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A colorimetric procedure for the determination of copper 

with 2!12-diquinolyl (cuproine) is described. The method is based 

upon t be fact that cuproine forms an intensely coloured purple complex 

with cuprous ions, the colour of the complex bearing a linear relation

ship to the copper present. The reagent is specific for monovalent 

copper,. Ions which are themselves coloured do not interfere as the 

copper=cuproine complex is extracteà with amyl alcohol from a weakly 

acid solutiono The effect of pH and shaking time on the eJ1.-traction 

was found to be important. Optimum conditions for complete extraction 

of the complex are indicated. The method, being very rapid and simple 

in execu.tion, is especia.lly suited for routine work. 
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THE roLORDlETPJC DETERMINATION OF COPPER WITH 2, 2-DIQUINOLYL IN 

~=- ·--·-- MINERAIS_AI:!D O~---~~-----

INTRODUC1'.JCN 

Classicel procedures for the determination of copper are 

usually time consuming and laboriouso The analysis of large amounts 

of copper is often carried out by electroplatir_g the copper aft er 

prelin:inary separations have been madec Volumetric procedures usually 

require 0ne or more preliminary separationso Standard separations~ 

such as the sulphide separaticn, are not always completeo Traces of 

copper can not be detected accurately by either gravimetric or 

volumetric meanso 

For detecting small amounts of copper several colori rretric 

methods have been proposedo The most frequently used of these 

procectures is the colorimetric determinat ion of copper with diphenyl= 

dithiocarbamateo This procedure is subject to interference from a 

number of cornrnonly occurring ions(l)o Another well known method 

utilizes the blue colour given by ammonia with cupric saltso This 

method is not very sensit iveo 

Dithizone forms a colourod dithizonate with copper 9 but 

many élements interfereo Sorne ~nvestigators have used special 

techniques to overcome the lack of specificity of àithizone and bave 

applied the reagent to routine determinations of copper (2 9 ; 9 4) . 

A method which has been applied in this laboratory (5) is based on 

the work of Bendix and Grabenstetter (6) o In this procedure the pH 

is carefully regulated to eliminate as many interferences as possible 

and such remaining contaminants as bismuth~ tin and mercury are 
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removed by extraction with potassium iodideo Excess dithizone is 

then removed by shaking the sample with dilute ammonia and the copper 

determined as the coloured dithizonate. While this procedure has 

proven quite satisfactory it is subject to a number of possible 

errors. The sensitivity of the method is so great that scrupulous 

care must be taken to use clean glassware and purified reagents. 

Determination of amounts of copper greater than 1 percent requires 

great care by the analyst as the dilution factor becomes very higho 

The presence of small amounts of common oxidizing agents can not be 

tolerated. 

Breckenridge, Lewis and Quick (7) showed that monovalent 

copper forms a purple complex with 2,2-diquinolyl (cuproine) in 

alcoholic or acetic acid media. Hoste (8, 9) investigated the 

specificity of this reaction and stated that the reagent is completely 

specific for monovalent copper. The effect of coloured ions can be 

eliminated by extracting the copper-cuproine complex by an organic 

solvent immiscible with v1atcr .. Cuproine has been used for the determi

nation of copper in tap water, alloy steel and vegetable matter (10, ll). 

Cuproine is reputed to be 100 times more sensitive to copper 

than the colorimetric ammonia procedure, 10 times more sensitive than 

the method with diethyldithiocarbamate and 4 times less sensitive than 

the dithizone method (9). As this reagent appeared to offer advantages 

over other colorimetric reagents for copper an investigation was carried 

out into its possible use for determining copper in minerals and ores. 

t 



- 3 -

THEORY 

According to Hoste (9) monov~lent copper forms i::1tensely 

coloured complexes with compounds containing two pyridyl groups, 

a pyridyl and a quinolyl group or two quinolyl groups linked in 

2,2 position. These complexes are insoluble in water, but soluble 

in organic sol vents, and contain in solution two rnolecules of the 

organic reagent to one ion of copper. The same investigator exarnined 

several of these compounds and found that, of the compounds specific 

for copper, 2,2-diquinolyl most successfully fulfilled the require

ments for a colorimetric reagent. The compound is readily available 

and forms with copper a complex which is sensitive and very stable 

in acid medium. The complex in solution may be represented as follows: 

+ 

Cu 

N 
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APPARATUS 

Beckrnan spectrophotometer, Model 11B11 

Beclcraan pH meter 

Fisher safety centrifuge 

?..:AG:::::NTS 

Standard copper solµtion 

Dissolve 1 gram of electrolytic copper foil in 15 ml of 

l~l nitric acid, add 8 ml of 18N (1:1) sulphuric acid and fume the 

solution to dryness o Take the soluble salts into solution with 5 ml 

of concentrated HCl plus 25 ml of distilled water and make the solution 

up to volume in a 500 ml volumetric flask with distilled water., This 

is the main copper solution and contains 2 mg copper per ml of 

solutiono Place 2 ml of the main copper solution in a 1000 ml 

volumetric flask and make up to volume with distilled water. 1 ml 

of this solution contai ns 4 micrograms of coppere 

10 per_9ent h_xdrmJ&minc_hzdrochloride solution 

Dissolve 25 grams of hydroxylamine hydrochloride in 

distilled water and dilute to 250 ml. This solution should be made 

freshly each week. 

10 percent tartaric acid solution 

Dissolve 50 grams of tartaric acid in distilled water ·:nd 

dilute to 500 mL 

Oo02 p~r cent cuproipe solution 

Dissolve 100 mg of cuproine in 500 ml of n=amyl alcohoL 

Stir until complete solution has taken place. 

l~l ammonium hydroxide solution 

Add 50 ml of concentrated ammonium hydroxide to 50 ml of 

distilled watere 



1:1 tyQrochloric_acid solution 

Add 50 ml of concemrated hydrochloric a.cid to 50 ml of 

disti1led water. 

LP-_~ent hydrocploric acid ~QlUii.Qg 

Add 5 ml of concentratE:1 hydrochloric acid to 495 rrJ. of 

distilled water . 

1:1 su~phuric acià solution 

Add 50 ml of concentrated sulphuric acid to 50 ml of 

distilled water. 

P ROCED!J,filLl:QB._SOLID SAMPYA 

Weigh out accurately one gram of the ore into a 250 ml 

beakero Add 20 ml of 1:1 hydrochloric acid and boil the sample for 

10 minutes,, .Md 5 ml of n:i.tric acid (conc.) and 10 ml of 18N(l:1) 

sulphuric acià and take the sarr:ple t,o dryness on the hot plate. 

Take up the soluble salts in 5 ml of hydrochloric acid (conco) and 

50 ml of water. Bring the sample to a boil. F1.lter off the in

soluble residue on Whatman #l.O paper and wash the residue with 1 per 

cent hydrochloric acid solution. Make up the filtrats to an 

appropriate volume in a volumetric flask. 

Place an apprcpriate aliquot in a 100 ml beaker (see note 1, 

below) and add 5 ml of 10 percent hydrcxylamine hydrochloride and 

5 ml of 10 percent tartaric acid solution. The same treatment is 

accorded a blank determination which should be carried along with each 

group of samp1es. By means of a pH meter, standardized at pH 4, 

adjust the pH of the solution to 5.0 = 5o5 with 1:1 ammonium hydroxide 

and 1:1 hydrochlcric acid. Transfer the samplc to a 60 ml separatory 
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funnel (see nc,te 2) keeping the volume of sarnple plus washings 

at not greater than 40 ml. Add by pipette O ml of Oo O~ per cent 

cuproine in a n~amyl alcohol. Shake the mixture for 2 minutes. 

Discard the aqueous layer . Draw off the organic layer into a l o 5 

cm centrifuge tube and centrifuge the sarnple for 1 minute (see note 

3)o Read the sample against a reagent blank on the Beckman spectro

photometer, model 11B11 ,, using a ':lave length of 545 millimicrons, no 

filter and 1 cm cells. 

PROCEDURE FOR SOLUTION SAMPL:ES 

For solution samplesJ take an appropriate aliquot, add 

.3-5 drops of concentrated hydrochlcric acid and dilute to the 

required ·~olume in a volurnetric flask with distilled watero Place 

an appropriate aliquot i n a 100 ml beaker 1 add 5 ml of 10 percent 

hydroxylamir.e hydrochloride and continue as above for solid samples. 

~otes 

lo Care should be taken ~hat all glassware used in the analysis 

is cleaned thoroughly before use. 

2o It bas been found helpful to apply s ilicone grease to the 

stopper and stopcock of each separatory funnel. 

3o Centrifuging is necessary because of the cloudiness of the 

orga.nic ex:tract.. If this cloudiness reappears on standing, 

the organic extract should be centrifuged a second timeG 



EXPER.IMENT AL 

A series of aliquots of the standard copper solution 

covering the range 4 microgram;;; to 60 micrograms of copper was taken. 

The samples were placed in 100 ml beakers and diluted to about 20 ml 

with distilled watero 5 ml of 10 percent hydroxylamine hydrochlcride 

solution and 5 ml of 10 per ce ... 1t tartaric acid solution were added~ 

The pH of the solutions was ad,justed to approxirr,ately 3., 5, as 

accordir,g to the literature (9), extraction of the copper-cuproine 

ccrnpley is complete at a pH of over _3.0. This source also recomnended 

the use of hydroxylamine hydrochloride as a reducing agent for the 

copper, and tartaric acid for complexing such elements as iron. 

5 ml and 10 ml aliquots of a 0o2 percent solution of cuproine in 

n-amyl alcohol were a.dàed to separutor-y funnels containing the samples 

and the mixtures shaken for varying amounts of time up to 10 r.1.inuteso 

It was found that at a pH of )o 5 extraction of the complex 

varied with the shaking time. Extraction of small amounts of coppcr 

(10 micrograms) appeared to level out a.fter 6-8 minutes shaking time, 

but this did not hold true for larger arnounts of copper (20 rnicrograms) 

even a:f'ter 10 minutes shakingo As erratic results were obtained by 

following the general recommendations found in the literature it was 

necessary to conduct a thorough investigation of the procedure~ 

O~timum uH and shal9Jlg__iim~ 

Tests . · ' that a pH of between 4.4 and 7 o 5 is requlred 

for cor.i.plete extraction of the copper=cuproine complex in 30 seconds. 

As can be seen from Figure 1, extraction of the complex falls off 

sharply a.fter ! 7o5, possibly due to the formation cf a copper-ammonia 



complex. At these pH levels the copper-ammonia complex apparently 

forms more readily than the copper-cuproine complex. A shaking 

time of 30 seconds is satisfactory for amounts of copper up to at 

least 175 micrograms as long as the pH is kept within the required 

limits (Figure 1). It is shown in Figure 2 that extraction of the 

copper varies with shaking time if the pH fall s below optimum 

levelse Extraction of 10 micrograms of copper, for example, was 

not complete after 8 minutes shaking at pH 3,5 even though the 

extraction curve levelled out in this period of time. When the 

pH of the solution was raised to 5.0, extraction was complete in 

JO seconds or less. 

Effect of hydroxgamine hydrochloride 

Tests indicated that hydroxylamine hydrochloride solutions 

up to at least a week old could be successfully used. Addition of 

the hydro:xylamine hydrochloride in solid form did not change results. 

Boiling the sample for 1 - 2 minutes after addition of the reducing 

agent did net alter the copper values. A standard amount of 5 ml 

of 10 percent hydroxylamine hydrochloride is added in the procedure, 

but possibly a smaller amount than this would be adequate. 

Absorption spectrum 

The absorption spectrurn of the copper-cuproine cornplex 

was plotted and the absorption was found to reach a maximum at 547 

millimicrons and a minimum at 430 millimicrons. See Figure J. 

Stability 

The colour of the copper-,cuproine complex was found to 

be stable for periods of at least one week. 



~.j.mgm mo1ecu.-1.ar gçportion of ccpDer~cuproine 

The molecular proportion of copper-cuproine should be 1 

of copper to at least 2 of cupro1neo No change in absorption read

ings was noted by increasing the ra.tic of cuproine to copper by 

more than 2 to 1. 

Calibration curve 

A calibration curve was drawn up covering a range f rom 

4 = 140 micrograms of copper in 10 ml of 0.02 per cent c'--·~·,oine i n 

n-amyl alcohol and using a wave length of 545 millimicronso 

Figure 4 shows a portion of the calibration curvea 

APPLICATION OF METHOD 

Synthetic samples 

The reported specificity of cuproine for monovalent copper 

was investigated by adding a number of ions commonly f ound i n minerals 

and ores to synthetic copper solutionso Results of these tests are 

found in Table 1. 

None of the ions tested interfered in the copper determi""' 

nation,, The extraction procedure eliminated the effect of any i ons 

which are themselves coloured. If ions which form insoluble chlorides 

are present, the precipitated chlorides can be filtered off before 

the extraction is carried out. This modification was carried out 

successfully in cases where large amounts of such ions as mercury 

or sil ver were present. Small amounts of these ions caused no troubleo 

The presence of moderate amounts of comrnon oxidizing agents does not 

affect results. 



Bureau of StaI'-darQS sey.iples and ore samplfil! 

A series of Bureau of Standards samples and ore samples 

was analyzed for copper. The samples were taken into solutions by 

standard acid treatment, with any insoluble material being fused 

with sodium pero:· ide and added to the main solution. The results 

of these tests are shown in Table 2o Uranium oxide (u3og) was 

added to three of the sarnples, but in no case was the copper value 

affected. 

RESULTS AND DISCUSSION 

Copper values by the cuproine method compare very 

favourably with Bur eau of Standards values and with results obtained 

on ore samples by the dithizone methodo Reproducibility of results 

was excellent on all samples analyzed. 

Hoste (9) states that cuproine is a specific reagent for 

monovalent copper. Work carried out in Mines Branch laboratories 

substantiates t his claim. The extraction procedure was found to be 

essentia.l for many of the samples analyzed. Under the conditions 

of the procedure , such ions as titanium and iron when present in 

large quancities give definite colours. As only the copper-cuproine 

complex i s extracted by the amyl alcohol , the colouration of these 

contaminants is without effect,. The substitution of iso-amyl 

alcohol for n-amyl alcohol gave a small increase i n the colour 

intensity g Brief tests indicated that the two amyl alcohols acted 

much the same in such matters as extraction rate and optimum pH 

condit ions 0 As a plentiful supply of n-amyl alcohol was available, 

this compound has been used for all work described. 
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It r.:::.~ been found essential that the pH of the sample 

solution be kept between 4.4 anà 7.5 for complete extraction of 

copper . 'l'hese find1.ngs do not a.gree with Hoste (9) who indicates 

that complete extraction of copf.'"'X' is obtained with JO seconds 

shaking at a pH greater than 3.0o For analysis of all samples it 

has been found satisfactory to adjust the pH of the sample to 

5.0 - 5.5. Shaking time variacce of 30 seconds to 120 seconds had 

no effec"G on results if optimum pH values were maintained. 

No trouble has been oaused by precipitation of such ions 

as iro~ and aluminum at pH values as high as 7.~ providing tartaric 

acid is present. If large quantities of ions which form insoluble 

chlorides are present, it is necessary to remove the insoluble 

compounds by filtration. 

--
Test 

1 
2 
J 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

TABLE 1 
The effect of other ions on the determination of copper 

by 2,2~diquinolyl 

-
1 

--:i-·-Contaminant Copper Copper 
.Added Pre sent Found 

Micrograms Micrograms M:lcrograms 

5:i000 Ti02 30.l 29.9 
4~000 Bi JO.l 29.9 
59000 Co 30.1 Jl.0 

20,000 NiGJ,, ,_ JO. 1 29.8 
2.000 V 30.1 29. 7 

13,000 Na 30.1 J0.2 
15,000 Fe 12.0 12.l 
50,000 Fe o.o 0. 7 
12,000 U30g 12o0 12.1 

5,000 U308 0.0 none detected 
3 9000 As .3 9 000 P:z05 JO.l 30. 7 

' 3,000 As½ 3,000 P2oi 0.,0 none detected 
170 SnC 2 30.1 29. 8 

1 X 6 5· 30.1 30.2 10
6 

s_4 
1 X 10 NOJ 30ol 30.2 

40,000 common oxidizing agent 30.l 30.2 
1 1 
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Comparative Analyses on Typical Samples 

Sample Type of Sumple Main Copper Fresent Copper 
Contaminants (Bo of So value) Found 

Fresent Per Cent Fer Cent Cu. ( cuproine ) · 
Per Cent Cu. 

Bureau of Steel Mn = Oo5 
Standards Si ~ O. J A 0.105 0.107 

lle Fe = H·f 
U 308 added to B 
equi valent to B 0.105 0.106 

5 percent U3 3 

Bureau of Phosphor=bronze Sn = 9. 8 
Standards Pb = 9.4 78.0 77.0 

6Jb Zn ~ 0.7 
Sb = 0.5 
Fe = 0.5 
p = 0.4 
Ni - O. J 

Bureau of Bauxite ll203 = 55.1 
Standards Fe203 = 5o7 

69 Ti02 - J.l O.OJ 0.02 
Si02 - 6.J (as Cuo) (as CuO) 
.MnO - o.6 

Bureau of lluminum A.lloy Mg - 1.6 
Standards Mn = 0.7 

85a Ni ~ 0.4 2.48 2.47 
Cr - 0.2 
àl - +H 

Bureau of Zinc-base Alloy li = J.9 
Standards Zn = +H A 1.08 1.09 

94a U 308 added t o B 
equi valent to B 1.08 1.08 
10 percent U308 

---
Bureau of Plastic Clay Si02 - 59.1 
Standards Al203 = 25 .5 

98 Fe203 = 2.0 
Ti02 - 1.4 0.009 0.009 
K20 - J.2 (as CuO) (as Cuo) 
Na20 - O.J 
MgO - 0.7 
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Sample T~'f,e of Sample Main Copper Present Copper 
Contaminants (B . of S. value) Found 

Present Per Cent Per Cent Cu. (cuproine) 
Per Cent Cu. 

--
Bureau of SpeJ.t c.;:' Pb - 0.1 
Standards Cd - 0.1 0.0004 None 

108 Zn = fH detected 

- -
Bureau of Cast Iron Ni = 15.9 
Standards Si - 1.6 6.44 6.36 

115 Cr - 2,.2 

RJ002 

R.4129 

Mn - 1.0 
g/1 Copper 

Value 
(Dithizone Method 

Precipitate ---- 0. 07 0.08 

Solution 
u3o8 added to B A 0.25 0 .25 
equivalent B~ O. 25 0.25 
to 120 g/1 

U308 

SUMMARY AND CONCLUSIONS 

A rapid , accurate method for determining copper colori

metrically has been described. The method is based upon the coloured 

complex formed by cuproine and monovalent copper. This complex can 

be extracted by amyl alcohol from a weakly acid solution. A study 

of the various f actors involved has been made and suitable operating 

conditions are indicated. The procedure is suitable for samples 

containing betv10en 0,001 per cent and 10.0 per cent coppero Ivlaterial 

containing larger amounts of copper can be successfully analyzed~ 

The technique required is simple and results are reproducible under 

routine conditions. After sample dissol~tion, a trained analyst can 

complete a single determination in less than 15 minutes. 
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EFFECT OF pH ON EXTRACTION OF COPPER-CUPROINE 

COMPLEX WITH N-AMYL ALCOHOL 
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EFFECTS OF SHAKING TIME ON EXTRACTION OF 

COPPER-CUPROINE COMPLEX WITH N-AMYL ALCOHOL 

1. 10 MICROGRAMS COPPER, pH 3.5 

2. 20 MICROGRAMS COPPER, pH 3.5 

3. 20 MICROGRAMS COPPER, pH 5.0 

4 . 60 MICROGRAMS COPPER, pH 4 .5 
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BECKMAN SPECTROPHOTOMETER-MODEL 11 8 11 
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