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We present a detailed NQR, nuclear magnetic resonédbR), and uSR study of the magnetic phase
obtained during a topotactic chemical reaction of ¥B&Og 5 high-temperature superconductor with low-
pressure water vapdCu-enriched samples have been used for NQR/NMR studies which allows to get a good
resolution in the C() NQR and Ci2) zero field NMR(ZFNMR) spectra. It is shown that the NQR spectrum
of the starting material transforms progressively under insertion of water, and almost completely disappears
when about one kD molecule is inserted per unit cell. SimilarlyS3Cu ZFNMR signal characteristic of this
water inserted material appears and grows with increasing water content, which indicates that the products of
the reaction are nonsuperconducting antiferromagnetic phases in which the copper electronic magnetic mo-
ments in the Cu@bilayers are ordered. The use®€u-enriched samples allowed us to reliably resolve three
different copper resonances which correspond to different internal magnetic fields. The antiferromagnetic
phases are also felt by proton NMR which reveals two sites with static internal fields of 150 and about 15
Gauss, respectivelyuSR studies performed on a series of samples prepared in the same way as the
85Cu-enriched ones reveal two muon sites with the same local fields as the proton sites, which vanish at
~400 K. This indicates that muons preferentially occupy proton vacancy sites, and that the magnetic phases
have similar Néel temperatures as the other bilayer undoped cuprate compounds. An analysis of the internal
fields on the different spin probes suggests that they can be all assigned to a single magnetic phase at large
water content in which the Qi) electron spins order with those of the @u The detailed evolution of the
spectra with the progressive increase of water content is shown to be compatible with a coexistence of phases
during the early stages ot the reaction. It appears that even samples packed in paraffin underwent a transfor-
mation of a substantial part of the sample after 6 years storage in atmosphere. Samples packed in Stycast epoxy
resin heated moderately to a temperat(260°C undergo a reaction with epoxy decomposition products
which yield the formation of the same final compound. It is clear that such effects should be considered quite
seriously and avoided in experiments attempting to resolve tiny effects in these materials, such as those
performed in some recent neutron scattering experiments.
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[. INTRODUCTION which we had found sizable NMR signals in an internal field,
indicating the existence of an antiferromagn&fé) order?

The underdoped regime of high Tuprates is still a mat- The spectroscopic features of these signals were totally dif-
ter of intense investigation. Many questions about the origirferent from those observed in the AF parent compound
of the pseudogap remain. It is often proposed that the brokewBa,Cu;05 and had to be associated with a different mag-
symmetry in the superconducting state is complex and mightetic phase. However, these signals were found to occur
combine a superconducting order parameter and an orbital enostly in samples aged for a long time in air and appeared to
magnetic order parameter. Experimental investigation omesult from a reaction with air moistufeThese phases are,
such kinds of order typically have to deal with weak signa-therefore, serious potential contaminants of any experiment
tures which, for example, require high sensitivity neutronaiming at studying magnetic responses of these materials.
scattering experiments’ Such studies have been undertakenOur preliminary results certainly have led some groups deal-
on the so called ortho Il phase of YRB2u;04,, Which is  ing with neutron scattering to be concerned with this
stabilized forx=0.5. We had undertaken systematic Cu NMR problem® However, we did not up to now characterize in
experiments in zero fieldZFNMR) on this compound in detail the magnetic properties of these AF phases.
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electronic properties occurring in the process of conversion
of the 123 superconductor into the pseudo-1248 phase upon
the insertion of water.

Although this paper addresses a problem already consid-
ered in our preliminary publicatiorfs) here, we study care-
fully the evolution of various spectral information as a func-
tion of water content in order to attempt to understand the
electronic properties and magnetic structure of the phases
observed upon hydration of YB@u;Og,, cOmpounds. Mea-
surements performed on®aCu-enriched sample allowed us
to follow the disappearance of the NQR spectrum with water
contentZ, to separate clearly three different components in
the °Cu ZFNMR spectra, and to follow their evolution with
the water contenz.

The paper is organized as follows. In Sec. Il we give

YBCO Af B details of the preparation of the samples and of water inser-
tion in our YBaCuOg,, Starting materials. Elementary

® Cu [ Cuvacancies sample characterization was performed and allowed us to

O 0 o vy demonstrate that the superconducting fraction is progres-

sively suppressed with water insertion, and that supercon-

FIG. 1. Structures of the initial phase, intermediate phae ductivity disappears completely when one molecule gOH
and the final phas®& (from Ref. 8. The structurally equivalent s inserted per unit cell. In Sec. Ill we recall the characteris-
copper sites are labeled with the same numbers. tics of the NQR of the starting YB&u;Og 5 material and of
We found out that intensive investigations on the degra?gafg:g:{ v?/Lf(t:]i? anggggﬁt%T?cS)retﬁfetSr? dFe)?st?;r: d?rc:gng?rhned
dation of high-temperature superconductors by water vapo ater insertion process. In Sec. IV the NOR of the water-

have been performed since the very beginning of the HTS | I ol h )
story. Attention was mainly focused on the loss of supercony B&2CUsOss samples allows one to follow the progressive

ductivity due to water. Some papers reported that even pacidisappearance of the metallic phases. Similarly the Cu
ing the HTSC powder in epofyr storing it in a desiccatér ZFNMR spectra taken on tHeCu enriched sample allow us
did not allow one to completely avoid the reaction with wa-to detect three Cu signals with different internal fields and
ter, so that a small amount of the degraded phases is likely tauadrupole frequencies. The modification of the spectra with
be present in practically all samples studied. increasing water content are studied in great deta}ll. Flna!ly,
Most of the early papers on the reaction of 123 with watersSR spectra reveal the existence of two muon sites which
reported the appearance of compounds such BaGuQ sense two dlstlnct m_ternal fields occurring in the magnetic
(“green phase; CuO, BaCQ, etc., which are the final de- phasgs and V\_/h|ch disappear at a similar Néel temperature.
composition products, and display well known properties.TWo internal fields are detected as well on the proton sites,
The more recent studigsee Ref. 8 and references thejein and have the same values as those found on the muon sites.
done by high-resolution electron microscopy, thermogravim.n Sec. V all these results are analyzed together and allow an
etry and x-ray investigations have shown that the 123 supe@ssignment of the Cu ZFNMR to the actual sites of the final
conductors withk< 0.9 react with water vapor in a topotactic Product determined by x-ray scattering. The combination of
mechanism. The reaction occurs in two stages in the bulk odll the information from the different techniques seems to
the material in the rather narrow temperature range ofonverge towards a solution for which both(@uand Cy1)
75—250° C(for YBa,CuyOg ). At small water uptakg¢up to ~ moments order magnetically in the water saturated phase.
0.5 water molecule per YBE&uOg 5 unit cell), performed at  Intermediate products of the reaction appear AF as well, with
temperature§ < 180°C, an intermediate phasé is formed  minor changes in the magnetic spectral features. Since epoxy
(Fig. 1) which has a unit cell paramete=5.029 nm. The resin is thought to protect the sample from water, a few
authors of Ref. 8 suggest that this phase has, alightly =~ samples packed in epoxy were also studied. A brief descrip-
higher than that of the starting material. Upon heating, thigion and analysis of the data on such samples are given at the
phase is transformed in a highly disorderadphase(not  €nd of Sec. V.
described well enough in Ref. 8 to be shown in Figwith
¢=2.64 nm which quickly transforms at room temperature in Il. SAMPLE CHARACTERIZATION
the presence of water vapor into a nonsuperconduding
phase withc=2.72 nm. This final product of the reaction is
the so-called pseudo-1248 phase,¥Ba,CusOgixiz, 1SOS- We have synthesized a series of ¥%Ba;Og,, samples
tructural with the familiar 1248 superconducting compoundwith x ranging from 0.4 to 1 using conventional solid state
but with 50% of Cul) sites vacant. The fact that it can be reaction of powdered YO5;, BaO and CuO at about 940°C,
considered as a “parent” nonsuperconducting compound dfterrupted periodically for grinding. These samples with a
the 1248 family(which normally does not exighas moti-  particle size of the order of 3Am were used in experiments
vated us to perform a systematic study of the changes dfoth as free powders and packed in Stycast 1266A epoxy

A. Sample preparation
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L pletely nonsuperconducting. This indicates that the reaction
1 with water vapor creates new non superconducting phases,

=F Z=1.2 which progressively replace the starting phase until no super-
= | conducting volume remains. We could not sense in these
2 0.55 susceptibility data any significant increase of theohset,
&r which would be attributed to thAl phase. So, if this phase
£l 024 is present in our samples during the intermediate stages, it
% L does not appear to us to correspond to a higherAs we
§ 0.14 shall see later it might be magnetic as well.
7 0

i i I1l. COPPER NQR AND ZFNMR SPECTRA IN YBA ,CU304

0 10 20 30 40 50 60 AND YBA ;CU305 5

Temperature (K) Before describing the actual data in the present
. YBa,Cu;0g 5- Water samples, we recall briefly as a reference
o B, dependence of e SeSsPOM) e wel nown resuls n he parent YEAO, AF com:
mod?fied aGhS(j that the superconducting f’raction diminishes pounds from ZFNMR of the planar (@) site and by NQR
: of the intercalated Qu)3dX° site. Also we recall the NQR
) . signals of both sites obtained in the Y045 metallic
resin. To get better resolution in copper NQR and ZF'\IMRphase, free of any water contamination. This then allows to

spectra a sample of YB&U;Ogs enriched with the™Cu  ¢5)16, the evolution of the spectra detected with increasing
isotope (99.6%9 was also synthesized. Although the results, siar content.

for all samples were qualitatively similar, systematic mea-
surements were done on free powders of $@u-enriched

sample YBaCuw,Og 5, and on two samples with natural cop- A. Copper ZFNMR and NQR in antiferromagnetic
per content, YBsCU;Og5(T.=56 K) and YB3Cu;Og 44 T, YBa;CuzOg
=20 K). At low oxygen contentx=0-0.2 the YBaCu;Og,, cOM-

The free powders were annealed at 110°C in a close@ound is an insulating antiferromagnet with a Néel tempera-
furnace in air with a vapor pressuig0—80 mbarcreated by  ture of about 410 K for & x=<0.1. The electronic magnetic
evaporating an adequate amount of water. The water uptakeoments of Ce&f(2) ions are antiferromagnetically ordered
was determined by the weight increase of the samples. Weoth within the bilayers and between the bilayessFl
have found that the uptake rate is strongly modified if watephas¢ and form a quasi-2D antiferromagnetic network.
molecules have been absorbed on the powder surface in air @i((2) nuclei experience a large hyperfine magnetic field pro-
room temperature. In the conditions mentioned above anguced by the on-site and four neighboring?Cardered elec-
when the samples have been preliminarily dried in vacuumgronic magnetic momentg..;=0.65u5. The nuclear mag-
the water uptake increases almost linearly in time with a netic resonancéNMR) of Cu(2) nuclei observed in this
rate AZ/At~0.05 per day. A series of YB&W;Og5(H20)z  internal magnetic fieldH,, is usually referred to as GR)
and YBaCu;0g 4AH,0); were produced with nominaZ  zero field NMR(ZENMR), since one does not need to apply
varying from 0.03 to 1.2. the external magnetic field to observe the(ZUNMR.

The CUY2) ZFNMR spectrum is described by the nuclear
spin HamiltoniaR®

B. X rays
The x-ray diffraction spectrum taken for the sample witha ,, _ o eQV, 2_ 1 2.2
maximum water uptak&=1.2 confirm that the main final H= = yofiHing -1+ 41(21 - 1) S-10+1)+ 277(I++ D[

product of the reaction is as for Ref. 8 the tetragonal phase 1)
with ¢=2.72 nm, i.e., the pseudo-248 structure with 50% de-
fects on chain copper positiori§ig. 1, phaseB). Definite  where y, is the nuclear gyromagnetic ratie,/27=11.28
signs of small residual contamination by thAal(c  and 12.09 MHz/T for®®Cu and®®Cu nuclei, respectively
=5.03 nm, the A(c=2.64 nm and the starting 123 material the x,y,z axes are the principal axes of the crystal electric
(c=1.17 nm phases were present in the x-rays data taken ofield gradien{ EFG) tensor chosen so thAl,) > [V, > [Vy,],
the Z=1.2 sample. 7=|Vyx—Vyy|/V,, the asymmetry parameter showing the de-
viation of the EFG symmetry from axial. Both naturally
. abundant copper isotopeSCu (69.1% and ®°Cu (30.9%,
C. Susceptibility data have a nuclear spih=3/2, with different quadrupolar mo-
The temperature dependence of the susceptibility for thenents,**Q and®°Q. The on-siteA and near neighbdB hy-
samples with different water uptake are shown in Fig. 2. It isperfine couplings produce a total magnetic fietg=|A
clearly seen that the superconducting volume fraction de=4B|-ue=80 kG at the C(2) nucleus. Thus the ZFNMR
creases with water uptake while, Femains practically un- spectra of°*Cu(2) and ®*Cu(2), observed in the frequency
changed. The sample with a maximum water uptake is comrange 70—110 MHz, consist of three lines for each copper
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isotope. They are characterized By=0, with the principal [T T
axis of EFG parallel to the crystat-axis, andH;, L c.'* [ (a)

Quite generally the appearance of a copper ZFNMR in the
frequency range 70—180 MHz in a compound signals the
occurrence of long-range antiferromagnetic ordering of the
CU** moments.

In the AF YB&Cu;0Og., compounds the nuclei of diamag-
netic Cu(1) ions only sense smallabout 1 kG hyperfine
magnetic fieldsH;,, transferred from the two adjacent
Cw*(2) ions. In the AFI phase these Q) electronic mag-
netic moments are antiparallel, and their contributions tp
cancel. So, for C) nuclei one observes a pure NQR spec-
trum described by the second term of Hamilton{@n This
observation is in fact also a direct evidence that the spins on
the C#* are indeed AFM ordered between bilayers. For each
Cu isotope, the NQR spectrum consists of a single line at a
frequency®

Spin-echa intensity (arb.units)

eQV, 1
VQ:%ZZ 1+§772, (2
which is equal to 30.2 MHz fot*Cu(1) in YBa,CusOg. The
NQR line for ®®Cu is observed at a frequen&iQ/%°Q

=1.081 times smaller than f6fCu. Ll A By, e
The AF order can be modified if some trivalent or mag- 1618 20 22 24 26 28 30 a2
netic ions are inserted in the chains of Y.BasOg, for ex- Frequency (MHz)
ample, AP* when ALO; crucibles are used for the synthesis,
or upon intentional substitution of Ni on the chain sités. FIG. 3. Copper NQR spectra for thé®®Cu-enriched

Above a critical impurity concentration a ferromagnetic or- YBa,Cu;Og 5 sample with different water uptakg: (a) Nonsat-
dering of the C(2) magnetic moments neighboring the urate_d spectrum taken with a 1s repetition tirfi®.was obtai_ned as
Cu(1) occurs at lowT. The hyperfine magnetic fields from the d_lf_ferer?ce of spectrur@) and of a _scaled spectrum with sh_ort
the two adjacent Q&i(2) ions then add at the CL) nuclei, repetition time(20 ms9, whlch emphasizes then the sIovy-reIaxmg
which lifts the degeneracy of the C) pure NQR levels. In part of the spectrurfdominated by the Qu)]. (c) was obtained as

. . - the difference of the spectrum with short repetition tit2® m9
this so-called AFll phase the correspanding splitting of theand a scaled spectrufa), which emphasizes then the fast-relaxing
NQR line allows to determinél; ;=2 kG? ’

part of the spectrunidominated by the Q)). Solid lines—as-
prepared sample; dashes, short dashes, dots, short Aet3-83,

B. Copper NQR in superconducting YBaCusOg s 0.38, 0.59, and 0.93, respectively. The spectra are 10 times en-

. . . . hanced in the frequency range below 23 MHz. See the text for
Doping the chains with oxygen increases the concentragegails on the assignments of the various signals.

tion of mobile holes in the CuPplanes, so that foix

=0.35 the long-range antiferromagnetic order is lost, the inspin-lattice relaxation rate of the “plane” copper is in general
ternal magnetic field at @@) sites averages to zero, and one significantly faster than that of “chain” coppett, is possible

can then observe the pure NQR spectra ofaLuThis oxy-  to separate their spectf&igs. 3b) and 3c)]. The large dif-

gen insertion in the chains also converts neighboring Cuference of their transverse relaxation rates can be used as
into CU**. The disruption of the Cii chains by Ct, and/or  well to distinguish the two components. The fast relaxing
mobile holes left in the chains, prevent any static ordering opart of the®>*Cu NQR spectrum beyond 24 MHEig. 3c)]

the C#*(1) electronic magnetic moments. Hence, the ab-s assigned to the plane copper nuclei, and consists of two
sence of static internal field at the @y nuclei again allows lines at 28.3 and 25.7 MHz. The corresponding sites have

the observation of pure NQR spectra of(Cu different oxygen coordination in the neighboring chain.
The NQR frequencies of both @) and Cuyl) in The assignment of the €l) NQR lines is done in Ref.

YBa,Cu;Og.4 are well known for all oxygen contentd For ~ 14. The main ordered phase far=0.5 only contains two

x~0.5, the case of interest here, the observed copper NQRU(1) sites located either in “full” ...-Cu-O-Cu-... chains

spectra are quite intricate as the oxygen order is not perfedtetween “empty” ...-Cu-Cu-... chains, or conversely. The
in the chains in real samples, so that diverse copper sitdormer is a fourfold coordinated copper which corresponds
occur with different oxygen coordination. For simplicity we to the fast relaxing line at 20.8 MHz, typical of the @u
shall discuss here th&Cu copper NQR spectrum of the site in the YBaCuyO, Ortho | compound. The second two-
Cu-enriched sampléFig. 3). The corresponding lines for fold coordinated copper labeled as (@), in Ref. 14 corre-
8Cu in natural copper samples are located at frequenciesponds to the sharp slow relaxinfCu NQR line at
1.081 times higher than those f8fCu. Since the nuclear 29.15 MHz. Other twofold coordinated copper give resolved
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1
Intensity (arb.units)

1
(=)

Spin-echo intensity (arb.units)

T 40 60' 80 100 120 140
] Frequency (MHz)

M 1 M 1 " 4
40 60 80 100 120 140

Frequency (MHz) FIG. 5. Frequency corrected copper ZFNMR spectrunffeu
enriched YBaCu;Og 5(H,0)g.3g The sharp lines of the lower fre-
FIG. 4. Copper ZFNMR spectra for YB@u;Og 5 synthesized  quency and higher frequency parts of the spectrum are fitted with
with enriched65Cu with different water Uptaké SOlId, dashed, six Gaussians. The central part of the Spectl(umagnified by a
short dashed, dotted, short dotted, and dash-dotted lines correspoggtor 2 in the figurg is obtained after subtraction of the fitting
to Z=0.93, 0.77, 0.59, 0.38, 0.185, and 0.085, respectively. Th%urve from the experimen’[a| spec’[rum_
amplitudes of the spectra are normalized by the water uptakee
fact that the low-frequency spectrum slightly shifts to lower fre-

guency with water uptake is emphasized in the inset. Cu(l) chains. The broad fast relaxing @ NQR line at

25.7 MHz might then be assigned to @unuclei belonging

to the well-developed Ortholl phase, most likely to those
Yocated just above or below the empty (Cu chains. The
intensity of the Cl); NQR line does not change signifi-
ycantly at the beginning of the reaction and disappears only at
rather high water uptake. A similar behavior can be noticed
also for the Cil), NQR line, which confirms that water
diffusion is hampered in areas of oxygen-filled chains within
the crystallites.

lines depending on the occupancy of the neighboring chain
The line at 28.7 MHz is from copper Cl),g of empty
chains of small islands composed of one full and two empt
chains. The line at 27.8 MHz corresponds td Oy with no
oxygen in the chains, typical of YB&u;Og. Finally, the
slow relaxing sharff°Cu line at 22.2 MHz is ascribed to the
threefold coordinated CG); at the ends of disrupted Cu-O
chains.

B. Copper ZFNMR in the ordered magnetic phases

IV. WATERED SAMPLES Here, we study the ZFNMR of Cu which gives informa-
tion on the appearance of ordered magnetic phases. To get a
A. Copper NQR better sensitivity, all measurements were doné=a#.2 K.

As was already found earlier for samples with natural The copper ZFNMR spectra of free-powder annealed
copper isotope$,the copper NQR spectrum intensity de- samples are shown in Figs. 4 and 5. As-prepared samples did
creases rather inhomogeneously when water uptake imot exhibit any traces of copper ZFNMR spectra, but after
creases. The overlap between ti@u and®*Cu spectra does  two weeks in ambient atmosphere, distinct spin echo signals
not take place anymore in tif8Cu-enriched sample so that were detected at copper ZFNMR frequencies. The signal in-
we could study in some detail the evolution of the coppernensities were, however, too small to allow us to record a full
NQR spectrum(Fig. 3) with water uptake. The spectrum for spectrum, but this confirms that water contamination starts
the as-prepared powder sample is shown by a thick line imeadily at roomT. Even minute amount of water reacting
Fig. 3. After keeping the sample for two weeks in ambientwith the 123 compound induces the appearance of magnetic
atmosphere at roonT we found that the intensity of the phases altogether with the changes in the copper NQR spec-
25.7 MHz Cy2) line was slightly reduced. We attribute it to trum mentioned in the previous Section.

a very small water uptake from ambient atmosphere. The spectrum consists of three groups of lines which, con-

In general, the results obtained for the&Cu enriched trary to the data published earlfegre well resolved in the
samples confirm our previous findings, but a more homoge®>Cu-enriched sampléFigs. 4 and 5 The low-frequency
neous disappearance of the copper NQR spectrum with waté¢s8—95 MH2 and high-frequency110-132 MHz2 groups
uptake was observed. This is likely due to the higher wateboth consist of three lines and resemble thé Zl@ZFNMR
vapor pressure used for loading tRiCu-enriched sample spectrum in YBaCu,Og. From the frequencies of the three
with water as compared to our previous series of sanfples®>Cu ZFNMR lines, it is impossible to extract the four pa-
Anyhow, the narrow NQR line of the Ci),5 nuclei belong-  rameters of Hamiltoniaftl), that isHy, V,, 7, and the angle
ing to the empty ...-Cu-Cu-... chains and the(®uine at  ® between the internal magnetic field and the principal axis
25.7 MHz disappear faster with water uptake than the otheof the EFG. The only parameter which could be reliably
parts of the NQR spectrum. This confirms the conclusion thagstimated isH;,, as the frequency of the centrah=
the insertion of water molecules proceeds through the empty1/2« +1/2 transition is determined mainly bii;,, and
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FIG. 6. Dependence on water uptakeof the intensities of &1 40K : 116.4 MHz
different parts of the copper ZFNMR spectater frequency and — e —
T, cp_rrectior). Circles, squares a_nd triangles correspond to the in- ;i 116.7 MHz
tensities of the low-frequency, high-frequency and central part of 20K :
the spectra, respectively. —t——t———t————
5K ' 116.8 MHz
depends on the quadrupolar effects only through second or-
1 L 1 M 1 L 1 L 1

der perturbatiod? If we assume further thap=0 and ©
=90°, as for C(2) in YBa,Cu;Og, one can fit both spectra
fairly well with H;=62 kG, vo=26 MHz for the low-
frequency andH;,;=101 kG, v5=16 MHz for the high-
frequency one.

The above mentioned assumptions0 and®=90° do
not hold for the third, central part of the spectrum which
does not exhibit three, but only two poorly resolved lines. If
we assumen=0, the spectrum might be fitted witH;,,
=85 kG,0=55°. If, on the contrary, we assunfe=90°, one ) . . )
gets »~0.5 andH,,,=85 kG. In any case, the central spec- formed uSR studles. on a series of compositions in
trum is very different from the two others, and correspondsYBa:CtsOs 4(H20)z, with Z=0.62, 0.9, and maximum 1.2
to a value ofH;,, which is rather insensitive to the choice of water content up to high temperatures where the ZFNMR is
and . not observable. In contrast to a previous rebal our

The intensities of the three spectral groups scale linearlgamples here were treated by the same process, as described
with water uptake for smalt (Fig. 4), while for Z=0.5 the in the sample preparation sectionuaiquebehavior, as de-
component at 96—112 MHz begins to grow faster than otherscribed below, is observed in all our samples at variance with
and reaches its maximal intensity in the sample with maxi-our previous preliminary publicatichWe ascribe this to the
mum water uptake. To perform a more quantitative analysisway ourZ=0.64 and 0.2 samples had been produced, i.e., by
we have corrected the spectra of Fig. 4 by extrapolating thannealing th&=0.9 batch in vacuum. For those samples, we
spin echo intensity to zero time delay and determined thauspect some sample decomposition occurred while anneal-
signal intensity ag(f(w)/ w?)dw for the three components of ing, which leads to a signal similar to that in YE2,0q
the spectra. The variation with water uptake of their intensiwith a typical frequency of 4 MH2®> The data presented
ties is reported in Fig. 6. It can be seen that the evolutiorhere were taken at the Paul Scherrer Instiivitzerland
with water uptake for the two outer spectra is identical whichand at ISISEEngland facilities using conventional zero field
suggests that they pertain to the same phase, which growsSR and weak transverse field techniques as described be-
regularly with water content. They apparently correspond asow.
well to a similar number of Cu nuclei. The central part of the Aside from a weak high frequency sign@t18 MHz at
spectra corresponds to less nuclei than the two others and— 0) analogous to that attributed to a small fraction of
increases faster at a large water content. muons sitting near the AF ordered Cu(planes in

At high temperature, the spectra can no longer be takelBa,Cu;Og.,,*°> ZF uSR data taken in the range 15-420 K
with good accuracy, but we could however follow the high-reveal a single damped oscillating signal with a characteristic
frequency part up to 200 K. It can be seen in Fig. 7 that thdrequency around 2 MHz af— 0, as can be seen from the
frequency of the central transition of the spectra, which isrepresentative asymmetry spectraZerl.2 andZ=0.62 dis-
determined mainly by the internal field, decreases with templayed in Fig. 8. This, hereafter named “2 MHz” signal, is

80 90 100 110 120 130 140 150
Frequency (MHz)

FIG. 7. Temperature dependence of the high-frequency part of
copper ZFNMR spectrum in a sample with natural copper. The
dashed line follows the temperature variation of the high-frequency
central transition fof°Cu. Its corresponding frequencies are given
on the right hand side of the spectra.

perature, as expected for an AF phase. the majoruSR signature of the existence of an internal field
_ of the order of 150 G, hence of the magnetic ordering in our
C. Zero field uSR samples. Moreover, faZ=1.2, we could clearly observe an

In order to get a better insight into the nature and theadditional large Kubo-Toyab€T) component displaying a
T-evolution of the AF phases detected by NMR, we per-characteristic dip, corresponding to muons feeling a small
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FIG. 8. Plot of the muon asymmetry versus time for the g
=0.6 and 1.2 samples. A 2 MHz component is evident for both S 0.05 [
samples. Notice the “dip” in the asymmetry of tAe1.2 sample & 0.00 e \ \ \
which is characteristic of a Kubo-Toyabe additional component. o 100 200 300 400

T(K)
and distributed static field-10 G. We will show hereafter

thhat thesz :\\;VVO signalsltcaanel alsso?a(;ed with adsmfle AFrequencies in th&=0.6 and 1.2 samples. THedependence of the
phase an 0 muon si es, IKely °Ca‘? neg(and A1) Cu ZFNMR local field and the width of the proton line | both scaled
for the 2 MH.Z and K.T signals, respectively. Analogous datalo the 2 MHz signal are represented by open squares and circles,
can F’e obtained using proton NMR “P to 42,0 K and therespectively. Bottom panel: Plot of the oscillating paramagnetic
Iocatlone of the muon and the proton will be discussed fur—Component obtained in a weak transverse fig&lS), both for z
ther on, in the analysis section of the paper. =0.6 and 1.2. A value of 0.07 is typical for the background obtained
The data forZ=1.2 was extensively fitted, using the sum for our sample geometry. The “paramagnetic” component corre-
of a Gaussian damped oscillating te(WMHz signa) and a  sponds to the unfrozen fraction of the sample.
Kubo-Toyabe ternfquasi zero internal field signal® In ad- _ _ _
dition, dynamical relaxation was accounted for by an expobe achieved by following the purely paramagnetic response
nential damping of the long-time tail of the asymmetry to & small 20 G external field applied perpendicular to the
which yields for the total asymmetu muon polarization. FoZ=1.2, we findTy=411 K, in fair
agreement with the value determined from the frequency
variation. As expected from the similarity of tHevariations
A= Ags@XP= t*)cod2mft) + AcrGicr (1 of the internal figld detected fat=1.2 an()j/Z:O.G, we find a
+ AongeXP(— At), transition temperature for th2=0.6 sample,Ty=4205)K,
of the same order of magnitudas forZ=1.2. The transition
is found slightly broader and the frozen fraction smaller as

damping rate of the 2 MHz signal andthe long-time expo- expe_cted from _the superconducti_ng. to nonsuperconducting
fraction determined from susceptibility measurements. No-

nential damping, associated with processes. Foz=0.6, tice the occurrence of a 30% loss of the paramagnetic frac-

since there is no clear evidence for a KT- dip, we rather; . ;
followed the 2 MHz signal only with 0—5&s fits allowing a tion due to the screening of the external field at the super

. A . conducting transitiom =60 K.
reliable determination of the frequency and of the damping Finally,gin Fig. 10,Cwe plot the Gaussian KT relaxation

of the oscillating signal. Whatever the fits performed, therate,(rKT, after subtraction of the nuclear contribution,.
determination of the frequency is quite stable and accurateypoye 300 K, an increase in the dynamical relaxation rate
The results fo_r the oscillating frequency are presented foppscures the KT dip behavigdotted curvg and makes ex-
both samples in Fig. 9. The absence of variation Vidtbf  traction ofoyr less reliablesy; decreases faster withthan
both theT— 0 frequency and it¥-dependence is one of the the frequency of the 2 MHz lingdashed curve but dies
most striking results of this study. approximately in the sariBrange, which is an indication in
The frequency foiz=1.2 is found to follow 1.9@)*(1  favor of the existence of 2 muon sites probing fzneAF
-T/Ty?%29 MHz with the Néel transiton atTy  phase.
=3955)K. The T-dependence scales perfectly with that of In conclusion, ouruSR study shows the existence of a
the ZFNMR as shown in Fig. 9. Above the transition, the ZFmagnetic phase, whose Néel temperature and characteristic
asymmetry is slowly relaxing, with a Gaussian KT relaxationinternal field does not vary with the water-compaosition. Two
rateop=0.21 us ™%, about twice as large as the nuclear dipolesignals can be identified with internal fields of 150 and 10 G,
relaxation found in pure YB&£u;0g., superconductors. This which are likely to originate from the same phase as indi-
difference may be partly due to the additior®d nuclear cated by the similarity of the temperatures at which the in-
moments. A better accuracy on the transition temperature caternal fields vanish.

FIG. 9. Top panel: Temperature dependence of theudR

whereGg+(t) is the Kubo-Toyabe functiong represents the
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FIG. 10. Gaussian relaxation rate of the 2 MHz sig(fdled B (G)

circley and Gaussian KT relaxation ratgéspen squargs The
dashed curve is the&-dependence of the 2 MHz frequency scaled to
the low T value ofot. The dotted curve indicates that the KT dip
is not clearly observable in thiE-range.

FIG. 11. Proton NMR spectrum for the YBau;Og 4(H,0)g 62
sample taken at 77 K. The decomposition of the spectrum is illus-
trated. The line shown by open squares corresponds to line I. Line Il
is obtained by subtraction of line | and of the narrow line Il from

the total spectrum and is expanded in the inset.
D. Proton NMR

The protons of the inserted water are also good probes afee that the linewidth scales with the temperature depen-
the magnetism of the new phases. We have, therefore, takelence of the 2 MHzSR signal and collapses at about
proton NMR data on the YB&u;0g 4(H,0)o g randomly ori- 400 K, the same temperature at which the 2 Mi&R sig-
ented powder sample used faSR. The spectrum at low T nal is lost, indicating that the protons of | are located in the
is almost identical to that published earliéf and is shown Ssame magnetic phase as the muons and confirming its Néel
in Fig. 11. It exhibits broad components and can only betemperature of 400 K. Let us point out that 2 MHz for the
obtained by monitoring the spin echo intensity and sweepingnuons corresponds exactly to an internal field of 150 G, so
the field. The spectrum consists of three lines: Two lines that the muons apparently sit on a site identical to that of the
and Il with rectangular shapes and respective widths of 30@roton. This is quite natural as these positively charged par-
and 28 G at lowT and a narrow on€ll). The features with ticles have the tendency to fill the same positions in the
flat tops are consistent with protons in the presence of agrystal structure. One could then think that muons preferen-
internal magnetic field. Since the sample consists of rantially sit on proton vacant sites. We could not determineTthe
domly oriented crystallites, the internal field is oriented atdependence of the width of line I, since it is obscured at
random with respect to the external field. The expected NMRigh T by the spurious proton signal, which also narrows at
lineshape is “rectangular” with edge steps corresponding thigh T (due to surface water mobility, for exampl&here-
the limiting cases where the internal field is parallel or anti-fore, we have no direct evidence that the protons of line Il
parallel to the external field. Thus the distance between theelong to the same magnetic phase as those of line I. How-
steps, i.e., the NMR linewidth, is twice the internal field. ever, this is quite likely, as their number is similar to that of
Therefore we can distinguish two protons sensing local fieldgrotons of line I, and they feel internal fields of the same
of 150 G for site | and 14 G for site Il at low, while the ~— magnitude as the muons giving a KT term, as pointed out in
narrow line 11l corresponds to protons which do not sense dhe previous Section.
significant internal field.

In order to compare the intensities of the lines, one has to
correct the spectrum of Fig. 11 from transverse relaxation
effects which are found different for the various sites. The Although the presence of magnetic phase in
transverse relaxation timé, was found much shortdT,  YBa,Cu,0q., Samples with inserted water molecules is evi-
=13(1)us] for the protons of line Il than for the those of line dent from our data, the fact that three copper ZFNMR signals
| [T,=1114)us]. Extrapolating to zero time delay the spin and two'H and muon signals are detected raises some ques-
echo signals of these two lines allowed us to conclude thaions about the assignment of these signals to a single or to
they have equal intensities within 16% accuracy. The intenmultiple phases.
sity of the central narrow line 11l which is characterized by a  Obviously the proton NMR only shows up two signals
long T,~400 us was found to be comparatively very small with similar intensities, both sensing an internal field. As
(about 2% and appears then to correspond to spurious proboth A1 andB phases deduced from x rays display two dis-
tons located on defect sites, or at the surface of the sampténct proton sites with equal weight, it is then clear that either
and of the probe coil. a single watered phase already occursZel0.6, or watered

The temperature dependence of the width of the broaghases are AF with a simildry of the order of 400 K and
line (ABg in Fig. 11), i.e., the value of the internal magnetic similar internal fields on the proton sites. Ax=420 K is
field at the protons site |, has been, after scaling, superimaell known to correspond to the characteristic temperature
posed on that of the 2 MHzSR signal in Fig. 9. One can for the AF of weakly coupled undoped Cu®ilayers!® we

V. ANALYSIS AND DISCUSSION
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might expect that bott\1 andB phases considered are in-  Let us recall that the studies of magnetic impurities sub-
deed AF. stituted in the chains in YB&u;Og has allowed to evidence
But one still needs to understand why we observe thre#hat the presence of magnetic moments in the chains fixes the
different copper sites detected by ZFNMR. Let us first con-actual 3D magnetic ordering of the AF () bilayers in the
sider the case where only the single well ordeBephase in ¢ direction. The interactioiferro or AF) between the plane
Fig. 1 is present in the sample. Cu moments and the impurity moment yields a ferromag-
netic ordering of the adjacent bilayers in the AFIl ph&se.
_ Here the geometry of Ci(2) orbitals with respect to
A. Are all the Cu ZFNMR signals due to the B phase? CU?*(1) ones, would result in a ferromagnetic coupling of
One can easily distinguish three types of copper ions iriheir magnetic moments from the semiempirical
this phase, those numbered as 1, 2, and 3 in Fig. 1, so ffoodenough-Kanamori rulé8.One therefore expects in the
would be natural to expect three ZFNMR signals with equal® Phase not only a freezing of the () moments but the
intensities. Of course the AF order which is established bypccurrence of an AFIl phase for the @i moments. As re-
insertion of water in the structure involves an ordering of thecalled hereabove, in this phase of the ¥B8eOg parent
CW?*(2) moments. But C{L), which is known to have a compou_nd_it has been clearly shown that the_z supertransferred
valence of 2 in filled chains!® could order magnetically as Mmagnetic field from Ctf(2) on Cu1) +nuc|e| IS o+nly about
well and exhibit a ZFNMR spectrum. This is quite plausible 1 KG. If the transferred field from cu2) to Cv (1) is as
inasmuch as the @) NQR signals disappear in the water- small for the water-loaded compound, the hyperfine field of

loaded samples. As one can see in Fig. 6, the intensities KG at Ci1) nuclei site is produced mainly by the on-site

the high- and low-frequency parts of the spectrum are almo%teraction and the two antiferromagnetically coupled neigh-

equal. That of the central part is substantially smaller an ors. The estimates of the hyperfine interaction in the filled

+ ; ; —
increases faster than others at high water uptake. The hig (10 czhlams of YBaCwO; give A, =30 kG/'“B'_B
=55 kG/ug,“* and one needs a value of the magnetic mo-

and low-frequency parts of the spectrum can likely be as- ; :
signed to the Cu@bilayer copper sites, while the central Ment at the CH(1) site to be about kg to explain the
ZFNMR spectrum would correspond to the chain copper sighYPerfine field of 85 kG. Of course, a modification/f and
nal. B by the presence of hydrogen certainly occurs as well and

In the “watered” samples, holes are localized in the chainén'gf‘t yield a smaller value of the local moment on the
by transforming Cti into CW?*, which totally suppresses Cu(1) site. _
charge carriers in the plane and restores an AF state in the One can as well wonder whether the ordering of the
CuO, bilayers. However, the watered chains certainlyCU(1) could affect the spectra of th@u(2) ZFNMR?Experi-
modify the geometrical structure of the bilayer with respectmentally, with increasing, the positions of the lines of the
to that of the YBaCusOs compound. This can be at the high-frequency part of the ZFNMR spectrum remains totally
origin of the modification of the on-site and/or supertrans-unchanged, but the low-frequency part is slightly shifteg
ferred hyperfine interactions of €2) ions. For example, the about 1 MH3 towards low frequenciesFig. 4, insef. A
watered chains might change the Cu-O bonding angles sglight splitting of the lines of this part of the spectr_um is
that one bonding angle increases up to almost 180° and triready seen for low water uptake. These changes might then
other one decreases. This is quite possible in this phase 2§ explained by the ordering of the @ moments with a
two hydrogens occupy asymmetric positions with respect td\yperfine field of about 1 kG supertransferred from(Dy
the CuQ planes of the bilayer. The value of the supertransOn Cu2), [but not on Ci2),]. Such a magnitude of the
ferred hyperfine magnetic field on @) is known to depend supertransferred fields would agree with that known from
on the bonding angle, being maximal for 180° and zero fofCu(2) to Cu*(1) in YBa,Cu;Og. Furthermore, the super-
90°. Thus the hyperfine magnetic field on the®wuclei of  transferred magnetic field from €11) should have the sign
two planes of the bilayer might become quite different whichof the on-site hyperfine field for GB). Since the local mag-
would explain the occurrence of the low-frequency and highnetic field at the C(2) nuclei site is dominated by the trans-
frequency parts of ZFNMR spectrum. ferred field from the four antiferromagnetically coupled

As for the central part of the spectrum it could be as-neighborg30 kG each for YBgCu;Og) which is opposite to
signed to the magnetically ordered copper in the chainsthe onsite one, the ferromagnetic coupling with(Qwshould
Since C(l1) in phaseB directly neighbors the “defective” reduce the value of the magnetic field at(@unuclei, which
chain, its surrounding might be rather asymmetric. The nonagrees with the experimental observati®@uch an effect
zero value of the asymmetry parameter 0.5 and/or the would allow us then to assign the high-frequency and low-
angle ® =55° between the internal magnetic field and thefrequency ZFNMR spectra respectively ©u(2); and
principal axis of the EFG tensor characteristic for the centralCu(2)..
part of the spectrum would support this assignment. Is this scenario supported by proton NMR gn8R data?

All the local magnetic observations: Three copper signals,Usually the muon senses mainly dipolar fields and occasion-
two proton anduSR signals would support then the forma- ally a hyperfine coupling if it stays very near from a mag-
tion of this unique B magnetic phasdowever, the slowest netic site. Here the fact that the muon and the proton sense
increase of the QW) signal with water uptak& would sug-  the same field suggests that the dominant coupling to their
gest thatthe AF ordering of the chain copper is not perfect neighbors is dipolar, as the contact hyperfine couplings of the
and only improves with increasing Z two species should a priori differ. So for consistency, we
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CuO, plane the site of the missing Q) ions in the chains, which is a
very natural location for hydrogen to ensure charge balance.
If the Cu2) magnetic moments are directed along the chain

Apical oxygen . . . S
direction, the calculated field at this site is also I¢about
o 6 G) and does not depend on the (Cumagnetization. So
"Good" CuO chain this site is a very good candidate for the proton and muon
site location whatever the actual AF ordering.
O "Defective” chain
X B. What about the other phases?
Apical oxygen Although we did not perform systematic x-ray studies of
our samples with different water content, published x-ray
CuO, plane data suggest that different phases sucAlandA appear as
2

well. PhaseAl should occur at lowZ and should disappear

FIG. 12. Possible locations of hydrogen or muon sites sensing Rrogressively forZ>0.5. It corresponds to 2 inequivalent

150 G internal field, obtained from contour plots of the dipolar field Rilayer copper sites, analogous in their local structure to
calculated with different magnetic structures: diamonds—boththose of theB structure, but with weights 3:1. Such a phase

Cu(1) and Cy2) magnetic moments are ordered and directed percorresponds in fact to the formation of a single cell of phase
pendicular to the chains; crosses and stars—boiti)cand Cy2) B intercalated with a cell of the starting material. The un-
magnetic moments are ordered and directed along the chains; éoped layers could as well be ordered magnetically through
sites marked by stars the internal magnetic field is 15@@hin the metallic layer, and one might observe then identical con-
few Gauss for both ordered and disordered @y moments. tributions to the low-frequency and high-frequency(2u
signals as in phad®, probably without ordering of the chain
need to understand whether we can find sites with dipolagopper.Ty being only weakly affected by the interbilayer
magnetic fields of 14 and 150 G in a fully ordered lattice ofcoupling;-*8the ZFNMR signals might be unaffected by the
electronic magnetic moments. Proton locations should b@ccurrence of this mixture of phases except the absence of
about 1A away from the lattice oxygens, which is the typical Al in the Cu1) ZFNMR signal, and the absence of the su-
length of the OH bond. In HighT, cuprates, the.* is also  pertransferred field induced by the @u So the progressive
known to bond to an oxygen to form-al A Ou™ bond. The transformation of phas@l into phaseB with increasingz
4 MHz line which is commonly detected in pure or dopedwould be in perfect agreement with our ZFNMR observa-
AF YBa,Cu304,, corresponds to muons near the apical oxy-tions.
gen Q4).22 The only question which seeme priori incompatible
So, in the present case, we performed calculations of thwith this scenario is the fact that the protanuon) internal
maps of the dipolar fields for phagewith lattice parameters ~fields are identical foZ=0.6 andZ=1.2. This would imply
a=b=0.39 nm,c=2.724 nm. We took magnetic moments of that the magnetic ordering of the (I moments does not
0.65ug on both C@2) and Cu1), directed perpendicular to modify significantly the dipolar field on the proton and muon
the CuO chains, with the stacking sequence of the AFIisites! However, we do find that such a situation might occur
phase. We find that a dipolar field of 150 G occurs betweerif the Cu(1) and Cu(2) moments are aligned in the direction
the CuO chains without Cu vacancies and the pl@ne on  of the chainsindeed, at the location at which a 150 G field
a site 1A far from the chain oxygexdiamonds in Fig. 12  occurs, that is in the places shown by stars in Fig. 12 which
Two quite plausible sites for muons and protons with aare 1A away from the apical oxygen sitting near the defec-
150 G field are also found if the C1) and C{2) magnetic tive chain, the dipole contribution of the Ci) moments is
moments are taken parallel to the CuO chaio®sses and very small(few Gausy so that the proton NMR angtSR
stars in Fig. 12 For one of thentstarg the field sensed is should be little affected by the CL) ordering.
independent of the Qi) magnetization. Let us point outthat ~ Of course, if this is not the actual orientation of the inter-
a 2.2 MHzuSR signal has been reporfédn the case of nal field, we are led to consider as an alternative possibility
PrBaCu;0;, which has an AF phase similar to YR2,0,.  that the central ZFNMR is not that of ordered (Cu Then
The closeness of this field value to that found in wateredhe central part of the ZFNMR spectrum could come from a
YBCO; 5 might be associated with an analogous localizationphase different from phad® (from the products of sample
of the muon in these phases. In that case the site near tlikecomposition, for exampleln this case the analysis of the
apical oxygen(star§ which does not sense the @) mag- low-frequency and high-frequency Cu ZFNMR spectra as
netization would be consistent with both results. Indeed aslue to two C@2) sites with different neighborhood would
the Cu chains are filled with © in PrBgCu;0; the local-  remain the same. There are many sites with dipolar fields of
ization of the muon around the (@ site might indeed 14 and 150 G in this case, so it is easy to explain Qo8R
slightly differ from that obtained in the empty chain com- and proton NMR results. In any case (@uis always 2 and
pound YBCQ. would exhibit a magnetic moment either paramagnetic or in
The calculations for magnetic moments perpendicular ta frozen disordered state. In the latter case the loss of the
the chains also give dipolar magnetic fields of about 14 G aNQR spectra of the chain copper is expected. In the former,
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the fluctuations of the local moment of C?* could as well VI. CONCLUSIONS

induce a fast spin lattice relaxation of the Cu nuclear spins .
. . ) Our copper NQR/ZFNMRuSR and proton NMR studies
gh'fh wouildh[:rev;art;t the detetc.t |otnhof tEe Qu NQR ?Lgnal. t f the YBaCu;04., cOompounds reacted with water vapor
rotons might not be present in the phase giving the cen rEgive straightforward evidence that water insertion proceeds

part of the ZFNMR spectrum. dominant] .
; . I y through the empty Cl) chains. The most or-
However, the main argument against attributing the cen- ; ) .
tral Cu ZFNMR signal to a phase distinct from B is that we dered regions of the crystallites are most easily transformed.

. o . ) . The water insertion is very slow at room temperature, but
did not detect a specifip.SR S|gqal which could be attrib- takes place in a few days at 100—200° C. The products of the
uted to such an ordered magnetic phase.

reaction are non-superconducting antiferromagnetic phases
in which the bilayer order aTy=400 K. The two copper

C. Samples packed in Stycast sites of the magnetic bilayers display quite different ZFNMR
signals with internal fields of 62 kG and 101 kG. A third

The changtis of the coplper NQde spectra for tZeZFNMR signal with an internal field of 85 kG appears al-
YBa,Cu04.,(x=0.4—0.7 samples packed in Stycast an ready for low water uptake and its intensity increases mark-

annealed at 200°C in air are in general the same as those fgfﬂy for high water uptake.
the free-powder annealed samples. During the first two hours \ne have shown above that phaBavould explain all the
of annealing of thex=0.5 powder packed in Stycast, the ragjts for the highest water content with or without deciding
NQR spectrum intensity decreased by 50% and then SIOWIYmambiguoust whether the 85 kG Cu ZFNMR spectrum is
reduced to 20% of the initial intensity after 80 hours of an-y e to chain ordered C1) moments. It could be eventually
nealing. . - ' )
.. . . attributed to a parasitic phase. However, an assignment of

The ZFNMR spectrum after 80 hours annealing is similar .« central par? of the ZpFNMR spectrum to (@ sgeems

to that of theZ=1.2 free-powder annealed spectrdfig. 1 quite reasonable if the moments are aligned along the chain

in Ref. 4, the only difference being the less resolved spectrg, . : -
) is. In that case our data are compatible with the appearance
at 45-96 and 96-140 MHz. The superconducting volumey - v re of phaseAl andB at low water content with a

fraction decreased during the annealing at the same rate B§ : ;

i . ogressive ordering of the C1) moments and the corre-
the copper NQR intensity, but slower than for free powders, : , i
A 80% decrease of the NOR signal was achieved after 8épondmg transformation from the AFI to the AFIl 3D mag

hours. Similar low intensity ZENMR spectra were observednetic order with increasing water content. Such a scenario
> y P explains both the slight frequency shift of the low-frequency
also in Stycast-packed samples stored for few years at roo

temperature. This indicates that minute amounts of thguAZF'TIN'\f]R spectra assoc(ljatﬁd wgh the pr?%ressweb:ncrea;e
samples are already transformed after long time reaction wit Fll phase content, and the absence of detectable modi-
Stvcast at roonT ication of theuSR and proton NMR spectra.
%n order to chéck whether only YB&U;Og., compounds YBa,Cu;Og. SamMples are very sensitive to air moisture,
y gD P and even samples packed in paraffin underwent a transfor-

with semi-empty chains, i.e., those witii- 1, are subject to mation of a large part of the sample after 6 years storage in
topotactic reaction with water vapor or Stycast decomposiz : ge p P Y 9
tion products, one YBZu;0; sample packed in Stycast was the ‘ambient atmosphef‘e_Samples(both YBaCUs06.4-67

annealed at 200°C for 5 hours. The superconducting vqumgrld YBaCu0,) packed in Stycast heated at 200°C, for

. which pure Stycast does not fully collapse, still undergo
fraction decreased by about 30% after such treatment, as was o eppoxy d()elcomposition and yi):al ds thF:a formation of tghe
reported earliet. At the same time, a magnetic phase ap-

peared in the sample with a copper ZFNMR spectrum wit game AP compound(about 20% after 80 hours for
slightly lower hyperfine magnetic fields than wateredk\(B"J‘ZC'“boﬁ-5 with a grain size of about 20 micropsfraces
YBa,Cu,Op s samples of such a reaction could be found even in samples packed in
Siznce gfy cast sorﬁehow protects the samples from a.?tycast_and stored at room temperature for few years. It is
moisture, the sample degradation most likely occurs throug;%hen quite clear that such effects should be considered quite
’ seriously and avoided in experiments attempting to resolve

insertion of the products of Stycast decomposition. It is_. . . :
. “tiny effects in these materials, such as for instance those
known that the polymer chains of most types of epoxy resin

contain OH-groups which apparently can readily tear off the” erformed by neutron scattering.

polymer chain, especially shortly after polymerization, and
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