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A B S T R A C T

A comprehensive wet chemical procedure for the rapid analysis of

Yttrium, Barium and Copper ions in dilute HNO3 medium has been

developed to facilitate a precise and accurate determination of

cation non-stoichiometry in high temperature ceramic

superconducting materials Y 1 + xBa 2 + yCu 3 + z0 7_ d. The ease of

analysis for copper by electrogravimetry and of Yttrium and

Barium by a complexometric titration of the same aliquot against

Complexone III using Arsenazo I as the indicator under

appropriate pH has been demonstrated with the help of individual

standard solutions and with synthetic mixtures.
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1. Introduction

Three main routes are reported in literature for the

production of the ceramic superconductor YBa2Cu307_cj [1-3].

These are based on citrate-fire [1, 2], co-precipitation as

hydroxides, carbonates or oxaiates and solid-state reaction

between CuO, Y2O3, and BaCO3; [3,4]. There has been much concern

over the oxygen stoichiometry [oxygen-metal ratio, o/m] and its

relation to the quality of the superconductor which had resulted

in the adoption of Vacuum fusion [5] , Thermogravimetry and

Iodometry [6] . However, it appears that very little attention

has so far been given to the analysis of cation stoichiometry in

all these published works. quite often the cation stoichiometry

of the starting material has been assumed to be conserved till

the end despite numerous physico-chemical treatment the starting

materials are subjected to during the synthesis of YBa2Cu307_^.

These steps include high temperature (500-13 0OK) oxygen annealing

[7,8] of the material in alumina containers/tubes. During this
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process a certain amount of CuO is invariably lost due to

interaction with the container/reactor tube caused by the higher

thermodynamic stability of copper aluminates and silicates [9-

11] . In a complicated system such as the Y2C>3-BaO-CuO chemical

vapour transport of materials as complex oxides could not be

ruled out [12]. These factors amongst others are likely to cause

cation off stoichiometry. Recent work by Clarke et al [13] has

shown that the cation off stoichiometry to the extent of 5% has

resulted in higher grain growth thereby adversely affecting the

superconducting quality of the 1-2-3 compound [14, 15]. Hence it

becomes necessary to analyse the cation off stoichiometry of the

product in order to ensure better quality and composition. For

this purpose a simple, single stage wet chemical method is not

yet available in literature. The purpose of this work is to

develop such a simple wet chemical procedure for the estimation

of Copper, Yttrium and Barium in the 1-2-3 compound using the

facilities generally available in any analytical laboratory.

2. Applicability of current analytical procedures

Conventionally Cu is estimated from an aqueous aliquot of

Cu(II) by iodometry or as Cu2O by gravinetry after reduction

[16] . A solution of the 1-2-3 compound in boiling 1:2 HC1

results in the complete conversion of Cu(I.II) into Cu(II) with

the evolution of oxygen thereby rendering the application of

iodometry possible subsequently. Yttrium could be estimated as

Y 2O 3 obtained by calcining the hydroxide; the hydroxide

precipitation could be carried out in a highly ammoniacal medium

(to retain Cu in solution) at a concentration of .3a which is less



than approximately 8 weight percent solubility of BafOH), [17].

Barium could be estimated as BaSO4 or BaCrO4 gravimetrically

[18] . These methods will give rise to many sources of error

involved in making individual analysis of the three metals,

besides the error due to adsorbtion and peptisation in

gravimetry. The determination of all the three metals by ASS

(Atomic Absorption Spectroscopy) involves tedious procedure in

establishing calibration curves. Further errors due to dilution

are also likely in AAS since the detection limit for Yttrium in

^O/acetylene flame (instead of oxy-acetylene) which is commonly

available is 200-400 micro gram per ml as compared to 8-10 micro

gram per ml for Cu and 10-40 micro gram per ml for Ba under

similar conditions [19] . In the light of the above, a precision

of 1% is rather difficult to achieve by AAS, besides the lack of

availability of AAS which is a cost intensive equipment.

Likewise computerised EPMA (Electron Probe Micro Analysis) might

also provide rapid analysis but would require tedious

standardization for the precision aimed at this analysis.

3. Electrogravimetry and complexometric titration

Copper in solution is normally estimated by

electiogravimetric method by depositing the metal at the cathode

and weighing the deposit. This method has a good precision and

accuracy for estimating large quantities of copper in solution.

Taking into account the high stability of the trivalency of

Rare Earth (RE) and divalency of Alkaline Earth (AE) ions, the

only way to estimate these metals in an aqueous mixture is to



exploit the differences in stability of their complexes with

EDTA. S. F. Boremskaya and G. T. Kabbanik [20] had developed a

complexometric titration method for the estimation of REs and AEs

in RE-AE alloys. The adoptation of this method for the analysis

of synthetic mixtures of Yttrium, Barium and Copper in

conjunction with Electrogravimetric estimation of Copper is

described in this paper.

4. Experimental

The starting materials for synthetic standards are Y2O3 and

BaCO3 of A. R. grade and CuO prepared from high purity Copper

rod. The Copper rod is converted into CuO by dissolving it in

G.R. grade HNO3 followed by decomposition and oxygen annealing at

1023K in flowing oxygen for 12 hours and the product analysed for

copper content by Electrogravimetry and was found to be better

than 99.8% CuO. All the other chemicals used in the preparation

and estimation of the mixed oxide belong to A.R. quality. The

electrolytic analyser used was of Toshniwal make. The electrodes

were Platinum gauze type cathode as described in Vogel [21] and

Platinum foil as anode.

5. Procedure and results

Synthetic standard solutions of Yttrium,, Barium and Copper

individually and as mixtures (as per composition listed in Table

1 ) were made by dissolving the starting materials in warm 65%

HN03 which was taken 2 0% in excess and were made up to a known

volume, so as to contain the metals in the ranc/e of 1-2 mg/ml.

Mineral acid except HCl and H2SO4 was used in the preparation of



the solution, as the Cl ion from HC1 may attack the Pt anode and

S0^__ ion from H2SO4 aids the precipitation of Ba as BaSO4. The

HNO3 used must also be free of HNO2 as the nitrite ion hinders

the complete deposition of copper.

An aliquot containing 80-100 mg of Cu was electrolysed at a

constant current of 1A and a voltage of 4-5 V for 90 minutes.

Absence of Cu in the supernatant solution was confirmed by the

addition of a few drops of ammonia. After stripping off the Cu,

the supernatant solution was made up to known volume and a known

portion of the aliquot was taken and a few drops of pyridine was

added to adjust the pH to 5-6. With the addition of a few drops

of a 0.5% solution Arsenazo 1(2- [4, 5- Dihydroxy-2, 7-disulfo-3-

naphthylazo] benzene aisonic acid), the solution was titrated

against 0.01 M Complexone III (disodium salt of EDTA) until a

sharp colour change from violet to orange red was observed. This

was an indication for the end point of Yttrium. The content of

the AE element was determined in the same aliquot portion of the

solution after adjusting the pH to 10.0 by the addition of

ammonia. The colouring reverted to its original tint and the

titration continued with the same solution of Complexone III

until the violet colour changes orange red.

The results of these determinations are listed in Table 2.

The relative error in weight percent for each of the. metals

Yttrium, Barium and Copper have been worked out. The error in Cu

analysis was found to be negative to the extent of 2.26% in all

the synthetic mixtures in contrast to a systeme\tic positive error

of 2.7% and 0.93% in the analysis of Yttrium and Barium



respectively. However, since the extent of these errors are

within the acceptable limits of analytical errors no attempt has

been made to rationalise their sign.

It can be seen that for synthetic standards with nominal

compositions around 1:2:3 for the metals with 5% variation in

atom percent composition, the analytical method gives rise to

estimates within 2% error limits for 95% confidence limit. An

independent check on the analysis of the composition was made by

comparing the values of 1:1.8:2.7 atom ratio for Y:Ba:Cu obtained

by the present method with a hundred point EPMA analysis carried

on the same specimen elsewhere [22] . As the standard deviation

of the latter is not known precisely for want of calibration

data, the agreement between the two sets of values should be

considered as good and could be taken to serve as an independent

check on the analysis.

6. Limitations

This method of analysis suffers from serious interferences

from impurities like Fe and Zn which are fortunately deliterious

to the quality of superconductors. Hence difficulties if any, in

the observation of colour change, could be used to detect these

impurities.

7. Conclusion

To conclude, this method takes approximately 90 minutes for

electrogravimetry of Cu and 30 minutes for the remaining

titrimetry. Hence, this analytical procedure' is found to be

advantageous over the existing method of Y-Ba-Cu analysis of 1-2-



3 compounds in terms of minimum number of analytical steps,

better precision, accuracy, rapid analysis and besides the lack

of requirement of sophisticated instruments and tedious

calibrations.
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Table 1 Results of analysis of synthetic mixtures

Composi- Yttrium (w/o) Barium (w/o) Copper (w/o)
ti on(a/o)

% % %
Theo Exptl. error Theo Exptl. error Theo Exptl. error

1 : 2 : 3 1 2 . 1 0 1 2 . 5 0 + 3 . 3 3 6 . 7 0 3 7 . 7 0 + 2 . 7 2 5 . 4 2 5 . 0 0 - 1 . 6

0 . 9 5 : 2 : 3 1 1 . 4 1 1 1 . 8 1 + 3 . 5 3 7 . 1 0 3 7 . 4 0 + 0 . 8 1 2 5 . 7 3 2 5 . 1 3 - 2 . 3

1 . 0 5 : 2 : 3 1 2 . 4 1 1 2 . 7 0 + 2 . 3 3 6 . 5 6 3 6 . 8 1 + 0 . 6 8 2 5 . 3 5 2 4 . 6 0 - 2 . 9

1 : 2 . 1 : 3 1 1 . 6 1 1 2 . 0 0 + 3 . 4 3 7 . 6 5 3 7 . 9 6 + 0 . 8 2 2 4 . 8 8 2 4 . 4 0 - 1 . 9

1 : 1 9 : 3 1 2 . 8 6 1 2 . 9 9 + 1 . 0 3 5 . 9 2 3 6 . 2 9 + 1 . 0 3 2 6 . 2 3 2 5 . 5 5 - 2 . 6

Table2 Results in synthetic solutions of copper,yttriurn and barium

Yttrium(w/o) Barium (w/o) Copper(w/o)

Theor Exptl. Theor Exptl. Theor Exptl.

78.74 79.07 X=78.42 69.6 69.29 X=69.50 80.0 79.7 X=79.7

78.09 SD = + 0.51 69.70 S0 = 0 + 0.18 79.8 SD = +_0.05

78.09 CV=+0.65% 69.29 CV=+O.26% 79.7 CV=+0.€65%

79.07 69.50 79.7

78.09 69.70 79.8

78.09 69.50 79.7

SO = standard deviation

CV = coefficient of variation
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