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SPECTROPHOTO?TETRIC DETERMINATION OF 
COPPER IN ORES WITH 2,2'-BIPY.IDYL 

J NTROPUCTION 

The belief that spectrophotometric methçds are 

limited to micro quantities has been widely accepted. 

In l94 Tellon (15, p.86), In referring to absorption 

spectrophotometry, pointed out the need for further 

study of existing and new color systems to determine the 

upper concentration limit for reliable work with modern 

instrumerts. reviously the emphasis was placed on the 

lower concentration limit. Various spectrophotometric 

methods of analysis have been developed in recent years 

which make use of the extinction coefficient of the 

colored system at a definite wave length, or of a 

curve relating extinction or transmlttancy at a definite 

wave length to concentration. It is frequently found 

that the upper limit of concentration that can be de- 

termined accurately Is surprisingly high. 

rost methods of determining corper Involve precip- 

Itimetry or titrimetry; however, In recent years It has 

become possible, through the use of the srectrophotorneter, 

to apply colorimetric procedures to quantitative analysis 

with an accuracy comparrble to that of the more common 

methods. 
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Blau (1, pp.647-698) descrIbed the properties of 

2,2'-bipyrldyl, along with Its ietbod of preparation. 

Tartarini (18, pp.599-600) in discussing new color reac- 

tions involving cuprous salts reported that 2,2'-bipyridyl 

Í'orn's a cupric cornriex which can be reduced with hydrox- 

ylarnine in ammoniacal solution to give a highly colored 

cuprous compound. 2,2'-bipyridyl has been applied to the 

spectrophotornetric determination of iron (13, pp.2-; 

17, pp.862-864). 

Moss and Mellon (16, p.116) in their study of the 
3,10-phenanthroline-cuprous system stated that 2,2'- 

bipyridyl was not as sensitive as 1,10-phenanthroline 

in the formation of colored cuprous complexes. 

The work described herein was carried out for the 

purpose of developing a spectrophotometric method for 

the determination of copper in ores, based upon the 

separation of iron by ammonia, and rreasurement of light 

transmitted by the 2,2'-bipyridyl-cuprous color system 

at a wave length of 430 rri. In addition, the effect of 

diverse ions, concentration and order of addition of 

reagents, solvents, arid stability of the system were also 

studied. Optimum conditions were established under which 

the colored complex could be used for the spectrophoto- 

metric determination of copper in ores. 
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TFFORETICAL CONSIDErATIONS 

Ail colorimetric quantitative analysis is based 

upon the fundamental Beer-Larnhert equation 

I I x 30-elc 

in which I represents the intensity of light of' a given 

wave length transmitted by a color system; I the in- 

tensity of light entering the system; e Is the molecular 

extinction coefficient, which is the absorption due to 

a single molecule; i Is the length of the absorbing 

rediun through which the lIght passes expressed in centi- 

meters; and e is the concentration of the solute expressed 

in moles per liter. 

The oldest and stili most widely used of the various 

colorimetric quantitative procedures involves visual corn- 

arison of the color produced by a solution containing a 

definite concentration of an unknown substance with that 

of a solution produced by a color standard equivalent to, 

or containing a known concentration of, the desired con- 

stituent. The length of the column of the unknown solu- 

tion is varied until the transmission through the standard 

and the unknown solutions appears to be the same. Since 

the transmission of light through the solution is an 

inverse function of both the length of the column of the 

solution and the concentration of the colored substance, 

the concentration of the desired constituent in the 
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unknown solution may be calculated by solving the simple 

proportion involved. 

Beer's law is not always obeyed in visual colorime- 

try as a result of the use of polychromatic light. In 

addition, the eye of the observer is not sensitive 

enough to distinguish between small variations in inten- 

sities of transmitted light thereby introducing a serious 

error. In spite of these limitations, visual colorirnetry 

finds extensive use in routine analytical work. 

The development of photoelectric colorimeters has 

rartially overcome these Umitations. The photoelectric 

measurement of the transmitted light eliminates the error 

due to lack of visual acuity on the part of the observer. 

Incident light of a narrow spectral band width is provided 

by use of a suitable filter. 

The spectrophotometer employs a prism or a diffrac- 

tion grating to provide essentially monochromatic light, 

and the photoelectric measurement of the transmitted 

light makes it possible to calculate concentrations di- 

rectly from the fundamental Beer-Lambert equation. 

By comparing the intensity of a ray which has pass- 

ed through the colored medium with the intensity of a 

similar ray after passage through a colorless medium of 

similar refractive index contained in an identical cell, 

a basis is established for the measurement of absorption. 
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A comparison of thIs type Is necessary to compensate for 

losses by reflection and scattering at the boundaries of 

the cell containing the solution and also for losses 

caused by scattering within the cell itself. The actual 

values of the intensIties are not required in spectro- 

photometric analysis; only the ratio is significant. 

The ratIo I/Is is called the transmittancy of the solu- 

tion. The logarithm of the reciprocal of the trarismittancy 

is referred to as the extinction. 

There are two general procedures available for de- 

termining the concentration of the desired constituent 

using the spectrophotometer, depending upon the conformity 

or nonconformity to Beer's law. If Beer's law is obeyed 

by the system the ftndarertal equation may be used for 

calculating the concentration. The Beer-Lambert equation 

solved for concentration c, Is 

:Lg I,/I 
C = 

The molecular extinction coefficient e, is a constant at 

any given wave length for a color system and must be 

first evaluated by use of solutions of known concentra- 

tions. The determination of copper by ammonia (6, pp.387- 

389), and triethanolamine (10, pp.52-55); iron by 2,2'- 

bipyridyl (l3,pp.f2-5), o-phenanthroline and p-nitro- 

o-phenanthrolire (U, pp.162-163), salicylaldoxime 

(9, pp.76-79), salicylic acid (, pp.162-163) and 



thioglycollic acid (12, pp.8-14) are examples of this 

procedure. 

The failure to obey Beer's law may be attributed 

to any one or more cf several properties. If there is 
dissociation, association, ionization of the solute 

molecules wIth change in concentration, or a discrepancy 

in the construction of the instrument, Beer's law need 

riot necessarily hold. Because of the construction dis- 

crepancy in the instrument itself, one should not use a 

published value of the molecular extinction coefficient 

for a specified color system, but it should always be 

determined with the instrument to be used. 

When a system does not obey Beer's law a reference 

curve must be constructed by plotting the transmittancy, 

reciprocal of the transrnittancy, or the extinction as a 

function of the concentration for a series of solutions 

of known concentration. After determining respectively, 

the transrnittancy, reciprocal of the transrnittancy, or 

the extinction for an unknown solution, its concentration 
may be read directly from the reference curve. This 

procedure could be used regardless of conformity to 

Beer's law, but is usually confined toìose systems which 

do not conform. Iron by kojic acid (14, pp.642-643), 

manganese In steel by permanganate (7, pp.27-29), and 

nickel In steel by ammonia (8, pp.4-7) have been deter- 

mined In this manner. 
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XPER PF!TAL 

APPARATUS A SOLTIONS 

Beckman Model Spectrophotorneter. Al]. transmission 

measurements were made with a Beckmar Model 13 spectro- 

photometer. Light from an internal tungsten filament 

lamp is ref1ecte by means of a serles of mirrors through 

a cuartz prism. Here the light is diffracted and re- 

flecte through the absorption cells to the photocell. 

The prism may be rotated in such a manner that a diffract- 

e beam of light of arr eesired wave length is in focus 

at the slit. The diffracted beam passes through the ab- 

sorption cell arid strikes the photocell. The photocell 

is connected to a galvanometer which is calibrated with 

both per cent transmission and extinction scales. 

In all transmission measurements, the intensIty of 

the incident beam of lIght was regulated by means of 

opening or closing the slit untü the galvanometer needle 

registered 100 when the t*blankt? was in position. Since 

transmission has been defined as the ratio of' the interi- 

sity of light transmitted by the colored solution to the 

intensity of light transnitted by the "blank" solution, 

this adjustment made the galvanometer reading for the 

colored solution represent percentage transmission di- 

rectly. This procedure was followed in making all the 



transmission measurements. Te ient1caI absorption cells 
used were constructed of corex glass in such a way that 
te solution thickness was one centimeter. The same cells 
were used t)roughout, one reserved only for the colored 

solution, the otJer for the "b1ark solution. 

22'-Biîridyl. A 0.1 per cent solution was pre- 

pared by dissolving one gram in O.2M hyfrochioric acid 

and diluting to a liter wIth distilled water. 

An'cn1ui ydro,dde. A 6M and a 31 solution were pre- 

pared by suitable dilution of a lM solution. 
yöroxylamine hydrochloride. A 10 per cent solu- 

tion of hydroxylarnine was prepared by dsso1ving 100 

grams of the iron-free solid in distilled water and dllut- 
Ing to a liter. 

Methyl carbitol (Dethyiene glycol mono-methyl 

ether). A commercial grade of methyl carhitol was used. 

Standard copper solution. A standard copper solu- 

tian was prepared by dissolving exactly 0.1 gram of olec- 

trolytically pure copper pellets in 10 ml. of concentrated 

hydrochloric acid and 5' ml. of concentrated nitric acid 

in a 1000-ml. volumetric flask. The solution was neutra- 

lized with 6V ammonium hydroxide until the first indica- 

tion of the for-ation of the blue cupri.c ammonium complex. 

The solution was then diluted to the mark at 20°C with 

distilled water and thoroughly mixed. Tcactly 00 ml. 



of this soJutlori were transferred to another 1000-ml. 

volumetric flask, dilutd to the mark at 20°C., and 

thoroughly mixed. Each milliliter of this solution con- 

tained 0.05 mg. of copper. This was a convenient concen- 

tration for the standard solution since i ml. diluted to 

a final volume of 50 ml. gave a concentration of 1 mIlli- 

gram of copper per liter. 

COLOR REACTION 

In or(er to produce the color system, the volume 

of the standard copper solution required to give the 

desired concentration of copper was accurately treasured 

from a burette into a 50-ml. volumetric flask, 2 ml. of 

6M ammonium hydroxide were then added to give the correct 

pH value and also to form the cupric ammonium complex. 

Ten milliliters of a 0.1 per cent solution of 2,2'-bI- 

-yridyl were added followed by 1 ml. of 10 per cent 

hydroxylamine hydrochloride which reduced all copper to 

the cuprous condition. Twenty milliliters of methyl 

carbitol were added and the solution was diluted to the 

mark at 20°C. and thoroughly mixed. The orange-brown 

color developed immediately. A flblanktt solution was pre- 

pared by adding 2 ml. of 6M ammonium hydroxIde, 10 ml. 

of a 0.1 per cent solution of 2,2'-bIyridyl, 3. ml. of a 

10 per cent hydroxylamine hydrochloride solution, and 20 
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ml. of methyl carbitol, diluting to the mark at 20°C. and 

mixing thoroughly. 

It was found by experiment the reagents must be 

added in the above order. In the case of 1,10-pherianthro- 

line, Moss and rflellon (16, p.117) found that the copper 

must be in the form of the ammonia complex prior to the 

addition of the reagent and that the reagent must be add- 

ed before reduction with hydroxylamine hydrochloride. 

The ammonia concentration is also a factor, but is easily 

controlled by adjusting the pii value of the copper solu- 

tion with 6M hydrochloric acid or 6M ammonium hydroxide 

until the first indication of cupric ammonia complex 

formation. This end point is easily seen and is repro- 

ducible. The solution at this point is also neutral to 

litmus. The pH value and ammonia concentration are thus 

automatically controlled and no particular advantage is 

gained by buffering with ammonium acetate. 

Transmittancy for each solution was measured over a 

range of wave lengths ranging from 400 to 700 mp. The 

desired wave lengths were obtained by setting the wave 

length indicator. Transmittancy was determined at inter- 

vals of 10 ni in the region of minimum transmission and 

at intervals of 20 mp throughout the remainder of visible 
spectrum. The intensity of the incident light was adjust- 

ed by means of the slit width until the transmission of 
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the "blank" solution gave a reading of 100 on the galvan- 

ometer scale. The colored solution as then placed in 

the path of the light beam and the percentage transmit- 
tancy or the extinction read directly from the respective 

galvanometer scale. 

The wave length of maximum absor'tion for the color 

system was determined by the use of seven solutions with 

concentrations of 1, 2, 3, 4, , 6, and 7 p.p.m. of cop- 

per. The spectral transmission curves for the seven 
solutions are shown in Figure 1, maximum absorption oc- 

currirg at 430 i with every solution. 

CONFORMITY Q BFER'S LAW 

To determine whether the cuprous-2,2'-hipyridyl 

color system conforms to Beer's law, the extinction values 

of seven standard copper solutions were determined at the 

wave length of maximum absorption and plotted as a fune- 

tion of the concentration. The curve is shown in Figure 

2. The curve follows a straight line until a concentra- 

tion of 6 p.r.m. Is reached and then lt begins to curve 

downward. The maximum concentration for which the mole- 

cular extinction coefficient can be used is therefore 

6 p.p.m. 

The molecular extinction coefficient was determined 

by solving the B.er-Lambert equation Tor e, and calen- 

lating the value of e from this equation by determining 
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the extinction values for a serles of copper solutions 

of known concentration. The values obtained are shown in 

Table I. Above 6 p.p.m. the values for the molecular 

extinction coefficient were too lvergent to be of any 

value arid are not recorded. 

TABLE I 

Determination of Molecular Fxtlnction Coefficient 

P.p.m. Copper Molecular ctlnction Coefficient 

1 4,768 

2 4,768 

3 4,747 

4 4,734 

4,742 

6 4,768 

Average 4,762 



I-J 
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DFTERMINATION Q COPPER IN ORES 

The riethod was tested by application to the deter- 

mination of copper in ores in which copper had previously 

been determined by the iodide titrimetric method (4, 

pp.24-27). Snce the system obeyed Beer's Jaw up to 

a concentration of 6 p.p.m., a weight of ore was taken 

which provided a concentration in this range at the 

dilutions used, 

A sample varying from 0.1 to 0.2 gram depending 

upon the copper content was accurately weighed and trans- 

ferred to a 250-ml. beaker. Ten milliliters of concen- 

trated hydrochloric acid and rl. of concentrated nitric 

acid were added to the sample and the covered mixture 

was warmed on a hot plate until solution ha been effect- 
ed or until only a white, siliceous residue remained. 
Concentrated ammonium hydroxide was slowly added with con- 

start stirring to the hot solution until all the iron 

was precipitated as the hydrous ferne oxide and the deep 
blue copper complex was formed. The mixture was filtered 
into a 1000-ml, volumetric flask, and the residue washed 

with 3M ammonium hydroxide until the washings showed no 

blue color. The ferne hydroxide in the residue was 

dissolved with a minimum of dilute hydrochloric acid and 

washed through the filter taper into the original beaker 

until all the yellow color of fernic chloride had 
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disappeared from the filter paper. The solution was 

ìeated on a hot plate and the iron reprecipitated with 

concentrated ammonium hydroxide. The mixture was again 

filtered into the same 1000-ml, volumetric flask and wash- 

ed with 3M ammonium hydroxide until the washings were 

colorless. The solution was acidified with hydrochloric 

acid and neutralized to the first appearance of the 

cupric ammonia complex with dilute aimonium hydroxide, 

diluted to the r'ark at 20°C., and thoroughly mixed. 

Four milliUters of this solution were accurately 

measured into a 0-m1. volumetric flask by 'ieans of a 

burette. Two rr .. Illiliters of 6 M ammonium hydroxide, 10 

rl. of 0.1 per cent 2,2'-bipyrldyl solution, 1 ml. of 10 

per cent hydroxylamine hydrochloride solution, and 20 ml. 

of' methyl carbitol were added to the copper solution, 
diluted to the mark at 20°C. and thoroughly mixed. A 

ttblanktt solution was prepared using the same concentra- 

tions of all the reagents except the copper solution. 

The extinction was read directly from the galvano- 

meter scale at a wave length of 430 mp. The percentage 

of copper in the sample was calculated by use of the 

molecular extirction coefficient. 

The following example illustrates the method of 

calculation: 
Experimental data: weight of sample - 0.1018 gram; 
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extinction value C.249; average molecular extinction 

coefficient - 4,762e 

The Beer-Lambert equation solved for e gives 

e - log lIT moles of iron per liter 
exi 

Therefore, 

e log l/T x at. wt. Cu gram of Cu per 
e x i liter. 

Since the final solution contained 0.004 of the 

original sample in f0 rna. of solution, 
Cu = 3.7(1OOO)()(lcgl/T) 

(4,76)(lJfo.lo1e)(Bo) 

= (63.7)(]000)()(c.24a) 
(4,762)(Ï)(o.l0])(8 

= 2O.39 

RESULT S 

The method was applied to the determination of the 

copper content of four oxides, six ores, and two mattes. 

The results are shown in Table II along with values ob- 

tamed by the iodide titrimtric rethod. In no case was 

the difference between the two methods greater than i 

per cent and the average difference was - C.O]. per cent. 

Since the extinction scale could be read only to the third 

decimal place, the average of several readings was taken. 

Results were duplicated on the same sample with a preci- 

sion of & C.,O]. to & c.ii per cent. 



TABLE II 

Results Obtained with 2,243ipyridyl 

Copper Copper by 
Nature by 2,2'-bi- 

Sample of Iodide pyridyl Percentage 
No. Sariple iethod Liethod Deviation Error 

C? C? Lf C? 
¡J t 

1 ore 10.43 10.48 40.05 40.477 

2 ore 11.16 11.16 0.00 C'.000 

3 ore 12.04 12.00 -0.04 -0.332 

ore 20.33 20.37 .0.04 40.197 

5 ore 19.40 19.31 -0.09 -0.466 

6 ore 18.63 18.61 -0.02 -0.107 

7 oxide 15.02 15.05 ¿0.03 40.200 

8 oxide 14.00 14.03 ¿0.03 +0.214 

9 oxide 13.23 13.22 -0.01 -0.088 

10 oxide 22.31 22.30 -0.01 -0.052 

II matte 21.61 i.63 .0.02 ¿0.093 

12 matte 14.09 14.02 -0.07 -0,497 



The pectrophotometr1c method which has been de- 

veloped has proved that lt ciay be applied to the deter- 

rilnatlori of' copper In ores with the copper content as 

!!gh as 22.3]. per cent. By proper dilution the range may 

he extended further. The careful dilution of the copper 

solutions cannot be overemphasized as any error intro- 

cuced by this means would 'be greatly magnified in the 

final calculations. The results obtalncd from the 2,2'- 

bipyridyl method compare favorably with those obtained 

b: the iodide titrimetric method (4, p.257) and by the 

triethanolamine method (10, p.53). 

Moss and Mellon (16, p.116) found that an organic 

solvent was needed to prevent precipitation of the 1, 

lO-plienanthroline cuprous complex. The 2,2 '-bipyridyl 

cuprous complex was water soluble, 'but very unstable in 

aqueous solutions. A solvent of 40 per cent methyl 

carbitol was found to stabilize the complex for 30 min- 

utes. No color formation at all was noted when 40 per 

cent ethyl carbitol was used as the solvent. 

The spectrophotometric method for copper using 2,2'- 

bipyridyl has an advantage over the visual colorimetric 
method since it does not require the use of a series of 

colored standards and eliminates entirely the erroneous 

matching of color shades by eye. Its chief advantage over 
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tie photoelectric colorinietric rethod ccnslsts of tie 
elimination of a search for a suitable light filter. The 

2,2'-bipyr5dyl cuprous system was found to be stable for 
30 minutes in constrast to the24-hour stability of the 

1,10-phenanthroline-cuprous system (16, p.117). The 

spectrophotometric determination of copper using 2,2'- 

bipyridyl has an advantage over the determination of 

copper using ammonia (6, p.38) and triethanolamine (10, 

p.2) because of its greater senstivity, hut is inferior 

to the 1,10-phenanthroline method both in its sensitivity 
and stability (3,p.24). 

EFFFCT 0F DIVERSE IONS 

A study of the interference of the more common di- 

verse loris revealed a striking similarity to the results 
obtained by Moss and Melión (16, p.117) in their 1,10- 

phenanthroline-copper study. Only serious interference 

was encountered with cadmium, chromic, cobaltous, cyanide, 

ferne, nickelous, thiosulfate, and zinc ions. None of 

these are present in interfering quantIties in copper 

ores or are removed in the course of the procedure. The 

results obtained are shown in Table III. 
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TABLE III 

EFFECT OF DIVFRSE IONS 

- 
Approximate 

Coticen- Limiting 
tratlon Inter- Concentra- 

Iofl Added as In p.p.rn. ference tion r.p,m. 

Aluminum Al2(504)3 OO Precipitates 100 

Ammonium N1LC1 %0 Negligible - 

Bismuth Bi(NO3)3 20 Precipitates 15 

Cadmium CdC12 25 Fading 20 

Chloride NH4CI 500 Negligible - 

Chromic CrC13 25 Change in hue 20 

Cobaltous CoCl2 20 Change in hue 5 

Cyanide KCN S Fading O 

Lead Pb(NO3)2 200 Precipitates 100 

Nickelous Ni(NO3)2 20 Change in hue 5 

Nitrate NaNO3 S00 Negligible - 

Oxalate K2C204 S00 Fad Ing 300 

Potassium KNO3 500 Negligible - 

Sodium NaNO3 500 Negligible - 

Sulfate Na2304 500 Negligible - 

Thiosulfate Na2S2O3 10 Fad Ing 5 

Zinc ZnSO4 20 Fading 10 
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SU! MABY 

A spectrophotometric method has been developed for 
the determination of rpper In ores by use cf 2,2'-blpyrl- 

dyl. The method depends upon the formation of a cuprie 

cörrplex in a,oniaca1 solution and subsequent reduction 

of the copper with hydroxylamine hydrochloride to form 

an orange-brown highly colored cuprous compound. A 40 

per cent methyl carhitol solution was found to be neces- 

sary in order to provide a stable color system. Extinc- 

tion measurements were nade at 430 ni, the wave length 

of maximum absorption. The system obeyed &er's Law up 

to a concentration of 6 p.p.m. warranting the use of the 

molecular extinction coefficient in determining the 

copper content of the samples. 

The results obtained by this method agree very 

closely with those obtained by the iodide titrimetric 

method, and with the triethanolamine spectrophotom . etric 

method which gives further proof that constituents of 

macro quantities 'nay be determined satisfactorily with 

the spectrophotometer. 

The method may be easily carried out and possesses 

several advantages over the ammonia and triethariolamine 

methods f 0r copper, but does not possess any advantages 

over the l,l0-phenathroline method (3, p.24). 
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The color system is stable for 30 minutes, long 

enough to permit rieasurements conveniently. 

0f the diverse ions which interfere, only iron is 
normally present in copper ores and it IS removed during 

the course of the procedure. 
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