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Samples with nominal composition MoSr2HoCu2O8-δ were synthesized and their magnetic and superconducting properties 
were investigated. MoSr2HoCu2O8-δ has a superconducting transition at Tc=27 K and an AFM one at TN=13 K.  It was estab-
lished that the magnetic order is of a long range type. The coincidence of the obtained experimental value of the Curie con-
stant and the theoretical one of the Ho-containing Mo-1212 shows that the magnetic properties of the samples are deter-
mined by the highly dominating phase Mo-1212. The double resistive SC transition, together with the absence of both dia-
magnetism and peak in the specific heat between the two critical temperatures denote the presence of granular supercon-
ductivity. The latter phenomenon and the observed Mo-deficiency can explain the low superconducting volume fraction of 
the samples. 
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1. Introduction   
 
After the synthesis of the ruthenocuprates           

RuSr2R2-xCexCu2O10 (Ru-1222) and RuSr2RCu2O8           
(Ru-1212), (R = Sm, Eu, Gd) by Bauernfeind et al. [1] a 
coexistence of superconductivity (SC) and weak ferro-
magnetism (FM) was discovered in Ru-1222                
(R=Eu, Gd) by the authors of [2] and in Ru-1212 [3]. It 
was established that the magnetic state of the Ru sublattice 
is not affected by the presence of the SC state, therefore 
the two states coexist in–trinsically on the microscopic 
scale. The authors of [4, 5] pointed out that the Ru ions in 
both Ru-1222 and Ru-1212 systems can be completely re-
placed by Mo ions. In Mo-1222 the SC competes with the 
magnetic order [4]. A coexistence of superconductivity 
and antiferromagnetism (AFM) in MoSr2RCu2Oy for R=Y, 
Ho, Er and Tm was established in [5]. Up to now, less at-
tention was drown to this phenomenon in comparison with 
the coexistence of SC and FM in Ru-1212 and Ru-1222. 
The authors of [6] carried out a more detailed investigation 
of the Y-containing Mo-1212. They established that the 
AFM ordering, which coexists with the SC state through 
effectively decoupled subsystems, is not affected by the 
presence or absence of the SC state. Moreover, for the in-
vestigated samples the relation Tc>TN is valid. The purpose 
of the present work is to investigate and to discuss the SC 
and magnetic properties of Ho-containing Mo-1212.  

 

2.  Experimental details    
 
Samples with nominal composition MoSr2HoCu2O8-δ  

were prepared by a solid state reaction from starting 
products Mo, Ho2O3, SrCO3 and CuO with a purity above 
99.9%. They were mixed, homogenized, pressed into 
pellets and preheated at 7500C for 24 hours in air and 
sintered at 9500C for 24 hours in flowing oxygen. After 
regrinding and repressing sample A was synthesized at 
10500C and sample B - at 10800C for 48 hours in flowing 
oxygen. Finally the two samples were annealed at 6000C 
for 48 h in flowing oxygen. X-ray diffraction (XRD) was 
used to examine the samples using a TUR-M62 diffracto-
meter and CoKα radiation. An EDS on SEM analysis was 
performed on the pellets using a SEM-525 Philips micro-
scope combined with an EDAX 9900 device. The AC sus-
ceptibility and DC magnetization of the samples were 
measured by a SQUID magnetometer (Quantum Design: 
PPMS-9T and MPMS-XL7T). The resistance of the sam-
ples R vs. T was measured by the standard four probe 
method. 
 
 

3 Results and discussion    
 
In Fig. 1 the XRD patterns of samples A and B are 

given. They are similar to that of the Y-containing Mo-
1212 and show the presence of a highly dominating phase 
1212 (about 80%) and the non-superconducting SrMoO4 
as impurity. The calculated lattice parameters of the Mo-
1212 phase in sample A are a = 3.827 Å, c = 11.486 Å and 
those in sample B - a = 3.837 Å, c = 11.511 Å. 
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Fig. 1. XRD patterns of: (a) - sample A  and (b) - sample  
                          B; o – SrMoO4 
 
 
Fig. 2 shows SEM pictures of both the samples. It can 

be seen that the average grain size is about 10 μm. Sample 
B contains more well-expressed tetragonal crystals in 
comparison with sample A. The EDS analysis showed that 
the chemical composition of the microcrystals of the 
dominating phase in sample A is Mo0.5Sr2.2HoCu2.5Oy and 
that of sample B - Mo0.35Sr1.9Ho1.1Cu2.8Oy. The observed 
deficiency of Mo is evidently due to its volatility. These 
formulae can be rewritten as (Mo0.5Cu0.5)Sr2.2HoCu2Oy and 
(Mo0.35Cu0.65)Sr1.9Ho1.1Cu2.15Oy, respectively. Therefore, 
we may suppose that the deficiency of Mo is compensated 
with Cu in the rocksalt layer of the phase 1212, as in the 
case of the (Pb,Cu)-1212 system [7]. This is confirmed by 
the increase of the lattice parameters of sample B because 
the Cu2+ ionic radius (0.65 Ǻ) is greater than the Mo radii 
with octahedral or tetrahedral coordination (0.41 – 0.64 Ǻ) 
[8]. Another argument in favor of this assumption is the 
presence of a highly dominating phase 1212 in the two 
samples. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 2. SEM pictures of: (a)- sample A and (b) - sample B. 
 
 

Fig. 3 shows the χ’(T) dependency of the zero-field 
cooled (ZFC)   sample A at H=0. It has a SC transition at 
Tc=27 K and negative values of the susceptibility are ob-
served below Td=18 K. The magnetic transition is ex-
pressed as a kink in the curve at TN=13 K. 
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Fig. 3. χ’(T) dependency of a ZFC sample A at H=0. 
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Fig. 4. χ’(T) dependencies of  a  ZFC and FC sample A 
at H=50 Oe. 

 
 

In Fig. 4 we show the susceptibility curves of a ZFC 
and FC sample A at H=50 Oe. It may be seen that the two 
curves coincide, as in the case of the non-superconducting 
Yb-containing Mo-1222. For comparison, the ZFC and FC 
curves of all the investigated MoSr2YCu2Oy samples are 
irreversible below TN. Also the obtained value of TN coin-
cides with that of the non-superconducting Ho-containing 
Mo-1222 [4]. From the coincidence of the susceptibility 
curves of the ZFC and FC sample it is sufficient to con-
clude that the magnetic order is of a long range type [9]. 
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Fig. 5. (a) - χ’(T) dependency of a ZFC sample A at 
H=10 kOe and  (b) – the  respective  1/χ’(T) dependency. 

Fig. 5a shows the χ’(T) dependency of the ZFC sam-
ple A at H=10 kOe. The figure express that the negative 
values of χ’ at low temperatures are still observed but no 
magnetic transition can be seen at this field. In Fig. 5b we 
show the respective 1/χ’(T) dependency. A fit of the Cu-
rie-Weiss (CW) law is obtained above Tc according to the 
formula χ’=C/(T-θ), where C is the Curie constant and θ is 
the CW temperature. The calculated experimental value of 
the constant is C=16.22 emuK/mol with a negative value 
of θ. The negative value of θ denotes the presence of AFM 
interactions. Since the Pauli paramagnetic SrMoO4 does 
not contribute to the Curie constant [6, 10], the obtained 
value of C may be compared with the theoretical one of 
the Ho-containing Mo-1212. If  one assume that the Mo 
ions are pentavalent with an effective magnetic moment of 
1.73 μB, 4d1, S=0.5, as in the case of the Y-containing Mo-
1212 [6] and, using the effective magnetic moments of 
Ho3+ (10.89 μB) [11] and Cu2+ (1.9 μB), the theoretical Cu-
rie constant of the Ho-containing Mo-1212 can be calcu-
lated.  
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Fig. 6. (a) - Temperature dependencies of the specific 
heat of sample A at different fields; (b) – the same for the  
non-superconducting sample B at H=0 and 5 kOe. Inset: 
Temperature  dependency  of  the  magnetization M(T) of  
                        sample B at H=100 Oe. 
 
 
In our case it is found to be 16.136 emuK/mol. We 

also took into account the Mo-deficiency by using the 
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chemical composition of the micro crystals of the phase 
Mo-1212 in sample A - Mo0.5Sr2.2HoCu2.5Oy. The coinci-
dence of the theoretical and experimental values of the Cu-
rie constant shows that the observed magnetic properties 
of the samples are determined by the highly dominating 
phase Mo-1212. 

In Fig. 6a the temperature dependencies of the spe-
cific heat of sample A at different fields are given. The 
curves show a specific heat peak at T=12K≈TN and no 
specific heat anomaly at T=Tc and higher temperatures is 
observed. The specific heat peak onset temperature is 
weakly dependant of the applied magnetic field. A reduc-
tion of the amplitude of the specific heat peak and a slight 
shift to the lower temperatures with increasing applied 
field are observed. A similar behavior of the Cp(T) de-
pendency is observed in Ru-1212 and Ru-1222  at T=Tc by 
the authors of [12, 13]. In Fig. 6b the Cp(T) dependencies 
of sample B at H=0 and 5 kOe are given. The curves also 
show a peak at T≈12 K. Taking into account that this sam-
ple is not superconducting (see the inset), we may con-
clude that the observed specific heat peak is related to the 
AFM transition of the investigated compound. This con-
clusion is also supported by the presence of peculiarity in 
the M(T) dependence around 12 K (see the inset) for this 
sample. 
 Fig. 7 shows the M(H) curve at T=2 K of sample A. 
The curve is linear up to about 8 kOe, which is typical for 
the AFM state. A small hysteresis at low fields can be seen 
in the inset. It may be associated with the Mo sublattice, as 
in the case of MoSr2YCu2O8-δ [6]. The estimated super-
conducting volume fraction (svf) is 1.66% at T=2 K. This 
result confirms the lack of bulk superconductivity, estab-
lished by the specific heat measurements. 
 

 
Fig. 7.  Field dependency of the magnetization at T=2 K  
    of sample A.Inset: an extended scale at low fields. 

 
 

Fig. 8 shows the R(T) dependencies of sample A at 
H=0 and 50 kOe. A broad SC transition at Tc1≈30 K with a 
second step at Tc2 ≈22 K can be seen at H=0. At H=50 
kOe the SC transition becomes broader, Tc1 decreases 
down to about 23 K and zero resistance is not achieved. 

The two step resistive SC transition, together with the ab-
sence of  
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Fig. 8. R(T) dependencies of sample A at H=0 and 50 kOe 

 
 
both a diamagnetism and a peak in the specific heat at 
Tc2<T<Tc1 denote the presence of granular superconductiv-
ity [14]. This means that the superconducting properties 
are confined to small regions with a size comparable to the 
London penetration depth. Recently a similar phenomenon 
was observed in the magnetic superconductor Ru-1222 
[15]. Another reason for the low svf of sample A and lack 
of superconductivity of sample B may be the deficiency of 
Mo in the both samples. This deficiency is compensated 
with Cu and with an increase of the extra oxygen atoms in 
the rocksalt layer of the phase 1212. However the oxygen 
in the (Mo,Cu)O layers due to a random arrangement tends 
to trap holes and prevents their transfer into the CuO2 lay-
ers which carry the superconducting current. A similar 
phenomenon is observed in (Pb,Cu)-1212 system, when 
Pb is partially replaced by Sn [16]. 
 
 

4. Conclusions    
 
Samples with nominal composition MoSr2HoCu2O8-δ 

were synthesized and their magnetic and superconducting 
properties were investigated. MoSr2HoCu2O8-δ has a su-
perconducting transition at Tc=27 K and an AFM one at 
TN=13 K.  It was established that the magnetic order is of a 
long range type. The coincidence of the obtained experi-
mental value of the Curie constant and the theoretical one 
of MoSr2HoCu2O8-δ shows that the observed magnetic 
properties of the samples are determined by the highly 
dominating phase Mo-1212. The two step resistive SC 
transition, together with the absence of both diamagnetism 
and a peak in the specific heat between the two critical 
temperatures denote the presence of a granular supercon-
ductivity. The latter phenomenon and the observed Mo-
deficiency can explain the low superconducting volume 
fraction of the samples.  

 
 

-10 -8 -6 -4 -2 0 2 4 6 8 10

-10

-8

-6

-4

-2

0

2

4

6

8

10
T=2 K

M
(e

m
u/

g)

H(kOe)

-0.2 0.0 0.2
-0.4

0.0

0.4
T=2 K



Magnetic and superconducting properties of MoSr2HoCu2O8-δ 
 

2761

Acknowledgements 
 
This research is financially supported by the Institute 

of Solid State Physics (Grant No BK-2). 
 
 
References   

 
[1] L.Bauernfeind, W.Widder, H.F.Braun, Physica C  
      254, 151  (1995)  
[2] I.Felner, U.Asaf, Y.Levi, O.Millo, Phys.Rev. 
     B 55, R3374  (1997)  
[3] C.Bernhard, J.L.Tallon, Ch.Niedermayer, Th.Blasius,  
      A.Golnik, E.Brucher, R.K.Kremer, D.R.Noakes,   
      C.E.Stronach and E.J.Ansaldo, Phys.Rev. 
      B 59, 14099  (1999)  
[4] I. Felner, E.Galstyan, Phys.Rev.B  
      68, 064507 (2003)  
[5] I.Felner, E.Galstyan, I.Asulin, A.Sharoni and O.Millo  
      (unpublished) 
[6] I.Felner, E.Galstyan, Phys.Rev.B 
       69, 024512  (2004) 
[7] M. A. Subramanian, J. Gopalakrishnan, C. C. Torardi,  
      P. L. Gai, E. Boyes, T.R. Askew, R. B. Flippen,  
     W. E. Farneth and A.W. Sleith,  Physica  
     C 157, 124  (1989). 

  [8] R. D. Shannon,  Acta Cryst. A32, 751 (1976).  
[9] K. Sengupta, S. Rayaprol, K. Iyer, 
     E. Sampathkumaran, Phys.Rev. B 68, 012411 (2003). 

[10] S. I. Ikeda, N.Shirakawa,  Physica  
       C 341-348, 785  (2000) 
[11] “High Purity Metals and Materials”, Alpha Aesar,  
        Johnson Matthey, (2003) 
[12] J. L. Tallon, J. W. Loram, G. V. M. Williams, 
       C. Bernhard, Phys. Rev. B 61, 6471 (2000). 
[13] X. H. Chen, Z. Sun, K. Q. Wang, S. Y. Li, 
        Y.M.Xiong, M.Yu, L.Z.Cao, Phys.Rev. B 63, 064506   
        (2001) 
[14] R. F. Jardim, L. Ben-Dor, D. Stroud, M. B. Maple,  
        Phys.Rev.B 50, 10080  (1994) 
[15] V. B. Krasovitsky, B. I. Belevtsev, E. Yu. Beliayev,  
        D. G. Naugle, K. D. D. Rathnayaka, I. Felner, 
        J. Phys: Conf. Ser. 51, 283 (2006). 
[16] N. Balchev, K. Nenkov, B. Kunev, A. Souleva,  
      Ts.Tsacheva and S.Hoste, J.Superconductivity: Incor 
      porating Novel Magnetism 14, 711 (2001) 
 
 
 
______________________________ 
*Corresponding author: nbalchev@yahoo.com   
 

 


