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Effect of hydrostatic pressure on the superconductivity in NgCoO,-yH,O
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The effect of hydrostatic pressure on the superconducting transition temperaturgzg€d@,- yH,O was
investigated by ac susceptibility measurements up to 1.6 GPa. The pressure coeffiCigstredgative and the
dependenceT(p) is nonlinear over the pressure range investigated. The magnitude of the average
dInT./dp~—0.07 GPa' is comparable to the pressure coefficient of electron-doped higtepper oxide
superconductors with a similar value Bf. Our results provide support to the assumption of two-dimensional
superconductivity in NgsC0o0O,-yH,O, which is similar to the cuprate systems, and suggest that intercalation
of larger molecules may lead to an enhancement of
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The recent discovery of superconductivity in two- content of sodium and water. This can be achieved by apply-
dimensional Co® layers in the compound ing hydrostatic pressure. Because of the strong lattice anisot-
Nag 3£C00,- yH,O has attracted attention because of its posfopy and the weak bonding between the lay@he water
sible similarity to the highF. superconductivity in Cug  molecules are electrically neutral although polarjzédis
planes of the cuprate systems but with a different spin statexpected that the compression of tbeaxis increases the
associated with C.The compound appears to be the firstinterlayer coupling and has a major effect on the supercon-
superconducting layered metal oxide involving Bansition ~ ductivity. _
metals other than copper. The deintercalation of Nans We have measured the superponductln'gcnof
accompanied by an intercalation of water molecules result)2035c0Q, YH,0 powder by ac magnetic susceptibility ex-

[ i i ' i ; i ts in a hydrostatic pressure environment up to 1.6
in a combined doping anctaxis expansion effect effectively PENMeN i
reducing the interlayer coupling between the Gaflanes GPa. The observed decreaseTinof up to 10% at 1.6 GPa

and enhancing the two-dimensional character of the StruClnd|cates the importance of a reduced interlayer coupling for

: Stabilizing the superconductin round state in this
ture. Magnetic susceptibility measurements have shown g P g9

) \ ) d.
diamagnetic drop belw 5 K ascribed to the onset of super- rpregurl\]la(CoO[szo powder was synthesized as de-

conductivity although the estimated volume fraction is onlygerihed in Refs. 1 and 5. The x-ray spectrum shows the re-
of the order of 10% of the value for perfect diamagnetism fiections of the hexagonal space groBfs/mmc with lat-
The high-field dependence of the susceptibility resemblegce parametera=2.820 A andc=19.593 A. The structural
that of the hight. copper oxides, with little change of the parameters are in good agreement with the recently reported
onset but an appreciable broadening of the superconductingata! Magnetic susceptibility measurements indicate the on-
transition under increasing magnetic field. Because of thesget of superconductivity at 4.7 K; the magnitude of the dia-
similarities and the fact that the removal of water suppressesagnetic signalte2 K in field and zero field cooling runs are
the superconductivity, it was suggested that the large separgomparable with data of Ref. 1. Before starting the high
tion of the CoQ layers and the reduced interaction betweenpressure experiment the sample was carefully checked with
them is essential for stabilizing the superconducting state. respect to chemical compatibility with the liquid pressure
The major difference from the square Cufllanes of the  transmitting mediun{a 1:1 mixture of 3M Fluorinert FC70/
cuprates is the triangular symmetry of the Co lattice that may-C77). The pressure medium was mixed with the sample
lead to possible frustration effects in the magnetic structurgpowder and the dc susceptibility of the mixture was mea-
of the antiferromagnetically interacting cobalt spins. Theo-sured using the superconducting quantum interference device
retical treatments therefore employ thé model on a planar magnetometefQuantum Design No change or degradation
triangular latticé~* Different magnetic and superconducting in the superconducting properties of the mixture as compared
orders, e.g.,d-wave superconductivity, a time-reversal- to the original powder was detected. For high-pressure ac
symmetry-breakingd,2.,2+id,, ground staté, and spin susceptibility measurements a dual coil was mounted onto a
triplet superconductivity have been proposed. To distin- plastic frame with a 1.3 mm diameter, 5 mm long concentric
guish between different theoretical proposals and to facilinner space accommodating the sample powder, and a small
itate our basic understanding of superconductivity inpiece of high purity(99.9999% lead forin situ pressure
Nag 35C00,- yH,0, far more experimental work needs to be measurements. The superconducting transition of the lead
conducted. In particular, the dependence of the supercorirduced a small diamagnetic signal in the pickup coil and the
ducting state on the interlayer coupling is of interest. Thepressure was determined from the shift of the lead transition
Co0, interlayer coupling should be tuned reversibly by temperaturé. The coil was inserted into a Teflon container
changing the distance between the planesXis lattice pa- filled with the fluorinert pressure medium, and pressure was
rametey without affecting the chemical composition, i.e., the generated by a beryllium-copper piston cylinder clahjne
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FIG. 1. ac susceptibility of Na<Co0,-yH,O measured at dif- FIG. 2. Pressure dependenceTof of Nag 3:C00,-yH,0. The
ferent pressures. The data are normalized to the susceptibility valugpen circles are data taken at increasing pressure, the filled square
at 5 K. The superconducting transition temperature was estimateifidicatesT, after the pressure was completely released. The num-
from the onset of the diamagnetic signal, as indicated by the arroWers indicate the chronological order of the pressure changes.
in the inset. The sequence of pressure application follows the values
listed in the figure. The filled squares denote the data set acquirdine is a fit of the data to a parabolic pressure dependence,
after pressure was released. T.(p)=4.68-0.004p—0.18%? (T, in K andp in GP3. At

the highest pressure of this experiméht3 GPathe super-

pressure cell was inserted into*Ble dewar that allowed the conducting transition dropped to 4.2 K. Extrapolating the
control of temperature between room temperature and 1.2 Kparabolic dependence ,=0 vyields a critical pressure of
The temperature below 45 K was measured by a germaniup.=5 GPa. The recovery of . after pressure release is in-
resistor built into the pressure clamp close to the samplelicated by the filled square in Fig.(ih contrast to the open
position. The inductance was measured with an LR 70Qircles denoting data estimated within the increasing pressure
mutual inductance bridgé.inear Researchat a frequency cycle). It should be noted that in the present experiments the
of 19 Hz. pressure medium was frozen at the superconducting transi-

The inductancd (T) measured at different pressures istion temperature. This may result in deviations from pure
shown in Fig. 1(for clarity not all sets of acquired data are hydrostatic conditions, and small pressure gradients through-
shown. The superconducting transition is well resolved andout the sample space could be expected. Any pressure me-
the onset of diamagnetism causes the decrease of the indugium, even He gas at elevated pressure, will solidify at these
tance signal below .. The vertical drop of (T) close to 7 K low temperatures. In order to check on possible pressure gra-
in Fig. 1 indicates the diamagnetic signal from the supercondients we have evaluated the width of the diamagnetic drop
ducting transition of the lead manometer and it was used foof the ac susceptibility in passing the superconducting tran-
pressure determination. With increasing pressure the supesition of the lead manometer. The cooling speed was elec-
conducting transition of the Na<Co0O,- yH,O powder shifts  tronically controlled as low as 0.01 K/min. The width of the
to lower temperature and the transition becomes slightljead transition(as measured between the 90% and 10% drop
sharper. It is remarkable that the shape and the overall dropf the susceptibility was even at the highest pressure still
of the susceptibility curves do not change appreciably withbelow 0.01 K and only slightly larger than the zero pressure
pressure which indicates that the sample is stable at the apalue of 0.008 K. If the small difference is attributed to a
plied hydrostatic pressure. There is no sign of a possibl@ressure gradient across the volume of the lead sample the
chemical decomposition or loss of water during the experiinhomogeneity is less than 0.005 GPa at the maximum pres-
ments. After acquiring the highest pressure data the pressuseire of 1.6 GPa. With the Naso00,-yH,O samples the
was almost completely releaséal residual pressure of 0.04 linear dimension being about ten times the size of the lead,
GPa was measurgdnd the susceptibility curve was found in the possible pressure gradients are still small and should not
good agreement with the ambient pressure data taken at tladfect the results significantly.
start of the experiments. These data are marked by filled A negative pressure coefficient i, is frequently ob-
squares in Fig. 1. This again shows that the sample is stabkerved in low- as well as highz compounds. In lowF, (i.e.,
and the superconducting properties are reversible under h{3CS-like, phonon-mediatédsuperconductivity the negative
drostatic pressure. THE.(p) as estimated from the onset of pressure shift off, can be explained by a decrease of the
the diamagnetic signasee the inset of Fig.)1s displayed in  electron-phonon coupling constant, \ is proportional to
Fig. 2. For low pressure the changeTqfis relatively small.  the electronic density of staté®OS) and to the inverse of
With increasing pressure thi. decreases faster resulting in the average square of the phonon frequency. The application
a nonlinear dependendg(p) as shown in Fig. 2. The solid of pressure usually results in an increase of the phonon fre-
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quency(phonon “hardening” effegtand, in many instances, anisotropic as well. High pressure x-ray investigations can
in a decrease of the DOS. Both effects lead to a decrease dfstinguish the compression of the and ¢ axes and are
T., as was recently discussed, for example, in M§B'he  therefore highly desirable. For the current discussion we as-
high-T. cuprate superconductors exhibit both positive assume that the two-dimensionality and the expansion ofcthe
well as negative pressure coefficients, depending on the congXis by intercalation of water in Na:CoG,- yH,O is the key
pound and the doping state. For some hole-doped coppép understanding the superconductivithis is at least as-
oxides a negatival T,/dp was reported in the overdoped Sumed in all previous publication$™ Then it is natural to

regime and partially attributed to a pressure-induced chargXPeCt that a pressure induced decrease ottes length
; dpsults in a suppression of the superconducting state. How-

the only factor affecting the pressure shift Bf (for an ex- ever, the ef_fects Qf in-plane compress_ion_ are not clear anql
need to be investigated separately. Uniaxial pressure experi-

e sCiseo, o D i a0 VPO 15 DOV, ENS Using Sige cysia o e YO (o
N . P y : . rently availablg can help to separate the different contribu-
into account if the present data are compared with th

) ions. A pressure induced charge transfer to the Cla§ers
high-T, cuprates. For electron-doped —cuprates, e'g'(as discussed for the cuprate supercondugisranlikely as

S gdC&1CUQ,y, the pressure coefficient of . was long as the intercalated water molecules remain neutral and

g?#g?er:? Cbheenrli%?t'ggmfogs?ﬁcl)e:]rgear?;lr:g?g r)Of(josyisr;[eQQEOW'tlh‘[he valence of the Na ions is51. The nonlinear decrease of
P PINgs. T. observed in our investigation is equally unusual and in-

Ige?frf(iacti)g’nf dlljr?'_;_/e/r;al ;enlzq_or\],vggwﬁegstggo’Lilg(t)'x;npr?ossurfeeresting. It may suggest the possible existence of large dis-
’ c/ap, ¢ prop ' 9 persion in the energy spectrum of the compound near its

this relation the pressure coefficient for a sample with Fermi surface

—47K shoulq be of the _orde_r O*'Q‘l to _.0'15_ GpPa'. In conclusion, we have investigated the dependence of the
Th(_a TC—_p relation shown in Fig. 2 is nonlmear, however, superconducting, of Nas:C00,-yH,0 upon hydrostatic
estimating the average pr?fsure changﬁcpjnelds a value pressure up to 1.6 GPa. The pressure coefficient is negative
of dInT/dp= __0'07 GPa“, and calculating the slope of andT.(p) shows a strong nonlinearity. The sign and magni-
Te(p) at the high Qrfssure end of the graph We g€l ge of the relative pressure coefficient are compatible with
din TC/q p=-01 QPa . These Va'“"?‘s. are in fair agree- similar data of electron-doped cuprates. Our results indicate
ment W'th the typical pressure co_eff|c|ent_ Of an elec_tron-that the superconductivity in this compound may originate
doped high¥, superconductor with a similar ambient from the apparent two dimensionality of the Co@lanes

pressureT;. similar to the Cu@ layers of the electron-doped copper ox-
In the discussion of the pressure effects the lattice aniso1iaeS @ lay P PP

ropy has to be considered since even hydrostatic pressure
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