
some cases with the superposition of the weak ferromagnetism in the natu
ral hematite [4—19].

The oxidic system a —(Fe20 3—A120 3) with the corundum structure, 
has the solid solubility only at the extremities of the concentration range, 
below 20/mol % a—Fe20 3 and a —A120 3, within being a mechanical mix
ture of the two phases. The magnetic investigation of the system is inte
resting in order to see the influence of the diamagnetic component a — 
A120 3 on the Néel temperature and on the spin reorientation tempera
ture Tsr (Tsr =  253 К  for a—Fe20 3), and also the magnetic behaviour 
of the two phases part.

2. Samples preparation and cvpcnm ental. A se t of samples was prepared from  th e  oxidic 
a — (Fe20 3—A120 3) system, w ith th e  concentrations 1, 3 , 5 , 7 ; 10, 20 , 40 ; 60 and 80 
mol%  a-Al20 3.

For th e  preparation of the system  a-(Fe20 3—AljO^AljfSOj), and Fe(N H 4)(S 04)2 was 
used, trea ted  w ith N H 40 H  in order to obtain Al(OH)3 and Fe(N H 4)(OH3), respectively. A fter 
filtration, th e  two hydroxides were trea ted  w ith H N 0 3 resulting A1(N03)3 • 6H 20  and 
F e(N 03)3 • 6H 20  The obtained salts were dried m  th e  tem perature range of 333—343 К  
in  order to  avoid th e  crystallization w ater loosing

The proportions for the corresponding concentrations were established from  th e  alu
m inium  n itra te  and iron n itrate, and m ixed together and precipitated a t w arm  w ith NH4 
in  a  weak excess A fter precipitation th e  resulted oxidic compounds were filtred, washed with, 
d istiled  w ater and dried

In  order to  stabilize the structure, the  samples were calcined a t the  tem perature  of 
873 K , and for th e  elimination of the crystallization water, th e  samples were dried a t  533 К  
for 5 — 6 hours

Fmaly, the samples were pressed m  pellets, sintered a t th e  tem perature of 1123 К  for 
7 hours and slowly cooled down. The chosen sintering tem perature was 0 5 2 'тт(7'гш  — Tam 
ilian tem perature) m  order to  be sure of th e  reaction in  solid s ta te  A fter sintering the  sam 
ples were heated a t 773 К  for 6 hours in  order to  eliminate th e  eventual Fea+ ions formed 
in  th e  sintering process

The tem perature dependence of th e  magnetic susceptibility of the  investigated sam ples 
in  th e  tem perature range 100—1100 К  and in  th e  m agnetic field of 9,500 G in tensity  wa3 
pointed ou t using a W eiss-Forrer equipm ent w ith 10-8 cm3/g sensitivity.

3. Experimental results and discussion. The temperature dependence 
of the magnetic susceptibility for the solid solutions a—(Fe20 3—A120 3),
i.e. for the samples with the concentration of 1 ; 3 ; 5 ; 7 ; and 10 mol% 
of a —A120 3 is given m the Fig. 1.

As one can see from the Fig. 1, the magnetic susceptibility depends 
anomalously of the temperature. At low temperature and up to a defi- 2

2  —  Physica 1/1987
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nit temperature, Ts„ depending of the samples concentration (Tsr =  
=  250 К  for a—Fe20 3), the magnetic susceptibility is practically tempera
ture independent. At Tsr, called temperature of the spin reorientation, 
the'magnetic susceptibility value jumps more then two times, and then 
slowly increases .with temperature increase, reaches a maximum at high 
temperatures {TN=  948 К  for a—Fe20 3) and fall off more than two times. 
After this anomaly, the magnetic susceptibility remains practically tem
perature independent, or decreases very slightly with, temperature increase 
for ’any samples. The magnetic susceptibility variation in three stages 
for the oxidic system of solid solutions a —(Fe20 3—A120 3) is very peculiar. 
The presence of the a—A120 3 in the crystalline lattice of the a —Fe20 3 
changes the aspect of the temperature dependence of the magnetic sus
ceptibility in comparison with that of the pure a—Fe20 3, and even the 
numerical value. The magnetic spin structure of the a—Fe20 3 was descri
bed in the first part of this paper, so the magnetic spin structure for 
the, solid solutions a—(Fe20 3—A120 3) can not differ to much. Consequently, 
all the solid solutions a—(Fe20 3—A120 3) behave antiferrornagnetieally 
with the temperature dependence of the magnetic susceptibility in two 
stages in the ordered state and the last Stage in the paramagnetic state. 
The first stage at low temperature corresponds to the antiferromagnetic 
spin structure with the magnetic moments oriented along the direction 
parallel to c-axis of the rhombohedron ' The second stage included bet
ween temperature of the spin reorientation, Tsr, and the critical Néel 
temperature, TN, also represents an antiferromagnetic structure with the 
magnetic moments oriented perpendicular on the c-axis, but the magnetic 
susceptibility has the biggest value for this stage.

7I t  is interesting to observe that the magnetic susceptibility in the 
paramagnetic region, the third stage, is practically temperature inde
pendent.

As one can se efrom Fig 2, 
where the magnetic phases dia
grams and the critical N'éeb 
temperature are given, that the 
spin reorientation temperature 
depends monotonously on the 
a —A120 3 concentration, and de
creases with increasing concen
tration

For the binary phase, con
sisting of- the ’mechanical mix
ture of the two solid solutions, 
the magnetic susceptibility hasa.
Specific temperature dependen
ce, which relieves the presence 
of the two phases All the sam
ples with the a—A120 3 con- 

■ centrations 2 0 , - 4 0 ,  60 ; and
80 mol% have the critical Néel
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temperature at the same value TN =  860 K, and, below 300 EL the 
second phase appears with the lowered Neel temperature. The magnetic 
susceptibility has a temperature variation in two stages lor the anti- 
ierromagnetically ordered state, but diifereut irom that of a —Fe20 3, and 
has in the paramagnetic region a very, easy temperature decrease. The 
numerical value of the magnetic susceptibility decreases with the 
a—A120 3 concentration, increasing more than two times in the para
magnetic state and also in the antiferromagnetic state with the spin 
orientation perpendicular on the c-axis.

The temperature dependence of the magnetic susceptibility for the 
sample with 20 mol% a—A120 3 is very similar to that of the solid solu
tions samples, being probably at the solid solubility limit and with Tsr <  
<  100 K, as one can see in Figs. 2 and 3

The increase of the magnetic susceptibility is very unusual, below 
300 K, for the binary phase, with a—Fe20 3 concentration it deci eases 
where appiers the second phase more poor in a —Fe20 3 content ,At the 
temperature of 100 EL the sample with 80 mol% a —A120 3 has the big
gest value- of the magnetic susceptibility, in comparison with the more 
concentrated m a—Fe20 3 samples, while m the paramagnetic region has 
the smallest value.

I t  is peculiar that the magnetic susceptibility in the paramagnetic 
region in a temperature range of 100—200 degrees is practically tempera
ture independent, and after that decreases with the temperature increase 
obeying the Curie-Weiss la\v as one can see from the Fig. 4, where the
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températúre dependence of1 the reciprocal magnetic''susceptibility' is given. 
There* is a transition region* from the ordered state to the paramagnetic 
state So, the Néel, temperature accepted so far, is not probably.the real 
Néel temperature because - the magnetic order is not i destroyed at this 
temperature,' blit at the-higher temperature-whence magnetic susceptibility 
abeys the CurieAVeiss law*'' ’ '* 1 ’ 1 ' "  1 '

, !>' ' : ' J о , , - „
4. Conclusions. The oxidic system a—(Fe20 3—A120 3) crystallizes in 

the comndum' typè of ' structure, and up to ‘20 mol%- of ' a —A120 3; give 
rise to the solid’solutions. ‘Between 20 mol% and 80 md% of a —A120 3 
the system is biphasic and’consists of the .mechanical mixtúré ■ of two 
solid' solutions — one rich n r к—Fe20 3> and the-other rich in - a —A120 3. 
At;the-higher 'a—:A120 3 concentrations the system consists'of the -’solid 
solutions'again' ; " “ ■ " 1 “ r,'‘v • r

From the magnetic view-poiiit the investigated a —(Fe2Q3—A120 3) 
system is antiferromagnetic and • has a magnetic ' spin structure- of ,the 
a—Fe20 3 type. The Néel temperature for the monophasic system decrea
ses monotonously , with'1 the 1 a —A120 3 concentration increase; while for 
the biphasic system is concentration independent’, The' temperature of 
the spin , reprienţation , jfor the solid solutions samples monotonously de
creases with the a —A120 3 concentration increase

■ , >
The magnetic susceptibility of the a —(Fe20 3—A120 3) system in 'tlie 

paramagnetic region is practically temperature independent in a tempefa- 
ture range about 100—200 degrees where the magnetic order is not des
troyed yet. So, the accepted Néel temperature in the oxidic compound 
aş к—Fe20 3 (TN 948 K) probably is not the real critical temperatures 
for order '— desorder transition, because at these temperatures the mag
netic ordering dis not destroyed completely. The magnetic ordering is 
complete destroyed-only when the temperature dependence of the mag
netic susceptibility obeys the Curie-Weiss law for the oxidic systems.
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AIISTItACT. — In  tins paper we derive a general form for equation of 
magnetization and transverse response function m  'magnetic resonance spm im a
ging technique These equations, when a constant magnetic field gradient is 
applied were resolved bo th  for th e  stationary  and unstationary  states The equa
tion of m agnetization from  a certam  sample position has been derived using the 
technique of density m atrix  developed in  reference ro tatm g frame

Introduction. A great progress has been achieved in the magnetic 
resonance in the last time, concerning the spatial resonance transitions 
in magnetic fields -with constant gradients The usual eifcct of a gradient 
is to produce a free induction decay or transverse response which, through 
a Fourier transform, reflects bulk shape of the material, assumed to 
be a continuous distribution of spins This has been discussed by Mans
field [1] and Dauterbur [2]

The new research field has determined the development of the spin 
imaging techniques which, especially in NMR, are used as medical diag
nosis methods.

Also, the spatial transitions study in a constant field gradients and 
dipolar fields is very recent in EPR [3]

1. The Hamiltonian for an isolated spm in a magnetic field including
a gradient. We consider a sistem of N noninteracting spins in a constant
and uniform magnetic field B 0 = B  0k and an interacting term which is 
a linear magnetic field gradient [4, 5] or a dipolar magnetic field [3].

The Zeeman interaction for a isolated spm at position r m this total 
magnetic field, including a magnetic gradient tensor G, may be written, 
generally as :

% =  —Л(ы01. +  IGr) ( 1 )

where co0= y B 0 is the Barmor preccessional angular frecquency and у is 
the magnetogyric ratio.

A magnetic field gradient is, in general, a tensor G comprising nine
components [7] However, if linear gradients: G)Z , G3Z

and Gtz = 8Bz

dz
only are applied, all other tensor components being

ÓBz
By

zero,
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then we may define a vector gradient
G '= -iGxz +  jGyz kGz: which comple- 
teljr specifies the interaction as fol
lows :

X = - n h * 0I , +  l(Gr)I,] (2)

For a better undestanding of this 
vector gradient, Fig. 1 must be ob
served.

Now, the transformation of Bq
(2) into the coordinate system rota
ting with frequency со around the

—> -4 ■—► —4 —>
direction of kB'0 =  k(B0 +  Gr), rota
ting frame, is provided by the unitary 
operator or using the transformation 
properties of the spin operators to 
rotation about the z axis :

ents in  all tliree dimensions are superimpo
sed on the "m ain  field" B 0

XJ{t) =  exp (uùlj,)= R,(<?)

From the transformation of the Schrôdinger equation into tlíé' rotatmg 
frame we obtain forJ Zeeman Hamiltonian УС' in the Rotating frame the 
expression. 1 '

V  =  -Л[Дсо/. + 'T(g7)J..] j 1 ' (3)

with Дw =  co0 — ce.
Äs we shall see,’ the magnetizations' from 'different parts of the spe

cimen which now lie in slightly different static 'fields, precess at different 
frequencies : In other words, the spatial1 ’ displacements are turned into 
resonance frequency displacements.

For example, we consider a homogeneous spin distribution in the 
form of .a cylinder (Fig 2), the axis of which lies along the z direction. 
A linear static gradient Gzz exists over the sample.
We shall assume that in the initial .equilibrium 
state, the spin magnetization is uniformly distri
buted along, ‘the’ cylinder axis with amagnètiza 
tion per unit lenght m 0(z) given by

m 0{z),— ^  m(-x, y, z)àxày ■ (4)

W e shall apply an rf pulse , of constant ■ >
amplitude tB v m a frame rotating with angular 
frequency со.

F i g  2 Slice selection 
from an extended a b jec t 

ш  a gradient Gzz
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In the case cù =  y{B0 -f- G,z), spins which lie in the plane z are there
fore at exact resonance and interact strongly with the rf pulse. Spins 
either side of this pláne will be progressively less affected the farther they 
lie from the isochromatic plane. The precise behavior of the spin system 
is best calculated for a particular pulse by considering spins displaced Дz 
from z which are then off resonance with respect to th e , pulse by Aco, =  
=  y • Az • Gt =  Y&

We consider the spins in the plane sheet of thickness dz at Az. The 
equilibrium spin magnetization in the sheet is

' ■ , 8M0 =  m0 dz (5)
The motion of this magnetization : ■ - _

M{t) = m(t)dz ' (6)
in the tilted rotating frame follows a cone of precession about an effective
field Bgff= B-f -f- bk. (see: Fig. 3). We shall turn to this discription in 
the next section1. , - ,

2. Equations of Motion of the Spin System. Since the difficulties 
inherent in claculating the entire NMR line shape are well known, we 
shall restrict our discussion on imaging techniques to noninteracting or 
weakly interacting spin,system and this paper is limited to deriving only 
the change in, the line shape resulting from the linear magnetic field, gra
dients, in a generale form.

The effect of applying a linear magnetic field gradient to a noninterac
ting spin system is to broaden the resonance absorbtion profile. The quan

tity  of interest in a pulsed NMR experiment 
7_ is the normalized transverse response function of

, i , free induction decay (FID). The,FID signal
or its Fourier transform, the absorbtion spe
ctrum, is one of the fundamental problems 
of NMR. Considerable effort,has been dedica
ted to the solution of this problem using a 
variety of techniques.

Mansfield [5] and others calculated the 
effects of aplication of some magnetic field 
gradients which, as we noted before, may 
"individualize'' the resonance phenomenon in 
respect of spatial distribution of spins.'

For establishing the equation of motion 
magnetization, Eq. (6), from a certain sample 
position, we shall use the technique of den
sity matrix developed in reference rotating 
frame.

F i g .  3. Precession of elemen- r 2.1. The magnetization in stationary states. 
ta l spin m agnetization 8AT0 in The Zeeman interaction- Ж’ for an isolated spin 

th e  tilted  ro tating  reference -»
frame. at position r in the rotating frame is presented
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in Eq (3) 'I  cari be shown [6] that ‘for an ensemble, in thermal equilib- 
rum, the detnsity matrix is time independent and is given by

p =  exp(—%'IkT)jT /{exp (-Ж'/АГ)} (7)

where T  is the temperature of the ensemble. Therefore, after the thermal 
equilibrium is established, the sample will 'have developed a -magnetic 
moment ' 1

<m>'= Tr{ç>m} =  7>{exp(—%' lkT)m}Tr{<zs.p(—%'(kT)} (8)
Thus one can see tha t Eq. (8) agrees with the Uangevm case but here 
there are magnetizations from different parts of the specimen.

2 2 The magnetization m  unstationary states. All the curent NMR
absorption techniques employ a r f  magnetic field pulse B l with the com
ponents (B x cos (út, B 1 sm u>t, 0) m a laboratory frame and <?f constant
amplitude iB x m a reference frame rotating with angular frequency w 
and tw the rf pulse length

Assume further that this pulse is of such form that if the wave func
tion for the i th spin is XF,(0) before the pulse, it is •

■ T-;(U =  Щ Ц Ч  (0) =  e ^ W t(0) ,= В Д ) • T,(0) (9)

after the pulse is turned off; tw being the length of time the pulse lasts. 
Under these conditions the propagator operator becomes the rf. pulse ro
tation operator i?4(ß,) where ß is the Euler nutation angle of the pulse 
generally given by ß =  y B f w =  oqA

Thus, ,,t” secondes after the shock is turned off :
I

% )  =  f(t)W[(Q =  f(t)R(to)W,(0) (10)

where T(t) =  exp (—itH 'jh) =  exp(iAw/z t) -, exp (lyGrl, t) , (11) 

Using the formalisme of density matrix

<i»(0> =  Tr{exp ( - T fk T )R +(tw) • T+(t) m ■ f  (t) R{tw)}j T  r{exp ( —T /kT )}
. (12)

»'N /"N /Ч
Since Tr(A ■ В ) =  Tr(B • A) where A and В  are any two operators. 

By substituting Eq (9) and Eq (11) into Eq (12) we have:

= ^2  Tr(exp(—7l'/kT)exp(—iAcoIj, i)exp(—iyGr, I Si t) ■
1 1 1 •

• Rţ($)mRx ( ) хр(гуGr, I SI /)ехр (iAw72l í)}/rr{exp(—T'jkT)}
( 13)
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This equation is a general formulation of magnetization motion or F I D .
in the tilted rotating frame about an efective field' Bejj =  В гг +  bk where 
Ъ is the suplimentary magnetic field due to gradient and which appeares 
in the vecinity of the spins at exact resonance In Eq (13) we can use 
the high temperature approximation

3. The Transverse response. The transvere NMR response signal in 
the rotating reference frame where the system of spins is prepared by
ß =  iù1tw =  уB j w pulse in a state described at / =  0 a matrix o(0) =  
=  const. I x, is the spin autocorrelation function given by [7]

S(t) = T r[lx(t)lx]ITr(ll) (14)

where the t%me dependences of the operator m a rotating reference frame 
is :

I x{t) =  ■ I'x- = ft+{t)R+{ftîxW ) f { 0 (15)
where

%"■ = -1Í [Дiùlz +  y (Gr)I, +  оhLx]
is whole Hamiltonian in rotating frame

Using the spin raising operator I +l and by substituting the Eq (15) 
Eq. (9) and Eq. (11) into Eq (14), we derive the normalized transverse 
response function or free induction decay m the rotating frame

S(t) =  !> {exp( — ihu>Iz, t) e x p {— ^Gr,Li)R^(^)J: R x( ŷ

. _  , . ' V (16)
• exp^j-G?',/,,/) c x p (— 1Лы / :,/)7+, ] / £ 2 > { 7 “ .]

. / I

4. Discussion. The r f  pulse rotation operatoi R x($) = (exp,t.Jx) corresponds 
to a rotation of ß =  yB-,/,,, about the x axis When ß =  -/2, for example,
we see that R x (rc/2)/. R x (tu/2) =  l y, where the sign (-{-) denotes the 
Hermitian adjoint

Implicit in Eq 1 (16) is that rf field Bj > b — [Gi) =  — which amou-
, . у

nts to saying that the spectial distribution of i f  pulse is much under than
any gradient shift from exact resonance Because of the linear relation
ship betwee frequency an displacement imposed by the field gradient, 
the inverse Fourier transform of S{t) yields directly the distubution of spins
wich lie in isochromatic planes normal to G

Thus resonance spectrum obtained lor this configuration corresponds 
to a proiection of the spin density of the substance, on the axis defined
by the field gradient vector G.
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ABSTRACT. — On investigated the influence of the influence of the ambient 
atmospheric pressure on the electrical resistance of a synthetic zeolite The major 
variation appears for p  >  7 X 103N/m 2, which m ay be described by the equation 
l i p —  const For samples calcined a t 1200 К  tins dependence cannot be eviden
ced

The scientific interest in zeolite properties has arison up during the 
last years with regard to the great variety of their applications in indus
try  [1].

The aim of this study was to characterize the thermal stability of 
Y-type zeolites. In a previous work [2] we have carried out investigations 
concerning their thermal stability. The DTA, RX and EPR methods 
revealed the lattice breakdown in the temperature range of 870—960 °C 
with the maximum at 820 °C In their early studies Freeman and Stammes
[3] investigated the electrical conductivity of anhydrous synthetic zeolites, 
as well Stamires [4] investigated the effect of various adsorbed phases 
on the electrical conductivity. Some results on the dependence of the elec
trical conductivity upon the temperature of some natural zeolites have 
been reported by Rusu et al. [5] al the Simposium on ’’zeolites in modern 
technology” .

In the present work we have investigated the influence of the room 
temperature water evacuation on the electrical resistance of the synthetic 
Y-type zeolite with Si02/Al2P3 'mole ratio of 5.1, containing cations as: 
10 1% Na+, 0.49% Ca2+, 0.34% K+, 0 28% Fe3+, 0 16% Ti2+, 0 12% 
Mg+ and 0.01 Mn-'1', requiied to achieve the electrical neutrality of the 
crystal

The resistance measurements were performed on compacted cylinders 
with a diameter of 12 mm and a thickness between 1 and 2 mm A 
standard pressure of 3 x l 0 8 N/m2 has been adopted in the preparation 
of all compact pellets. The Ag electrodes with a diameter of 10 mm weic 
attached by vacuum evaporation The pellet was placed between 2 brass 
plates in the conductivity cell which is connected to the vacuum system 
and allows also pretreatments at temperatures up to 1400 К The samples 
were pretreated in the cell for at least 6h up to 700 К  in air.

* University of Cluj-Kcpcca, Faculty of Mathematics and Physics, 3400 Cltij-Kapoca, Romania
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, I
The investigation of the influence of thé atmospheric pressure decrea

sing on zeolite resistance was performed at room temperature by stepurise 
reducing the pressure in the conductivity1 cell. The measurements were 
performed with a DC ' ’orion” terraohmmeter.

Caution was taken to insure that equilibrium ' was > reached at each 
decrement of pressure. During desorption, -the attainment of equilibrium 
was indicated by obtaining constant values of both conductivity and 
pressure with time. Owing to the high values of the resistance the whole 
electric circuit was screened.

The variation of resistance with pressure for two types of pellets is 
shown in Fig 1.' The curve (a) shows-the behaviour of the pellet submitted 
to a previous heat treatment at, 700 It, whereas the curve (b) is obtained 
for a pellet submitted to a previous 
treatment at 1200 К  The major 
variation for the pellet (a) appears 
for p  >  7 X103 N/m2.

In  Fig. 2 we have plotted R(p) 
for p >  2 X 104 N/m2. I t  appears 
that for p  ^  2 67 X 104 N/m2 we 
are able to describe the resistance 
variation by the equation of the 
type:

R P  =  const. (1)

wheie the constant value corres
ponding to the solid line has the 
value of 2.268 X  104 ON/m!. In 
order to explain this relationship 
we must take into account that

, R,

1 -
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the conductivity of zeolites increases with hydration. The association of 
the cations with water molecules by electrostatic cation-dipole interaction 
decreases the framework binding energy of the cations and consequ
ently increases their mobility in the applied electric field. On the other 
hand we have :

R = l l_ 
n e u  S (2)

where l and 5 are the thickness of the pellet and the electrod area res
pectively, n is the ion concentration and и their mobility. For a given 
pellet maintained at constant temperature, the mobility depends upon the 
amount of water only. Consequently, we have •

Ru =  constant, (3)
where и increases with the number of water molecules. Therefore и decrea
ses with the pressure diminution. We suppose that such a conductivity 
mechanism is adequate for the ions located in the large cavities of zeolite 
Therefore in formula (2) n is the number of ions in the large cavities and 
tha t is why R becomes constant when the pressure decreases below 101 
N/m2. As for pellet (b), we notice that it is contracted after the heat treat
ment From Fig. l.b we may conclude that as a result of high temperature 
heating, zeolite structure collapses and loses the hydration capacity. Hence 
the cation mobility is independent of pressure.
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ABSTRACT. — The dynamic and static properties of th e  cluster model for the 
spin glass sta te  in  the  critical region are analysed usmg the dynamic and sta tic  

I' scaling hypothesis.

1. Introduction. The cluster model for the spin glass state has been 
succesfully applied to explain the static properties of the short range spin 
glass state. A b r i k o s o v  [1] considered such a model as consisting of 
"infinit clusters” (at very low temperatures), which is destroyed with 
the increasing of the temperature by the percolation, and finit size clus
ters appear in the system. If the temperature is not high enough the ther
mal fluctuations cannot break the bonds within one cluster, and only 
the spin orientation of the cluster can change in time. We will consider a 
model of saturated clusters, which are similar to a superparamagnetic 
cluster with strong anisotropy. However, near the critical temperature 
the scaling hypothesis will give us the possibility to show the existence of 
two distinct contributions : one given by saturated clusters and another 
given by unsaturated clusters. The same conclusion has been reached from 
dynamic considerations, and the main result of this paper is that the 
dynamic and static scaling hypothesis can be applied for the transition 
from the paramagnetic state into spin glass state. This conclusion is a 
good argument that this transition is a real "phase transition" but the 
equilibrium state is stil an open problem. Another problem which 
has to be clarified is the critical dimension of this transition and the 
fractal character of the clusters, a fact which seems to be in agreement 
with the experimental data [2, 3].

2. The model. The temperature dependence of the dynamic magnetic 
susceptibility can be calculated using the following model : (1) the spin 
glass state contains a finite number of clusters with a magnetic moment 
Ms, (2) the magnetic moment of a cluster is temperature independent and 
(3) the relaxation time т is given by

T =  t0 exp (E/T) (1)
where t0 is a slowly varying function of temperature and E  is the aniso
tropy barrier height given by

E = E 0v (2)
where v is the volume of the cluster and E 0 constant.

* University of Cluj-Napoca, Faculty of Mathematics and Physics, 3U 0 Cluj-Napoca, Romania
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We also assume that .there is a distribution m the volumes of the clusters, 
and the susceptibility of the spin glass is _ given by

CO

7.(T, со) =^-Xv(T, o))f(v)dv (3)
о

where f(v) is the volume distribution and со is the frequency.
The contribution M v(t) of the cluster with volume V  at the total 

magnetization is given by

M v[t) =  H [Zo -  (Zo -  Xi) exp M /r ) ]  (4)
where Xo is the paramagnetic susceptibility corresponding to thermal equi
librium ■ - - ■ i

: , Xo= (5)

where, £ is the Langevm function and у  = 1 /2  for a spin glass, ns the 
number of clusters containing ”s” spins ,
The number ns of clusters depends on the number of spins s but we 
will take for the begming ns as constant and (5) it will be approxima
ted by ;

Zo =
M\vns

ЗГ

The contribution of the anisotropy (2) will be given by

(6)

Z i =
a M * n s

(7)

In  an external magnetic field the spin glass acquires a magnetization in a 
time which is short compared to the relaxation time ^ Subsequently, the 
spin glass relaxes via thermal fluctuations to the superparamagnetic state 
characterized by a susceptib il^ given by (5)
The Fourier transform of (4) leads to the complex susceptibility

Z» =
7о +  »(<■>•?)•/-! 

1 4- г{ы~)

and from this equation the real / '  and the imaginary past y'v' are

(8)

tX* = X и +  (<->~)2X i 

1 + (»-)2
(9a)

(«~)(Xi — Xo) 
1 + (сот)*

(9b)

Using these results we can calculate the temperature dependence of the 
dynamical susceptibility.
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3. The dynamics susceptibility. We consider the equations (9a — 9b) 
to calculate the real part -/( and the imaginary part lor a spin glass 
consisting from clusters with the volume v and the distiibution function 
f(v) From (9a) we get

x'(T,<*) = ţdvti(T, f dv [•/■o+W c*P2£0F/T]f ,v)
/  J 1 +  («TJ* exp 2E 0V IT

(10)

and if 7 >  E 0V,„, where Vm is the maximum volume of a cluster the 
equation (10) can be approximated as

X(T,  ^ ) ^ X , \ d v f ( v ) ^ L
о

-/лУЕй _  м \У щ  
За Т  З Т

(11)

an equation which shows that the system presents a superparamagnctic 
behaviour
The imaginary par t

y"{T, o>) =  [ dvf(v) (ыт)(Хп - Xl)- 
л 3 n -  (cot)2

=  ^dvf(v)(cùt o)2
0

exp E„V
2E0V

1 +  (a -0)2exp '
-£> I 
3aT  J ( 12)

Iu order to calculate the integrals from (10) and (12) we consider the 
function

F(z) =  [1 +  (cút0)V ]- i 
which can be appioximated as

{ 7 , z <  2 I In сот 01 
0 , 2 >  2 I In ыт01

(13)

(14)

The equation (14) defines an supper limit for the volume of the cluster 
as

EVm
Г

and the equation (10) becomes

I b  « w I

xW, со) 
X i

0

(15)

s  1 + (16)
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In  a similar way we get grom (12)
i

x"(T. «0
Xi

TIEo
dv (17)

II we consider the distribution f(v) =  o(v — v) the temperature dependence 
of x'(T, со) and x”(T, со) can be calculated from (16) and (17) as

г/(Г, Cû) _  I I llacoTpl ( I In o>-r0 I 
Xi 2 £ 0 V  ( 6 a

1 j T  (18)

and
x"(T. «)

7.1
(и, Tp) |ln <üt„ I Í [In сдт0 I 

2E 0V  ( 6 a
(19)

The equations (11) and (18) show the existence of a temperature for which 
х'(Т„, со) is maximum. The maximum of y' will be obtained from the 
function

G (T)^ x'(T) _  j =  [ŞoZ _  1 ] p  p s оП 
7л 1з a T  J [ г ]

which has a maximum at

(20)

Tm̂  = E 0V |lncor0| (21)
The effect of the magnetic field on the superparamagnetic relaxation time 
t was calculated for a high energy-barrier approximation as

T"1 =  Ca3'2( 1 -  й2){(1 +  Ä)exp [—a(l +  h)2] +
+  (1 -  h) exp [—a(l -  A)2] (22)

where C is a numerical constant, a = EjT, h = M SH/T, E  is the energy 
barrier in tero field and M s is the superparamagnetic moment. Expanding 
(21) to order H2 and replacing preexponential factor by a constant, one 
obtains

тг0 exp fM -MsHj2 +
r

Taking now со ~ l /т from (21) we get

Tm(H) = -J L _  +  i n h _ I f ^ ) 2l|
T m(H) L 2 \  Tm{o) J J j

(23)

which wül be approximated for small magnetic fields as
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and if we consider Г ” as the "freezing temperatur” , Tf  the field depen
dence given by (24) is in agreement with the recent results obtained by 
W e n g e r  and M y d о sh [5].

4. Critical behaviour. The spin-glass state presents a critical behaviour 
but until now there are different scalings which have been tested experi
mentally. The best one seems to be

t =  t0|s | ~»g(HIT**) (25)

where e =  (T — Tj) \ T f

In  this case (18) will be approximated by

=  1 +  Cx In |£ |2* |Caln|-e.l._ _  l] (26)
Xi l 6a J

where C1 and C0 are constants, z and v the standard critical indices I t  
seems to be interesting that the scaling

In — =  Г -« /(Я /Г еф) (27)
0̂

is also a good approximation for the dynamic critical behaviour. In  this 
case from (18) one obtains

-*1 = 1 + -  1 j (28)

where B 1 and B2 are constants.
The static critical behaviour can be proved easier from the experi

mental point of view and if the "cluster picture” for the spin glass is appro
priated we have to obtain relevant results for the static critical behaviour. 
Теt  us go back to the equation (5) where n satisfies the scaling

ns = S - '  f]s/se) (29)

where т =  2 +  S_1 (8 is the standard critical exponent), /(s/s ) is the 
distribution function which becomes a constant for s —*■ 0, and s is the 
characteristic cluster size] s; ~  ld{T), l, is the correlation length, d the 
euclidian dimension. As near the "freezing temperature” Tf, l(T) ~  | s |_1 
the cluster size is s ns (s, s). Abrikosow showed that the number ns has to 
satisfy

£  s[«s(s, e) — ns{s, 0)] =  — 0(—s) |s|P (30
S '

where

ß =  (t  — 2 )/<r . ff =  (y +  ß) 1
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This relation can be written as
00 se
1 dsns ~   ̂ ds sI_T =  1 , s ^ 0
o o '

se  ̂ .
S1-^ =  s -  b s ^  ; £ Í? 0, H =  0

0

In the presence of the magnetic field the size of the cluster has to be 
scaled as ‘ ,

Se(H) ~ M -® MHW/e«) ' (33)

and m the limit H'l2j°z —*- 0 we can discuss the behaviour of the suscepti
bility given by (5) If we use the variable x = s]s'e and a = M ssll2H/3T  
the equation (5) becomes

CO
-/ =  J dx х'12-*Дх)ЦЗахЧ2) (34)

0

If in (33) f(x) s  1 and Z(x) ^  x/3 for x e  [0, 3) and 1 for x > 3 the 
equation (34) becomes

SJ“'
X -  ~  [Ç d, s -  я SŢ'I* +  J ds (35)

0 sJal

(31)

(32)

where the first term is the contribution of the unsaturated clusters and 
the second the contribution of the field frozen (saturated) clusters. The 
first term of (34) can be transformed using the equation (3) and

1+  dx\^-
1 (a*

Л - т

which has the scaling behaviour

(36)

X =
M*
3T [1 +  - i f ) ’

— h (37)

where cp — vd.
We get a relation which describes the same qualitative picture as (26) 
or (28) because there are two terms : one which is negative and describes 
the contribution of the unsaturated clusters and the other which is positive 
and ^escribes -j-qc. contribution of the saturated clusters.
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5. Conclusions. The cluster model for the spin glass transition can be 
succesfully used to describe the static „and dynamic properties. The agree
ment between critical behaviour in the static and dynamic regime is a 
strong argument for the "scaling” hypothesis near the critical temperature. 
The existence of the unsaturated and saturated clusters near the critical 
temperature gives rise to different relaxation times and makes the dyna
mic scaling more difficult. Then the dynamic critical behaviour of the 
spin glass state has to be considered only qualitatively and as an argument 
for the static scaling
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ABSTRACT. — This report sumarizes th e  calculations, based on th e  Heisenberg 
model, of spin wave spectra in  fem m agnetic compounds, using a  Green func
tion m ethod w ith Zubarev decoupling technique. The results are compared w ith 
th e  corresponding ones of other authors.

1 Intro diiction. The standard calculation of the spin waves spectra 
for ferri-and antiferrimagnetic structures can be done using two magnetic 
sublattices [1'], this procedure being extended even for ferromagnetic 
Heisenberg structures formed by atoms with different values of magnetic 
moments [2]

Using the equation of motion method, S a h n i and V e n k a t a -  
r a m a n [3] have calculated the spin waves spectra for collinear magnetic 
structures, the obtained results being used for the investigation of the 
spin waves in fernmagnetic Ho2Fe17„iAh intermetallic compounds [4]

The aim of this paper is the calculation, by the Green function me
thod, of the spin waves spectra for ferrimagnetic collinear structures.

2 The Hamiltonian. In order to obtain the equation of motion for 
the Green function of the collinear magnetic structures it is conveninet 
to introduce „local coordinate frames“ associated with the various spin 
sites, the я-axes of these frames being along the nominal spin directions 
and the x and y  axes m any convenient directions. The structure contains 
N i  spins per primitive magnetic unit cell, Г, pointing along and spins 
per primitive magnetic unit cell, l, pointing againts the z direction. (IV; 
may or may not be equal to N ^). We shall refer to these as spins of 
categoiy î  and j, respectively, and use the indices Х,Х'(=|Д) as labels 
for them

The cartesian components of the spin operator 

(Sl(lk), S xy(lk), S 7:(lk))

for the k-th. spin of category X in the Z-th cell, are specified with respect 
to the local coordinate system at the site (Ik) where k runs over 1, 2 . . .  A’j, 
if X =  î  and over 1, 2 . . .  A ; if X =  J..

U ntitrsiiy  of Cluj-Nafoca, ГасиКу of Mathev.aitcs and Physic*, 3400 Cluj-Napcca, Romania



FERRIMAGNETIC COLLINEAR STRUCTURES 41

In the following it will be assumed that local, coordinate systems for 
spins of any given category (| or J.) are parallel to each other and, fur
ther, that all the local ж-axes are parallel.

The Heisenberg Hamiltonian for the feirimagnetic spin system has 
the form :

Ж =  + Sllk)Sl(l'k') + Sl(lk)Sl(l'k') +
2 1“  kk '

+  E £  Ж*Т. i 'vi) is\{ik)si{vv) -  sl(ik)si(i'k') -  S i m s o n ' ) ]  +
iF kk'

( i )

+ E E  %lki, rk'î)[Sl(lk)S\(l'k') -  S ly(lk)Sl{l'k') ~  S lz(lk)Sl{l’k’)] +
IV hk '

+  E E 3 W ,  í '* 'í )[s í (^)s í (í 'A') +  sl{ik)sl[Vk') +  S i m s o n 1)]} +
IV kk'

where the quantity if(AX) denotes the effective anisotropic field associa
ted with the sublattices (ÄX) directed along the local г-axes. \lb is the 
Bohr magneton and g{k"k) the Bandé g factor “}(Z/eX, l’k"k') refers to the 
exchange integral associated with the pair of sites (lk\, I'k'X'). For the 
sake of simplicity we have assumed here ■}(IWk, l'k'\') =  ]  to be a scalar. 
The negative signs before the y  and г component terms m the second and 
third summatoins ' on the right hand side of the equation arise from the 
relative orientations of the local frames for the two categories of spins, 
ţ  and j , The exchange integrals have permutation symmetry l 'k ' \ ' )=
=  , Ikl) and translational periodicity. Using the trnaslation inva
riance and the usual raising and lowering operators, S ±, for each sublat
tice the Hanmiltonian (1) becomes

ж - \ {EY pm n '])[sl(tt)si(гт)+i [sl(ik)sl(i’k')+sl(ik)sl(irk')]]+

+ E E W ,  v k ' i ) \ -  s \ w s l { V k ’)+ 1  (sUtt)si(W)+sL(tt)sL(W)) ] +
i r  k V  L  2

+ EE ?W , i'k’î)[-sţ(ik)sl(rk')+1 (sl+(ik)sl(i'k')+si(ik)sl(i’k'))] +
IV kk ' 2

-ьЕ Е  '̂|)[5iWsi(Z'Æ')+ j  (sl+(ik)sL(n,)+si(ik)s!h(n,))]} + 

+ E [E  ̂ ( æî)H(âî)sî(^)+ £  yLBg(ki)H(ki)sHik)

IV kk '

(2)
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3. The equations of motion for Green functions

The Green functions are defined by :

G+(aß, i j ) 0 ‘ G -(aß, i j ) ü
G-(«ß, i j ) 0 ; G2 — G + (aß, г]) 0

0 G -(aß, i]) 0 G+(aß/ tj)
0 G + (aß, ij) . 0 G-(aß, t;)J

(3)

where :

G f(aß , *;) =  «  S i M  ; ( S L 'M H S Ï M r 1 > - (4)

and n is a positive integer

The equations of motion of these Green functions are

E < S Í M  ; ( S ^ M H S ^ M r 1 ► =  1 <[SÍM ; (SÏ (ß;))"(Sx+'(ß;))B- ,]> +

+  «  [S ÍM , Ж] , (S i 'M n s f tß i ) ) " -1 > (5)

where the Hamiltonian is given by the equation (2) and the first term 
on the right hand side by

»-1
[ S Í M , Si(ßi ))"(SA+(ßi))w- 1]= [2 » Ä S i(ß ^ )+ »(» -l)Ä *]n  [S(S +  1)/г2 —

p=l
(6)

-  {П -  P  -  1)(» - p w  -  (2» - 2 P -  1 )RSi(ß;) -  (Si(ßj))2]Su .&,A3

and

[ S - M  ; ( S ^ j ) ) n(SX(Mn- 1]= [2(n -  l)KS?(to) + Щ п  -  1 )(* -  2) X
(7)

X f l  [ S (S + lW - (n - p ) { n -P  + l)r-- (2n-2p+l)SÏ( fy)  -  (Sißj))*]8e9M *v
/>=1

with the usual comutation relations and Zubarev decoupling,

< S>S± . > =  <S*> <  S± , >
(8)
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the equation of ■ motion (5) becomes

( ± ^ ± ^ т ) Я ( 4 ) ±  £  i ' k ' m s i ( i ' k ' ) y ^ ( * i t ï k ' i ) < s l ( i ' k ' m ±

IK

=  — §а(Л А > ' <{[*(» -  1W  +  2«7iSx'(ß;)] П [S(S + 1)Г- -
2 -  • p = l

- { n ~ p ~  1 )(* -  р)П*-(2п  - 2 p -  l)]i SÏ(fy) -  (Sx'(ß;))2]} 

or

±  р т  -  l)7/sr(ß;) +  Щп  -  1()и -  2)3 Д  [S(S +  1 )tf2 -

-  (п -  Р)(п - Р  +  1 )h* -  (2 п - 2 р + l)/iSl'(ßj) -  (Sx'(ß;))2]j > ±

(9)

±  < S Î M > [ £  F,  Г) A î ,  VVX)G%n, Vj) +  ï ( « î ,  Vk'l)G*\Vß, k'j)] +
I V W

+ Е т .  bj) +  w 4 .  a*T)G^(iß, fy)]}lk )

Changing the spin directQins ţ by j. and ,[ by Î in this relations, the 
equation of motion for G± is obtained

As a consequence of translation invariance we can write the Fourier 
transform of the Green functions with respect to the reciprocal lattice •

G± ' (±  q, y) =  ~  £ с £ х'И ,  У) exp {^iq  (« -  ß))
N  ß

and

Ж  *k', X?/) =  E w ,  ™') exP {n (« -  П) (10)/

Saß =  V ^ eXP ^  (“ — P))N  ß

where the wave vector ^ ranges over the first Brillouin zone, a, ß, V 
denotes vectors of the primitive magnetic lattices and N  is the total 
number of spins in the lattice.
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Finally, the equations of motion for the Green functions, (9), can 
he expresed by

£  B lk.G f ' ( k ' j )  +' £  C tk"G1} ' ( k " j )  =  _  !) +
Ä 'e t  ü " e i  2  ГГ

ft—1

+  2нП Si'(ßj)] П  [S(S +  1)й2 -  ( n - p ) { n - p  -  1 )** -  (2я -  -
í =i

' -  l)ÄS^'(ßi) -  (5X'(ßi)2]>
£  B tk,G ^ \k ' j )  +  £  C ik..G l} ' ( k ’’j )  =

=  ~ ^ -  <[(« -  1)(» -  2)Ä2 +  2(n -  1)K S i \ m  П  [5(5 +  1)%2 -
27Г p = 1

-  (« -  P +  1 )(» -  P W  -  (2л - 2 p  +  W SY f t j )  -  (5Г(р;))2]>
(11)

£  D,k‘G+'(k’j) +  £  F,^G!_v =  -  <[»**(» -  1) +  2tißS?(ßj)] X
* ' s i  A " e f 27Г

n —1

x  П  [5(S +  1 W - ( n - p ) ( n  - P ) ~  I W  -  (2« - 2 p -  1 )S Sx'(ßj?) -

-  (5rX'(ß;))2]>

£  D,*.gLv(A'j ) +  £  F>G T+V -  -  1)(л -  2W  +
A 'aJ A " e f 2 jt

n
+  2(n -  l)ÄSx'(ß;)] n  [S(S +  1)й2 -  (n -  P +  1)(л -  $й* -  '(2л - 2 p +

p=i

+  l)ÄSx'(ß;) -  (Sx'(ß;))2]>
■where '

B lk. =  <SÎ(&j)>}(? ; i k ’, ÎÎ) -  (E  +  A r +  QTR  » e t  i ' e î 

C*" =  <Si(ßi)>!K?, **". tl)  i s  Î, A" s  I
(12)

A r  =  <5i (ß;M (?J ik', U ) - [ E  + A ^ +  QlW  ; = l

Ftk" =  <Si(ß;)>?(?, *A", I t)  * e  I, k" e  t
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The matrix form of the equations are

-B (ÎÎ) - c m ) 0 0 GV 0 ■ Sy 0 ■
m i) u(U ) 0 0 g Lt 0 0 0
0 0 B ( îî) cm ) 0 Gll 0 0

_ 0 о - -m i) --D(U) L о Gl+l u 0 8.1

f  <[5+(«»') ; ^ ( ß i j r i S ^ ß ; ) ) ”- 1]) (13)2тг

' Bill) C(U) 0 0 ' Г g Lt 0 '  8„ 0 ■

£>(U) 0 0 G+T 0 0 0
0 0 B(îî)' C(11) 0 gV 0 0

. о 0 ■F(iî) Bil l) l  о GU . _ 0 8.1 •

у  < [ ^ M l  ( S ^ ß ; ) ) " ^ ; ) ) - 1])

The dispersion relations for spin waves have been calculated from Gx and 
G2 Green functions, the obtained branches number being 2(IVT +  iVJ, 
half of them corresponding to positive frequencies and the other half 
to negative frequencies. Using the Green function method it seems that 
the branches of the spectrum is shifted by :

АЕг = A-ţ +  Qf or AE2 =  AI  +  Qi
where

A \ =  V-pgity н  (**)

&  =  £?(«**. l ' k ' X ' ) { S ) \ l k ) y ]vw

from the spin waves spectrum calculated by Sahni and Venkataraman [3].
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4f STATES IN Gd2Ni17 INTERMETAELIC COMPOUND
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AUSTHAI.T. — The logarithmic d e m a tn e s  and the band structure of Gd/Ni,, 
m term etallic compound arc peiformed using APW  nonrelatn istic method The 
imiffin-tm potential are calculated using the J la tth u ss  m ttliod and ya approxi- 
niation for exchange

The intermetalhc compounds, RT, between rare earth, R, and trans- 
mition metal T show many interesting magnetic properties In R =  Y 
and M =  Ni, Cr compounds the ferromagnetism becomes weak with in
creasing Y concentration and disappears m YNi6 and YCo2, but a rcsui- 
gence of the ferromagnetism occurs in Y2Ni7 and Y4Co3 [1, 2] On the 
other hand, in Y —Fe compounds, the Curie temperature increases while 
the average magnetic moment on an Fe atom decreases

The compound Y2Fe17 shows an anomaly m its latice constant below 
T  and pressure dependence of Tc similar to that in Fe—N1 Invar alloys 
[3 -6 ].

In the 'Y —Ni system with increasing concentration of Y, the sponta
neous magnetisation decreases rapidly írom pine Ni YNi- is a stron
gly—exchange—enhanced Pauli paramaguct, YNi3, a very weak itinerant 
electron ieriomaguet, [2]. Y2Ni17 has a Curie temperature of 150 К  and 
some Ni sites show itinerant electron metamagnetisin [7] The magnetic 
properties can be explained m the itinerant electron model by the special 
shape of the density of states due to the hybridisation between the 3d 
band of Ni atoms and 4d band of Y atoms and the position of Y atoms 
and the position of the Fermi level [8] The effects of pressure in these 
compounds are well accounted m the itinerant electron model [9]. 
Other magnetic measurements shows that Y2N17 is ieirimagnetic and the 
anomaly in magnetisation at loiver tempeiatures may be mtcrpieted as a 
second order phase transition of order-order type, í e írom collinear to 
non-collmear fernmagnetic structure according to Yafet and Kittel theory
[Ю ] .

The magnetic measurements on Dy2Ni17 [10 — 12] aie still a matter 
of controversy Some of the /  systems are heavy-iermion The magnetic 
properties of these materials are typical of narrowband metals ranging 
from enhanced Pauli paramagnetism through spin fluctuation and Kondo- 
lattice behaviour, to itinerant magnetism In some cases superconductivity 
associated with the heavy electrons has been observed, and the possibility 
of p-wave pairing has been discussed ,

*  University of Cluj-Napoca, Faculty of Mathematics and J^ysics, ЗЮ0 Cluj-Napoca, Romania
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The aim of this paper is the 
study of 4f states in the Gd2Ni17 iû- 
termetalhc compound. The band 
structure calculation was performed 
APW method with ia approximation 
by for exchange. The crystalline 
structure is of the Th2Ni17 type 
with 38 átmos per unit cell.

Logarithmic derivatives shows 
the possibility of f —d hybridisation 
(Fig. 1) in this compound.

The energy bands were compu
ted for the ГM  direction of the Bril
louin zone (Fig. 2). The results for 
this direction show a d—f  hybridisa- 
tionof 3d and 4f energy bands.
The gadolinium 4f bands are larger 
than the nickel 3d bands and are 
situated at the bottom of them. 
There is an energy band gap for 
this direction as that calculated 
for Y2Ni17 intermetallic compound 
[1. 2 ].
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ON THE APPLICABILITY OF THIS JOOS-WEINBERG EQUATIONS^

Z. NÉDA* and Z. GÄBOS*
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ABSTRACT. — The absence , of additional conditions is a g reat advantage, 
b u t the high order partial denvates which appear constitute is a disadvantage 
for th e  Joos-W einberg equations This work shows (for the case s =  1 , 3/2) 
th a t these high order partial denvates result from the fact th a t  the Joos-W em- 
berg equations desenbe th e  m otion of the  center of inertia of particles w ith 
high spin, composed of two, or more D irac particles Thus th e  Joos-W einberg 
formalism is very useful in  scattering problems, b u t unusable m  structural 
ones

1 °. For the two Felicity states the Dirac equationi

( у а ^  +  « ° ) ^  =  0, Ï  ( c = l .  П = 1),

admits the following solutions :

( 1)

(2)

where uK respectively vx are two spinors caractensed l;y the m quantum 
number, which quantify the projection of the spin on the 3rd axis, hence
the notation uXm, respectively' vXm j’m =  ~ , — -^-j. Using' X as index for
the rows, and m as index for the columns we define the и and v mat
rices, so that we may write

'.■ux =  u'ex, vx = vex,

where

e-L e 1 =

(3)

(4)

' * University' 'of Cluj-Napoca, Faculty of Mathematics and Physics, 3400 Cluj-Napoca, Romania

4 —  Physica 1/1987
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Considering the following matrices

J  о _ ( 0  i \
Ъ 1 ioy 0 y  ï4 i l  oj

we get for и  and v :

m0u +  [(a, ~p) — E]v =  0,

— [(ff, P) +  £ >  +  m0v =  0. 
On imposing the condition

W x  =  1
the solutions of (6) and (7) will be •

I a * 1 . & . \/ ri cos--------- sin -  e-'?
2 A  2

u =
. . •& 1 ÍVri sm — c'” — cos —V 2 A 2 J

/ 1 a- . . » , \■— cos-----ri sm — с_,ф
Л 2 2

Z1 - -
1 . A , A— sm — е1ф ri cos — 

A  2 2

where

V —V i t »

(5)

(6) 

(V)

(S>

(9)

( 10)

( И )

and 9 indicate the direction of movement of the Dirac particle). One 
may notice that и and v only depend on the velocity vector of the par
ticle : v

2 ° .  b et us consider a particle with spin 1, which has no internal 
orbital angular momentum, and is composed of two Dirac particles. In 
this case the composition operation for both the state functions, and for 
the operators is given by the direct-product.

From the product of the wave functions for the two Dirac particles 
we can separate the following factor :

*pt, P = P i + p 2 ,  (12)
where P  is the momentum four-vector, and x  is the position four-vector 
for the center of inertia where the 1st and 2nd Dirac particles have been 
combined.
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For the two Dirac particles we can write, according to relations (6),
(7):

W01M<1) +  [(<r, Pi) — £ i)]w (1) =  0 , (13)

-  [(a, Pi) + ‘£ i ] « (1) +  m01vw =  0 (14)

and, respectively :

тоги.™ +  [(а, Рг) ~  P 2]»i2) =  0,

— [(o', Pi) +  £ 2><2> +  m02v{2) =  0.

The velocity of the 1st and 2nd particles is the same, so
« ( ' )  =  u W  =  U ,  Tit1) =  y(2) =  V,

and

(15)

(16)

(17)

Pm _  Pm _  f_y. _  1
* » 0 1 * » 0 2 * « 0  л/l — 1,2

m0 = m01 +  m02. (18)

After multiplying equations (13), (14) by m0jm01, and equations (15), (16) 
by m0jm02, these systems become identical :

m0u +  [(с, P) — ег4Р 4]г* =  0. 

— [(<r, P) +  (74P 4>  +  m0v =  0,

(19)

(20)

where P 4 =  гР and cr4 =  —il.

Thus, the composition relations can be written in the following way :

[íw0íí +  (q, P3 — <74P 4)w] ® [m0u +  {ckPk — o4P 4)ti] = 0 ,  (21)

[ — (ацРц)« +  OT0ti] ® [—(avP v)ii +  W0T)] =  0. (22)

Is well known that from two и matrices we can build the U matrix 
of 3 X  3 type, using the Clebsch—Gordan coefficients:

Uai, =  £  CY\ , , С\м г uXiWi Л =  1, 3, M  =  1, 3 (23)
. \ — X, — Xs — »«1 xr Wt
Aj, Aj 2 1 2 1 * 2 2

Using (23) we may write ■

U  =  C4(n ®  «)C j, (24)
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where

Cl

1 О О

О Д= 4=V2 V2
° \
о

\о о,., о- г)

The matrix elements of C1 (3 X  4) are given by,

(CJi* =  C\* г
П 5'

я =  1 ,3 , Ъ =  1, 4

with the connection between a, b and M", a given Ь з'1

(25)

(26)

я =  2 -  M, Ъ =  - - ( М  +  а). 
2

27)

In  а quite simiilar way :

■■ У  — Cx(w (Я) v)Cv  (28)

Using the rule : > - / .

(M A ) ® (M3M j =  (Mx ® M3)(M2 <g> M4) (29)
r,

valid for matrices (Mi, M2, M3, M4), and after we multiply (21) and (22) 
from the left with C1( and ' from the right with C4, we obtain.

{ - P }PhS3„ +  P}P4S]4 +  P4P3Sb -  P\SU)V  +  m\U =  0 (30)

r - P ^ S ^ U  +  m%V =-Q, • (31)

In  these relations Ş„v are defined as :

<> , (x) av)Cj_. , (32)

In  passing from (21), (22) to (30), (31) one must take into account (19), 
(20)' and the following. (properties •

/0  0, ',0 0'\

1 -  Р Г  4 - T  T - -  0 1 - 1  01 ~  1̂̂ -1 7~ Xl 2 0 —1 1 o ’
Vo 0 “ o. 0 /

Tx(íí (x) ^)CX =  0, Tx(u (X) v)Cx =  0.

(33)

(34)
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With the help of

we obtain

UA = UeA,

f ° ) f  0  )
* 1 = 1 , cx = 0

V  о J {  1  ;

VA = VeA, A = 1 , 3 .

(35)

(36)

U and V  is helpful for usoto form well determined helicity states for 
s =  1 :

(37)

Considering now (30) and (31) we find tha t the quantities from (37) are 
solutions of the Joos-Weinberg equation for s =  1 :

+  =  (38)
l SxvdA )

where

3°. Let us consider now a particle with spin s =  3/2, composed of 
3 Dirac particles. In the absence of internal angular momentum the possible 
states for these particle result by combining the states for s =  1 and 
s =  1/2.

Following the method from point 2° we can build the U and F(4x 
X  4) matrices ■

(7Í — Cj/2(£7 (x) m)Cj/2,

Ф  =  C3;2(F ® V)C3,2

The C3/3(4 X  6) matiix

I*J3 0 0 0 0 0
1 0 1 V 2 0 0 0

л/з" 0 0 0 V2 1 0
l 0 0 0 0 0 V3

(40)

(41)

(42)
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can be built using the Clebsch—Gordan coefficients

C

For the matrix element

(C 3/2)0*. я — 1,4, Ъ — 1,6

(43)

(44)

the connection between a, Ъ, and M, a is given b y .

a = ~  — M, Ъ = ~  — {M +  a) (45)

Combimng E)qs. (30) and (6), respectively (31) and (7), by taking into 
account property (29) and the equalities

1 — C3/2C3/2 +  T;3/2, (46)

where
T3/2( U  <g> и) C3/2 =  0, T3/2(F (Я) г>)Сз/2 -= 0,

0 0 0 0 0 0
0 2 -V '2 0 0 0
0 --V'2 1 0 0 0
0 0 0 1 — л;2 0
0 0 0 - V 2 2 0

1 0 0 0 0 0 0

(47)

(48)

we come to the conclusion that the wave functions

Т л =  J elPT, OLx  =  ClLeA, Ф А == (49)

are plane wave solutions with determined helicity for the Joos-Weinberg 
equation, valid for s =  3/2 :

Yiivp
a3

+ ЧГ =  0.

Matrices <гл are given by

( ь f 0 ) I 0 ) ( 0 \0 1 0 0
£3/2 — 0 , el /2 == 0 , e _ l /2 —

1 , £ - 3/2 ~ 0

V o ; V o / V o / V I /

(50)

(51)
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The matrices

Ï444 —

№  = (

0 iS444 \ 1r , ° lS]it
—íS444 0  j ’ Y/44 : 1V—4^44 0

0 'iSjk4 \
ЪЫ 11

• 0
0  r tSjki 0

contain matrices S|ivp. defined by :

Suvp =  J  C3/2 [(S^v (X) Up) +  (Svp (g) f f j  +  (Spu'tg) ffv)].
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(52)

(53)

(54)

4°. If one performs the calculus based on the general, results esta
blished, one can obtain results already found in other ways. At the same 
time some conclusions can be drawn on the applicability field of th e  
Joos-Weinberg equations. These equations describe .the kinetics of the  
centre of inertia of a higher spin particle, which has, no internal orbital 
angular momentum, and are composed of Dirac particles. As an example 
we give the deuteron (s =  1) and the Д resonance (s =  3/2).
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ABSTRACT. — Soda borate glasses w ith high CnO content are studied by 
means of nuclear magnetic resonance (N1IR) and of electron param agnetic reso
nance (EPR) I t  was followed and compared the effect of the CuO content 
on the shape and param eters of the spectra obtained by  using th e  two magnetic 
resonance methods I t  was concluded on th e  stiuc tu ra l effect of th is 'ox ide  and 
on the distribution of th e  Cu2+ ions m  the vitreous soda borate m atrix

1 Introduction. The glasses with high content of transition metal 
oxides îepresente one of the class of vitreous materials of spècial scien
tific and practical interest due to their magnetic and electric properties 
confered by the presence of the paramagnetic ions'in high concentrations. 
The magnetic and electric properties' ‘of the glasses with high V20 5 [1 —4], 
Fe20 3 [5—7] and CuO content [8, 9] were studied in several papers, but 
the investigation of the 'structural effects of these oxides on the local 
order existing in the vitreous matrices are unsignificant The mentioned 
studies generally treated the properties of the glasses with high content 
of transition metal oxides starting from the identification of the micro
environment structure of the paramagnetic ions and from the identifica
tion of the type and intensity of,the interactions between them, without 
following the manner m which these oxides modify the shape and share 
of the diifcrent structural units existing m the matrices m their absence.

The high limit for the concentration of the transition metal oxides 
in vitreous matrices depends on the nature of the matnees, on the type 
of the transition metal and on the preparation conditions The parameters 
chaiacterizing the preparation process of the samples are also very im
portant, and first the cooling rate of the melts I t  is possible, at large 
cooling rates, to obtain vitreous samples with extremely high content of 
transition metal oxides, practically w’ithout clasical glass formers (B,03, 
Si02, P_0 ) [10-13].

2 Experim ental. In  order to  evidence by NMR the structu ral eflects ol the tiansition  
m etal oxides on the local order from glasses we prepared soda borate vitreous samples w ith 
a CuO content ranging from 0 to  25% mol, where R  is the ratio  between the soda oxide 
and  bone oxide contents

The samples were prepared by  the m elting of the oxide m ixtures corresponding to the  
desired composition, a t 1C00CC, w ith a m aintaining tim e a t this tem perature of 30 m inutes 
followed by the undeicoolmg of the m elts a t th e  room tem perature l l ie  magnetic resonance 
spectra  were recorded on powdei samples, a t th e  room tem perature, on JE O E  KMR and EPR. 
spectrom eteis

3. Results and discussion. ЛЛШ. The nuclear magnetic resonance stu
dies on soda borate glasses with high content of transition metal oxides

* Unnci'-ity of Chij-Kafcca, Fac-i Uy c f Mail en aUcs and IJ$sic<:, S4C0 CSvj-Kcfcca, R d ia n a
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allowed us to evidence for the first tim e ''[14—17] the structural effects 
of these oxides on the type and fraction of structural units existing m 
the borate glasses. In  this way one remarked significant differences bet
ween the effects induced by the different oxides. Thus, wile T i02 and 
Mo03 do not determine changes in the structural units fraction, up to 
35 mol%, the increase of the concentration of the other transition metal 
oxides leads to evident changes of the, ratio between the intensities of 
the narrow and wide line from theu B NMR spectra, reflecting changes 
in the number of the boron nuclei disposed in sites without electric field 
gradient. Similar structural effects were also observed by other authors [18] 
which studies glasses from #%B20 3 • _y%PbO system .with high Fe20 3 
content.

In  order to appreciate how much from these changes are effectively 
caused by the structural modifications it is first necessary to estimate 
the effect determined by the increase of the paramagnetic centers number 
in the vitreous matrices on the 11В NMR lineshape. The presence of the 
paramagnetic ions in the vitreous matrices modifies the local fields where 
the UB nuclei are disposed so* that the resonance lines appear broadened 
in comparison with the lines observed in the UB NMR spectra from 
samples without paramagnetic ions

The mam mechanism of the line broadening in the absence of para
magnetic ions is the dipole interaction between like nuclear spins In  this 
case the line broadening, estimated from the' increase of peak-to-peak 
width in the derivative curve, may be written [19] .

Д B !pp = cosnt. |з/51(7 +  1 ) Ç ^ 8J1/2 ( 1)

where ДB TPP is the peak-to-peak field, rjk is the distance between the nuclei 
j  and k, and the sum is made on all the sites occupied by UB nuclei.

The dipolar broadening due to the interaction between like nuclear 
spins has a gaussian shape. I t  depends on the spatial distribution' of the 
UB nuclei and does not depend on the applied magnetic field.

The presence of paramagnetic ions in samples produces an additional 
line broadening, due to the dipole interaction between the magnetic mo
ments of 11В nuclei and of paramagnetic ions. This broadening has a 
lorentzian shape [20] and depends on the applied magnetic field, so that 
in the high temperature approximation it may be written

=  К  ■ В > (2)
pp '

where В is the applied magnetic field, the constant К  depends on tempera
ture, on effective magnetic moment of paramagnetic ion and on the 
spatial arrangement of these ions. The relationship (2) is valid only when 
between the paramagnetic ions there is no exchange interaction

In addition to this lorentzian broadening shape the presence of paia- 
magnetic ions also determines a gaussian broadening shape, due to the 
large distribution of the values corresponding to the local magnetic field
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at the sites where the UB nuclei are located. This line broadening is also 
proportional to the applied magnetic field [21] .

Д B'pp = K ’ ■ В (3)
where the constant K'  is proportional to the volume magnetic susceptibility 
of the sample. Therefore, in the 'case of UB NMR spectra from samples 
containing 'paramagnetic ions we have two types of line broadening, a 
lorentzian and a gaussian broadening shape, so that the resonance line 
will'be a line of Voight type [22] obtained, by the convolution of gaus
sian and lorentzian broadening shapes.

A possibility to estimate the two contributions of the paramagnetic 
ions to the line broadening of the narrow line from the UB NMR spectra 
is to determine the ratio between the narrow line width ДBPP and the 
distance between the peaks of the large line ДBlpp, corresponding to boron 
nuclei disposed in sites with electric field gradient. This distance modifies 
unsignificantlÿ '^with the concentration of transition metal oxides. The 
deviation of the value calculated by dividing the areas corresponding to 
the two lines from the real value of the fraction of boron atoms disposed 
in sites without electric field gradient at nucleus increases continously 
with the ratio ABj^/AB#,. Making for every sample the necessary correc
tion after the estimation tof he ratio ABpp/AB!pp we obtained the results 
presented in Figure 1. One remarks that in the first part of the compo
sition range the copper oxide determines a pronounced increase of the 
fraction of boron atoms dispoded in sites with high symmetry, while at 
higher concentrations it determines a decrease of this fraction. I t  may 
be appreciated that up to concentrations of 15 mol%, for the samples 
with R =  0.2, and up to 5 mol%, for the samples with R  — 0.5, the 
cooper oxide has the role of the alkali oxide and favours the increase of 
the number of network formers disposed in sites without electric field 
gradient (Nwepq) ■ Above the mentioned concentrations the copper oxide

produces the distorsion of a large num
ber of microenvironments of the boron 
atoms.

EPR. The increase of the density 
of paramagnetic centers with the in
crease of concentration of trasnition me
tal or rare earth oxides determines 
important changes in the shape of the 
EPR  spectra. For relatively low con
tents of transition metal oxides, the 
increase of the density of paramagne
tic centers leads to a line broadening 
due to the augmentation of dipole

KFFG -

05-

04 - R--0.S

03- R = 02

02-

-I--------1_____
o 1 5 10 15 20 25% CuO

T i g .  l. The dependence of th e  fraction interaction between these centers. If
■ O t t h e  b o r o n  a t o m s  d i s p o s e d  i n  s i t e s  w t -  t h e  c o n c e n t r a t i o n  i n c r e a s e s  f u r t h e r ,  t h e  
n o u ţ  e l e c t r i c  f i e l d  g r a d i e n t  o n  t h e  c o p -  t  9 m

3 >er oxide content m  soda borate glasses distance between the paramagnetic ions
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decreases down to the limit for wihch between them the exchange 
interaction appears. This has as effect the narrowing of the resonance lines. 
The concentration limits above which the exchange interaction occurs 
depend on several parameters characterizing the preparation process of 
the vitreous samples and first on the homogenity of the samples regar
ding the distribution of the paramagnetic ions. If m a vitreous matrix 
the paramagnetic ions are not uniformly distributed, then the exchange 
interaction will already manifests at low concentrations of the transition 
metal oxides

The diminution of the intensity of the EPR signals above certain 
value of the concentration of transition metal oxides is a consequence 
of the fact that the valency state of these ions modifies, or, in the most 
cases this is a consequence of the fact that the paramagnetic ions form 
antiferromagnetically coupled pairs.

The study of the magnetic properties of some oxide glasses with high 
copper oxide content [8] also confirmed the occurence of the antiparallelly 
coupled Cu2+ ion pairs For every type of matrix there is a high limit of 
the paramagnetic center density, for which it can still be obtained vitreous 
samples By means of electron paramagnetic resonance it was followed the 
manner m which the maximum density of paramagnetic centers depends 
on the composition of the vitreous samples in the range from R  =  0 
to R =  0 5, with a step of 0 05 The EPR  signals modify with the increase 
of the copper concentration. In the . case of the samples w ith . less than 
1 mol%, CuO the hyperfine structure in the parallel band is well resolved 
[23]. For higher CuO concentrations the signals are large, asymmetrical 
having g j =  2 3 and gj_ =  2 0 The asymmetry of this large signal decrea
ses with the CuO concentration, while its width becomes maximum for 
the samples in which the density of the paramagnetic centers is maximum.

In order to estimate the density of the paramagnetic centers we deter
mined the shape of the large -line, considering that this line is a convolu
tion of Rorentzian and Gaussian shapes [22, 24] *

f (B,  +  (4)

The share of the lorentzian shape is given by the parameter £(0 ^ Ç < 1) 
and increases with the copper oxide content The EPR  signals obtained 
for the samples with intermediate, concentrations of CuO may be con
sidered as the result of the superposition of asymmetrical lines with hyper
fine structure partially resolved, arising from isolated Cu2+ ions, octahe- 
drically coordinated with oxygen ions, the octahedron being tetragonally 
distorted (D4h) and of large asymmetrical lines with the hyperfine structure 
unresolved, arising from Cu2+ ions coupled in pairs The strength of the 
couplage depends on the distance between them and increases with the 
density of the Cu2+ ions, hence with the CuO concentration.

As may be observed from Figure 2, the intensity of the Cu2+ EPR 
signal depends substantialy on the alkali oxide content from the vitreous 
matrix In this way the signal intensity is maximum for the sample with 
0 05 < R 015 and minimum for those with 0.25 < R < 0.4 The most
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F i g .  2. The composition dependence of the intensity  of Cu2+ EPE. signal from soda borate 
glasses containing copper oxide .

a) 0 5 mol%  <  г <  10 mol%' CuO 
-  ■ h) 15 mol% <  z <  30 inol% CuO

pronounced effect occurs for the samples with the CuO concentration com
prised between 5 mol% and 20 mol%. . , 1 . 1

The diminution o f 'th e  BPR signal intensity for the samples with , 
0.25 < R  < 0 4 is a consequ ence of the fact that the copper oxide' tends 
to occupy preponderantly the sites from, the micropha.se rich in soda oxide. 
This leads to the existence of an effective density of Cu2+ ions moie 
larger in this microphase and thus there will here occur more pairs of 
Cu2+ ions m comparison with isolated Cu2 + ions.

,A similar conclusion was also obtained fiom the EPR study of some 
soda borate glasses [25] (0 1 < R < Ô.5) with high nickel oxide content 
(<15 mol% NiO) ,

The spectacular increase of the density of isolated JCu2 + ions in the 
samples with low alkali oxide content (R =  0 05) m comparison with the 
samples without alkali oxide represents a consequence oi the structural 
changes induced by the addition of the alkali oxide These changes are 
more pronounced than those evidenced by nuclear magnetic resonance 
which consists in the breaking of the network specific to the vitreous 
boric oxide, without affecting prono.uncedly the microenvironment of the 
boron atoms -, . ■ . - ,

The maximum values of ■ the paramagnetic- center density depends
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- о R = 0 05 
a R = ,0.1 
Д R = 015

om the nature of the vitreous ■ matrix and are obtained'for different con
centration- ; of copper oxide. Thus, for the'sam ples'w ith 0.05<f?<0T5 
(Fig. 3a) the highest intensity for the Cu2+'F)PR signals is obtained for 
the concentration of 15 mol % CuO. '• > ■
In  this concentration range the > * J  
effect1 of the alkali'oxide is uusigni- . QIĴ 
ficant. For ,the samples w ith j- 5.0 ■
0.2 ^ R < 0 3 (Fig. 3b) this maxi
mum is less pronounced a n d , it .©- 
ccurs between5 mol%.and 15mol%1 
CuO, while ' for the samples^ with 

' R  ^  0.35 it о ccurs at the con
centration of 5 mol% CuO (fig.
3 c)

The position of these maxima 
indicates tha t in the case of the 
investigated samples the highest 
concentration of copper oxide for 
which one obtames still vitreous [au] 
samples with paramagnetic pro- 25 
perries decreases with' R . , For 
higher concentrations of CuO 
the phenomenon of' clustering 
occurs. On the other hand one 
observes that the 'values of the 
CuO concentrations at which 
the intensity of the F)PR signals 
decreases are the same with the 
concentrations from which 'the 
structural effect of the copper 
oxide evidenced by NMR (Fig. 1) 
changes its sign. ’One1 mày state 
that up to these, values of the IQU3 
CuO concentration between the 
matrix and the paramagnetic ion 
the effect of the matrix on the 
Cu2+ions is prevalent and at hi
gher concentrations the effect of, 
the copper oxide on the vitreous 
matrix is prevalent.

4. Conclusions. The magnetic 
resonance studies carried out on 
soda borate glasses with high cop
per oxide content permitted to 
evidence the structural effect of 
the copper oxide on the vitreous 
samples. At small concentrations

30 z% CuO
P ig  3 The dependence of th e  in tensity  of Cu,+ 

ВРГ. signal from  soda borate  glasses on the 
copper oxide c o n te n t. 

a) 0 f S <  R  <  0.015 ; b) R  =  0 and 
0 2 <  tf <  0 3 , c) 0 35 <  if  <  0 5.
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of CuO as the Cu2+ ions are uniformly distributed in the matrix, the 
boron atoms are disposed in sites without electric field gradient. The 
uniform distribution of the Cu2+ ions is confirmed by ,the increase 
of the intensity of the EPR  signal attributed to Cu2+ isolated ions. 
Above certain values of the CuO concentrations, which depend on the 
content of the alkali oxide, the homogeneus distribution is destroyed and 
in this case the occurence of clusters formed by Cu2+ ions is favoured 
which perturb the local order in the vitreous matrix. The copper ions are 
disposed in similar sites with hose occupied by the vitreous network 
modifiers. The whole structural effects of the copper oxide are similar 
with those of the nickel oxide [25] and differ pronouncedly from the 
effects observed for the other transition metal oxides [16].
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DISPOZITIV DE MĂSURARE A FAZEI IN AMPLIFICATORUL -
DETECTOR SINCRON

V. IONCTJ», S. SIMON*, V. SIMON», E . TĂTABU* şl I. ABDELEAN*

Intrat in redacţie ia 12 febiuane 1987

ABSTBACT. — Device lo r the M easurement o£ Phase Belation in  the Sinehron 
Ampliîier-Doteetor. I t  is presented a  device for th e  m easurem ent of th e  pha
se relation (advance or delay) between the reference signal and th e  signal which 
carries the information, processed m  synchron amplifiers-detectors

In studierea fenomenului de rezonanţă zgomotele limitează precizia 
măsurării şi chiar posibilitatea detectării fenomenului. Problema extragerii 
semnalului purtător de informaţie, semnal înecat în zgomot, este de mare 
importanţă. Pentru soluţionarea problemelor ridicate de extragerea infor
maţiei dintr-un semnal înecat în zgomot au fost utilizate diverse metode 
[1—5] de la măsurători de precizie de laborator pînă la experimente de 
rutină.

Unul dintre cele mai utilizate aparate pentru extragerea unui semnal 
înecat în zgomot, exceptînd prelucrarea datelor pe calculator şi care func
ţionează după principiul intercorelaţiei este amplificatorul cu eşantionare 
sau amplificatorul-detector sincron. Un astfel de aparat utilizează două căi 
de semnal care prelucrează (intercorelează) semnalul de referinţă şi pe 
cel purtător de informaţie, rezultînd la ieşire un semnal lent variabil care 
reprezintă informaţia căutată.

Pentru realizarea procesului de intercorelare a celor două semnale 
este important a se cunoaşte relaţia reală de fază a celor două semnale, 
în  scopul realizării acestui deziderat şi al eliminării unor aparate auxiliare 
(osciloscoape, voltmètre electronice, etc ) am completat^ amplificatorul- 
detector sincron, realizat de noi/cu un bloc care permite cunoaşterea perma
nentă a relaţiei reale de fază

Montajul descris în continuare face posibilă măsurarea relaţiei de fază 
(avans sau întîrziere) a celor două semnale prelucrate în amplificatorul- 
detector sincron Instrumentul de la ieşire este etalonat în grade (0 — ±  180 °).

Schema circuitului este prezentată în Figura 1 şi cuprinde două tiau- 
zistoare MOSFET (Tj şi T2) conectate ca repetoare pe sursă, două compa- 

~ rat o are cu histereză (Ax şi A4), două circuite de temporizare A2 şi As şi 
un integrator de ieşire A3. Pentru o mai exactă apreciere a principiului de 
funcţionare a acestui dispozitiv asociem Figuiu 1 diagrama evoluţiilor în 
timp ale tensiunilor în punctele de interes ale schemei (Fig. 2).

Rolul tranzistoarelor MOSFET (T: şi T2) este de a asigura o impedanţă 
de intrare mare la intrările acestui dispozitiv, respectiv de suprimai e a

* Universitatea din Chtj-Xapoca, Facultatea de matematică şi Fizică, 3400 Cltij-Nafioca, Romania



64 V IONCU, S SIMON, V SIMON, E TÄTARU, I ARDELEAN

influenţelor posibile rezultate din conectarea acestuia asupra caracteris
ticilor semnalului purtător de informaţie (S) şi de referinţă (R) analizate 
în amplificatorul-detector sincron. Pentru protecţia acestor tranzistoare 
a1 fost prevăzut grupul diodelor D4.

Cele două comparatoare (A4 şi A4) sínt soluţionate în mod clasic, 
la ieşirile lor obţmîndu-se semnale dreptunghiulare cu (fronturi abrupte. 
Acestea permit o ajustare iniţială a histerezei, impusă de regimul static 
de funcţionare a celor două tranzistoare M03FET. Limitele de evoluţie 
impuse impulsurilor dreptunghiulare de la ieşire se selectează cu ajutorul 
diodelor D5, De şi D7 fiind determinate de tipul circuitelor 'integrate utili
zate pentru ..realizarea celor două circuite basculante monostabile : ßi7 555 
pentru A2 şi CDB 4121 pentru A7. Aceste circuite formează detectorul de 
fază propnu-zis

Impulsurile dreptunghiulare pe canalul semnalului de referinţă, avînd 
limitele de' evoluţie +5,6 V respectiv —0,7 V, servesc la declanşarea cir
cuitului ßE 555, conectat într-o variantă de circuit basculânt monostabil. 
Aşa cum se poate urmări pe figura 2, la trecerea semnalului de referinţă 
în domeniul valorilor pozitive este comutat comparatorul' Ax (—0,7 V la 
terminalul 2 al circuitului bascul auf monostabil A,). Aceasta valoare a 
tensiunii se situează ’sub valoarea' de prag (1/3 t+.mentarc) ,Jnecesară 
declanşării prin terminalul 2. Tensiunea de la ieşirea circuitului basculant 
monostabil (terminal 3) este acum aproape egală cu tensiunea de alimen
tare şi în principiul ar trebui să se menţină la această valoare pînă ce
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tensiunea de pe condensatorul de încărcare (C2) atinge cel de-al doilea nivel 
de prag (2/3 Uaiimentare) pentru readucerea monostabilului în starea ini
ţială. Durata temporizării poate fi determinată cu ajutorul relaţiei tv =  
=  1,1 R7C2 şi se reglează astfel încît să fie întotdeauna mai mare decît 
perioada Tr a semnalului de referinţă.

Varianta de canal pentru semnalul purtător de informaţie are aceleaşi 
principii constructive, deosebirile apar la selectarea componentelor de reali
zare practică S-a utilizat circuitul integrat CDB 4121 în calitate de cir
cuit basculant monostabil (A0), acesta oferind avantajul celor două ieşiri 
negate (Q şi Q) necesare pentru acţionarea aducerii la zero a lui A2.

5 ■— Physica 1/1987
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Ieşirea circuitului A2 nu rămîne în stare H pe întreaga durată a pro
cesului de temporizare t v deoarece va fi comutat din nou în starea ini
ţială de nivelul logic al impulsului de la ieşirea lui Als (front negativ) care 
acţionează asupra terminalului 4 prevăzut pentru aducerea forţată la zero 
(nivel logic zero la ieşirea lui A2).

Cel de-al doilea circuit basculant monostabil este declanşat de im
pulsurile dreptunghiulare (tot pe front negativ) de la ieşirea comparato
rului A4, deci de semnalul purtător de informaţie.

Momentele de declanşare ale celor două circuite basculante monostabile 
sínt notate tT şi ts în Figura 2. Durata reală a impulsului de la ieşirea 
monostabilului A2 este, din acest motiv, direct proporţională cu intervalul 
de timp definit de momentele trecerilor prin zero ale celor două semnale 
(de referinţă şi purtător de informaţie : Tlcşirc. =  ts — tT)'1 şi nu depinde de 
constantele de timp ale circuitelor basculante monostabile. Evoluţia în 
timp a semnalului de ieşire este caracterizată cu ajutorul perioadelor, de 
aceea se defineşte exact diferenţa de fază a semnalului R faţă de S •

Ф =  360 =  360
T T T

Modul de apreciere al acestei relaţii presupune o prelucrare analogică 
într-un circuit de integrare (A3) Pentru un proces de retardare al lui S 
în raport cu R, tensiunea de la ieşirea integratorului creşte Tensiunea de la 
ieşirea integratorului va scădea pentru vanantă de retardare inversată. 
Tensiunea de ieşire are aceeaşi valoare pentru un unghi de fază Ф =  180° 
între cele două semnale, deci în mijlocul domeniului, acesta fiind unicul 
caz în care sensul deplasării nu influenţează tensiunea de ieşire.

Cu ajutorul potenţiometrului P4 se reglează mărimea tensiunii de ieşire 
(curentul prin instrument) pentru o deviaţie maximă, funcţie de domeniul 
frecvenţei de lucru.

Dispozitivul realizat prezintă calitatea importantă de a permite iden
tificarea relaţiei reale de fază a semnalelor din cele două canale urmărind 
caracterul evoluţiei semnalului de la ieşirea integratorului şi elimină totodată 
utilizarea unor aparate auxiliare (osciloscoape, voltmètre electronice, etc.) 
cărora le rămîn tributare alte variante de amplificatoare-detectoare sincron.
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ABSTRACT. — Two phototherm al methods are proposed for investigating the 
properties of solids Using a direct pyroelectric detection method, we investiga
ted  the  optical absorption of some non-transparent anodized AI samples, in  the 
1 — 14 pm range I t  is found th a t  th e  anodized A1 has a selective optical absorp
tion. A phototherm al deflection m ethod was proposed in  order to  investigate so
m e electrical properties of PbSe thrnfilms. A spatial conductivity profile was 
drawn and th e  ohmic behaviour of th e  electrical contacts (An and Ag) was 
tested. .

I. Introduction. The so called „photothermal effects" are caused by 
the heating of a sample after the absorbtion of optical enegry. If the quan
tity of the heat from the sample can be measured, then one obtain es 
informations about the optical absoibtion [1] the thermal diffusivity and 
conductivity [2, 3], or about other properties (electrical properties [4, 5], 
phase transitions [6]) of the sample. I t  is possible to detect the heating 
of a sample by measuring the temperature rise of the sample, the ther
mal refractive-index gradients produced by the heat, the surface defor
mations, or the increase of the total radiant energy of the sample. The 
methods which use these phenomena caused by the heat, in order to 
investigate physical properties of a sample, are called photothermal me
thods or techniques and, they are the following [7] : the optical calorime
try, the thermal lens spectroscopy, the photothermal displacement spec
troscopy and the photothermal radiometry.

In  this paper we report on two photothermal methods used in oui 
laboratory in order to investigate the optical and electrical properties of 
the solids. In  section 2 we present how photopyroelectric spectroscopy can 
be used in investigating the optical absorption of the non transparent 
materials In  section 3 some photothermal deflection measurements on 
thin-film semiconductors are presented. Section 4 is devoted to some con
cluding remarks

II. Hie Photo pyroelectric Detection of Optical Absorption in Non
transparent Materials. The pyroelectric effect consists in the induction 
of spontaneous polarization in a noncentrosymmetric crystal, as a result 
of a temperature , change in the crystal The charge accumulated in the 
pyroelectric, due to a change A T  in the temperature, is given by

Q — p ■ AT  (1)

Institute of Isotopic and Molecular 1echnology, 3400 Cluj-Nafoca 5, PO  BOX 700, Romania
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The avciage pyroelectric voltage clue to this charge has the following
form

F K )  = t b ^ A e x p M  (2)
Jv s 0

where p is the pyroelectric coefficient, L and К  are the thickness and 
the dielectric constant of the detector, oi0 is the modulation frequency of 
the radiation, and 0(coo) is given by [7]

0(“ o) =  y  j  T(oi0, x)dx (3)
L

For a one-dimensional geometry of a photopyroelectric system composed 
by a pyroelectric in good thermal contact, with a solid sample the func
tion Г(со0, x) is a solution of coupled, one dimensional thermal transport 
equations Using (3) m (2) one can obtain the pyroelectric signal as a 
function of some sample-related parameters. M a n d e l i s  and Z v e r 
[7] have fouud the general expression for F(co0), but the result is too 
complex for practical interest. Fortunately, the general result can be much 
simplified m some special cases, according to the relative magnitudes of 
three characteristic lengths in the sample and the pyroelectric, namely, 
the thickness, the optical absorption depth and the thermal diffusion length.

In an experimental situation, when the pyroelectric sensor is a 250 pm 
thick TGS, the samples are 50 pm thick anodised A1 plates and the mo
dulation frequency of the radiation is 7 Hz, the pyroelectric voltage is 
directly proportional to the optical absorption coefficient of the sample.

Using the experimental set-up presented m Fig. 1, we investigated 
the optical absorption of some A1 samples anodized m H ,S04 and H2C20 4 
[1], in the 1 — 14 pm range.

The results are presented in Fig 2 together with the theoretical black- 
body radiation curve normalized at its maximum value. -

As one can see from fig 2 
the anodized A1 has a selective op
tical absorption strong absorption 
bands at 2.5—4 and 6—12 pm for 
Al ano dized in H2S04 and at 2 5— 
— 4, 5—8 and 9—13 pm for A1 
anodized m H2C20 4

III. Photothermal Deflection Me
asurements on Thin-Film Semicondu
ctors. In a photothermal deflection 
detection experiment, to compute the 
thermal energy of a heated region 
by processing a detector signal me- 

l The experim ental set-up used for _coi relate the temperature di-
photopyreolectnc m easurem ents stribution of the investigated region

TGS

Fl!
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with the optical beam pro
pagation through this non- 
homogeneous medium and 
with the detector response 
[8] In recent years, new 
techniques, based on pho
tothermal deflection, were 
developed in order to in
vestigate surface or intri
nsic properties of thin-film 
semiconductors. In this
paper we present a  me- P is  2 Normalised spectral responsivitv ot th e  de- 
thod used in our labora- tector anod,zed A1 System ш tlie 1 ~ ?4 11111 rausc 
tory in investigating the
Joule and Peltier heat, generated by electric currents through thin-film 
semiconductors The physics! of the method, consists of the-f olio wing [4, 
5]. When the heat generated m a thin-film semiconductor by an applied 
oscillating voltage U = U0 cos (eh) is probed by a laser beam skimming 
the surface of the' sample, perpendicular to the current direction, a de
tector able to measure the deflection of the laser beam will detect two 
oscillating signals- one signal oscillating at twice the applied voltage 
frequency, with amplitude ~ U\j2R (R sample usitance) which is a me
asure of the Joule heat, and another signal oscillating at the same 
frequency as U, with the amplitude ~ Г1 U JR  (П Peltier coefficient) 
which" is a measure, of the Peltier heat. This method can be used in obta
ining information about the uniformity of the electrical conductivity, 
the type of the majority carriers, and - the•< ohmic behaviour of the 
electrical contacts. • ,

■ Using the experimental set-up presented in Fig 3, we performed 
conductivity measurements on .PbSe films

anodtzed m ♦ CpO,
10

w S'

w
10

1 10 Я Afumi

P i g  3 The experim ental 
set-up used for th e  pho- 
to therm al deflection me

asurem ents

The lesults are presented1 m Fig. 4
As one can see from Fig. 4 the PbSe films obtained in our labora

tory present a uniform electucdl conductivity" in a direction perpendicular 
to the electrical contacts. The evaporated Au and A g electrical contacts 
present an ohmic behaviour.

IV Conclusions. IV. 1 The Photopyroelectnc Method. The method 
proposed in this paper for measuring the optical absorption of the nontrans
parent materials is simple and direct. I t  is important to point out that 
for nontransparent samples the clasical spectrophotometric method can
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F i g  4 The m agnitude of th e  detector^ signals, normalized a t their m aximum values, 
for PbSe films prepared by chemical deposition (left) and by vacuum  evaporation (right).

not be applied, and thatos why the photopyroelectric method is very 
useful in compairing different nontransparent materials used as absorbent 
layers for IR  detectors

■ IV 2 The Photothermal Bef lection Method. The transverse photothermal 
deflection method proposed in this paper can give accurate spatial conduc
tivity and Peltier effect profiles for thin-film semiconductors.* The reso
lution of the method depends on the diameter of the laser beam. The 
method gives only qualitative results because the detector signal is' strongly 
dependent on the geometry of the detection configuration.
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ABSTRACT. — Iu  this paper th e  dependence between the hardness of ferromag
netic m etals and the coercive field is treated, on the basis of the physical theory  
of m etal m icrostructure The conclusion is th a t  between th e , H c coercive field 
and the H B  hardness there is a striagh t relation

H c =  k • H B

where A is constant.
So, measuring th e  hysteresis curve diam eter for th e  induction В =  0 we 

obtain an im ediate inform ation upon hardness The m easurem ent shows a good 
concordance w ith reality  in the  lim its of a  relatively smaller variation of hard 
ness

The quality of products is a desideratum of the products competition 
both in our country and abroad

Among the technical parameters that determine the quality of metalic 
products we can mention their hardness.

Among the methods of hardness static determination there is also 
used the method of the mark left by a harsh body on the surface of the 
machine-part to be measured (the Brinell, Wickers and Rockwell Method).

The hardness is calculated out of the relation between the marked 
surface area and the press force (N/mm2 or Brinell units of measurement 
etc.).

The advantage of these methods is their high precision, their short
coming consisting m the fact that they are laborious and need a long 
time, so that they are not suitable for the line of high productivity (ma
chine parts such as screws, nuts etc.).

I. For these reason an automatic measurement ' of hardness is neces
sary, or at least a sensitive shortening of the measurement lenght of time.

This problem is still in the process of being solved, and there are few 
patents worlduride that are available, reason for which agreement No. 
1874/19S4 with the productive units has been concluded.

A mean of automatic and semiautomatic evaluation and measurement 
of hardness is offered to us by the magnetising curve — the hysteresis — 
of the ferromagnetical material (Fig. 1) that can be raised with the help 
of ballistic galvanometer or with the help of a cathodic oscilloscope — 
a dinamical and fast method (Fig 2)

* l í l i xl r V f.ycee, ту) 6 f nz'usenng Institute of B va  Mare, 48X) Baia Mare, Romanţa
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F i g  1 Hysterezis-curve of ferromagnetic 
substances

F i g  2 Electioinc-scheme for the obtaining 
of the hysterezis-curve

The signal applied on the X  
input (horizontally) of the H  
magnetising field, and the sig
nal applied ón the Y input 
(vertically) is proportional to 
the В magnetic induction , this 
signal is obtained at the out
put of an integration circuit 

-+I due to relation (1)

 ̂u t( t)dt  =  I ^  d t  =

( 1 )
Ф B =  n • B S = k ■ В

where a, is the signal got at 
the output oi the iV2 measure
ment bobbin, Фд being the flux 
of the magnetic induction vec
tor Б, n being the number of 
helix, S being the bobbin sur
face and В  the magnetic in
duction The hysteresis curve 
thus obtained is stable and it 
nearly does not depend on the 
position oi the machine part in 
the N x exitation bobbin , B T is 
the remauence induction, Bs is 
the saturation induction, Hs is 
the satuiation field, Hc is the 
corcive field.

Between the coercive field and the saturation field there is relation (2)

, Hs =  k - H c • (2)

where H s a  constant that can take values between 2 and 3.
Due to the .reference material [1, 2, 3] there is a tight connection 

between the coercive field Hc and several physical and technical para
meters of the substance

Thus between d medium diameter ot the crystal gram and the coercive 
field there is the relation inferred írom theory (3)

where A =  ny/[i0Ms (which m the case of iron у =  10_:iJ/m, where Ms 
is the value of the magnetising vector at saturation) has the value A =  
=  1,5 X 10 “3 A (Ampère) that is well verified in praxis



PHYSICAL-MECHANICAL PARAMETER DETERMINATION '73

Generally, the coercive field is determined by the shrft of the Block 
walls and the rotation of M s vector (H , respectively) but it also depends 
of some other elements (internal mechanical tension, the degree of har
dening — return — recrystallising, magnetic anisotropy, inclusions etc.).

In  these conditio"* 1 2 3 4 the comparison is possible among the parts of 
the same composition and structure, the variation of the coercive field 
being owed to the hardness variation only. Indeed, out of the analyses 
of the parameters of the hardness of the ferromagnetic substance it 
results that there is a tight connection between the middle diameter of 
the gram and HB (4) hardness [4]

HB =  4  . , (4)d
where C is an experimental constant. Thus out of (3) and (4) results

Ht = A ■ C • HB  (5)
so, a dependence of the H„ coercive field on the hardness of the part in 
HB, that and the same substance may vary according to the applied 
thermic treatement

But a difficult problem is represented by the obtaining of magnetic 
magnetic saturation of the parts that regurarly form open magnetic circuit.

That is why, our reserch work will be centred upon the weak . mag
netising theory.

II  The results of the measurements are included in Table 1 , m which 
d' is the diameter of the histeresis curve for В 0, and HB  being hard
ness in Brmell. 1 ~ , 1 '

1 Table иг  1

Hardness H B  360 363 366,33 373 376,33 383 389,33 477

Diam eter d ', mm 32 32,5 32,5 33,5 434 34,5 35 , 37
(medium values , I  =  r,5 A ,R 0 =  5 - 10 Ohmi)

Comment The corresponding diam eter v a s  taken  instead of the H c coercive field.

Thus
,# B  =  kx • d' (6)

The results are in good concordance with reality m the limits of a  
relatively restricted vaiiation of hardness (sensitivity S =  23,4 HBjmm).
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ABSTRACT. A high temperature superconductor YBajCusOe_s was obtained 
with the critical temperature Tc =  105 K. The temperature dependence of 
the static magnetic susceptibility was investigated. This temperature depen
dence has a caracteristic jump at the temperature transition from the normal 
state in  the superconductive state.

Recently Ba-Y-Cu-0 compound exibit high Te superconducting transi
tion about 90 El [1]. For Ba-La-Cu-0 compounds it was recognised [2] 
that the superconducting transition' is bound up with the composition. 
The Ba,Uai_*Cu0 4_y (x <  0,1) phase with the K2NiF4 type layer perovskite 
structure and the BaBaCu20 5_y phase with the superstructure based on 
the simple cubic perovskite structure show the superconducting transition 
a t about 40 К  and 15 К  respectively.

A stable and reproductible superconductivity transition between 80 К  
and 93 К  has observed in (Yi_IBaI)2Cu04_8 system [3; 4]. As pointed 
out by R.J. Cava et. all. [5] the superconducting material reported in 
[3] consisted in a mixture of several phases.

They find that the YBa2Cu30 9_s phase (black) is superconducting 
and that the Y2BaCuOs phase (green) is semiconducting.

Cava et. all. reported bulk superconductivity in the YBa2Cu30 9_3 
pure phase below 91 El.

We prepared single phase YBa2Cu30 9_8 compound through solid state 
reaction of appropriate amounts of Y 20 3 ; BaCo3 and CuO in similar fashion 
to that described by Cava [5].

The samples showed superconducting properties in liquid nitrogen. 
Magnetic susceptibility measurements were carried out with a Weiss- 
Forrer equipment between 80 К  and 300 К  in a 0.9 T  magnetic field 
intensity.

* Institute o f Metrology, Cluj-Napoca, 3400 Cluj-Napoca, Romania
• •  Pohtechnical Institute o f Cluj-Napoca, 3400 Cluj-Napoca, Romania

University of Cluj-Napoca, Faculty of Mathematics and Physics, 3ÍQ0 Cluj-Napoca, Romania•««
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P i g  1

The temperature dependence of the 
magnetic susceptibility is showed in the 
Fig. 1.

The sample is diamagnetic below 
105 K, showing a sharp drop of the 
magnetic [susceptibility. This behavi
our is specific for the superconducting 
transition. Above the critical tempera
ture (Te =  105 K) the magnetic sus
ceptibility is weelky temperature depen
dent and about 0 5 10-e emu/g.

The small value of the magnetic 
susceptibility and the week temperature 
dependence shows that the magnetic 
moments of Cu2+ ions, even if present, 
do not show their presence in a static 
measurement This fact supports the 
idea of valence fluctuation of Cu ions 
in the Cu02 layer of YBa2Cu30ä_s com
pound
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ABSTBACT. — The polymerization, product obtained from pyrol and phos
phoric acid is investigated elemental chemical anah  sis, IR  spectroscopy and 
differential therm al analysis

1. Introduction. The combinations oi pyrol with HC1, HBr, HI, 
CH3COOH are unstable [1—4] because they polymerize very easily. Due 
to the fact that we could not find data ou the behaviour of pyrol m 
the presence of phosphoric acid, the purpose of this work is to give a physi
cal and chemical characterization of the product obtained by polymeri
zation in this case.

2 Experimental. The reagents used were pyrol p a Riedel der Hacn, 
redistiled for every charge of product and phosphoric acid p a 85% UCB- 
Belge The preparation method was similar to that descnbed by Treibs 
[3]. The IR  spectra were recorded on a IR-10-Zeiss Jena spectrometer, 
in the frequency range from 400 cm-1 to 4 000 cm -1, at the room tempera
ture, on samples obtained by the pastillation technique m KBr

The differential thermal analysis - (DTA), differential thermogravi- 
metnc (DTG), thermogravimetnc (TG) and temperature (T) cun-es vere 
simultaneously recorded on a MOM denvatograpli, type Paulik, using 
samples with a mass of 0,09 g, at a heating rate of 10 degrees/mmute.

3. Results. The polymerization product of the pviol with phosphoric 
acid has black colour, brown m fresh section, and has a density of 
1,3308 g/cm2. I t  is onctuous, 'insoluble m acetone, benzene, ethyl alcohol, 
carbon tetrachloride and ethyl ether For this reason it was not possible 
to determine the molecular mass using colhgative properties.

The elemental chemical analysis leads to the following data . C 28,40% - 
H . 3,34% ; N ; 8,80% , P , 18,80%.

Typical IR  spectra are presented m Figure 1 The fiequencies corres
ponding to the maxima of the absorption bands are indicated m Table 1. 
The IR  spectrum of the polymerized product is expected to have a com-

•  University o f Bucharest, Faculty of Physics, 7 Bucharest, Romai ia
** Polytechnic Institute — Bucharest, 7 Bucharest, Romania

*** University o f Cluj-Napoca, Faculty of Mathematics and Physics, 3d00 Cluj-Napoca, Romania
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plex character, in view of 
the ' fact that pyrol alone 
has 24 normal vibrations, 
ranging between 618 cm-1 
and 3133 cm-1 [5]

In order to assign the 
observed frequencies we 
tried á judicious correla
tion with the data from 
the literature [6—8] on 
the vibrational spectra In 
Table 1, the sites where 
more assignments of 1 the 
frequencies are possible are 
mentioned between acco
lades, because the respec
tive possibilities are not 
always exclussive For ex
emple, the maximum from 1080 cm-1 is compatible both with v2 =  1076 cm-1 
and w ithv13 =  1074 cm-1, due to the fact that both values are normal 
frequencies of the pyrol molecule [6, 7].

F i g  1 The IR  spectra of the studied samples.

Table 1

The frequencies of the absorption maxima from the Ш spectra ami their assignments.

V m ax
[cm“1] ,

Assignment

495 ®o—г —о (in POJ a t  500 cm -1)

720 I y (сн2;)n a t  n  >  4
1 P ring (711 cm-1)

950 j  8CH (unplanar)
1 VufBJ CH pyrol (1015 cm -1)

1080
Í v2(A2) CH pyrol (1076 cm-1)
1 Vi,(Bx) N H  pyrol (1074 cm -1)

1140 Vj(Ai) pyrol pulsation (1140 cm -1)
( SCH planar

1410 (CH2- N+) group , (CH2—C=C) group
1 Vu(Bj) pyrolic ring (1418 cm - !1)

1640 ÜIIV7"

2810 1 чо н  hi H 2P 0 4

< О И -N  (hy the shift of vX N_ H m  th e  arom atic cycle)
3030 VCH
3130 v.(AJ V,ш  РУГ°1 (3133 cm -1)

3400-3700 VNH
2500-3200 ' intram olecular hydrogen bonds
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The.DTA, DTG, TG- and 
T curves for the studied poly
merization product are presen
ted in Figure 2. One notices 
from the differential '• thermal 
analysis, an endothermal effect 
corresponding to a partial ther
mal degradation. The maximum 
transformation rate with the 
temperature was recorded at 
160 °C. The evaluation of the 
kinetic parameters of the ther
mal decomposition based on 
thermogravimetric data was ma
de using the Freeman — Caroll 
and Coats — Redfern [9—11] 
methods on the same thermo
gram, as the conditions of low 
deviation from the limanty for 
the, T curve was fullfilled. Fi
gures 3 and 4 represent the 

Freeman — Caroll and Coats — Redfern curves which lead to the follo
wing kinetic parameters for the thermal decomposition of the studied 
product :

Fig. 2. T he DTA, DTG, TG  and T  curves for 
th e  polym erization product.

Freeman — Caroll method 
f l i p  =  0,0970 g 
W c =  0,0685

Coats — Redfren method 
mp =  0,0970 g 
Wc =  0,0685

F i g .  3. The Freem an—Caroll curve for the 
therm al decomposition of the  polymerization 

product.

F i g .  4 The Coats—Redfern curve for the 
therm al decomposition of th e  polymerization 

product.
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n =  0,9 n — 0,9
E  =  12,19 kcal E =  13, 12 kcal

•where mp is the mass of the sample, W e is the amount of. the volatile 
component which may be elliihinated from the reaction, n is the reaction 
order and E  is the value of the activation energy.

‘  I

The value of the reaction order n obtained by Freeman — Caroll 
method is used .as test m the Coats — Redfem method and permits, by 
an iterative process, to evaluate more accurately the reaction order n 
and the activation energy E.

4. Discussion. Due to .the fact that the maxima of more bands, obser
ved in the IR  spectra of the polymerized samples from pyrol and phos
phoric acid are very near to the frequencies corresponding to the normal 
vibration modes of the pyrol, the unambiguous identification of the pyrolic 
cycle [8] is based on the simultaneous presence of the absorption bands 
in the range 3130 cm-1 — 3100 cm-1, of the band corresponding to the 
vibrations —C=C at 1410 cm-1 and of the absorption in the range of 
3410 cm-1. The intensity of the absorption band which appears near 
the frequenc}^ of 3490 cm-1 is diminished, this phenomenon being spe
cific to the spectra obtained on pastillated samples.

On the other hand, in the works which investigate the aging effects 
in pyrol [1 ] it is shown that qualitatively the IR  spectra of the polypyrol 
films are practically indistinguishable from the spectrum of the pure pyrol. 
The structure of the polymer is apparently the same to that of the liquid 
pyrol, and no modifications are observable

The occurence in the polymerized compound of the radicals derived 
from the phosphoric acid is proved by the IR  spectral analysis, particu
larly by the existence of the band corresponding to the deformation vi
brations 8P_o-p at a frequency very close to the v4 frequency of the P 0 4 
radical and the existence the band from 1140 cm-1, which may be assigned 
to the shift of the valency vibration P-0 (1160 cm-1). As regards the bon
ding manner of the two specific structural groups, the IR  spectra offer 
information about the presence of bonds such as PO bonded to cycles 
with aromatic character and about the presence of the hydrogen bonds. 
The existence of the bonds P-O-aromatic cycle is supported by the ab
sorption from the 1240 cm-1 — 1190 cm-1 (vCo) range and by the absorp
tion maximum observed at 1140 cm-1 (vPO). The absorption band with 
the maximum at 2810 cm-1 may arise from the shift of the band R-N-H, 
where R has aromatic character, like in the case of the pyrol implicated 
m hydrogen bonds [8].

The kinetic study carried out by differential thermal analysis of the 
polymerization product of pyrol with phosphoric acid indicates a maxi
mum transformation rate at 160°C and,-denotes an endothermal effect 
corresponding to a partial thermal distruction.
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