EXTRACTION-SPECTROPHOTOMETRIC DETERMINATION
OF COPPER IN SOIL AND IN PLANT MATERIAL
USING /SO-PROPYL ETHER
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A modified method for the determination of the copper content in s0il and

in plant material was studied.

The improved method, in which iso-propyl ether is used as an extracling

reagent, is especially suitable for the separation of microgram amounts of

copper in the presence of substantial amounts of other ions,

It was found that large amounts of both calcium and phosphate can he

tolerated.

It was also found that the color of copper-diethyldithiocarbamate complex in

iso-propyl ether is more stable than that in chloroform or in carbon tetra-

chloride under diffused daylight.

Only one extraction was necessary to remove all copper from the aqueous

layer and the second extract was colorless,

I INTRODUCTION

Copper is frequently determined colorime-
trically by carbon tetrachloride or chloroform
extraction of copper-diethyldithiocarbamate*'.
However, there are some defects, such as:
1) The extraction with carbon tetrachloride or
chloroform must be repeated several times?.
2) In general, the extract is cloudy. 3) Large
amounts of both calcium and phosphate form a

1 Hokkaido Central Agricultural Experiment Station.
+t Chemical Department, Faculty of Science, Yamaguchi

University, Yamaguchi,

turbid solution and the results for copper tend
to be low?.

When many samples of soil or plant material
need to be analyzed for their total copper con-
tent, the carbon tetrachloride or the chloroform
extraction methods are unsuitable.

The objective of this paper is to present the
results of a method that will eliminate these
defects and to propose a simple and rapid
method for determining copper in soil and in
plant material.

II PROCEDURE AND RESULTS
OF THE EXPERIMENT
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Procedure-followed : In a suitable separatory
funnel, 20 to 50 ml of the solution to be analyzed,
containing not more than 50 #g of copper was
placed. To this solution, 10 ml of etylenediamine
tetraacetic acid (EDTA) and citrate mixture
(made by dissolving 20 grams of ammonium
citrate and 5 grams of the disodium salt of EDTA
in 100 ml of conductivity water) and 2 to 3 drops
of cresol red were added, followed by con-
centrated ammonia until the indicator showed its
alkaline color’. This was diluted to about 7()
ml with water. After mixing | ml of 1 per
cent sodium diethyldithiocarbamate solution was
added. This was shaken vigorously for 2 minutes
Fig. 1 The effects of organic solvents on the absorption

spectra conducted near the window on a cloudy

day, at 20°C with Cu: 20 22g/10 ml on

{a) Carbon tetrachloride and (1) /so-propvl ether,
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with 10 ml of iso-propyl ether. The phases were
allowed to separate and the absorbance of the
iso-propyl ether extract at 432 m& was compared
with the control. Copper was separated quan-
titatively by a single extraction.

Stability of the color of extracts : The color
of the copper -diethyldithiocarbamate complex
in iso-propyl ether ismore stable than that in
carbon tetrachloride or in chloroform. In this
investigation no color change occured during
8 hours of exposure to diffused daylight (Fig.1).

Wave length selection for the measurement
of transmittancy : The absorption curve for the
copper carbamate complex in 7so-propyl ether
has a maximum at 432 mu"?. No deviations
from Beer’s law were found up to 60 g of
copper in 10 ml of iso-propyl ether.

Interference effects : The procedure used in
this work was to compare the absorbancies of
the extracts from the solutions containing the
extraneous ion with that given by a solution
of the same copper ion concentration contain-
ing no added ion. Table 1 summarizes the
effects of the suspected interfering ions.

Table 1 Effect of diverse ions

Ton Added as Added (mg) | Absorbance*
— —~ - 0.452
Zn | ZnSO, 0. 0.453
Ni NiCl, 2.0 0.452
Co CoS0, 1.0 0.451
Mn MnSO, 1.0 0.453
Fe | FeCly 20.0 0.451
Ca . CaCl, ¢ 10.0 0.452
Na ’ NaCl 1.0x10° 0.453
PO, | (NIL),IIPO, 360.0 0.452

Copper : 20 #g/10 ml of iso-propyl ether.
#* Each result is the mean of duplicates.

Determination of copper in synthetic sample
solutions by the improved method : In order

to check the accuracy of the improved proce-
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dure, known amounts of copper in synthetic
solution were determined, and the amounts
recovered were found satisfactory (Table 2 ).
The amounts of diverse ions present in the
synthetic solutions were much more than those
normally present in soils, rocks, and plants.

Table 2 Recovery of coppcr in the \)'n(h(.ll(. solution

Ion Coppar micrograms

Present® 1 (mg) ’\ddcd I Recovereds*

Zn 01| ‘.

Ni 9.0 } 10,0 | 9.9:0.14

Co 1.0

Mn 1.0 } 20.0 19.910.16

Fe 20.0 i

Ca 40.0 l

Na 1.0 100 l 29.920.29

O, 360.0

* These ions and the indicated amounts were present
in 20 ml of solution.
«+ 9997 Confidence.

This procedure may be used to determine
copper in any soil,
containing large amounts of both calcium and
phosphate.

rock, or plant material

Determination of copper in soil and rock
samples : Two grams of finely ground soil or
rock ( 1 mm mesh) were dissolved with 1() grams
of sodium carbonate®. The silica was separated
with hydrochloric acid and then the filtrate was
diluted to 100 ml with water. A suitable aliquot
of the filtrate was put into a separatory funnel
and then the copper content was determined
using the improved method. The results are
shown in Table 3.

Table 3 Recovery of copper from soil or rock samples

. ()ngmal coppnr in Rccovered*
Samples o
o soil or rock (%) ng 9%
- L _
Scrpn:ntine{ 1 6.9%10-3 ‘ 19.5 1‘ 97.0
soil No. 2 . 2.5x10°3 i 15.0 \ 95.0
&-rpcnlinv[ 1 Lox1073 [ 2005 12,5
rock No. | 2 8.0X1070 1105 075

* Recovery of 20 4#g of copper added to soil or
rock samples.

Determination of copper in plant samples :
From 0.5 to 1.0 grams of oven-dried (24 hours at
60°C), finely ground plant material was weighed
and placed in a 300 ml tall beaker. 10 ml of
fuming nitric acid was added and the beaker was
covered with a watch-glass and allow to stand
overnight. Then 5 ml of concentrated sulphuric
acid was added and dissolved using a low heat.
If at this stage the solution was still colored,
3 to 4 ml of a mixed acid solution (fuming nitric
acid : 70 per cent perchloric acid=1:1) was
added and again heated until fumes of sulphuric
acid were given off. After cooling, 30 ml of
water was added and again cooled. The solution
was filtered the filtrate was diluted to 100 mi
with water. An aliquot of this solution was used
for the determination of copper. The results
are shown in Table 4i.

Table 4 Recovery of copper from plant materials

Plant material Ong;:z;(::o/PPU Copl[:r rls.cove:/:d“
Orchard grass 1.0x10-3 : 20.0 " 100
Alfalfa 2.4x10-3 20.0 100
Sugar beet 2.6%10°3 19.7 98.5
Soybean (top) 2.4%10°3 20.5 102.5
Radish 4.0x10-3 20.3 101.5
Red clover 1.68x102 19.5 97.5
Ladino clover 1.82x10"2 20.5 102.5
Potato (top) 1.94x10-2 20.0 100

* Ruovery o[ 2() ny of copper addcd to plant samples.

The recovery of copper was tested by the
addition of 20 #g of copper to aliquots of the
sample solution. The resulls gave a recovery
range of 19to 20.54g. It was shown that the
error is low (Table3 and 1 ).

N1 CONCLUSIONS

This method is a simple and rapid one for
determining the copper content and is especially



62 ACdhOar L R Y uf 19 4

suitable for the determination of microgram

amounts of copper in the presence of large

amounts of both calcium and phosphate.

It was found that only one extraction was
necessary to remove all copper from the aque-
ous layer.

Separation of the organic layer from the
aqueous one after mixing is easier in fso-pro-
pyl ether than in chloroform or in carbon
tetrachloride.
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