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THE USE OF 1,10-PHENANTHROLINE IN A
SPECTROPHOTOMETRIC METHOD FOR THE
DETERMINATION OF COPPER IN ORES

INTRODUCTION

For some time the general bellef that spectro-
photometric determinations are limited to micro, or at
best, semi-micro quantities was widely accepted. MNel=-
lon (14, pe. 86) in referring to ebsorption spectropho=
tometry pointed out the need for further study of various
color systems to ascertain the upper limit for reliaﬁle
work with modern instruments. In recent years, various
spectrophotometric methods of analysis have been de~
veloped which make use either of the extinction coeffi-
clent of the color system at a given wave length, or of
a reference curve correlating transmitﬁancy or extinction
at a given wave length with concentration. It has been
found that the range of concentrations that can be de-
termined effectively 1ls surprisingly high.

Most of the common methods for the determina=-
tion of copper are either gravimetrliec or titrimetrie in
nature; however, more recently it has become possible,
through the use of the spectrophotometer, to apply color-
“ imetric procedures to quantitative analysis with an

accuracy comparable to that of the more common methods.
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Tartarini (16, p. 599«600), in & discussion of
the new color reactions involving cuprous salts, reported
that 1,10«phenanthroline forms a cupric complex which can
be reduced with hydroxylamine in ammoniacal solution to
give a highly colored cuprous compound. Previously,
Blau (1, pe. 647-498) had described the properties of
1,10-phenanthroline, along with the method of preparation.
The use of 1,l0-phenanthroline can be applied satisfac~
torily to the determination of copper. Formation of a
complex cuprous salt such as Gu(GlBEBKQ)I is presumably
responsible for the orange~brown ecolor (16, p. 599).

1,10-phenanthroline has also been applied to a
spectrophotometric method for the determination of iron
(2, pe 60=64; 10, p. 869=871).

lioss and Mellon (15, p. 116~118) have made a
critical spectrophotometric study of the cuprous-l,l0=-
phenanthroline color system with particular attention to
the effect of diverse ions, effect of concentration of
:eagents, solvents for the complex, and stability of the
' SyQtem. Optimum conditions were established under which
the soluble colored complex could be used for the colori=-
metric determination of copper.

The work described herein was carried out for
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the purpose of developing a spectrophotometrile me thod
for the determination of copper in ores, based upon the
separation of iron by ammonia, and measurement of the
light transmitted by the cuprous-l,l0-phenanthroline
color system at a wave length of 430 mp. The work fur-
nishes further evidence that spectrophotometric deter-
minations are not limited to a miero scale, but are ap-

plicable in many cases to macro quantities.



THEORETICAL CONSIDERATIONS

Colorimetric quantitative analysis is based

upon the fundamental Lambert-Beer equation

I - I,x lo~elc
in which I represents the Intensity of light of a given
wave length transmitted by a color system; I, is the in-
tensity of the light entering the aystem; e is the
molecular extinctlon coefficient, which 1s a measure of
the absor.%tlon Aue to e asingle molecule; 1 is the length
in centimeters of the absorbing medium through which the
light passes; and ¢ 1s the concentration of solute ex-
pressed in moles pér liter.

Various colorimetric quantitative procedures
have been developed of which the oldest and perhaps the
most widely used involves visual comparison of the color
produced by a solution containing an unknown conéontra-
tion of & substance with that produced by a color stand-
ard equivaient tc, or containing a known concentration
of, the deslred constituent. The length of t he column
of the unknown solution 1s varied until the transmission
through the standard and the unknown solution appears to
be the same. Since the transmission of light through
the solution i1s an inverse function of both the length

of the solution and the concentration of the colored
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substance, the concentration of the desired constituent
in the unknown soluﬁlen may be easily calculated by
solving the simple proportions involved.

Unfortunately, Beer's law often is not obeyed
in visual colorimetry as a result of the use of poly=-
chromatic light. Furthermore, the eye of the observer
is not sufficiently sensitive to distinguish between
small variation in transmission, but in spite of these
limitations, visual colorimetry finds extensive use in
routine analysis.

The development of photoelectric colorimeters
has partially overcome these limitations. In these
instruments, Incident light of a reasonably narrow
spectral band width is provided by means of suitable
light fllters, and errors due to lack of visual aculty
on the part of the observer are overcome by photoelectric
measurement of the transmitted light.

The use of a prism or a diffraction grating in
the spectrophotometer enables it to provide practically
monochromatic incident light, and photoelectric measure-
ment of transmission makes 1t possible to caleulate cone-
centrations from the fundamental Lambert-Beer equation.

By comparing the intensity of a ray which has
passed through the colored solution with the intensity
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of a similar ray after passage through a colorless solu=-
tion of similar refractive index contained in an identi-
cal cell, a logical basis 1s established for the measure=-
ment of absorption. Such a comparison 1s necessary to
compensate for losses by reflection and scattering at
the boundaries of the cell containing éLe solution and
also for the losses caused by scattering within the
liquid itself. The ratio x/:t0 is termed the transmite
tancy of the solution. The actual values of the inten=-
sities are not required in spectrophotometric analysis,
only the ratio being significant. The logarithm of the
reciprocal of the transmittancy is referred to as the
extinction.

Two general procedures may be followed in de=-
termining the concentration of the desired constituent
from transmittancy data.

If Beer's law is obeyed by the color aystem,
the fundamental equation may be used for calculating the
concentration. Thls equation solved for concentration
is

c .’log I/IO “
QI

The molecular extinction coefficient e, for a color sys-

tem 13 a constant at any given wave length and must
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first be determined by the use of solutions of known
concentration. Iron by salicylic acid (4, p. 162-163),
thioglycolic acld (11, p. 8-14), 2,2'-bipyridyl (12,

P+ 52«55), o-phenanthroline and p~nltro-o-phenanthroline
(10, p. 869-871), and salicylaldoxime (8, p. 76-79),
and copper by ammonia (5, p. 387-389), and triethanola=-
mine (9, p. 52-55) have been determined in this manner.
If there 1s dissociation, association, or
lonization of the solute molecules with change in con-
centration, Beer's law will not necessarily be obeyed.
If no change occurs in the solute molecules with con-
centration, Beer's law should apply in all cases. How=
ever, due to discrepancies in instrument construction,
a color system which obeys Beer's law with one instru-
ment may not necessarily do so with another. For this
reason, it is not safe to rely upon a published value
of the molecular oxtiﬁction coefficlent for a given sys-
tem, and it should always be determined with the instru-
ment to be used.
For a asystem which does not obey Beer's law,
a reference curve may be constructed by plotting the
transmittancy, reciprocal of the transmittancy, or the

extinction as a function of concentration for a series
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of solutions of known concentration. After determining
reapectively, the transmittancy, reciprocal of the
transmittancy, or the extinction for an unknown solu=-
tion, its concentration may be read directly from the
reference curve, This procedure may be used for all
systems regardless of thelr conformity or non-conformity
to Beer's law, but is usually confined to those systems
which do not conform. Determination of manganese in
steel by permanganate (6, p. 27-29), nickel in steel by
ammonia (7, p« 4~7), and iron by kojle acid (13, p. 642~

643) are examples of this procedure.



EXPERIMENTAL

APPARATUS AND SOLUTIONS

Cenco-Sheard Spectrophotelometer. All trang-

mission measurements were made with a Cenco-Sheard
spectrophotelometer. In this instrument, light from an
external sixevolt, eighteen-ampéra tungsten filament
lamp 1s reflected by a mirror to a concave replica
grating, The grating may be rotated in such a manner
that a diffracted beam of light of any desired wave
length is in focus at the exit slit. The diffracted beam
returns slightly above the incident beam, passes through
the absorption cell, and strikes a photovoltaic cell.
The photovoltale cell is connected to a galvanometer
which correlates transmission with deflection of the
scale.

In all transmission measurements, the Iintensity
of the incldent beam of light was regulated by means of
the iris diaphragm so that the galvanometer poilnter
registered 100 when the "blank" solution was in position.
By making this adjustment, the galvanometer reading for
the colored solution represented per cent transmittancy
directly, since transmittaney is defined as the ratlo of
the intensity of light transmitted by the colored
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solution to the intensity of light transmitted by the
"plank", Identical l-cm. cells with fused corex windows
were used for the colored solution and for the "blank".

1,10«Phenanthrolines A 0.1l per cent solution

of the reagent was prepared by dissolving 0.5 gram of
1,10«phenanthroline monohydrate in 500 ml. of distilled
water.

Ammonium hydroxide. A 6 M and a 3 M solution

of ammonium hydroxide were prepared by suitable dilution

of a 15 M solution.

Hydroxylamine hydrochloride. A 10 per cent
solution of hydroxylamine hydrochloride was prepared by
dissolving 100 grams of the solid in distilled water
and diluting to one liter.

Methyl Carbitol (Diethylene glycol mono-methyl

other). A commercial grade of methyl carbitol was used.
Standﬁ?d copper solution. A standard copper
solution was prepared by dissolving exactly 1 gram of
electrolytically pure copper pellets in 10 ml. of con-
centrated hydrochloric acid and 5 mls of concentrated
nitric acid. After the addition of 5 ml. of concentrated
sulfurie acid, the solution was evaporated to dryness by
means of an infra-red heat lamp. The copper sulfate thus

formed was dissolved in distilled water, transferred to
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a 1000-ml. volumetric flask and diluted to volume at

20° C. By means of a micro-burette, 5 ml. of this solu=
tion were transferred to a 100-ml. volumetric flask and
diluted to volume at 20° C. with distilled water. Each
milliliter of this solution contained 0.05 milligram of
copper. This was a convenlent concentration for the
standard solution since 1 ml, diluted to a final volume
of 50 ml, gave a concentration of 1 milligram of copper

per liter.
INSTRUMENT CALIERATION

The calibration of the Cenco-Sheard speciro-
photelometer was checked according to manufacturer's
specifications. The entrance slit was adjusted to a
width of 0.5 millimeter and a mercury vapor lamp placed
in front of it. The wave length indicator was set for
546 mp and the position of the grating adjusted by means
of the knurled screw on the grating support until the
546 mp green line of the mercury spectrum was approxi-
mately in line with the cross halirs in the viewing tube.
Only an approximate calibration was possible because one
of the cross hairs ias slightly misplaced.

No appreciable error is introduced by such a

condition because determinations are made at the wave
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length of minimum transmittancy as indicated by the

spectral transmission curve for the system.

THE COLOR REACTION

To produce the color system, the volume of the
standard copper sclution required to give the desired
concentration of copper was accurately measured from a
micro-burette into a 50-ml. volumetric flask., Two mil~
liliters of 6 M ammonium hydroxide were added to give
the desired pH and to form the cupric ammonium complex.
Ten milliliters of & 0.1 per cent solution of 1,10«
phenanthroline were added followed by 1 ml. of 10 per
cent hydroxylamine hydrochloride to reduce all copper to
the cuprous state. Twenty milliliters of methyl car-
bitol were next added, methyl carbitol belng the most
gatisfactory solvent {15, ps 116). The solution was
diluted to the mark with distilled wgtcr at 200 C. and
thoroughly mixed. The orange-brown color of the system
developed immediately. A "blank" solution was prepared
by adding 2 ml., of 6 M ammonium hydroxide, 10 ml. of (4§
per cent 1,10-phenanthroline, 1 ml. of 10 per cent
hydroxylamine hydrochloride, and 20 ml. of methyl car-
bitol to a 50-ml. volumetriec flask, diluting to the mark
with distilled water at 20° C. and mixing thoroughly.
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It is important that the reagents be added in
the order given above. Moss and Mellon (15, p. 117)
found that the copper must be in the form of the ammonia
complex before addition of the reagent and that the re-
agent must be added before reduction with hydroxylamine
hydrochloride. Ammonia concentration is also a factor,
but 1s easily controlled by neutralizing the copper solu-
tion to litmus with 6 M hydrochloric acid or 6 M ammonium
hydroxide and adding exactly 2 ml. of 6 M ammonium
hydroxlide. No particular advantage 1s gained by buffer-
ing with ammonium acetate since the addition of a defie
nite amount of ammonium hydroxide to the neutral solue
tion gives the proper pH adjustment.

All transmission measurements reported in this
work were made with a Cenco~Sheard spectrophotelometer.
Transmittancy for each solution was measured over a
range of wave lengths varying from 400 to 700 mpe The
desired wave lengths were obtalned by setting the wave
length indicator. Transmittancy was determined at inter~
vals of 10 mp. The intenslity of the incident light was
adjusted by means of the entrance slit, exit slit, and
the iris diaphragm until the transmission of the "blank"
solution gave a reading of 100 on the galvanometer scale.
The colored solution was then placed in the path of the

light beam and the percentage transmittancy read on the
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galvanometer scale.

The wave length of maximum absorpticn for the
color system was determined by the use of nine.soluticna
with concentrations of 0.5, 1, 2, 3, 4, 5, 6, 8, and
10 p.pemes of copper.

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

eurring at 430 mp.
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REFERENCE CURVE

To ascertain conformity or non-conformity of
the cuprous-l,lO-phenanthroline color system to Beer's
law, the extinctions of the 9 standard copper solutions
were determined for the wave length of maximum absorption
and plotted as a function of the concentration. The
curve 1s shown in Plgure 2. No portion of this curve was
8 straight line indicating that Beer's law was not being
obeyed. The deviation from a straight line may have
been caused by limitations of thg ingtrument used in the
work, aince Moss and Mellon (15, p. 118) working at
Purdue university have shown, by using a General Electric
recording spectrophotometer, that the system does obey
Beer's law for concentrations ranging from 0.5 to 10.0
PePome.

Non-conformity to Beer's law required the use
of a reference curve for subsequent determination of the
copper content of ores. A large graph was constructed
correlating extinction with concentration on which the
extinctlon and concentration could be read to four sig-
nificant figures. This curve was used throughout the
remainder of the work for determination of copper con-

centration from transmittancy data.



52353557 S50 e SereditErteretsepitiany B s ot +t T ettty g bs frtspags s ere
8% o8 os2d $350” SFdad sas 18828 845880 9PRF pERAE TR B 8854 92928 2005Y IESBA ¥R B b 40083 HE NI BEEE HS 1SeudsaneaREpss JNREEPOAES SRR EADSE EoEnT sas e
it 5203 set s saoa iaoas shaaa isoun tnnus sananbenae sassEsEE0E sanay uL auss ivoudsaasa sass 9e3ea0as
23528 5aRas o Rt e e e e e e R e e e o S e e e S T iga8arasss
: 4 Sou an & 13558 BEasassntssss: HH i3a5dinacnzcacgssass yssus sanuas Hahis [ ssgsnees
$ IR T 3594 aaula0nIE es00 DL LS BuR LS b1 HIIEE 8208 5008% 0 8s:
T 33253 bt I22s L52as Eaa s LEss: e TR b e so0m: R R e
I 520e b T, I 32355 (T5Ta sa2az sosas reass pan e At assaaad,
3 tHi 1 : e Sag e DT Sessg suses sheny b PHTET
3 3eEa pau s S0 aa: nau: e ezindsuss 823e 1




18
DETERMINATION OF COPPER IN ORES

The method was tested by application to the de~
termination of copper in ores in which copper had previ-
ously been determined by the iodide titrimetric method
(3, pe 254~258)., Since the reference curve had been
constructed for copper concentrations ranging from 0.5
to 10,0 pepemes, a wolght of ore was taken which provided
a concentration within this range at the dilutions used.

A sample varying from 0.7 to 1.2 grams depending
upon the copper content was accurately welghed, trans-
ferred to a casserole and covered with a watch glass. Ten
milliliters of concentrated hydrochloric acid and 5 ml. of
concentrated nitriec acid were added to the sample and the
mixture was warmed on a hot plate until solution had been
effected or only & white slliceous residue remalned. The
solution was allowed to cool, 5 ml. of concentrated sul-
furic aclid were added, and the solution was evaporated to
dryness by means of an infra-red heat lamp. The copper
sulfate in the residue was dissolved by adding 20 ml. of
distilled water and heating on a hot plate.

If no iron was present in the sample, concen=-

trated ammonium hydroxide was added to the hot solution
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until the deep blue color of the cupric-ammonia complex
was formed. The mixture was cooled, filtered into a
1000-ml. volumetrie flask, and the residue washed with
3 M ammonium hydroxide.

If iron was present, concentrated ammonlum
hydroxide was slowly added with constant stirring to the
hot solution until the hydrous ferric oxide was com-
pletely precipitated and the blue copper complex was
formed. The mixture was cooled, filtered into a 1000-ml.
volumetric flask and the residue washed with 3 M ammonium
hydroxide. The ferric hydroxide in the resldue was dis-
solved with a minimum of concentrated hydrochloric acid
and washed through the filter paper into the original
casserole uﬁtil all the yellow ferric chloride had dis-
appeared from the filter paper. The solution was heated
on & hot plate and the iron reprecipltated with concen=
trated ammonium hydroxide. The mlixture was again cooled,
filtorad into the same 1000-ml. volumetric flask, and the
residue washed with 3 M ammonium hydroxide until the
washin: s emerged colorless. The solution was neutralized
to litmus with 6 M hydrochloric acid, diluted to the mark
with distilled water at 20° C. and thoroughly mixed.

By means of a micro-burette, 1 ml. of this

solution was transferred to a 50-ml: volumetric flask
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and the following reagents were added in the order named:
2 mle of 6 M ammonium hydroxide, 10 ml. of 0.1 per cent
1,10«phenanthroline, 1 ml, of 10 per cent hydroxylamine
hydrochloride, and 20 ml. of methyl carbitol. The solu=
tion was diluted to the mark with distilled water at
200 C. and thoroughly mixeds A "blank" was prepared con=-
talning the same concentrations of all reagents excupt
the copper. R

Transmission measurements of thla solution in
a l~cme. cell were made at 430 mp. The entrance slit was
set at a width of 1.0 mn., and the exit slit at a width
of 10 mp. The percentage of copper in the sample was
calculated by use of the reference curve.
The following example illustrates the method
of calculation: 1 v
Experimental data: ioight of sample~-~0.9376
gramj percentage transmittancy of the colored solution=-
39+7 per cent.
T « 0.397
1/T = 2,5189
E =« log 1/T = 0.4012
From the reference curve, the concentiration of copper
corresponding to an extinction of 0.,4012 is 3.813 pepeme.
Since the concentration of the final solution was one~-

fiftieth of the original,
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ta copner 3.813)(50) (100
M Sy v

= 20.33 per cent
The calculations may be easily and rapidly performed.

RESULTS

The method was applied to the determination of
the copper content of four oxides, two mattes, and ssven
ores. The results are shown ln Table I along with the
values obtained by the lodide titrimetric method. In
no case was the difference between the two methods
greater than % 0.10 per cent and the average difference
was = 0.02 per cent. The percentage error ranged from
=0.710 to 4 0.383 per cent with an average of - 0.169
per cent. 8ince the scale of the galvanometer can only
be read with an accuracy of 0.1 scale division correspond=-
ing to about 0.06 per cent copper in a sample containing
20 per cent copper, the averaze of several readings was
taken for the transmittancy. Results were duplicated on
the same samples with a precision of & 0,01 to & 0.18 per

cent.
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TABLE I

Results Obtalned with 1,l10-phenanthroline

Copper Copper by
Nature by 1,10-phen=- :
Sample of Iodide anthroline Percentage
No. Sample Method Method Deviation Error

4 % % %

1 oxide  22.31 2233 +0.02 +0.089
2 oxlde 13.23 13.21 -0.02 -0,151
3  oxide 14.00 13.98 0,02 <0.143
4 oxide 15.02 14.94 «0.,08 «0.533
5 matte 21.61 £1.68 +0.07 +0o224u
6 ore 10.43 10.47 +0.04 +0.383
7 ore 11.16 11.15 -0.01 -0.080
8  matte 14.09  13.99 -0.10 -0.710
9 ore 12.04 11.98 -0.06 ~0.498
10 ore 20.33 20.27 -0.06 =-0.2086
5 ~ ore 7427 7.25 -0.02 -0.275
12 ore 18.863 18.66 +0,03 +0.161

13 ore 19 .40 19.33 «0.07 «04361




23
DISCUSSION

The results show that the spectrophotometriec
method which has been developed may be applied to the de=-
termination of copper in ores for copper concentration at
least as high as 22,31 per cent. The range of concentra-
tion to be determined may be extended further by proper
dilutlion or bylohanging the length of the absorption cell.
A careful dilution of the copper solutions is lmportant,
as any error introduced thereby would be greatly multiplied
in the final caleculations. Results of the analysis compare
favorably with those obtained by the ilodide titrimetriec
method (3, p. 257) and by the triethanolamine spectropho=
~ tometric method (9, p. 53).

Since the color reaction is carried out in am-
moniaeal solution, iron must be absent irrespective of the
fact that it also forms a colored complex with 1,10-
phenanthroline (2, p. 61). The separation may be effected
by double precipltation of the iron as the hydrous ferric
oxide with ammonia. In the apoctrephoﬁometric determina~
tion of copper in ores with ammonia, iron was separated
in this manner (5, p. 383).

Moss and HMellon (15, pe. 117) have made a&n ex=
tensive atudy of the effect of diverse ions. Of the
cations whose compounds are soluble under the conditions

employed, only cadmium, cobalt, nickel, and zine
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interfere, presumably by complex formation with the re-
agent. Metals which form a precipitate in basic solution
are removed in the ccurse of the procedure. Among’ the
anions investigated, only cyanide, dichromete, and thio-
sulfate interfere appreciably.

The spectrophotometrie method for copper using
1,10-phenanthroline has an advantage over the visual
colorimetric method since it does not require the use of
a serles of colored standards and eliminates entirely the
matching of color shades by eye. Its advantage over the
photoelectric colorimetriec method consists of tha‘eliminau
tion of a search for sultable light filters.

It has been shown that the color system is
stable for 24 hours, permitting spectrophotometrie

measurements to be made convenlently {18, pe 118)«
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SUMMARY

A spectrophotometric method has been developed
for the determination of copper in ores which depends
upon the formation of a cupric complex with 1,10«
phenanthroline in ammonlacal solution, and subsequent
reduction with hydroxylamine hydrochloride to give an
orange-brown highly colored cﬁproua compound. Methyl car-
bitol is the most effective solvent for the complex.
Transmittancy measurements of the color system were made
at 430 mp, the wave length of maximum absorptiong The
copper concentration is related quantitatively to the
transmittancy and can be calculated by the use of a
reference curve correlating extinetion with concentration.
Beer's law was not obeyed in this work, probably due to
limitations of the instrument used.

Results obtained by this method agree very
closely with those obtalned by the lodide titrimetrie
method, and the triethanolamine spectrophotometrie
method, thus giving further proof that constituents in
macro quantities can be determined satisfactorily by
spectrophotometric methods.

The method is easily carried out and possesses
several advantages over existing colorimetric methods for

copper.
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Of the diverse ions which interfere with the
color system, only iron is normally present in a eopper

ore and it 1s removed in the course of the procedure.
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