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The neocuproine colorimetric method_wasiapplied_to the determination

of copper in yttrium metal.

From-5'to~80vug‘of copper was determined

in the presence of as much as 500 mg of yttrium with a coefficient of

variation of two per cent.

Copper was reduced to copper(I) with

hydroxylamine and .complexed with neocuproine (2,9-dimethyl-1,10-

phenanthroline).

The colored complex was.extracted into chloroform

and its absorbance measured, after dilution with ethanol, at 45T my.

NOTICE

This document contains information of a preliminary
nature and was prepared primarily for internal use-

at the Oak Ridge National Laboratory., It is subject
to revision or correction and . therefore does not
represent a final report. :

information Is aot t be abstrasted, o
3;;—imq-.:1 o otherwise given publle masth;_ﬂw _
withoni the apyroveliof the ORNL patent | ool

egis and Lafesmation Ceatyo! Depaktent: -

AELEASE APPROYED
RY PATENT BRA




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



RGB-49
-2
SPECTROPHOTOMETRIC DETERMINATION OF COPPER IN YTTRIUM
METAL WITH NEOCUPROINE '
R. G. Ball
Purpose
To apply the neocuproine colorimetric method to the determinatibn of
copper in yttrium metal and to establish the precision and limits of the

determination.

Introduction

A rapid and accurate method was needed for the determination of copper
in yttrium metal and its alloys. Although many methods have been proposed
for the colorimetric determination of copper, most of them re?uire a number -
of preliminary se{Jaratlons° The methods proposed by Chilton; 2) ana
Haddock and Evers for the determination of copper in various other metals
by use of sodium diethyldithiocarbamate give good results. The use of a '
more specific reagent, however, would eliminate the addition of complexing
agents to mask interfering ions and simplify the extraction procedure s
Hostel(5) has reported that 2,2'<~biquinoline (cuproine) is a specific reagent
for copper; however, the extractlon.techniques necessary have been found to
be cumbersome and somewhat inefficiento(Q) In 1952 Smith and‘McCurdy(7)
found that 2,9-dimethyl-1l,10-phenanthroline (neocuproine) reacted specifical-
ly with copper and that the colored complex formed in isoamyl alcohol is
slightly more sensitive than its cuproine counterpart. Other reagents such
as 2,9-dimethyl-l,7-diphenyl-1,10-phenanthroline(l) (vathocuproine) and
l,5-diphenyl~carbohydrazide(8) have been recommended as providing increased
sensitivity.

Gahler(5) has offered a simplified procedure based on the work of Smith
and McCurdy in which the copper(I)-neocuproine complex is extracted into
. chloroform and the color is developed and measured in an ethyl alcohol medium.
The major advantages of the method lie in the insolubllity of chloroform in
water and the greater density of the organic phase than the aqueous phase
which simplifies the collection of the organic solvent. This work was under-
‘taken to apply Gahler's method to the determination of copper in yttrium metal.

Reagents and Apparatus

Standard copper sulfate solution, 5 g of Cu per ml.: Dissolve:approxi- - ..
mately 20 g of reagent grade CuS0,-5H50 in water and dilwhke to one liter.
Standardize by a conventional electrogravimetric procedure.

Hydroxylamine,hydrochloride solution, 100 g per liter. Dissolve 20‘g of
reagent grade NHoOH-HC1l in water and dilute to 200 ml.

Sodium citrate solution, 300 g per liter. Dissolve 75 g of reagent
grade NagCfH507-2H50 in water and dilute to 250 ml.
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Yttrium chloride solution, 100 mg Y'per‘mlo Dissolve 12.70 g of reagent
grade Ys03 in 50 ml of 6-E;HC16 Dilute‘to>lQO ml with water.

Neocuproine solution, 0.1 per cent (w/v). Dissolve 0.1 g of reagent
grade (CHa)z C1oHgNp2°1/2 HzO in absolute Ethanol and dilute to 100 ml with
;o : the alcohol. .

Ethanol, absolute, reagent grades
Chloroform, reagent grade.

Spectrophotometer, Beckman DU.

Cells, Beckman, l-cm.
Procedure

Dissolve a weighed sample in 6 N HCl. Add sufficient’ HNOs to oxidize
any iron present; then evaporate the solution to a small volume. Transfer
the sample to a volumetric flask and dilute to volume with water (if an
aliquot is to be taken). . Transfer an aliquot of 20 ml or less which contains
5 to 70 pg of Cu into a 125-ml separatory funnel. Add 5 ml of NH=0H-HCL
solution (100 g/1) and 10 ml of NagCgHsO, solution (300 g/l). -Adjust the pH
of the sample to T to 6 with NH,OH, if necessary. .Add 5 ml of the neocup-
roine reagent (0.1 per cent in ethanol) and 10 ml of chloroform. Shake the
sample for approximately 30 seconds and allow the two phases to separate.
Draw off the chloroform (bottom) phase into a 25-ml volumetric flask which
contains 3 to 4 ml of absolute ethanol and dilute to volume with absolute
ethanol.- Measure the absorbance .of the copper-neocuproine complex at 457 mp
in a l-cm cell vs an extracted reagent blank. Determine copper by the
standard curve technique. :

Discussion

The results of the determination of copper in standard samples which
contain 100 mg of yttrium are presented in Table I. From 5 to 80 ug of
copper in a volume of 25 ml was determined in the presence of as much as
500 mg of yttrium. One extraction of the copper(I)-neocuproine complex into
chloroform was found to give quantitative recovery of the copper. .The aver-
age molar absorbance index was determined to be 8400 with a coefficient of
varlation of 2 per cent. This figure is in close agreement with the
literature value of 8000, (8) A standard curve which graphlcally presents
these data is shown in Figure 1., .

Although yttrium is not considered an interference in the colorimetric
determination of copper with neocuproine, it must be complexed with citrate
or it will hydrolyze from solution and be carried into the chloroform phase,
thus causing an error in the absorbance measurement. .Therefore, it was
necessary to establish the yttrium tolerance level for the copper determina-
tion and' these data are shown in Table II. As much as 500 mg of yttrium(III)
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. -FIGURE 1
STANTAPD CUFVE FOR THE SPECTROPHOTOMETRIC'
DETERMINATION OF COPPER WITH NEOCUPROINE.

.

Conditionss

Volume, ml, | 26

Medium, % (V/V), chloroform, .40 ¢
. Ethagnol, " +~. - 60
Chromogenic reagent, ml, 0 1_%
_Neocuproine solution. 5
Copper complex extracted into
chlorofoerm
pHn ' . ’ 4-6
Wavelength, mp, : 457
Cells, cm, R

- COFPER, pg
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can be present wifhout causing any significant deviation in the copper
determination; however, - yttrlum is precipitated during the extraction when
1 g is present even though an excess of citrate is added. -

Data concerning the stability of the color of the copper-neocuproine
complex are presented in Table IITI. The complex was found to be quite
stable for a period of at least 4 days and probably longer. Maximum color
formation occurred immediately upon addition of the copper complex to the
ethanol medium. Reproducibility of the individual measurements from day to
day were well within the precision of the method.

In order to demonstrate the feasibility of using the method, the
recovery of copper standard additions in actual yttrium samples was deter-
mined. These data are shown in Table IV. .Standard additions of copper
ranging from 5 to 50 ug were recovered guantitatively in every case.

One of the most important advantages of this method for the determina-
tion of copper is the specificity of neocuproine for copper. .Various authors
have reported that no cation other than copper(I) forms a colored .complex
that is extractable,(3: 57 However, certain anions cause interference--
e.8.; cyanide and sulfide: Sulfate, fluoride, perchlorate, phosphate,
niobate, molybdate, tantalate, tungstate, and vanadate do not 1nterfere (3)

Summary

The neocuproine colorimetric method was successfully applied to the
determination of copper in yttrium metal. From 5 to 80 pg of copper was
determined in the presence of as much as 500 mg of yttrium: The molar
absorbance index at 457 mu was determined to be 8440 with a coefficient of
variation of 2 per cent. -The copper(I)-neocuproine complex was extracted
into chloroform and the absorbance measured after dilution with ethanol .
The colored complex thus extracted was found to be quite stable and free
from interference of other diomns.




. Table I

Spectrophotometric Determlnation of Copper in Solutions

Conditions;

of Yttrium with Neocuproine

Volume, ml 25

Medlum,-% (v/v ), ‘chloroform - ho
ethanol 60

Copper extracted into chloroform

Y(III) present prior to separation,mg .100

pH ‘4 to 6
Wavelength, my 457
Cells, cm ? 1

Absorbance measured vs a reagent blank

Copper Taken, - Absorbance Molar ‘Absorbance
MLE ' - Index
" None™ 0.,000* -
4.93 027 8720
| 9.86 -054 8720
| 19.7 »103 ‘ 8300
. 29.6 <157 ' 8460
39.4 206 8290
49.3 .262 8460
59.2 +310 8320
78.9 <409 8230
| Ayérégeg,_eﬁ X = 8400
i Standard Deviation; ... S = 200

Coefficient of Variation,V = 2%

* vs Water.

&
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Table II

Yttrium(III) Tolerance Level in the Determination of
' Copper with Neocuproine

Conditions: Cf. Table I

Copper taken, pg : ' 19x7
Yttrium{(III) Present,* Absorbance Error,
mg . . _ Per Cent
None. 0.104 None
100. 103 None
5002 .105 <2
1,000P 119 * 16

* Prior to separation by extraction.

a Yttrium precipitated during extraction but redissolved.

b Yttrium precipitated and some was carried into the
chloroform phase. ' '

Table IIT

Stability of ﬁhe,Copper-Neocuproine;Complex

‘Conditions: Cf. Table I

Copper Present, ) " . Absorbance _ L
ue . Immediate -~ 24 Hrs 48 Hrs - 96 Hrs
None, . o 0.000% 0,000 0.000 02000
5 027 .029 =030 .028
10 - ©L.05h ' :053 © .054 054
20 +103 .100" s100 .099
30 «157 ‘  .154 154 : «15%
4o ©.206 +202 -204 .20k
50 ‘ .262 +258 »258 . 259

60 +310 +307 - 305 »306

¥ vs Water.

@
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Table v

Recovery of Standard Additions of Copper to Yttrium Samples

1

Conditions: Cf. Table I

Yttrium sample tested,  OR-9
Sample taken, mg 50
- Copper Added, Absorbance » Copper Found,, ug
ug o - Error
4.93 0.027 4,93 0.0
9.86 s055 10,3 o4
29.6 } .156 -30.0 ol
39 sk .210 29.9 .5
49.3% «259 49.3% 0.0
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Laboratory Procedure

SPECTROPHOTOMETRIC DETERMINATION OF COPPER IN YTTRIUM
» METAL WITH NEOCUPROINE

Reference -

Gahler, A. R., "Colorimetric Determlnatlon of Copper with Neo-Cuproine,”
Anal. Chem. 26, 57T (1954).

Procedure

1, Dissolve weighed sample in HCI. “Add sufficient HNOs to oxidize
the iron and evaporate solution to a small volume.,

28 ~Transfer to volumetric flask and dilute to wolume with water
(if an aliquot is to be taken)..

. 3. Transfer sample containing 5 to 200 ug Cu into a separatory
funnel (up to 20 ml).

L. Add 5 ml of hydroxylamine hydrochloride solution (100 g/1).
5. Add 10 ml of sodium citrate solution (300 g/1).
6. Adjust pH to 4 to 6 with ammonium hydroxide (if necessary).

7. Add 5 ml of the neocuproine reagent (0.1 g/100 ml in absolute

- ethanol).

8. Add 10 ml of chloroform.

-9, Shake about 30 seconds, allow the two phases to separate and draw
off the chloroform phase into a 25-m1 volumetric flask containing 3 to 4 ml

.of ‘absolute ethanol.

10, Dilute to volume with absolute ethanol.

11. Measure the absorbance at 457 my in a l-cm cell vs an extracted
reagent blank,

R. G. Ball
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