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Abstract: Mg,_ .M ,B,(M= Li or deficiency) compounds were prepared and their structure and superconducting proper

ties were studied. The results show that nearly singlephased Mg;_ , Li, By samples have been obtained while x <0. 3.

With increasing x, lattice parameters a decreases and ¢ shows no obvious change, and the superconducting transition

temperature T of Mg;_ , Li, B> decreases. Moreover, loss of superconductivity occurs for sample with x = 0. 5. For

Mgi- . Bs nearly single-phased samples can be obtained at x = 0. M gB, coexists with M gB4 phase and some minor impurity

phases while 0< x < 0.5. With the increase of x, @ and ¢ of MgB; decreases and increases, respectively, and T . decreas-

es. The obvious difference in the superconductivity of Mg;_ ,Li, B, and Mg;_ , B, suggests that Li indeed dopes into the

structure of MgB,.
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1 INTRODUCTION

The recent discovery of superconductivity in the
binary intermetallic compound M gB,'"! has stimulated
worldwide excitement in the scientific community and
resulted in a flurry of both experimental and theoreti
cal work!”™ . The superconducting transition temper
ature T . of MgB, is 39 K, which is almost twice as
large as the record values of T . for the conventional
intermetallic superconductors. Its structure is very
simple, consisting of alternating layers of Mg atoms
and B atoms. Hall effect measurements show that the
Hall coefficient of MgB; is positive like those of high
T . cuprate superconductors and its carrier density at
100 K is 1. 5% 10%/em®, which is very high com-
pared to those of Nb3Sn and the optimally doped
YBa,Cu30,'” . A significant boron isotope effect was
observed, suggesting a phonomr mediated BCS super-
561 " On the other
hand, it is proposed that the theory of hole supercon-

conducting mechanism in MgB,

ductivity may also account for the superconductivity
in MgB2[7’ 8
of superconductivity in MgB, is still an open question.

So the mechanism for the occurrence

Doping has been proved to be a very powerful
method to study the physical properties of cuprates.
Up to now, there have been some studies on the dop-

ing effect of Mg;- ;M By or MgB,_ , M, in which M

are the doping elements' """, Slusky et al'''l have

studied the electron doping effect of Al on the struc
ture and superconducting transition temperature of
MgB; and found that T . decreases with Al doping. It
is also found that Be cannot dope into Mg sites and
Mg, . Be,B; has the same T, as pure MgBy!'?. Tt
was reported later that Be can react with B to form
BeB> 75,  which superconductivity  at

0.72 K" Investigation indicates that 10% Zn could

be doped in the MgB, structure, leading to an in-
[13]

shows

crease of both lattice parameters Since electron
doping and isoelectronic substitution of Mg could not
increase T .of MgBs, it is necessary to investigate the
hole doping effect of MgB,. It has been put forward
that Mg- . Li, B> is a key compound to test two pos-
sible superconducting mechanisms of MgB,, that is
BCS mechanism and hole superconducting mechanism
due to their different predictions on the behavior of
T . upon hole doping. BCS mechanism predicts the
increase of T, due to Li doping. However, according
to the hole superconductivity mechanism, MgB, is al-
ready over doped, further doping with holes by Li
doping will decrease T'®'. Thus, it is important to
prepare Mgi_ . Li, By and get the T . dependence on Li
doping. Moreover, since the structural and supercon-
ducting properties of Mg;_ , B, can be used as refer
ence for investigation on doping effect, Mg;_ . B,
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samples are prepared and their superconductivity are
studied at the same time in this work.

2 EXPERIMENTAL

Mg, ,Li, B, samples with x = 0, 0. 1, 0. 15,
0.2, 0.25, 0.3 and 0.5 as well as Mg;_ . B2 samples
with x=0, 0.1, 0.2, 0.3, 0.4 and 0.5 were pre
pared by the solid-state reaction method. The starting
materials were Mg flakes (99. 9% purity), amor-
phous B powder (99. 99% purity), and Li in lump
form (99.99% purity). For Mg;_ , Li,B,, the stor
chiometric elements were combined in glove-box un-
der an argon atmosphere, and were put into a sealed
Ta tube which was subsequently sealed in a quartz
ampoule. For Mg;_ , By, the needed elements in the
nominal ratio were combined in a sealed stainless steel
tube. After that, the quartz ampoule and stainless
tube were placed in a box furnace and heated at 950
‘C for 2 h, then quenched to room temperature. The
phase analysis of the samples was performed using
Rigaku Dmax-RB X ~ ray diffractometer with Cu K4
radiation. AC susceptibility of the samples from room
temperature to liquid helium temperature was mea
sured. T . of the samples was determined with super-
conducting quantum inlerference device.

3 RESULTS AND DISCUSSION

3.1 Phase analysis

Fig. 1 shows the X-ray diffraction patterns for
Mg;_ ,Li, By samples with x = 0, 0. 1, 0. 3. It can
be seen that they are very similar while x <0. 3, and
they are basically consistent with the reported X ~ ray
diffraction pattern of MgB,''"' indicating that the
samples are nearly single-phased. However, some u-
nidentified peaks occur in the X ~ ray diffraction pat-
tern for sample with x= 0.5, showing that the sam-
ple may contain impurity phases. It can be found that
the diffraction angles for ( 100), (101) and ( 110)
crystal planes dramatically increase with increasing
doping amount, especially the (100) and ( 110) crys-
tal planes, while that for (002) plane remains un-
changed. Using the diffraction angles and Bragg s
formula, lattice parameters a and ¢ can be obtained.

The X ~ ray diffraction patterns for Mgi- » B>
with x = 0 and 0. 3 are shown in Fig.2. It can be
found that the pattern of sample with x = 0 is consis-
tent with that of MgB; except a small peak of MgO.
While x = 0. 3, some extra peaks appear besides the
peaks of the MgB, phase. Careful analysis shows that
the major extra peaks belong to MgB4 phase, while
some low peaks may be related to some impurity
phases. That is, the MgB, phase coexists with the
M gB4 phase and minor amount of impurity phases for
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Fig. 1 X-ray diffraction patterns for Mg . Li, B>

with different doping amounts
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Fig. 2 X-ray diffraction patterns for Mg;_ , B,
with x= 0(a) and 0. 3(b)

samples with 0< x 0. 5. Moreover, the amount of
the MgB, phase increases and that of the M gB, phase
decreases with increasing x. The calculation of the
temperature composition phase diagram of the Mg B
system under 101. 325 kPa shows that for Mgi- . B>
(0< x< 0.5), which corresponds to the range of
atomic fraction of boron from 67% (x = 0, molar frac
tion) to 80% (x= 0.5), the MgB, and MgB4 phases co-
exist below 1 550 ‘C. Thus, the present results are con-
sistent with their calculation. It is also found that the
diffraction angles for (100) and ( 110) crystal planes of
MgB; increase with increasing x, while that for ( 002)
plane decreases, indicating that the lattice parameters of
the M gB, phase also change with x.

3.2 Lattice parameters
For comparison, the variation of lattice parame-
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ters @ and ¢ with x for Mg,_ , Li,Bo(x= 0, 0.1,
0.15, 0.2, 0.25, and 0. 3) and Mg;- ., Ba(x = O,
0.1, 0.2, 0.3, 0.4, and 0.5) samples is shown in
Fig. 3. One can see that for Mgi- , Li, B, the in
plane lattice parameter a decreases with increasing
x, which can be understood by considering the fact
that the ion radius of Li* (0.6 U) is smaller than that
of Mg* (0.65 U), and the lattice parameter ¢, the
distance between the adjacent B layers, keeps invari
ant within the experimental error. Therefore, Li
doping mainly affects the in-plane coupling.

As to Mgi- . By, its lattice parameter a reduces
slower than that of Mg;_ ,Li, B and ¢ increases along
with increasing x, which is due to the presence of
Mg vacancies or B interstitial atoms. Thus, it can be
concluded that the dependence of the lattice parame-
ters on x for Mgi_ . Liy By is different from that for
Mgi- . Ba.

3.3 AC susceptibility

Fig. 4 illustrates the temperature dependence of
the AC susceptibility for Mg;_ . Li, B, samples with x
=0, 0.1, 0.3 and 0.5, and for Mg;_ , B, samples
with x = 0 and 0. 5, respectively. Fig. 4(a) clearly
shows that the superconducting transition tempera
ture T. of Mgi- . Li, By samples decreases with Li
doping and superconductivity disappears for sample
with x= 0. 5. For Mg;_ , By, T. decreases with in-
creasing x and the amplitude of variation of the AC
susceptibility around the transition temperature also
decreases, indicating that the amount of the super
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conducting phase decreases. This is consistent with
the X ~ ray diffraction results that the fraction of the
M gB4 phase increases and that of MgB; phase decreas-

es with increasing x .

3.4 Superconducting transition temperature

Fig. 5 shows that the variation of the supercon-
ducting transition temperature 7. with x for
Mgi- . LiyBs and Mgi- . Ba. It can be found that for
Mg;_ ,Li;, By, T. decreases rapidly with the increase
in Li doping amount. For Mgi- . B2, T. decreases
only from 38. 4 K to 36 K with the increase of x
from 0 to 0. 5. T . decreases slowly with x for sam-
ples with x 0. 2 and then decreases relatively fast
for samples with x> 0. 2.

It should be pointed out that if Li does not
dope into the structure of MgB,, the experimental re-
sults of Mg;- ,Li,B, are comparable to those of
Mg;_ , B, samples. In the present study, the obvious
difference in the lattice parameters, AC susceptibility
and superconducting transition tempera
ture of Mg;- ,Li,By and Mg;_ ,By can be found.
Therefore, it can be concluded that Li indeed dopes
into the structure of MgB,.

Careful analysis shows that the effect of Li dop-
ing on T, may be realized by two actions, namely,
the reduction of the lattice parameter a or unit cell
volume and hole doping. Fig. 6 illustrates the relation
between T . and the unit cell volume V. It can be
seen that T . decreases with the decrease of the unit
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Fig. 3 Variation of lattice parameters a(a) and ¢(b) with x for Mgi- . Li, B> and Mgi- . B>
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Fig. 4 Temperature dependence of AC susceptibility for Mg;_ , Li, B, with
different Li doping(a) and for Mgi- . Ba(b)
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Fig. 5 Variation of T, with x for Mg, ,Li, B>
and Mgi- , By samples

cell volume. Some investigation on the influence of
hydrostatic pressure on MgB, indicates that T . of
MgB, samples decreases linearly with the increase of

14197200 In these experr

the hydrostatic pressure
ments, the hydrostatic pressure decreases both the in-
plane and inter-plane B-B distance, leading to the de-
crease of T .for MgBs. The relation between T . and
V can be expressed as dInT ./ d V= 0. 18 U 3 , or
dinT/dinV = 4.16%.

doping decreases the in-plane B-B distance and has no

In the present study, Li

effect on the interplane B-B distance, and decreases
T .. In addition, the values of dln7./dV and dInT ./
dln V are calculated to be 0. 80 U * and 23, respec
tively, which are much larger than those obtained in
the hydrostatic pressure experiments. Provided that
the chemical pressure ( present work) and the physi-
cal pressure (in the hydrostatic pressure experiments)
have the same effect on T . of MgB,, the above differ-
ence in ratios suggests that as for the T . suppression
in Mgi- . Li,B2, there may be some contribution
from hole doping besides the contribution from the

contraction of the unit cell volume.
37
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Fig. 6 Correlation between superconducting
transition temperature T . and

unit cell volume for Mg;_ ,Li, B,

4 CONCLUSIONS

1) Mgi- . Li,B> and Mg;_ , B, samples have been
prepared by a solid-state reaction method. For Mgi_ .
Li; B2, nearly single-phased samples can be obtained
while x 0. 3. The lattice parameter a decreases and
¢ has no obvious variation with increasing x . Li dop-
ing decreases T. of Mg;_ , Li,B> and superconduc
tivity disappears for sample with x= 0. 5.

2) For Mgi- . B2, nearly single-phased samples
can be obtained for x = 0. However, MgB: coexists
with MgB4 phase and some minor impurity phases,
and the amount of MgBs and M gB; increases and de-
creases, respectively with increasing x while O< x <
0. 5. The lattice parameters a and ¢ of MgB; de
creases and increases, respectively, and T . decreases
with the increase in x. T . reduces to 36 K for sample
with x= 0. 5.

3) The obvious difference in the lattice parame-
ters, AC susceptibility and superconducting transition
temperature for Mg_ , Li, B, and Mg;_ . B, suggest
that Li indeed dopes into the structure of M gB,.
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