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Abstract 

We prepared some Na，(H30)，COO，・yH，Owith BLH single phase and examined the Na+ content 

(x)， H30+ content (z)and H，O content (y). Na，(H30)，COO，・YH，O with BLH single phase and 

0.28 :S::x:S:: 0.36 were prepared by changing the amount of Br， used. The drastical changes in the 

c-axis length and z， Co valence， y around xニ0.33were observed， strongly suggesting that there 

exists a phase transition here. 

Introduction 

After the NaXCo02'yH20 was found to be 

superconductive with a T， around 5 K 1)， much 

attention has been paid to this compound 

because it is a superconductor that is prepared 

in solutionラ whereH20 is intercalated between 

the Co02 layers after deintercalation of excess 

sodium. This compoundラ inc1uding 3d 

transition metal Coラ canprovide new insights 

into metal oxide superconductors such as 

copp巳roxid巳s.

Th巳 compoundhas two-dim巳nsionalCo02 

lay巳rss巳parat巳dby a Na-ion and a H20 

mol巳cul巳ラ which ar巳 analogous to that of 

copp巳roxid巳 sup巳rconductors. Schaak et al. 2) 

reported that there is an optimum sodium 

composition for the occurrence of 

superconductivity， namely x=0.30. This 

variation of T， with the degree of el即位omc

doping of the CoO， planes is analogous with 
the behavior observed in the copper oxides. 

lt was reported that there is a 

magnetically ordered phase sandwiched by two 

superconducting phases 3)句4). and that Na 

content plays an important role in the 

occurrence of superconductivity. Takada et al. 

5) discovered that partial dehydration brings 

about shrinkage of the interlayer distance to 

yield a monolayer hydrate， in which the 

superconductivity vanishes. 

Many works 2.6-9) show the possible ordered 

phases of Na0.3C002'yH20 with water contenty 

二 0，0.3， 0.6， 0.9， 1.3， or 1.8， corresponding to 

the coordination number nニ 0，1， 2， 3， 4， or 

6 with the sodium ion. In this case， the 

phases are transformed by only the change of 

water contenty， from 0 to 1.8 while keeping 

the Na-content x at 0.3. Since the existence 

of oxonium ions in the material is reported川ラ

it is crucial to estimate theH2 0 content 

considering an oxonium ion. In this case， the 

chemical formula of this compound is 

expressed as Nax (H3 0)， CoO，・YH，O， where 

y = z + y. 

Sakurai et al. 11) had measured the contents 

of Na (x)， H30 (z)， and H，O (y) independently 

and found that the content of z is decreased， 

with the increasing of x from 0.331 to 0.351. 

The purpose of this study is to c1arify 

theinteractions between Co valence， y， z， x and 

T， for 0.28<x<0.36. 
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Experimental 

The parent oxide Nao7Co02 was prepared 

from powders of Na2C03 and C0304 by the 

conventional solid-state reaction method. 

Mixtures of the powders were calcined at 60 

o oC for six hours， sintered at 8000C under 
oxygen gas flow for eight hours to prepare 

Nao7C002， and ground in an agate mortar. 

The obtained Na07Co02 was oxidized by 

an acetonitrile solution of Br2 for five days. 

The amount of acetonitrile was fixed at 100 

ml， and that of Br2 was varied from 2.5 ml 

down to 0.1 ml. After rinsing the compound 

by the acetonitrile for stopping deintercalation 

of sodiumラ 2.5gNaxCo02was immersed in 100 

ml water for a day to intercalate H2 0 

molecules between the Co021ayers and to form 
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Fig.l XRD pa抗ernsof Nax(H30)，CoO，.y H，O with 
various amounts of Br，・ Peaksof BLH phase are 
indexed. Solid circles represent peaks of the 
impurity phase， anhydrate NaxCoO，・

。

NaxCo02・yH20.

compound was 

After the intercalation， the 

dried in an ambient 

atmosphere. To prevent deintercalation OtH20， 

the prepared specimens were stored in a closed 

vessel at 70% relative humidity 7). The X-ray 

powder patterns were taken with CuKα 

radiation and the reflections were indexed 

according to the assignment of Cmaidalka et 

al. 12). The content of Na+， x in the NaxCo02・y

H20 was measured by inductively coupled 

plasma atomic-emission spectroscopy (ICP-

AES). The H20 content was studied by the 

thermogravimetric (TG) method. The 

specimen was weighed as a function of 

mcreasmg tempera旬refrom 200C to 4000C at 

a heating rate of 8.0oC/min under nitrogen gas 

flow. By measuring the difference of the 

weights at200C and 400oC， the amount of 

water， y was determined. 

It was reported that the water in theNaxCo 

O2・yH20 consists of H2 0 and H3 0+ . 

Thereforeラ thiscompound is represented byNax( 

H30)ZC002・yH20. The amounts of z and y 

were estimated separately as follows. The 

oxidation state of Cobalt in the specimen was 

determined by the iodometric titration 13)川.The 

oxonium ion content was estimated by 

equation z = 4 -(Co valence) -x. Therefore， 

the amount of H， 0ラ y is calculated by 
y = y -z. 

Results and Discussion 

In Fig.l， XRD patterns of NaxCo02・yH20

are shown for several values of the Br2 volume 

in the 100 ml acetonitrile. The data show that 

the patterns of the samples deintercalated in 

the acetonitrile solution with Br2 of 0.7 to 2.5 

ml can be indexed as a single phase of NaxCo 

02・yH20.When the Br2 amount is smaller than 

0.5 ml， not only Bilayer Hydrate (BLH) phase 

but also anhydrous (AH) phase， Nax C002 ， 

represented by the dark circles was formed， 
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and Fig.2(b) respectively. Compared with 

axis length， the change of a-axis length with 

different Na+ content is not so obvious. 

c-indicating that the samples are composed of 

the BLH and AH phases. The appearance of 

the AH phase with smaller amount of Br2 has 

may be due to the fact that Nax(H30)，C002・y

H20 is a layered oxide， and the a-axis length 

of this compound is related to the direction of 

layer bonded. It is considered thatCo02 layer 

has strongest bonding in that compoundラ and

Co-O bonding length is influenced for a-axis 

length of Nax(H30)，C002・yH20.

examine the changes in Co 

shown in Table 1， the change of Co valence is 

varying from 3.47 to 3.51， which is less than 

0.04. We estimate the change of a-axis length 

by considering the change in Co valence 

affected by the change in ionic radii between 

C03+ and C04¥ The change in a-axis length 

estimated from ionic radii of C03+(0.545A) and 

ionic radii of C04+ (0.530A) is estimated to be 

0.008A. There is ::t 0.005A of error by XRD 

measurementラ andin this workラ itis difficult 

to reveal such a small change in a-axis length. 

On the other handラ thechange is revealed 

inc-axis length versusラ Na+content. 

thec-axis length drastically 

19.62A to 19.58~19.61A at Na+ content around 

It 

also been reported by Takada et al. 5). 

The x， y， Co valence， z， and a-and c-axis 

length T， of Nax(H30)，C002・yH20are shown in 

table.1. Firstly， the relation 

content (x) and a-axis length and also， Na+ 

content and c-axis length are shown in Fig.2(a) 
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Fig.4. Na+ content (x) vs. H，O content (y') (a) 
and y/x (b) in Nax(H30)，CoO，yH，O. 
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vs. H30+ content (z) in NaxCH30)，CoO，yH，O 
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0.33. It is to be noted that in xミ0.33region， 

the error of c-axis length in Nax(H30)，C002.Y 

H20 becomes large (Fig.2). Considering the 

stability of each phase affect the error of 

crystal parameters such as c-axis length， it 

may be suggest the existence of phasex:?> 0.33 

for Nax(H30)，C002.y H20. 

The c-axis length of layered compound 

generically changed by， (1) coulomb force 

between layers， and (2) the size of the ionic 

radius that enters between interlayer. As for 

(1)， the change in Co valence， Na-， and H30 

content were considered. However， because of 

the change in Co valence is very small as 

discussed in Fig.2 (a)ラ thereforeit is difficult 

to consider that the change in Co valence 

changed c-axis length. On the other hand， 

Na- and H30- content changes as they 

compensate each other. Since H20 shieldes the 

coulomb for・ceof Na-15)， the Coulomb for・ceis 

shielded as increasing of Na-contentラ which

will increase the c-axis length. Thereforιit is 

difficult to consider that Coulomb's force 

betw田 nlayers originates the increase in the 

c-axis length. Secondlyラ We consider the 

change in ionic radii. In this systemラ itis 

reported that H30-decreases with increase in 

Na-. Ther巳for巳 W巳巳xamm巳dwheth巳ra similar 

r巳sultcould b巳 S巳巳nin this study or not. In 

Fig.3， the variation of H30-content with Na 

content was shown. It c1early showed that 

H30-content decreased with increasing of Na 

content. As shown in Table 1ラ theCo valence 

of Nax(H30)，C002.y H20 was in range of 

3 .47~3.5 1. Hence， from the charge neutrality 

condition， H3 0-content will decrease with 

increasing of Na-content. We assume that the 

Co valence is not changed， since the plot of 

Fig.3 is nearly a straight line. By using the 

least-squared method， the line was simulated as 

the following two equations， 

Z二 0.53-x(x三0.33) (1) 

Z二 0.50-x (x:?> 0.33) (2). 

By separating the simulated equation into two 

parts at x ~ 0.33， standard deviations were 

drastically decreased， indicating that there is a 

jump amo時 twoequations at x~0.33. This 

jump conforms to the relationship between 

c-axis length and x. Co valence calculated by 

(1)隠れ。ニ4.00-0.53ニ3.47， and Co valence 

calculated by (2) is Vc。ニ4.00-0.50ニ3.50.

Therefore， it has been understood that there is 

a discrete change of Co valence at x ~ 0.33. 

The discrete changes of c-axis length， H30-， 

and Co valence suggests a phase transitions. 

Lastly， we consider the H20 content. The 

relations between Na-content and H20 content 

(a)， and H20 content per one Na-ion (y /x) are 

Table.l The x， Co valence， z， y， a-and c-axis length of Na，(H30)，C002・yH20.

Amount ofBr2 X Co valence z y' α C 

2.5 0.33 3.47 0.20 1.19 2.822 19.583 
2.3 0.36 3.51 0.13 1.28 2.825 19.581 
2.1 0.31 3.47 0.22 1.13 2.823 19.618 
1.9 0.32 3.48 0.20 1.06 2.826 19.621 
1.7 0.28 3.47 0.25 1.09 2.828 19.624 
1.5 0.33 3.50 0.17 1.27 2.825 19.597 
1.3 0.33 3.51 0.16 1.31 2.825 19.606 
1.1 0.30 3.49 0.22 1.17 2.825 19.621 
0.9 0.36 3.51 0.13 1.33 2.825 19.593 

0.7 0.36 3.49 0.15 1.29 2.829 19.605 
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shown in Fig.4. When x<0.33， H20 content is 

in the range of 1. 05~ 1.1 7. On the other hand， 

when x>0.33， y is drastically increased to 

1.30. And then， H20 content remains constant. 

The change in H20 content also suggests a 

phase transition at around x= 0.33. Besides 

H20 per one Na-is constant around 3.5~4.0. 

This result is similar to the previous report. 6) 

It is suggested that there are two phases 

in this system. We represent BLH -N axCo02 (1) 

as first phase and BLH-NaxCo02 (11) as second 

phase， then the physical property of each 

ph出esare descr・ibedin Table 2. 

Although differences of c-axis length， 

composition and Co valence among these two 

phases could be identifiedラ itis too difficult to 

deter・minewhich one is the origin. However 

other measurements for more detail structure 

determination and physical properties are 

needed. 

Conclusion 

We prepared Nax(H30)，C002.Y H20 with 

0.28三::::x壬0.36ラ1.05三y三1.34and 0.13三Z三

0.25ラ whichwere prepared by varying the Br2 

content 仕om 2.5ml to 0.7ml. The a-axis 

l巳ngthis almost constant in all samples. On 

th巳 otherhandラ th巳 c-axls 巳ngthchanges with 

th巳 chang巳 ofNa-cont巳ntラ Coval巳nceand 

H30-cont巳nt. R巳lationshipbetw巳enNa-and c 

-axls 巳ngthdrastically chang巳sat x = 0.33. 

However， it is difficult to consider the change 

in the Coulomb force determined by Co 

valence changes the c-axis length. Because 

the change of Co valence is too small to 

change thec-axis length. In additionラ itis 

considered thatNa-content and H30-content 

changes as they compensate each other. H20 

shields Coulomb force of Naラ andthe c-axis 

length increases linearly because Coulomb 

force is shielded by the increase of Na 

content but actually， that is inversely. 

Therefore it is difficult to consider that 

Coulomb's Force between layers or屯inatesthe 

increase in thec-axis length. From the relation 

between x and z， the z decreases as the x 

increases and discrete change at x = 0.33 is 
observed. It is approximated by two equations 

Z二 0.53-x(x豆0.33)and z二 0.50-x(x~0.33) up 

to and down to 0.33. Co valenceVco ca1culated 

by that equations are 3.47 and 3.50， 

respectively. This drastic change also occurs 

in z and c-axis length. In addition， there is a 

discrete change of H20 at xニ 0.33.For x~0.33 

y is 1.05~ 1.1 7 ， and for x二三0.33Y is 1.30. 

These results suggest the existence of phase 

transition around x=0.33. 
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