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(Cu,C)-1223 phase superconductors [(Cu,C)Ba2Ca2Cu30xl consist of (Cu,C)Ba204-x block as charge 

reservoir layer and three Cu02 planes. A critical temperatute (Tc) is 70K in an as-prepared sample due to 

synthesis condition with highly oxidized atmosphere. After reduction annealing, Tc rises up to 120K because 
of optimization of carrier concentration, A reversible oxygen absorption and desorption is observed with 
varying Tc from 86K to 120K. 
An anomalous magnetization vs. temperature behavior was observed during oxygen annealing into optimal 
doped (Cu,C)-1223. Oxygen annealing above 500C for 1h duration, Tc fell to 96K with single transition. 
On the other hand, oxygen annealing below 450C, M-T curves indicated two-step transition with kink. As 
elongthend annealing, Tc onset is constant at 118K, kink shifted to lower temperature. More elongthend 

" annealing, Tc is 96K with single transition. We investigated anomalous behavior of Tc during reduction and 
oxidization annealing. 
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1. INTRODUCTION 

Cuprate superconductors consists of Cu02 plane, cuo2 layers, i.e. two OP and one IP. Tc varies from 70K 

which carry superconductivity, and charge reservoir of as-prepared sample with heavily over doped to 120K 

layer (CRL), which provide carrier to Cu02 plane. Due of optimal doped sample. A difference of carrier 

to a carrier doping to Cu02 plane, superconductivity is 

occurred at appropriate carrier concentration. Highest 

'superconducting critical temperature (Tc) is realized at 

optimal doping. In under doped state a cuprate behave 

as antiferromagnetic ' and in over doped state it behave 

as metal. In both case Tc is towing. 

(Cu,C)-system superconductors ,[(Cu,C)Ba2Can-

1Cun0x, n=3,4,5 ... J consist of (Cu,C)Ba204-x block as 

CRL and more than three Cu02 planes. They 

synthesized under high pressure condition with GPa 

order. · Tc depends on an oxygen contents in CRL. 

Highest Tc ofn=3, n=4 and n=S system is 120K, 117K 

and94K, respectively [1-4]. 

In cuprate superconductors with n>3, there are two 

different Cu02 planes. One is an outer' plane (OP) with 

pyramidal oxygen coordinate, and another is an innner 

plane (lP) with square oxygen coordinate. Many cuprate 

superconductors , as Bi-system, Tl-system, Hg

system. .. , are same carrier concentration between OP and 

lP. In (Cu,C)-1234 phase different carrier concentration 

between OP and lP was observed by the results of NMR 

and specific heat [5,6]. 

concentration between OP and lP is not observed in 

(Cu,C)-1223. Then we can deal as same oxygen 

concentration in three planes. 

Oxygen annealing is _performed to the 

doped (Cu,C)-1223, Tc fell due to over 

optimal 

doping. 

Although in the case of reduction annealing from as

prepared sample Tc changes continuously with single 

transition [7], in the case of oxygen annealing of 

optimal doped sample Tc changes discontinuously with 

two-step transition. In this paper we investigate 

anomalous behavior of Tc during reduction and oxide 

annealing. 

2. EXPERIMENTAL 

Samples of (Cu,C)-1223 were synthesized under 

high pressure condition using cubic anvil apparatus. 

Appropriates amounts of BaCaCuO, CaO, CuO, and 

AgO, which acts as oxidizer, were mixed and reacted 

under a pressure of SGPa, temperature of llOOC for 4h. 

Details of the sample preparation are · described 

elsewhere [8]. 

Reduction annealing in N2 flow and oxidization 
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annealing in 02 flow was performed using a TG/DT A 

apparatus with monitoring thermo gravity (TG) and 

differential thermal analysis {DT A). The rate of the 

temperature rise was 5 K/min and cooling was a furnace 

cooling. The optimal doped sample was prepared as 

follow, as-prepared sample with Tc of 70K was reduced 

in N2 flow at 525C for 12h. The Tc of optimal doped 

sample is 120K. 

Tc was determined by behavior of magnetization vs 

temperature curve (M-T curve). M-T curve was measured 

using by SQUID magnetometer (Quantum design 

MPMS-XL) under a field of 1 OOe in zero field cooling. 

3.RESULTS 

3-1 Behavior of magnetization vs temperature 

The M-T curve of as-prepared sample reduced in N2 

flow is shown in Fig.l. With rising an annealing 

temperature, Tc risen monometry with single transition. 

The M-T curve of optimal doped sample annealed in 

02 flow is shown in Fig.2. Fig.2a shows the M-T curve 

of annealed at 500C. Tc lowered at 92K for lh 

annealing, and Tc was saturated at 86K for 4h. For long 

time annealing more than lh, M-T curve indicates 

single transition. While M-T curves indicate two step 

transition for short time annealing of 10 and 20min. 

Fig.2b shows the M-T curve of annealed at 400C. For 

initial stage of annealing, both transition of l18K and 

kink at 105K was observed. Elongthened annealing 

duration, kink sift to lower temperature, but transition 

at 118K was fixed. For lOh annealing, transition of 

l18K was disappeared and transition at lOOK became a 

sole transition. 
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Fig.2: M-T curve of optimal doped sample annealed in 

02 flow. (a) Annealed at SOOC. Dotted lines indicate 

annealed for 10 and 20 min from right to left. Solid 

lines indicate annealed for 1 and 4 h from l~ft to right. 

(b) Annealed at 400C. Solid lines indicate annealed for 

1, 2, 4, 6, 8, 10 and 12 h from right to left. 

0.00 

~ oQ.OZ 2: 

E 
~ 

60 70 80 90 100 110 120 
T (K) 

Fig.3: M"T curve of another reduction annealing for 

oxygen annea:ted sample. N2 annealing for the sample 

which was annealed at 450C for.2h in 02 flow. Solid 

lines indicate annealed at 400, 450, 475 and 500C from 

left to right. Bold line indicates optimal doped sample. 

Insert indicates close up near transition. Fig.l: M-T curve of as-prepared sample reduced in N2 
Behavior of M-T curve of another reduction 

flow. Bold line indicates as-prepared sample. Solid annealing for oxygen annealed sample is as follow. In 

lines indicate annealed samples at 350, 400, 450, the case of sample with fully oxygen doped under an 1 
470,490, 510 and 530C from left to right. 
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atm condition, rising reduction annealing temperature, at 500C 1h. Although oxygen absorption of annealed at 

M-T curves behave continuous change of Tc with single . 400C is smaller than 500C view point of Tc, weight 

transition like as as-prepared sample. Fig.3 shows the change of annealed at 400C and 500C is 1.19% and 

M-T curve for oxygen annealed at 450C for 2h. This 0.51%, respectively. 

sample indicates two step transition, the transition at 

118K and the second transition at lOOK. For reduction 4. DISCUSSIONS 

annealing at below 400C, M-T curves indicate two step From the experimental results, (Cu,C)-1223 behave 

transition like as previous sample. For reduction a single transition when reduction anneal from over 

annealing at 450C, transition at ll8K is decreased and doped state, and a two step transition when initial stage 

tend to single transition. For reduction annealing at 

475C, M-T curve indicate single transition with Tc of 

llOK. 

In order to clarify a behavior of kink, Fig.4 shows 

. AM/AT-T curves of annealed at 400C. The transition at 

of oxygen anneal from optimal dope. In two step 

transition, one transition is constant at 118K with 
decr.easing intensity, and another transition shift to. 

lower temperature with increasing intensity. Because 

this trendy is observed in different annealing 

118K don't move, although the intensity is decreased. condition, it is intrinsic in (Cu,C)-1223. In this section, 

The lower transition point appeared at 106K for lh we discuss essential of two step transition. 

annealing. With elongthned the annealing duration, it 4-1 Order of deviation 

shift to lower temperature and its intensity increased. 

For 4h annealing, the transition at ll8K disappeared 

and one at 96K exited solely. For more elongated 

annealing, the transition shift to lower temperature and 

became 92K for 12h annealing. 

3-2 Weight change 

Weight change during oxygen annealing is listed in 

Table 1. Due to oxygen absorption weight gain is 

The reason of two step transition is thought as 

follow. A deviation between Cu and C in same ab-plane 

with removable oxygen cause a one of oxygen 

distribution. Then the deviation of oxygen cause an 

imhomogenity of carrier concentration. 

Three type of imhomogenity of carrier concentration 

is thinkable. One is the deviation between Cu and C 

among crystal grain (inter grain). Next is the deviation 

of carrier between Cu02 planes. As mentioned before, in 

observed. Comparing between annealed at 350C and multi layer cuprate superconductors two type of Cu02 

400C, M-T curves of annealed at 350C for 24h and one plane exists, i.e. OP and IP. Different carrier 

at 400C for 2-3h indicate nearly same behavior. concentration between OP and lP is predicted by 

Weight change of annealed at 350C and 400C is 0.49% theoretically [9] and realized in (Cu,C)-1234. In this 

and 0.45-0.57%, respectively; Comparing between case, a difference between OP and lP became larger when 

annealed at 400C and 500C, Tc of annealed at 400C for the carrier concentration increase [10]. In (Cu,C)-1223, 

12h is 94K, which is higher than Tc of92K of annealed 
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Fig.4: AMI AT-T curve of optimal doped sample 

annealed at 400C in 02 flow. Solid lines indicate 

annealed for 1, 2, 4, 6, 8, 10 and 12 h from right to left. 

. Bold line indicates optimal doped sample. 

two step transition, occurred at slightly over doped 

region, and at heavy over doped 

Table 1: Weight change during oxygen annealing. 

annealing weight change 

condition (%) 
350C6h 0.336 
350C 12h 0.444 
350C 18h 0.466 
350C24h 0.493 

400C2h 0.454 
400C3h 0.570 
400C6h 0.871 
400C 12h 1.185 

500C 1h 0.514 
500C4:tJ_ 0.682 
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region only single Tc exists. This is contrary to the case firstly introduce priority site. If there is deviation of 

of (Cu,C)-1234. The two step transition isn't caused by Cu:C ratio, less oxygen exit in Cu-rich region with 

difference of carrier concentration between OP and lP. 

'Last is charge imhomogenity in Cu02 plane. This is 

caused by deviation between Cu and C in crystal grain 

uniform carrier concentration. At initial stage of 

oxidization, oxygen priority introduce into Cu-rich 

region and lower temperature peak of AM/ AT-T curve 

(intra grain). A deviation less than coherent length to appears. As the oxidization progressed, oxygen 

ab-plane isn't affect on Tc. A deviation with order of gradually introduced to C-rich region. Finally oxygen 

more than 10nm can affect of imhomogenity of carrier distributed in proportion to Cu:C ratio with uniform 

density, i. e. different Tc. carrier concentration. (Fig.S) The ratio of Cu:C varies 

Which deviation, inter grain or intra grain, is continuously. In reduction from the state with two step 

essential? Then we discussed in comparing to transition, oxygen is re-distributed with uniform carrier 

experimental results. In Fig. 3 a sample with two step concentration. 

transition became single transition by reduction 

annealing. In order to appear this phenomenon, it is 5. SUMMARY 

necessary to oxygen re-distribution during annealing. We investigated anomalous behavior ofTc during 

It is hardly to think movement of oxygen beyond reduction and oxidization annealing. In reduction 
crystal grain. Then deviation of Cu and C is order of 

intra grain. 

4-2 Behavior of AM/AT-T 

Next we discuss a behavior of AM/AT-T curve. In 

the case of (Cu,C)-1223, under doped state don't 

appears by annealing in 1 atm N2 flow. From this fact 

oxygen contents in (Cu,C)-1223 is stable at optimal 

dope. In reduction annealing from over to optimal, 

oxygen leave uniformly. On the other hand, in 

oxidization annealing from optimal to over, oxygen 
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reduction 

l 
oxidization 

Cu-rich C-ri eh 

annealing, Tc changed continuously with single 

transition. In oxidization annealing, two step transition 

observed at initial stage. The two step transition is 

thought to arize from deviation of Cu:C ratio in intra 

grain. 
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