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i h o e t  iuunediutely upon the uiecovery of new euperconducting 
ceramics the  first neutron works have been performed'". The main 

p e c u l i a r i t i e e  of t he  phonon deneity of s t a t e s  have been obtained and 
the r e s u l t s  f o r  nonsuperconducting La2Cu04 and superconducting 
La, 85Sr0 15Cu04 have been compared. Now on the  s i n g l e  c r y s t a l  of 

La2Cu04 the  s o f t  mode was measured, which i s  responeible f o r  phase 
t r a n s i t i o n  from the  t e t r agona l  i n t o  orthorhombic phase a t  about 
500~'~'.  But the de t a i l ed  inves t iga t ions  of t he  low frequency p a r t  

of s p e c t r a  a t  low temperatures a r e  absent  so  f a r .  We have performed 
the  experiments on neutron s c a t t e r i n g  i n  Ia2-xSrxCu0 compounds f o r  4 
two x valuea and i n  a temperature range from 290K t o  10K. The measu- 
rements have been made wi th  the  WSOG-M spectrometer/3/ i n s t a l l e d  on 
the high f l u x  pulned r e a c t o r  I B R - ~ / ~ / .  The main preference8 of t h i s  

spectrometer  cons i s t  i n  the  p o s s i b i l i t y  of measuring neutron d i f f rac-  
t i o n  (ND) and i n e l a e t i c  neutron s c a t t e r i n g  ( I N S )  simultaneously andof 

measuring INS i n  the  neutron energy l o s s  regime which allowe one 
t o  i nves t iga t e  l a t t i c e  dynamics a t  low temperatures. 

Our samples were prepared from Ia203, SK03 and CuO by the  
well-known method ( see  f o r  example 15/) .  To con t ro l  the chemical 
composition, we ueed the  neutron a c t i v a t i o n  analys is /6 / .  The amount 
of impur i t ies  were l e e s  than 0 . 5  a t .% and etrontium ooncent ra t ion  
i n  La2-PrxCu04-y was x - 0.2 2 0.02. The s t r u c t u r e  of the samples 
a t  room temperature8 have been t e s t e d  wi th  t he  DROA-3M d i f f r a c t o -  

meter. The e t ruc tu re  of Is2Cu0 completely agreee with the exie- 
4-Y 

t i n g  da taI7 /  - the  sample revealed the  orthorhombic phaee (Bmeb) 

which could be found from the  (200) and (020) r e f l e c t i o n 8  s p l i t t i n g .  
The Ia, . 8Sr0. 2Cu04-y had a t e  t ragonal  s t r u c t u r e  I4/mnnn with l a t t i c e  
parameters oompletely t he  eame a e  published earlier!" The meaeure- 
mente of the  euperconducting t r a n s i t i o n  temperature by r e e i e t i v e  and 
magnetic methode revealed t h a t  the euperconducting t r a n s i t i o n  began 

/9/ a t  about 20K. Thin f a c t  provee the  oxygen def ic iency in the  eample. 
For neutron meaeuremente about lOOg of the  eamplee were put 

i n t o  a helium cryoeta t .  ND and INS epect ra  were measured nimultane- 
ouely. Experimental d a t a  were nozmalised t o  the monitor. DiffraotiOn 



spectra measured f o r  the sca t t e r ing  anglee 2 b  28O, 480, 680 and 880 
were n o m l i a e d  t o  the spectra  of incident neutrons. Inelaet ic  scat-  
t e r ing  spectra were meaaured f o r  the ecat ter ing angles 30°, 50°, 70° 
and 90° i n  transmission geometry and f o r  80°. 100°, 120° and 140° i n  
re f l ec t ion  geometry. The background from the cryosta t  without sample 
was subtracted and data  from d i f fe ren t  anglee were eummed up. The 
average time t o  meaeure one speotrum was about one day. 

As one can see from f ig .  1,  the d i f f rac t ion  spectrum a t  T = 10K 
f o r  the orthorhombic phase of Ia2Cu0 d i f f e r s  from the epectnun 

4-Y 
f o r  the tetragonal phase of Ia1.8Sr0.2Cu04Ty i n  the presence of 
(012) and (014) ref lect ione which a r e  forbidden f o r  the tetragonal 
phase and i n  the s p l i t t i n g  of (020), (200) and (0221, (202) ref lec-  
tions. 

Fig.1. Neutron d i f f rao t ion  
'' epecfra a t  T = 10K from the 

tetragonal phase of 
Ial . $rO. 2Cu04-y and from 
the orthorhombic phaee of 

0 

la2CuC f o r  the sca t t e r ing  
zm 4-Y anglee 28 - 2e0 and eeO 

N - channel number with the 

width 64 eeo. I' 

A t  T = 77K the d i f f rao t ion  spectra  a r e  pract ioal ly  the eame and a t  
290K we oennot eee the e p l i t t i n g  of (020). (200) and (022), (202) 
ref lect ione due t o  the  reeolution l imita t ion of our epectrometer. 
But a leo  a t  a room temperature one can e a s i l y  dis t inguieh the ortho- 
rhombio phame of Ia2Cu04-y by the (012) and (014) ref lect ione.  
A t  77K the (100) re f l ec t ion  appeare i n  d i f f rao t ion  epeotrum of 
Ia2Cu04-y and i t e  in tenei ty  increaeee when temperature deoreaeee 
down t o  10K (fig.1). The exietenoe of t h i e  r e f l e c t i o n  proves the 
antiferromagnetic ordering/10/ and oxygen deficienoy i n  ,the eample 
19/. The La1 .8Sr0.2C~04-y sample m e  i n  the te t ragonal  phalre a t  a l l  
temperaturee i n  good agreement with the publiehed data''''. The t s m -  
peratura decreaeing from 290K t o  10K oaueee only s h i f t i n g  of the 
peake, which proven the change of interplane dietanoelr l e e s  than 
on 0.0061. 

Inelaet ic  neutron ecat ter ing epectra Prom IaZCu04-y and 
Ia1.8Sro'0.2Cu04-y a t  temperaturelr 10K. 77K and 290K a r e  ehom i n  

fige.28, b. The main feature. i n  theme spectra  well  agree with the 
data  publiehed earlier'". But a t  77K and 10K one can eee an inelae- 
t i c  l i n e  near the energy t rans fe r  6meV which r a m  not oblremed before. 

The ra i s ing  of i t e  in tens i ty  is obvious when temperature decrealee. 
The transformation of experimental data Into the generaliaed frequen- 
cy d i s t r ibu t ion  by using the one - phonon formula givee ue a good 
coincidence of data  obtained a t  d i f fe ren t  temperaturee. Theee r e s u l t s  
a r e  a l s o  i n  good agreement with the l i t e ra tu re / ' / .  Exception i s  the 
above - mentioned pecul iar i ty  a t  6meV. After the traneformation 

, t h e i r  in tens i ty  increaaee when the temperature decreases. Thie f a c t  

and an angular dependenoe of the in tens i ty  of t h i e  l i n e  prove t h e i r  
nonphonon character. 
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Fig.28. INS spectra from Ia2Cu04-y. Fig.2b. INS epeotra from 

L81. eSrO. 2CU04-y' 1 - T = lOK, 1 - T -  10K. 2 - T - 7 7 K ,  3 - T -  
290K, the v e r t i o a l  8x18 - inten- 2 - T m 77K, 3 - T - 290K 

7 s i t y  nonnalired t o  10 monitor 
countlr, & - energy t w f e r  

i n  meV. 

For the quant i ta t ive  analylrie of the 6meV fea tu re  a aimple 
model rae  ueed. The eoat ter ing law r a m  cholren am a Gaulre funotion 
plus  tbe  Debye dilrtr ibution (-.&*I and convolution with the lrpo- 
t r o m t o r  reeolut ion wae perforned. The reeultm of f i t t i n g  of tho 
experimental data by tha t  model ulring a l e w t  equare method a r e  

ehom i n  fig.3. The parametere of the  Galllrlr function a r e  lrhom i n  
the table.  It i l r  c l ea r ly  eeen tha t  the in tene i ty  of tho lip. a t  
6meV increaeee when temperature deorealrelr and i t l r  r i d f h  i l r  prsot i -  
oal ly  invariable f o r  both tho eamplee under invelrtjaation. Thilr 



fact and the decrease of the intensity of thia line with increasing 
scattering angle and therefore momentum transfer prove that the 

corresponding excitation has a magnetic nature. This circumstance 

is rather strange for such - type compounds. Nominally magnetoac- 
tive are 3d9 electrona of copper whose orbital moment is practically 
fully "frozen" by the crystal field.If the observed excitation is due 

Fig.3. The results of model 
1 0 9 8 7 6  5  1  9 8 7 6  5 1 c W  

fitting of the low - frequency 
part of the experimental INS 

spectra at 77K and 10K Lowest 

LOO solid curve - peculiarity at 
6meV without Debye background 

N - channel number with the 
width 128 ,usec, & - energy 
transfer in meV. 

The correapounding strength of the internal molecular field influen- 

cing on S = 1/2 state of 3d electrona of copper will be ( g  = 2, 
A E  = 6.2meV) of about 54.4T. In that interpretation, the Sr dopjng 

may break the long - range magnetic order but conserve the small 
range one. Due to this Conservation one can obeeme the above menti- 

oned excitation in Ial.8Sr0.2Cu04-y with a lees intensity and 

a larger width. 

This is only a preliminary analysis of the resulte. Now it ie 

difficult to make a final concluaion about the physical nature of 

the observed peculiarity and about their connection with the super- 

conducting properties. But it is interesting to point out that the 

excitation energy by the order of magnitude correeponda to the 

superconducting transition temperature in Ia - Sr - Cu - 0 eystems. 

In conaection with this fact we are planning to continue the inves- 

gatione of such systems for different Sr concentrations in the 

samples with oxggen deficiency as well in the samples annealed in 

the oqygen atmosphere and with good superconducting properties. 

The authors are sincerely grateful to V.V.Sikolenko, 

S. V. Kraonosvobodtsev, S. 5'. Gundorina and 7. P. Chinaeva for there help 

on sample testing, to S.I.Bragin, S.Brankowski, and W.Iwanski for 

technical assistance, V.L.Aksenov and Yu.?J Oetanevich for stimula- 

ting discussions. 
Table. The parameters of Gausa funotion which have been 

obtained from the fitting of low frequency part of 

the spectra. 

Sample Tempe- Peak position Integral peak F!YID,l 

rature (mev) intensity (mev) 

(K) (arb. units) --- 

to -the antifen-omsgnetic spin wavee,then there exieta a gap of about 

6meV and a low - frequency part of the magnetic excitation apeotpum 
has a -11 dispersion, becauae the pornition of the peak it3 practi- 
cally independent of the momentum t n m f e r  and thie peak ham a emall 

width. The gap may exist due to anit3otropic exohange interaotions. 
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e n y o ~ n n  A.B. H AP. ~ 1 4 - 8 8 -  11 
eArp0tinue nccneAosannn TeMneparypnoA s a s n c n ~ o c r n  
HHaMHKn H CTPYKTYPU CBePXllPOBOARUlHX KePaMnK 
az-x Sr, CUOU-~ 

Ha cneKrpoHerpe KflCOr-M na nmnynbctiom peaKTope H 6 P - ?  onnoepeMentio nccneno- 
anu cneKrpu neynpyroro paccentinn n ~ n @ p a ~ u n n  tiefirpotioe B coennnennnx 
a2Cu0u-y n L a q r s  S ~ O , ~  C U O ~ - ~  npn TeHnepaTypax 290, 77 n 10 K. B cneKrpax 
eynpyroro  paccennnn npn remeparypax  77 n 10 K 06napymena nnnnn c 3neprueA 
Kono 6 ~ 3 0 ,  TemnepaTypnaR 3 a ~ n c n m o c ~ b  n~TeHCnBHOcTn K O T O P O ~  yKa3uBaeT Ha Ma- 
nn~nblf i  xapaKrep c o o r s e r c r s y w e r o  eA aos6ymnennn. no p e s y n b r a r a ~  AnBpaKunn 
eArponos nccneAyerue o6pasuu so scem nnrepaane Tenneparyp nmenn o p r o p o ~ 6 n -  
ecKym n rerparonanbtiym cnmrerpnm c o o r s e ~ c r ~ e t i t i o .  nponanenne pebneKca (100) 

opropom6nuec~oA @aae LazCu04-y c s n ~ e r e n b c r ~ y e r  o tiannunn a n r n @ e p p o ~ a r n n ~ n o -  
o ynopnnouenm npn n n 3 ~ n x  remneparypax. 

Pa6ora sunontiena B Ila6oparopnn ~ek rpon t i ok  @nsnKn OHAH. 

I Belushk in  A.V. e t  a l .  014-88-1 1 
Temperature Dependence o f  L a t t i c e  Dynamics 
and S t r u c t u r e  o f  Superconduct i ng  Ceramics Laex SrxCu04-y 
by Neutron S c a t t e r i n g  

The spec t ra  o f  i n e l a s t i c  neu t ron  s c a t t e r i n g  and neu t ron  d i f f r a c t i o n  from 
La2Cu04-y and La Sro,z C U O ~ - ~  a t  temperatures 296, 77 and 10 K a r e  i nves t  i- 
gated s imul taneo:i81 y W I  t h  t he  KDSOG-M spect rometer  on t he  I BR-2 pu lsed reac-  
t o r .  A new l i n e  a t  6 meV has been observed i n  i n e l a s t i c  spect ra  a t  77 K and 
10 K. The temperature  dependence o f  t he  i n t e n s i t y  o f  t h i s  l i n e  p o i n t s  t o  
t he  magnet ic n a t u r e  o f  t he  cor respondinq e x c i t a t i o n .  According t o  d i t f r a c -  
t i o n  da ta  t he  samples under i n v e s t i g a t i o n  had sr thorhombic  and te t raqona l  
symmetry r e s p e c t i v e l y  i n  t h e  whole temperature ranoe. The (100) r e f l e c t i o n  
f o r  t h e  o r t h o r h o c b i c  phase o f  La2CuOey revea l s  t he  a ~ i t i f e r r o m a q n e t i c  orde-  
r i n n  a t  low temperatures. 

The i n v e s t i g a t i o n  has been performed a t  t he  Laboratory  o f  Neutron Phys ics ,  
li 1 N t .  

I Reprint ofthe Joint Institute for Nucieu &=arch. Dub= 1988 


