
In t he season of 1990-1991 experiment s were mainly conduct ed on eight spect rometers posi -
t ioned on 6 beam-lines of the IBR-2 react or . W it h respect t o t he met hod used the exper iment s

can be classifi ed as fol lows:
- diff ract ion st udies on t he spect romet ers DN-2, NSV R and SNI M -2;
- SANS st udies on the M URN spect romet er ;
- polarized neut ron refl ect ion st udies on the SPN spect romet er ;
- neut ron spect roscopy measurement s on the DI N, K DSOG-Ì and NERA-PR spect romet ers

to study inelast ic scat t er ing of neut rons.
Invest igat ions of cryst al st ructures wi t h neut ron diff ract ion methods at t he I BR-2 reactor

are carried out in the direct ions:
- st ructure st udy experiment s on single- and polycryst als;
— phase t ransit ions in superconductors, ferroelast i cs and superionic samples;
- phase t ransi t ions in t he presence of st rong external magnet ic fi elds;
- st ruct ure of l ipid membranes;
- t ransi t ion phenomena invest igated by difFract ion t echniques.

T hey, for the most part , are t he t radi t ional di rect ions of research î ã LNP, where i t enj oys
well est ablished cooperat ion wit h numerous scient ifi c inst i t ut ions act ive in the fi el d.

Of st ructure works à not iceable role belongs t o HT SC studies. In exper iment s on à single
cryst al À Ë.Beskrovnyi and colleagues invest igated modulat ed st ructure in Â1~(Ñà, Áã)çÑè~Î ç+.„.
Though with à very small single cryst al (1.5 x 10 x 0.03 mms) they have succeeded in measuring

(in à wide t emperat ure range) satel l i te peaks in number suffi cient Ñî develope à model . In spit e
of expectat ions the st ructure modulat ion does not change observably in t he t emperat ure range
8 Ê to 920 Ê .

W ith Y BaqCusOq à det ailed study of st ructure eff ects connect ed wi t h the subst i t ut ion of
copper by i ron or nickel was undertaken. In order t o enhance the subst i t ut ion efFect and thus
increase t he diff ract ion dat a rel iabi l i ty the cont rast variat ion technique was applied wi t h t he use
of ~"Ðå and ~~Ni isotopes (À .Ì .Balagurov et à1.) . T he resul t s have confi rmed an earl ier guess

that copper subst i tut ion by ot her 3-d met als, which leads Ñî fast degradat ion of superconduct ive

propert ies, refl ect s preferent ial subst i tut ion in the CuOq plane. I t has been shown that both
nickel and iron (at concent rat ions > 10%) penet rat e act ively into the CuqO plane. At t hat ,
however , t he decrease in Ò is not so sharp as in t he ñàçå of Cu by Ñî subst i t ut ion , t hat occurs
only in CuO chains. T hen t he conclusion fol lows t hat i t is not only t he subst i tut ion si te t hat
is of signifi cance, but also some purely st ructural characterist i cs play the import ant role here,
the bond lengt h value, in part icular .

W ith Y 123 ceramics à ser ies of experiments were conduct ed Ñî study oxygen diff usion in
samples t hat were cooled at difFerent cool ing rates, annealed at const ant t emperat ure or heat ed
slowly. T he one-dimensional model of diff usion appeared to Úå suffi cient t o describe oxygen

diff usion. Est imates of diff usion coeffi cient s were made for each of t he above-òï åï 6 î ï åé regimes
î Ã çàòï ð1å 1ãåàÔãï åãé .

À comparat ively new branch of research at t he IBR-2 reactor are the real t ime exper iment s.
Quite à number of interest ing dat a have been obt ained in t hem . Of recent ones t he emphasis
should be laid on t he study of phase t ransit ions in di ff erent compounds, å.g. t i t anium hydrat e,
Cu(Li ,V )ö 4Ðå~ çÎ ù spinel , high pressure heavy ice DqO. T he met hod developed by LNP scien-
t ists allows t hem t o carry out t hese invest igat ions in t he second resolut ion range not achieved
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yet at other neut ron sources. T he measurement s were performed on t he diff ract omet er DN-2,
current ly the most high luminosi ty and powerful diff ractomet er in t he IBR-2 suit .

T he NSV R difFract ometer dedicated for t exture studies is posi t ioned on t he 100 m fl ight
path of the react or . I t has à lower luminosi ty but à t hree t imes higher resolving power t hat
makes i t very efFect ive in invest igat ing t extures of complex low-symmet ry mater ials. Text ures

of various geological samples were invest igat ed on t his diff ract omet er (Ê .Helming, W .Voi t us,
Ê .Wal ther et à1.).

On the diff ract ometer equipped wi th à pulsed magnet , SNI M-2, there was invest igat ed t he
kinet i cs of spin-ßî ð t ransi t ions in single cryst als of CrqO and à -FeqOs induced by à pulsed

magnet ic fi eld of 1 msec durat ion and 150 Ê Î å ampl i tude (D .Georgiev , × .× .Niet z et à1.) .
Works publ ished in the past year refl ect also eff or t s made by the Laborat ory staff t o upgrade

now exist ing and build new neut ron diff ract ometers. In part icular × .Ü.Aksenov , À .Ì .Balagurov
et al . report on the work being done t o put into operat ion the new Four ier diff ractometer wit h
à resolving power at à level of 0.05%.

T he Small A ngle Neut ron Scat tering (SA NS) spect romet er M URN is à high luminosi ty
inst rument buil t for t he invest igat ion of SA NS in isot ropic systems. I t al lows one Ñî measure
small scat t ering cross-sect ions in absolute unit s in rather à wide range (0.05 — 0.7 reciprocal

Angst roms) of scat t er ing vector lengths. M ain act ivit ies in the season 90/ 91 were aimed at à
search for new appl icat ions of i t s advant ages.

In the ternary system À Î Ò — Water — Benzene an al t ernat ive approach to the well -known
cont rast variat ion technique was approved. I t is found, that variat ion of à so-cal led internal

cont rast (i sotopic composi t ion of t he water nucleus in inverse micelles) do lead Ñî t he same
result s as external cont rast variat ion, i f measurement s are done well inside the micelle st abil i ty
gap on the phase diagram . However , near t he gap's borders isotopic subst i t ut ion afFects st rongly

the st ructural propert ies of solut ions and difFerent ways of cont rast variat ion reveal largely
difFerent st ruct ures. T his observat ion seems to be very impor tant for t he safe interpret at ion of
SANS dat a. Besides of this, invest igat ion of t he inverse micelle fr iabi l ity phenomenon, observed
previously at lowest water cont ent s, was cont inued wi th other solvents and in à widened range
of water content s.

Propert ies of water solut ions of smal l organic molecules is another new fi eld of SA NS appli-

cat ion. T his year we have t r ied to fi nd SANS evidence of t he existence of à long range repulsive
interact ion between solute molecules at very high dilut ions (mole fract ion as smal l as 0.001),
recent ly proposed on the basis of calorimet ric exper iments. T hough t he SANS exper iment s
were rather accurat e, ï î important signs of t he assumed repulsion were observed.

The third micellar system invest igated recent ly was t he (oxyethylene-oxypropylene-oxyethy-

lene) block copolymer in water . ×åãî det ailed experiment s in à wide range of t emperatures and
concent rat ions al lowed one t o determine exper iment al ly à number of characterist ics of this
system, wit h the degree of swel l ing of à hydrophobic micellar nucleus among them.

À rat her unexpected field of SANS appl icat ion is connected wi th an at tempt t o invest igate
the Porod region of the scat ter ing cross-sect ion from component s of cement (t he cl inker miner-
als) and from cement pastes at different steps of t hei r aging. Resul t s, obt ained to-date, show,

that in chemical t ransformat ions which are t he essence of cement pastes hardening, t here occur
very import ant changes in spat ial arrangement of phase boundar ies, responsible for small angle
scat tering observed. Import ant changes are also detected in scat t er ing curves dur ing t he aging
of à cement paste t o the age of up Ñî 241 days.

T he whole host of resul ts obt ained are in many relat ions new and thei r int erpret at ion in
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terms of t he physical chemist ry of solut ions and sol ids requires some eff or t s t o be made.
The t ime-of-fl ight spect rometer of polar ized neut rons SPN was found to be à very eff ect ive

inst rument for the invest igat ion of magnet i c propert ies of surfaces of t hin fi lms in t he refl ec-
tometry mode. Among t he resul t s obt ained during the season 90/ 91, t he most interest ing,
perhaps, is t he observat ion of the dependence of the magnet i c fi eld penet rat ion depth in su-
perconduct ing niobium on the thickness of t he niobium fi lm . T he dependence was discovered
to be rather st rong (the penet rat ion dept hs of 43 nm, 90 nm and 145 nm in à massive sample
and in fi lms 700 nm and 255 nm thick , respect ively, are quoted). However , up-to-dat e there is
ï î sat isfact ory t heoret ical explanat ion of t his phenomenon.

An interest ing and.important step was done t owards the realizat ion of the " non-ãåéåñé ï ä
mirror" , an import ant component of ideal neut ron mirror-polar izer . T he refl ect ion of unwanted

spin from known const ruct ions of polarizing mirrors is t he import ant factor t hat set s l imit on
the applicat ion of these otherwise nice devices. Fi rst experiment s wi t h absorbing sub-layers
made of t hin fi lms of t i t anium and vanadium borides have shown t hat in this way the propert ies
of polar izing mirrors can be improved drast ical ly.

Another int erest ing possibil i ty opens wi th the ãåéåñÔî ãï åÔï ñ observat ion of aging of à t hin
(163 nm) t i t anium fi lm . I t was found that on t he surface of met all i c t i t anium at normal
condi t ions during fi rst two weeks the t i t anium oxide layer 9 nm thick appeared, while during
the fol lowing two years t his oxide layer Üàç t hickened to 12 nm .

T wo direct geometry spect romet ers, DI N-2PI and DI N-2PR for double analysis of neut ron
energy by t ime-of-fl ight act in paral lel on one neut ron beam-l ine at à dist ance of 20 m and 95

m from t he reactor core, respect ively. On the higher luminosity one, DIN-2PI , exper iment s on
inelast ic and quasielast ic scat t er ing of neut rons on samples of l i quid hel ium, l i quid met als and
adsorbed wat er cont inued. Measurement s of phonon spect ra of V -Î , × -N , TaV NÄ cont inue t he
invest igat ion of ni t rogen and oxygen solid solut ions in met als. For ÒÅÎ ð, × Î ð and ÅãÍ Ñö ~~
(õ= 16 and 1.84) dependences of t he phonon density of st at es on room t emperat ures up t o
about 1300 Ê were measured. On t he DI N-2PR à fi rst series of exper iment s on t he scat t er ing
of neut rons wit h an incident energy of 200 meV from liquid helium at Ò= 4.2 Ê and 1.4 Ê has
been conduct ed in cont inuat ion of the study of Bose condensate and element ary exci t at ions in
l iquid helium at large momentum t ransfers and good energy resolut ion .

T he new spect romet er , NERA-PR, that exploi t s t he inverted geomet ry pr inciple for inelast ic
and quasielast ic neut ron scat tering studies was posi t ioned at à dist ance of 109 m from the
reactor core and began operat ions. Energy analysis of scat tered neut rons by thei r ãåéåñÔþ ï to
an angle of 175' from à single cryst al of Cu(111) al lows one t o invest igate neut ron quasielast ic

scat tering wi th à resolut ion of Ü Å = 0.05 meV in rather à wide moment um t ransfer range
from 0.5 to 5À . Exper iment s were ini t i ated to invest igate stochast ic reor ient at ions of molecules
in l iquid cryst als. T he beryl l ium fi l ter used in the spect rometer for energy analysis provides
for high lum inosi ty and good resolut ion at large momentum t ransfers (50< Ë Å< 500) meV .
Part ial vibrat ional densi t ies of copper and oxygen atoms in Y BaqCusOs~ (õ = 0.95, 0.25)
were determined by measuring neut ron inelast ic scat tering spect ra wi t h copper isot opes (~~Cu
and ~~Ñè) having diff erent cross sect ions for neut ron scat tering. Measurement s of phonon

spect ra of NH4C1 and H~O at Ò = 290 Ê and 80 Ê at pressures up t o 10 K bar have proved the
beryl l ium fi l t er method on the NERA-PR spect rometer to have high enough luminosi ty and
resolut ion for invest igat ing phonon spect ra on pressure dependences.

On the K DSOG-Ì spect romet er , that also exploit s the invert ed geometry pr inciple, t he

energy analysis of scat tered neut rons is performed with t he help of pyrolyt ic graphi te plat es
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inst al led behind the beryl l ium fi l ter . High luminosi ty and à relat ively good resolut ion in t he
energy t ransfer range up t o 200 meV allows eff ect ive st udy of inelast ic scat t er ing from hydrogen-

free samples or samples wi th low hydrogen cont ent t hat are t he usual ñàçå in t he spect roscopy
of adsorbed molecules. À comparat ive study has been undert aken of vibrat ional spect ra of
à number of dispersed si l icas (si l icagel , aerogel , aerosil , si lochrom). T he dat a analysis has
allowed ident ifi cat ion of adsorbed or ret ained water in invest igat ed samples. T hese spect ra are
much diff erent and thus point t o diff erent confi gurat ions of adsorbing centers in invest igated
sil ica samples. Experiment al dat a are compared wi th quant um mechanical calculat ions in the
framework of à selfconsist ent clust er approach to allow the conclusion about the polymorphism
of dispersed si l i cas being in dependence on the sample manufact uring technology (see works by

Å.F .Sheka, V .K havryut chenko, I .Natkaniec et à1.).
In t he past years t he chief obj ect of research on the K DSOG-Ì spect rometer were t he crys-

t al fi eld excit at ions in ãàãå-earths cont aining compounds and alloys. In t he report ed period
there cont inued invest igat ions of magnet ic exci t at ions in heavy fermion syst ems like CeCuqA1,
CeCu4Ga and CeCuqSiq. In t hem it was import ant t o careful ly t ake into account t he phonon
spect ra that affect essent ial ly t he neut ron inelast i c scat t er ing spect ra. For t hat t here were
measured simul t aneously spect ra from stoichiomet ric lant hanum samples of LaCu4A1, LaCu4Siq
showing ï î magnet i c scat t ering. T he characterist ic feature of the magnet i c scat ter ing spect ra
of cerium cont aining heavy fermion compounds is the only one Lorent zian-l ike cryst al fi eld t ran-

sit ion having à rat her broad energy dist r ibut ion and an intense cont r ibut ion from quasielast ic
neut ron scat tering also wi th à broad energy dist r ibut ion of the Lorent zian type (see works by

Å.À .Goremychkin et à1.) .
St udy of the cryst al elect ric fi eld parameters cont inued wit h the met al l ic ãàãå-ear th com-

pounds of the isost ructural family ReQ.p5Y Q95Niq (where R = Nd, Pr , T b, T m , Er , Dy, Í î ) .
ï .àãå-earth met als in t his family are di luted st rongly with nonmagnet i c y t t r ium atoms and the
4-f shell int eract ion with cryst al elect ric fi eld can be studied in à most pure form .

' Âó invest igat ing cryst al elect ric fi eld t ransi t ions in NdqCu0 4 in dependence on temperat ure
(from 10 to 300 Ê ) i t appeared possible Ñî ident ify t ransi t ions from exci ted st ates. Dat a
interpret at ion wi t h account for t he mix ing between the ground and fi rst excit ed st at e Üàç for
the fi rst t ime yielded à sat isfact ory descr ipt ion of neut ron inelast ic scat tering dat a as well as
the quali t at ive descript ion of the magnet ic suscept ibi l i ty measurement data.

In 1990-1991 t he LNP scient ist s took part in j oint experiment s at t he I SIS of RA L , UK .
On the inelast ic scat ter ing spect rometers Í ÅÒ and M ARI the temperature dependence of t he
widths of the cryst al fi eld t ransit ions in Y p ðÒãï ~äÂà~ÑèçÎ ç+ (õ = 0.1 and 0.9) was measured.
Result s point t o t he format ion of à gap in à spin excit at ion spect rum at t emperatures about

20 Ê above Ò, .
The Í ÅÒ record resolut ion at high energy t ransfer al lowed invest igat ion of intermult iplet

t ransit ions in à heavy fermion system CeAls. Spli t t ing of t he fi rst exci t ed CF mul t iplet was
found to be three t imes st ronger than that of t he' main one, in ev idence of à considerable

cont ribut ion of conduct ivity elect rons into t he CF pot ent ial .
On the quasielast ic scat t ering spect romet er IRI S there was invest igat ed t he dynamics of NH<

groups reorient at ions in t he process of dipole glass format ion in t he system Ê ~ (NH4) HqPOq
(õ = 0 4 and 0 9).

Domain st ruct ure format ion following phase t ransi t ions in à ferroelect r ic cryst al of LiK SO4
was invest igated on t he SX D diff ractometer .
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