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Structural and superconducting properties of MgB,_,Be,
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We prepared MgB ,Be, (x=0, 0.2, 0.3, 0.4, and 0)6samples where B is substituted with Be. MgB
structure is maintained up ®=0.6. In-plane and interplane lattice constants were found to decrease and
increase, respectively. The superconducting transition tempergfutecreases witk. We found that thel,
decrease is correlated with in-plane contraction but is insensitive to carrier doping, which is consistent with
other substitution studies such as MgAl,B, and MgB,_,C, . Implication of this work is discussed in terms
of the two-dimensional nature of the band.
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[. INTRODUCTION An x-ray diffraction (XRD) #-26 scan measurement was
performed using a Rigaku RINT d-max. Figuréjlshows
The recent discovery of superconductivity in MgBt  the results forx=0, 0.2, 0.4, 0.6, and 1.0. Most of the re-
T.=39 K has drawn enormous attention to its structural andlections correspond to AlBtype patterns. Also, minor im-
electrical propertiel.The borons form the graphitic planes purity phases such as MgO and BeO are found as indicated
and magnesiums supply charges in the planes. The resultiny V and *, respectively. Note that the MgBstructure is
carriers are holes in the-band? Most theoretical works maintained up tax=0.6. At higher compositions«= 1.4 and
suggest that coupling of the hole with a B-plane phononis 2.0, not shown hejewe find that Be;Mg becomes the main
the key ingredient of the superconductivity in this phase. In Fig. (b), the shifts of the(002) and (110 reflec-
compound®™® This phonon-mediated BCS mechanism istions are shown in expanded scalesxAscreases, th€002
consistent with the boron isotope efféct.

There have been many attempts to chafgethrough (a)' b 'k' o
chemical substitution in Mg or B sites. For example, Al sub- X=00
stitution on a Mg sitéand C substitution on the boron plane A S S DN A
are reported.Such chemical substitutions change the physi-
cal quantities of the system such as hole density, lattice con- 02 | e e

stants, etc. However, there is no detailed understanding of
the effect of substitution on the observéd change even
within the BCS frame.

In this paper, we prepared a series of MgBBe,, where
B is substituted with Be in the plafféwith this substitution,
the in-plane B-B distance decreases while the interplane dis- 04| x4 s = A
tance increases. Our thermopower measurement showed that
the o hole increases with Be, as reported in an independent 0.6
paper® We compare our result with other substituted com-
pounds and find that th€; change is insensitive to the car-
rier doping. Instead, we show that the in-plane B-B distance L4 Jl ‘\ |
is closely correlated with th@,. change in the low-doping e
region. This result is consistent with the two-dimensional 20 (deg.)
(2D) nature of thes band? /

(b)
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Polycrystalline samples were synthesized with the powder
metallurgical technique under high pressure. Starting materi-
als were fine powders of M@99.8%, Alfa Aesay, amor- B % & % B & &
phous B(99.99%, Alfa Aesar, and Be(99.+%, Alfa Aesalj.

Stoichiometric amounts of powders were mixed and pellet-
ized. The pellets were placed in a tungsten vessel with a FIG. 1. (a) x-ray 6-26 scan results of MgB_,Be, (x=0, 0.2,
close-fitting cap, then reactedrfd h at 850 °Qunder 20 atm 0.3, 0.4, 0.6, and 1)0Impurity peaks are indicated with symbols:
of high-purity argon atmosphere. MgO(V) and Be@*). (b) Shift of (002 and (110 reflections.
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FIG. 2. MagnetizatiorM(T) of MgB,_,Be,. ZFC results are
shown. External magnetic field=10 Oe is used. Data are normal-
ized with 5 K value.

reflection shifts to a lower angle while tH&10) reflection

moves to the opposite direction. This indicates that the in-
plane lattice constarat decreases and the interplane distance

c increases withx.!* To obtain the lattice parameters, we
performed refinement analysis using thRETAN-2000
progrant? and used MgO and BeO as internal standards.

In order to study superconducting property, dc magnetiza-
tion was measured using a dc superconducting quantum in-

terference device(SQUID) magnetometenQuantum De-
sign). Figure 2 shows the magnetizatioM(T) of

MgB,_,Be,. In this measurement, samples were first zero- 0

field cooled(ZFC) and data were measured with increasing
temperature undeéd =10 Oe. Note that the superconducting
transition temperatur&. decreases witl. In the figure, the
magnetization is normalized with the saturated valud at
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FIG. 3. Upper: lattice parameteaq ®) andc (O) vsx. Lower:
superconducting onset temperatdrg (A), transition widthAT,.
(A), and the rati)A T, /T, () vsx. AT, is determined from the
10%—-90% transition of saturated magnetization.
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FIG. 4. T, change with respect to lattice compression for vari-
ous chemically substituted compounda). T, vs interplane lattice
contraction —Ac/cy. (b) T. vs in-plane lattice contraction
—Aalay. (c) shows an expanded view of the low-doping region of
(b). Experimental data are shown with symbols: MgEBe, (@),
Mg, _,Al,B, (O0), and MgB,_,C, (O). Results of high-pressure
measurement for pristine MgBare shown for comparisofdashed
lines), based on the experimental results below 1 GRef. 13.
Solid and dash-dotted lines are guides for the eye.

=5 K. The transition widthAT, was determined from
10%—-90% the transition.

I1l. RESULT AND DISCUSSION

In Fig. 3, we summarize the XRD anf. results. The
upper panel shows the lattice constaatndc. T, andAT,
are shown in the lower panel. With Be dopirydecreases
while ¢ increases. Note that the changedn~3.3%) is
much larger than that ia (~0.7%). The transition tempera-
ture T, decreases bukT. shows a maximum neat=0.3.
This is an interesting result, because normally the supercon-
ducting transition becomes broader with random substitu-
tions. We associate this anomalous behavioA @f with the
structural data: we note that tl§@02) reflection is the most
broad atx=0.3 in Fig. Xb), which indicates considerable
distribution in thec value, possibly due to the two stable
phases ak=0 andx=0.6. This effect may increaskT at
intermediatex values. Considering the drastic changeTgf
the transition width will be more meaningful when it is nor-
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malized with T.. As shown with open squares, the ratio quency, and a decrease in the electron-phonon coupling. As a
AT, /T, increases withx. result, T, decrease¥*'>® Note that for Al- and Be-
Now let us consider th&d. change. To see a possible substituted sampled,. decreases somewhat faster than the
correlation ofT with lattice parameters, we first pldt, vsc  pressure line, suggesting that some additional effects such as,
in Fig. 4(a). Our results for MgB_,Be, are shown as solid for example, structural randomness arise by the substitution.
circles. For comparison, the results for MgAI,B, (open It is interesting that in MgB_,C,, the slope is close to the
squares (Ref. 7) and MgB,_,C, (open circles (Ref. § are  pressure line, suggesting that the additional effects are
also shown. In MgB_,Be, , ¢ expands with the substitution minimal® Our observation points to a possifllgincrease if
while it contracts in Mg_,Al,B,. For MgB,_,C,, c re- a could be expande®. In fact, Medvedeveet al. predicted
mains almost unchanged. For all these three different casekhiat higherT. may be obtained in lattice-expanded cases
T. decreases and there is no correlation betwEgand c. such as the hypothetical CaB'
This indicates that the inter layer distance is not directly It is interesting to compare our results with the theoretical
related toT,. prediction on MgB_,Be, by Mehl et all* According to
Next, we examine th& vs a relation in Fig. 4b). For all  their calculation, the lattice constaatincreases withx, op-
samplesa shrinks with the substitutions. Along with thee  posite to our observation. At this point, it is not clear where
decrease,T. decreases linearly. With further contraction, the discrepancy arises from. As one possibility, we speculate
sudden drops are found for MgB,Be, and Mg _,Al,B,.  that Be substituted in the B plane may actually exist in a
This indicates some abrupt changes in the samples, for eyartially ionic state rather than in a perfect covalent state. In
ample structural instability like buckling or ordering in the this case, the Be radius is smaller than its covalent radius,
plane. It is useful to compare the lineB¢ decrease with the Wwhich can result in the in-plane contractith.
result of high-pressure experiments on pristine NMgB
(dashed ling As e>.<ternal pressure is applied, the Iatti_ce is IV. CONCLUSION
compressed andl, is found to decreas€.[The dashed line
in Fig. 4(a) represents the pressure resultéamompressior. In this work, we studied the structural and superconduct-
Note that theT . decrease in substituted compounds is similaring properties of MgB_,Be, (x=0, 0.2, 0.3, 0.4, and 0)6
to the pressure line when the contractionfa/a,) is small.  In-plane and interplane lattice constants were found to de-
In Fig. 4(c), we examine the low-contraction region more crease and increase respectively with Be substitution. While
closely. Note that the data of the two compoufils, and Al T, decreases witlk monotonically,AT. shows a maximum
substitutegl fall nearly on the same linésee the solid guide atx=0.3. From our results and other substitution studds
line). It is interesting that th@, change occurs in the same and C substitution we found that thd . change is correlated
direction(decreasgfor both electrofAl (Ref. 16] and hole  with the in-plane contraction and is independent of the car-
[Be (Ref. 10] doping. In fact, such a behavior is predicted rier doping. This is consistent with the 2D nature of ihe
theoretically by An and Pickétttheir band calculation for band.
MgB, shows that the in-plane band is highly 2D like and
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