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PREFACE

The first edition of The Iron Reagents, written by Diehl and Smith,
was published in 1960 and Fourteen thousand copies were distributed in
only four years. After its revision in 1965 by McBride and Cryberg, an

additional 20,000 copies were distributed. Now several new reagents

have been introduced and this new information is featured in this edition.
Some of the procedural material for the older reagents has been elimin-
ated in order to allow coverage of newer and less familiar procedures.
Even so, a complete bibliography of the pertinent literature is included.

The author of this edition is pleased to acknowledge the assistance of
Norita Mohamed, who performed the literature search, and the contri-
butions of Professor Alfred A. Schilt, who contributed some of the mater-
ial and reviewed the manuscript prior to publication.

Loren McBride

SECTION 1

INTRODUCTION

Iron is the fourth most abundant element in the crust of the earth and
is widely distributed in nature. Due to its many commercial uses, its
effects in trace amounts on manufactured products, and its vital role in
living organisms, the determination of iron is one of the most common
determinations performed in chemical analysis.

Numerous procedures have been developed for the determination of
iron in various samples and concentration ranges, some for trace levels as
low as a fraction of a part per billion. It is to reagents for the low
concentration levels that this monograph addresses its attention.

With but one exception, the reagents discussed herein were devel-
oped as a consequence of the tireless and inspired research efforts of
Professor Francis H. Case of Temple University. Analytical studies and
applications for the compounds synthesized by Professor Case were car-
ried out by Professors G. F. Smith, Harvey Diehl and A. A. Schilt, with
their students and associates.

The iron reagents described in this monograph are suitable for a
number of different determination procedures and methods. All enable
determination of iron in the ppm range in aqueous media, some are
practical for the determination of iron in the ppb range by extraction into
an immiscible solvent, others are suitable for the simultaneous determin-
ation of iron and copper, another allows the determination of iron in
strong alkalis, and still another is ideally suited to the determination of
iron in acids. Some of the reagents can also serve in the indirect deter-
mination of reducing agents and certain anions.

In so much as all of the reagents have been studied for sensitivity,
interferences, pH effects, solvent effects and specificity as well as appli-
cations, it should be possible to adapt at least one of the reagents to apply
to nearly any circumstance for which the determination of iron in the parts
per billion or parts per million ranges is desired.

All the reagents, buffers, reducing agents, etc. that are available
from the G. Frederick Smith Chemical Co. are denotedby &2 and are
listed in the back of the book.



SECTION II

BATHOPHENANTHROLINE
4,7-Diphenyl-1,10-phenanthroline

C,.H,.N,Mol. Wt.: 332.41

Molar Absorptivity of
Fe (bathophenanthroline),** in
70 per cent water-30 per cent
ethyl alcohol: 22,140 at 543 nm
isoamyl alcohol: 22,350 at 533 nm

N N nitrobenzene: 23,300 at 538 nm
G. Freperick Smrra Cremicar Company,

Catalog Item No. 108

4, 7—Diphenyl-1,10~phenanthfoline is a sensitive and highly specific
reagent for iron. It was first prepared by Case! and investigated as an
analytical reagent by Smith, McCurdy and Diehl.? The common name
Bathophenanthroline was assigned to 4,7-diphenyl-1,10-phenanthroline
because the absorption maximum of the ferrous derivative lies at a longer
wave length than that of 1,10-phenanthroline, that is, 533 nm compared
with 510 nm, a bathochromic shift.

Not only is the molar absorptivity of the ferrous bathophenanthroline
ion (22,350) greater than that of ferrous 1,10-phenanthroline (11,100) but
it can also be extracted from aqueous solutions with certain immiscible
solvents, such as isoamyl alcohol or n-hexyl alcohol. Two important
advantages are gained from this: the iron in large samples can be easily
concentrated into a small volume for measurement and the solutions of
the necessary reagents can be freed from iron, thus reducing the blank to
Zero. ,
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Fig. 1. Absorption spectrum of Fe(bathophenanthroline)3+* in isoamyl alcohol.

2.08 P.p.m. of iron. 1-cm cell.

All the iron in the sample must be in the ferrous form. The reduction
of any ferric iron is most conveniently brought about by adding hydroxyl-
ammonium chloride.

The bathophenanthroline ferrous ion is stable over the pH range 2 to
9 but forms most rapidly in slightly acid solution, pH 4. If the reaction is
carried out in a slightly acid solution, one buffered with acetate, copper
does not interfere.

The absorption spectrum of the ferrous-tris(bathophenanthroline)
ion is shown in Fig. 1. At the wave length of maximum absorption, 533 nm
the molar absorptivity-of the complex is 22,350. In water-ethyl alcohol
solution, the wave length of maximum absorption is 543 nm and the molar
absorptivity is 22,140.

The color is stable for long periods of time.

The oxidation-reduction potential of the ferrous (bathophenanthro-
line),** couple was determined by Smith and Banick® using potential
buffered solutions of vanadate and vanadyl ions, present in equimolar
concentrations, and dissolved in various strengths of sulfuric acid. By this
method E (hydrogen scale) was found to be 1.13 volts.

Applications. The general procedure for the determination of iron
with bathophenanthroline was worked out by Smith, McCurdy and
Diehl’, who applied it to the determination of iron in raw and treated
municipal water supplies. A number of subsequent papers have dealt with
iron content of waters. 11,15,16,17,18,35,53,54,55,56,57,58,59 Iron m gold 20,60’
beryllium?, bismuth!’, tungsten*”°, molybdenum*, vanadium’,
chromiuny’, titanium”®, niobium”®, uranium”®, gallium®%, arsenic®?,
aluminum alloy®, plutonium®, nickel alloy®, copper>”*%%3,
zirconium®, phosphates®, alums®, and salt® has been determined using
bathophenanthroline. The iron present in aluminum oxide is important in
the properties of crystals grown for lasers®. Bathophenanthroline has
been investigated many times for the determination of iron and iron
binding capacity in serum®BH*BBABBINRBHUOONRBHA iy
uring®®¥384%7 in wine®’, in oil and fuels*”, in culture media®, in plant
tissues™¥, in plasma®, in butterfat®>®, and in starting materials and
intermediates for polymers and fibers®. In addition, several papers re-
ported studies of the determination of ferrous in the presence of ferric
ion!**88  of ferrous iron in soils*, and of ferric iron in ammonium salts®,
and sodium chloride®. Bathophenanthroline has also been used to de-
termine, indirectly, the amount of certain reducing agents. It is said to
more sensitive than many other reagents used in the determination of
tocopherols**, and corticoids®. It has also been used for the determin-
ation of hydrogen peroxide¥ and ferrocyanide®. Iron-bearing tissues
have been stained using bathophenanthroline®.

Specificity. Interferences. The familiar anions, chloride, sulfate,
nitrate, acetate and perchlorate, do not interfere in the determination of
iron with bathophenanthroline. If copper is present, certain anions such
as iodide, thiocyanate, cyanide, thiosulfate, sulfide, and phosphate may
cause precipitation in the aqueous solution upon addition of bathophen-
anthroline, but such precipitates do not interfere with the quantitative
extraction of the ferrous-bathophenanthroline compound. Certain less
common anions such as oxalate®, citrate®, lactate®, fluoride®* pyrophos-
phate® and phosphate* can interfere. This problem can be obviated by
reducing the ferric iron in a strongly acidic solution by means of ascorbic
acid, the acid reduction method, followed by the addition of bathophenan-
throline and pH adjustment to the normal working range of 4 to 6 in the
given order. Tartrate causes low results unless the extraction is made into
chloroform in the presence of perchlorate®®. Cyanide interferes by forming
dicyano-bisbathophenanthroline Iron (II). Molybdates, tungstates and
antimony chloride hydrolyze with formation of precipitates under the
conditions of the determination; however, this problem can be solved by
addition of tartrate to complex these metals, followed by a chloroform
extraction of the bathophenanthroline-iron complex®”.

The following metal cations do not interfere: Li, Na, K, Be, Mg, Ca,
Sr, Ba, Ce(IV), Ce(Ill), Pr(IIl) and the rare earths in general, Th, Ti, Zr, V
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as vanadate and vanadyl, Cr(IIl), W, U, Mn, Fe(III), Ru(Ill), Os, Ni, Pd,
Pt, Ag, Zn, Cd, Hg(D), Hg(I), B, Al, Ga, TI(I), Sn(Il), Sn(IV), Pb. Tel-
lurium and selenium are reduced to the metal by hydroxylammonium
chloride. Cobalt forms a light yellow color but this is not extracted from
acid solution. When sodium hydrosulfite is used as the reducing agent an
extractable brown compound is formed with cobalt which causes a signifi-
cant error’. At a pH of 4 copper combines with bathophenanthroline to
form the extractable cuprous-monobathophenanthroline ion. This com-
plex is colorless and does not interfere unless insufficient bathophenan-
throline is present to complex both the iron and copper present*’. In the
presence of large amounts of copper separation prior to determination
can be performed by extraction of ferric chloride into ethyl acetate®, or
perhaps more conveniently by complexing the copper with thiourea’. Hair
and Newman®! precipitate the copper as cuprous thiocyanate and follow-
ing filtration determine the iron in an aliquot of the filtrate. Manganese
also interferes by competition for bathophenanthroline. Addition of ex-
cess bathophenanthroline overcomes this difficulty.

Reduction of Ferric Iron. If all iron present is in an uncomplexed
state, hydroxylamine hydrochloride is the reducing agent usually used.
Ascorbic acid, hydrazine hydrochloride or hydroquinone are also satis-
factory if purified to free them from traces of iron contamination. In the
presence of citrate, oxalate, tartrate or fluoride, reduction is incomplete
with these reducing agents at pH of 4. Sodium hydrosulfite (Na,§,0,) is
however, satisfactory as a reducing agent even in the presence of the
above mentioned ions. The iron contaminant in sodium hydrosulfite may
be removed by the addition of bathophenanthroline followed by extrac-
tion into chloroform; however, the solution thus purified is not stable and
should not be stored more than one-half hour, according to Gahler and
coworkers’. Booth and Evett'? used stannous chloride as the reducing
agent added to a strongly acidic solution, followed by addition of citrate
and EDTA to complex other metals present, then addition of buffer to
raise the pH to the desired level. Penner and Inman® and Cluley and
Newman® recommend ascorbic acid for the reduction of iron at a low pH.
Thioglycolic acid has been used by Tetlow and Wilson" to both dissolve
particulate iron and reduce any ferric iron present to the ferrous state.

Extraction. Isoamyl, n-amyl or n-hexyl alcohol may be used for the
extraction. The distribution coefficient of the iron (II) complex of batho-
phenanthroline between these alcohols and water could not be readily
determined because of the great solubility of the complex in the alcohols.
However, the complex is more completely removed by one extraction with
n-hexyl alcohol than by similar treatment with isoamyl or n-amyl alcohol.
This is probably the consequence of n-hexyl alcohol being the least water-
soluble alcohol of the group. Under ordinary conditions two extractions
with isoamyl alcohol are sufficient to completely recover the iron. n-Hexyl
alcohol may be preferable where the volume of sample is large and minute

11

amounts of iron are present. The reagent bathophenanthroline as well as
its ferrous complex is extracted quantitatively from essentially neutral
aqueous solution by the immiscible alcohols.

Nitrobenzene may also be used to effect the extraction of the ferrous
bathophenanthroline ion. The molar absorptivity is somewhat greater in
nitrobenzene than in the alcohol solvents, 23,300 at the wave length of
maximum absorption, 538 nm. The turbidity which occasionally develops
in the isoamy! alcohol extracts, particularly when perchlorate is present,
does not appear in nitrobenzene. Repeated extractions can be made with
ease if necessary, inasmuch as the nitrobenzene is the lower phase.
Although nitrobenzene has a slight yellow color, its absorbance is zero at
538 nm and no correction needs to be made for it. After separation of the
water and nitrobenzene layers the nitrobenzene solution is diluted with
ethanol to the final volume; the ethanol renders miscible any droplets of
water carried along with the nitrobenzene and has no effect on the
intensity of the color.

Other solvents which have been used to extract the ferrous complex
from the aqueous phase are octyl alcohol®, chloroform*”, a chloroform-
ethanol mixture”* trichloroethane and isoamyl acetate'. In the determ-
ination of ferrous iron in the presence of ferric iron*, Clark found that
isoamyl acetate was indeed the only satisfactory solvent with which to
carry out the extraction. Chloroform or chloroform-ethanol mixtures are
recommended by several workers *75,

PROCEDURES FOR THE DETERMINATION OF IRON

REAGENTS. BATHOPHENANTHROLINE SOLUTION. Dissolve 0.0334 g of
4,7-diphenyl-1,10-phenanthroline L@) in 50 ml of ethyl alcohol and dilute with 50 ml
of iron-free water. This is a 0.001 M solution. @

NITROBENZENE. Use reagent grade nitrobenzene.

ISOAMYL ALCOHOL. @J Reagent grade isoamyl alcohol can be used directly, but
redistilled is preferred.

IRON-FREE WATER. Distilled water may be passed through a column of monobed
ion-exchange resin for extra protection, if desired.

NITRIC ACID. Use redistilled nitric acid. [@l

PERCHLORIC ACID. Use double-distilled perchloric acid. &3

AMMONIUM HYDROXIDE. Reagent grade ammonium hydroxide may be used, or
anhydrous ammonia may be distilled into iron-free water. f@l

HYDROCHLORIC ACID. Use redistilled hydrochloric acid. l@

ETHANOL. Use reagent grade ethyl alcohol.

SODIUM ACETATE SOLUTION. r@] Dissolve 50 g of sodium acetate trihydrate in
100 ml of distilled water. Put in a separatory funnel and add 2 ml of 10% hydroxylam-
monium chloride, 3-4 ml of bathophenanthroline solution and 10-20 ml of isoamyl
alcohol. Shake thoroughly and then allow the layers to separate. Draw off the lower
layer and repeat the extraction to insure complete removal of iron. This stock solution
may be used as is or diluted to 10% or 20% as needed.
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HYDROXYLAMMONIUM CHLORIDE SOLUTION. &2 Dissolve 50 g of hydroxyl-
ammonium chloride in 100 ml of distilled water, transfer to a separatory funnel and
add 3-4 ml of bathophenanthroline solution and 10-20 ml of isoamyl alcohol. Shake
thoroughly, and then allow the layers to separate. Draw off the lower layer, and
repeat the extraction to insure complete removal of iron. This stock solution may be
used as is or diluted to 10% or 20% as needed.

STANDARD IRON SOLUTION. @ 10.0 {1g Fe perml, 1.00 g Fe per ml.
Prepare two standard iron solutions, containing respectively 10.0 ug. and 1.00 ug.
of iron per ml, starting with ferrous ethylenediammonium sulfate tetrahy:
drate @ or electrolytically prepared iron metal. L@l If the salt is used proceed
as follows. Weigh carefully 0.0684 g of ferrous ethylenediammonium sulfate tetra-
hydrate and transfer to a 1-liter volumetric flask. Add iron-free water to dissolve the
salt, add 2.5 ml of concentrated sulfuric acid, dilute exactly to the mark with iron-free
water, and mix well. Pipet 100.0 ml of this solution into a second 1-liter volumetric
flask, add 2.5 ml of sulfuric acid, dilute to the mark with iron-free water, and mix well.
The first of these solutions contains 10yg of iron per ml; the second contains 1ug of
iron per ml. »

Alternately, make up the standard iron solution starting with electrolytic iron.
Weigh accurately about 0.10 g of iron and transfer to a 500-ml conical flask. Dissolve
the iron in a mixture of 5 ml of concentrated sulfuric acid and 30 ml of water. Transfer
the solution to a 1-liter volumetric flask and dilute to the mark with iron-free water.
Pipet 10.0 ml of this solution into another i-liter volumetric flask, add 2.5 ml of
concentrated sulfuric acid and dilute to the mark with iron-free water. Because the
electrolytic iron comes in small pieces and it is impractical to weigh exactly 0.1000 g,
this final solution will contain only approximately 1 tig of iron per mi but the exact
value will be known from the weight taken and the two dilutions made.

GENERAL PROCEDURE. Carry several solutions through the process together;
for example, two samples of the unknown to be analyzed, three or four standards,
and a blank. Once a calibration curve has been established, further standards need
not be run except as an occasional check. For the standards, use various amounts of the
standard iron solution containing 1.00 g of iron per ml, for example: 1.00, 2.00, 5.00,
10.0 and 15.0ug of iron. For the sample, choose a volume which will contain between
1and 15ug of iron.

Pipet the sample or standard iron solution into a 60 ml separatory funnel. If the
sample taken was less than 10 ml add sufficient iron-free water to bring the volume to
10 ml. Use 10 ml of iron-free water for the blank. To each sample add 2 ml of 10 per
cent hydroxylammonium chloride solution and add 4 ml of 10 per cent sodium acetate
solution. If the original sample of the water had been acidified with hydrochloric acid
when taken, add an additional 4 ml of sodium acetate solution. Add 4 ml of 0.001 M
bathophenanthroline and mix. Add 6.0 ml of isoamy! alcohol, stopper the funnel, and
shake the mixture well. After the liquids have cleanly separated into two layers, draw
off and discard the lower aqueous layer. Shake away any of the aqueous layer
remaining in the separatory funnel. Drain the isoamyl alcohol layer into a 10 ml

. volumetric flask. If more than 10 ml are required to fill the cell of the colorimeter to be

used later, use a 25 ml volumetric flask rather than a 10 ml flask at this point. Wash

out the separatory funnel with 2 to 3 ml of ethyl alcobol added from a pipet in such a
manner that the upper stopper of the funnel and the walls of the funnel are uniformly
washed at least twice by a film of alcohol as it drains from the top to the bottom.
Transfer this wash alcohol to the volumetric flask. Dilute the solution in the flask to
the mark with ethyl alcohol and mix by shaking. At this point the solution in the
volumetric flask should be clear with no turbidity.

Measure the absorbance of the solution at 533 nm. Plot the data obtained on the
standards after subtracting the absorbance of the blank, plotting absorbance against
concentration. Use the calibration curve to obtain the amount of iron in the sample

analyzed.
Nessler Tube Procedure for Iron in the Range 0.01 to 0.1 ppm Carry several

solutions through the process together; for example, two samples of the unknown, a
blank, and three or four standards. The colorimetric comparison is later tobe made in
Nessler tubes, and for routine work a series of standards can be made and preserved
for a long period.

Pipet 100 ml of the water to be tested into a 125 ml separatory funnel. For the
standards pipet the desired volumes, for example, 1.00, 2.00, 3.00, ...... , 10.0 ml of
the standard iron solutions containing 14g of iron per ml into 100 ml of iron-free water
in a 125 ml separatory funnel. Add 2 ml of iron-free, 10 per cent hydroxylammonium
chloride solution. Add 4 ml of iron-free, 10 per cent sodium acetate solution; if the
sample taken contained any free acid, add additional sodium acetate solution. Add 4
ml of 0.001 M bathophenanthroline and mix well. Add 10 ml of isoamyl alcohol. Shake
the mixture well and then allow it to stand for 5 minutes. Draw off the aqueous layer
into a second 125 ml separatory funnel. Add to this 10 ml of isoamyl alcohol, shake
well and allow to stand until the layers have separated. Draw off and discard the
aqueous layer. Transfer both colored isoamyl alcohol extracts to a 50 ml volumetric
flask, rinsing both separatory funnels with alcohol, and mix thoroughly. Transfer to a
50 ml Nessler tube. Carry out the comparison by looking down through the full length
of the tubes toward a sloping, white, reflecting background such as provided in the
conventional Nessler rack.

Inasmuch as unknown and standards were diluted to the same volume, the
unknown contains the same weight of iron as that in the standard which it matches.
From this weight and the volume of sample taken, calculate the concentration of iron
in the sample in ppm.

Determination of Iron in Raw and Treated Waters. Untreated, or raw, well
water will normally contain from one-tenth of a part to five parts per million of iron.
For this range, the general procedure given above, using a 1 to 10 ml sample of the
water, is applicable. Municipal water plants generally supply city water mains with a
product that is sufficiently free from iron to fall within the range covered by the Nessler
tube procedure given above. A sample of 100 ml is used.

Sampling of Raw Water. It is important to sample well water at the source and
to perform the analysis immediately after taking the sample. If the latter is not
possible, fill the sample bottle completely full to help retard oxidation of iron by
contact with atmospheric oxygen. If an appreciable length of time is likely to elapse
between sampling and analysis, add 2 ml of iron-free hydrochloric acid to the
sampling bottle before sampling to ensure that no precipitation of iron occurs.
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Procedure for the Determination of Iron in Wine. DIRECT EXTRAGTION METHOD
OFBANICK AND SMITH®, In this procedure, carry a blank through the same operations
omitting the wine. Pipet into a 100 ml beaker: (1} 5.00 ml of wine, (2) 5.0 ml of sodium
acetate-acetic acid buffer (approximately 10 per cent sodium acetate adjusted topH 4
by the addition of acetic acid), (3) 2.0 ml of 10 per cent hydroxylammonium chloride,
(4) 2.0 ml of 0.001 M bathophenanthroline, and (5) (for red wines only, omit for white
wines) 2.0 ml of 95 per cent ethanol. Heat the mixture to a gentle boil and boil for one
minute. Transfer the solution while still hot to a 60 ml glass-stoppered separatory
funnel. Add 6 ml of isoamyl alcohol and shake for 30 seconds, allow the mixture to
stand for three minutes to permit the liquids to separate, and then draw off the lower,
aqueous layer. Rinse the original beaker with 1 ml of 95 per cent ethanol and two 5 ml
portions of water, transferring the rinsings to the separatory funnel containing the
isoamyl alcohol layer. Add 10 ml of buffer solution (pH4) and shake the mixture for 30
seconds. Allow five minutes for the liquid phases to separate and draw off the lower
layer. Transfer the isoamyl alcohol layer quantitatively to a 10-ml volumetric flask
and dilute to the mark with 95 per cent ethanol. Measure the absorbance of this
solution at a wave length of 533 nm. Obtain the amount of iron present from a
calibration curve prepared in the same manner using appropriate volumes of a
standard iron solution. Subtract the amount of iron in the blank and convert the net
weight of iron inyg per 5.00 ml of sample to parts per million of iron for reporting.

Procedure for the Determination of Iron in Serum. METHOD OFPETERSON?, Pipet 1
to 2 ml of serum or plasma into a 15 ml centrifuge tube, the volume depending upon
the anticipated amount of iron. Dilute to a volume of 6 ml with iron-free water and
mix. Add 2 ml of a solution containing 20 g of redistilled trichloroacetic
acid r@] and 1 g of thioglycolic acid per 100 ml. Mix and allow to stand 5 to 10
minutes. Place in a water bath at 90 to 95°% for 10 to 15 minutes and then centrifuge.
Decant the supernatant liquid into a 20 ml glass-stoppered test tube or a 25 ml
glass-stoppered graduated cylinder. To the precipitate in the centrifuge tube add 2 ml
of water and 0.5 ml of the trichloroacetic acid-thioglycolic acid reagent and mix.
Return this tube to the water bath at 90 to 95°C for 5 to 10 minutes. Remove,
centrifuge, and decant the supernatant liquid into the first supernatant liquid. Add 2
ml of saturated sodium acetate solution to the combined supernatant liquid, bringing
the pH of the solution to 4.0 to 5.0. Add 2 ml of 0.0025 M bathophenanthroline in
isoamyl alcohol, 0.5 ml of the reagent being required for each microgram of iron
present. Add isoamyl alcohol to a total volume of 6 ml, stopper the tube and shake
vigorously. Pipet the isoamyl alcohol layer into a spectrophotometer cell and mea-
sure the absorbance at 533 nm. Carry standards containing 2 to 4ug of iron through
the same procedure.

Procedure for the Determination of Iron in Serum. MeTHOD OF PETERS, GIO-
VANNIELLO, APT AND Ross% . Pipet 2.0 ml of serum or plasma (fresh or stored, citrated,
oxalated, or heparinized) into a test tube. Add 3.0 ml of 0.2 M hydrochloric acid and 1
drop of an 80 per cent solution of thioglycolic acid. Mix and allow to stand 30 minutes
at room temperature. Add 1.0 ml of a 30 per cent solution of redistilled trichloroacetic
acid. Mix with a stirring rod and allow to stand 15 to 30 minutes at room temperature,
covered with a paraffin film. Centrifuge for about 15 minutes at high speed. Pipet 4.0

ml of the supernatant liquid into a colorimeter cell. Add 0.5 ml of saturated sodium
acetate solution and 2.0 ml of bathophenanthroline solution prepared by dissolving
0.020 g of 4,7-diphenyl-1, 10-phenanthroline in 100 ml of a mixture consisting of three
parts of isopropyl alcohol and one part of isoamyl alcobol. Mix well and measure the
absorbance at 535 nm.

Carry known amounts of iron, obtained by measuring out portions of the stan-
dard solution described under General Procedure, through the determination and
prepare a suitable calibration curve.

Micro Procedure for the Determination of Iron in Serum. METHOD OF FOR-
MANS. Pipet 100 pl of serum into a 4001 micro-test tube and add 50ul of 0.4 M
hydrochloric acid and 1 drop of 80 per cent thioglycolic acid. Mix and allow to stand 5
minutes. Add 50l of 30 per cent trichloroacetic acid. Mix well with a micromixer
centrifuge for 3 minutes at 10,000 rpm. Transfer 180ul of the clear supernatant liquid
to a micro-test tube and add 25 of potassium acetate (50 g per 100 ml) and 20 of
.025 % bathophenanthroline in isopropyl alcohol. Mix thoroughly. After 10 minutes,
extract with 200 of ethanol-chloroform solvent (1:4). Shake and centrifuge. Trans-
fer the lower layer to a micro cell and measure the absorbance at 535 nm. Carry blank
and standards through the same procedure.

Procedure for the Determination of iron in Urine. METHOD OF SEVEN AND
PETERSON®. Pipet 5 to 10 ml of urine into a 250 ml conical flask, add 0.75 ml of
concentrated sulfuric acid and 5 ml of concentrated redistilled nitric acid. Insert a
reflux head l@l and digest on a hot plate at a temperature of about 250°c until the
thick brown fumes almost disappear and the remaining solution is nearly colorless.
Cool partially and wash down the reflux head and the walls of the flask with iron-free
water. Add 5 ml of 30 per cent hydrogen peroxide through the reflux head and heat
until the gas evolution stops. Cool partially and add 2 ml of 30 per cent hydrogen
peroxide. Heat for 1 hour at an intermediate temperature not over 250°, making
certain that the liquid condensed is being returned to the boiling solution. Cool, wash
down the reflux head and remove it. Wash the walls of the flask until at least 20 ml of
iron-free water has been added. Add 0.2% potassium permanganate dropwise (usu-
ally 1 to 3 drops) until a faint pink color persists. Add 3 ml of 10% hydroxylammonium
chloride. Mix the solution and add 15 ml of saturated sodium acetate. Mix and add
4.00 ml, pipetted carefully, of 0.0025 M bathophenanthroline in isoamyl alcohol and
immediately close the flask with a rubber or glass stopper. Shake vigorously until no
further red color development is apparent, usually 60 to 90 seconds. When alcohol
and aqueous phases have completely separated, aspirate the aqueous layer and
discard. Close the flask immediately. Draw off enough isoamyl alcohol-
bathophenanthroline solution to fill a cuvette and measure the absorbance at a wave
length of 533 nm.

Carty a blank through the same procedure.

Procedure for the Determination of Iron in Urine. METHOD OF COLLINS AND
DienL’. Run a reagent blank along with the samples in exactly the same manner.
Pipet 50.0 ml of the urine into a 250 ml conical flask. Add 25 ml of nitric acid and 10 ml
of perchloric acid. Place a reflux head on the flask, heat to fumes of perchloric acid and
continue the digestion for 10 minutes. If a suitable hood is not available for the wet
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ashing use a glass fume eradicator. L@] After the flask and contents have cooled to
room temperature, rinse the reflux head with water, and wash down the sides of the
flask. Heat the solution to boiling to dissolve the precipitate of ammonium per-
chlorate and to remove chlorine. While still hot, transfer the solution to a 125 ml
separatory funnel and add 2.0 ml of 10% hydroxylammonium chloride and 5.0 ml of
0.001 M bathophenanthroline. Place a small piece of Congo Red paper in the solution
and add dropwise ammonium hydroxide until the paper turns red. Complete the
adjustment of pH by adding 5.0 ml of 10% sodium acetate solution. After the solution
has cooled to room temperature add 4.0 ml of nitrobenzene and shake vigorously for 1
minute. Allow the phases to separate, and gently swirl to dislodge any droplets of
nitrobenzene clinging to the upper walls of the funnel. Collect the nitrobenzene layer
in a 10 ml volumetric flask, and repeat the extraction two more times using 2.0 ml
portions of nitrobenzene. Dilute the combined extracts to exactly 10 ml with ethanol
and mix. Determine the absorbance of the solution at 538 nm using 1 cm cells. Use a
mixture of nitrobenzene and ethanol (4:1) as the reference solution. Correct the
absorbance of the unknown solution by subtracting from it the absorbance of the
reagent blank.

Prepare a calibration curve by pipeting various volumes from 0 to 25 ml of the
standard iron solution (1 g Fe per ml) into 125 ml separatory funnels. Add 10 ml of
10% ammonium perchlorate [@1 , 2.0 ml of 10% hydroxylammonium chloride, 5.0
ml of 0.001 M bathophenanthroline and 8.0 m! of 10% sodium acetate solution, and
proceed with the extraction as directed in the preceding paragraph. Use the extract
from the solution to which no iron was added as the reagent blank, and subtract its
absorbance from the absorbance of each of the other solutions. Prepare a plot of
absorbance vs. concentration.
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SECTION 111

BATHOPHENANTHROLINEDISULFONIC ACID
4,7-Diphenyl-1,10-phenanthrolinedisulfonic Acid

C24H14N2(SOBH)2

F. W.: 492.5
SO H soH C,HN (SO Na),

3 3 2477147 2

F. W.: 536.5
N N Molar Absorptivity of ferrous
complex 22,140 at 535 nm
G. Freperick Smira Cremicar Company,

Catalog Item No. 286

One difficulty encountered in the use of bathophenanthroline in wa-
ter solution is its low solubility in water. The reagent is soluble in alcohol
and also in water as the hydrochloride, but in the neutral solutions needed
for maximum color development with iron, the excess reagent tends to
precipitate, rendering the solutions turbid. This turbidity causes no trou-
ble if the iron derivative, together with the excess reagent, is extracted
into isoamyl alcohol for the measurement of absorbance as prescribed in
the operating procedure of the original publication of Smith, McCurdy
and Diehl'. The extraction is an extra step, however, and burdensome
when the work load is heavy. Trinder at the Royal Infirmary, Sunderland,
County Durham, solved the problem by treating bathophenanthroline
with chlorosulfonic acid; the resulting sulfonated derivative was not iso-
lated but the water soluble product retained the sensitivity of batho-
phenanthroline toward iron and was free from the turbidity difficulty.
Isolation and further characterization of the sulfonated product were
accomplished by Blair and Diehl® and Cryberg and Diehl®.

Properties of Bathophenanthrolinedisulfonic Acid. The nature and
characteristics of the sulfonation product of bathophenanthroline were
worked out in detail by Blair and Diehl®. The material was isolated as the
disodium salt. An ammonium salt of stoichiometric composition could not
be obtained. The disodium salt is light tan in color when prepared free from
contamination by iron. It is extremely soluble in water and somewhat
hygroscopic. It can be dried at 110° and in fact shows no loss in weight up to
275° (thermobalance study). It shows a light blue fluorescence under ultra-
violet light. The neutralization titration of bathophenanthrolinedisulfonic
acid takes place in two steps, with the respective acid dissociation con-
stants being pK=2.83 and pK =5.20.

Properties of the Ferrous Derivative. Bathophenanthrolinedisulfonic
acid reacts with ferrous iron to produce an intense red color. The ab-




24

sorption spectrum of this colored ion was measured on a solution of

ferrous sulfate containing also hydroxylammonium chloride, sodium ace- -

tate, and a ten-fold excess of bathophenanthrolinedisulfonic acid, see
figure, at the wavelength of maximum absorption, 535 nm. The molar
absorptivity is 22,140.

ABSORBANCE

0.0 ! ! - *
400 450 500 550 600

WAVE LENGTH IN NM

Figure 2. Absorption spectra of cuprous di(bathocuproindisulfonic acid), curve |
and gf ferrous tris(bathophenanthrolinedisulfonic acid) curve 2. From Blair and
Diehl®. ’

The combining ratio of the ferrous ion and bathophenanthrolinedi-
sulfonic acid was determined by a spectrophotometric titration, the iron
concentration being held constant in a series of solutions and the concen-
tration of reagent varied. Straight lines were obtained for the rising and
horizontal portions of the curve and the sharp break fell at the ratio
Fe:bathophenanthrolinedisulfonic acid = 1:3.17.

The pH range over which ferrous tris(bathophenanthrolinedisulfonic
acid) is stable was determined by preparing a series of solutions, each
solution having the same amount of iron, sodium sulfite, and an excess of
bathophenanthrolinedisulfonate; the pH was adjusted with hydrochloric
acid or sodium hydroxide and after 1 hour the absorbance of each solution
was measured. The optimum pH is in the range 3—7, with loss of intensity
outside the range 2.5—11. .

Applications. The initial application of sulfonated bathophenanthro-
line by Trinder® was to the determination of iron in serum and this remains
a major use’*~%1-2, Several of the above cited papers deal with the
simultaneous determination of iron and copper in serum **°. Determi-
nation of iron in urine’, biological fluids?, liver biopsy?, commercial ATP
preparations®, and protein % are some of the other uses primarily in the
clinical chemistry field. Additionally, nutritionists may use it in the deter-
mination of dietary iron” and industrial chemists may apply it to numerous
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other substances such as starting materials and intermediates in rayon or
polyester production”. Five articles deal with the automation of the iron
determination!"!>'"?% and one with the indirect determination of ferro-
cyanide!. Blair and Diehl’studied the use of ferrous tris(bathophenan-
throlinedisulfonate) as an oxidation—reduction indicator in the cerium
(IV) titration of ferrous iron.

Interferences. Studies by Blair and Diehl® indicate that the deter-
mination of iron with bathophenanthrolinedisulfonic acid is relatively free
of interferences from ions of copper, cobalt, nickel and chromium. Alu-
minum, tin and thiosulfate may interfere by precipitation. Cyanide and
persulfate ions will inhibit the color formation. The other common ions
studied showed little or no effect. A table of the Blair and Diehl study may
be found in the reference® or in an earlier edition of this monograph.

Reagents. BATHOPHENANTHROLINEDISULFONATE SOL-
UTION. Dissolve 0.10 g of disodium bathophenanthrolinedisulfonate
&> in iron—free water and dilute to 100 ml. REDUCING AGENTS,
BUFFER, IRON—-FREE WATER, REAGENT ACIDS AND BASES, see
page 11.
TRICHLOROACETIC ACID. Reagent grade trichloroacetic acid should
be distilled before use. Redistilled acid is available €2 .
FERROUS TRISBATHOPHENANTHROLINEDISULFONIC ACID. Dis-
solve 0.039 g of ferrous ammonium sulfate and 0.16 g of disodium batho-
phenanthrolinedisulfonate in 10 ml of water. 0.01 M. €&

General Procedure for the Determination of Iron. Several solutions should be
carried through simultaneously, perhaps two of unknown, four standards and a
blank. Once a calibration curve is established, only an occasional standard need be
run. For best results the iron should be in the 0.5 — 5 ppm range in the final solution.
Measure the slightly acidic or neutral sample into a suitable volumetric flask and add
2 ml of 10% hydroxylammonium chloride, 2 ml of 0.1% sodium bathophenanthroline-
disulfonate and 5 ml of 10% sodium acetate solution, shake, dilute to the mark with
distilled water and mix again. Measure the absorbance at 535 nm. Several more-
specialized procedures follow.

Procedure for the Determination of Iron in Yeast. METHOD OF BLAIR AND
DieHL®, Transfer a weighed sample of about 2 g of the yeast to a 250-ml conical flask.
Add 5 mi of concentrated sulfuric acid and insert a reflux head in the neck of the flask.
Carry along simultaneously a blank, starting with the sulfuric acid. Char the yeast by
heating the mixture for 15 minutes on a hot plate. Cool, and then add 20 ml of a
mixture of equal volumes of 72% perchloric acid and 70% nitric acid. Replace the
reflux head and boil the mixture in such a fashion that the water and nitric acid are
expelled in about 15 minutes and perchloric acid begins to condense on the walls of
the flask. Continue to reflux smoothly, without undue escape of perchloric acid, for 10
minutes. Cool the mixture, remove the reflux head, and wash it and the flask with
approximately 30 ml of deionized water.
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To this solution add 5 ml of a 10% solution of hydroxylammonium chloride and 10
ml of a 0.1% solution of disodium bathophenanthrolinedisfulfonate. Add ammonium
hydroxide until the pH of the solution reaches 7 to 8 as shown by pH paper. Bring the
PH to between 4 and 5 by the dropwise addition of perchloric acid. Transfer the
solution to a 100—ml volumetric flask, dilute to the mark with deionized water, and
mix. Measure the absorbance in a 1-cm cell at 535nm.

Prepare a calibration curve following the procedure just given, starting with
various volumes of a standard iron solution, prepared by dissolving electrolytic iron
in sulfuric acid, diluting, and aliquoting, and again diluting as appropriate. The
calibration curve should be linear over the range 0 to 3.6 ppm of iron.

Procedure for the Determination of Iron in Serum. METHOD OF TRINDER®.

Dissolve 160 mg of disodium bathophenanthrolinedisulfonate in 20 ml distilled water.
Add 1 ml of thioglycolic acid and add sufficient water to bring the volume to 100 ml.

Transfer 2 ml of serum to a 15-ml cylindrical centrifuge tube and add 2.5 ml of
water and 1.5 ml of 20% trichloroacetic acid. Mix by lateral shaking. Cover the tube
with an aluminum cap and heat for 10 minutes in a water-bath maintained at 90° to
95°. After 5 minutes mix the contents of the tube by lateral shaking and mix again just
before removal from the water-bath. Cool and centrifuge for a few seconds to
dislodge droplets of condensed water and shake the tube to mix the contents.
Centrifuge (still covered with the aluminum cap) at 4,000 r.p.m. , radius 6 in, for 15
minutes. Transfer 4 ml of the clear supernatant liquid to a test tube. Prepare a blank
by heating a mixture of 3 ml of water and 1 ml of 20% trichloroacetic acid at 90° to 95°
in a test tube covered with an aluminum cap. Heat the mixture for 10 minutes and
cool. To each tube add 0.2 ml of iron reagent, 0.6 ml of 40% sodium acetate, and 0.4
ml of 1 to 1 sulfuric acid in that order, mixing the contents of the tubes after each
addition. Measure the absorbance in a 20-mm cell, setting the instrument at zero
with the blank, and making the measurement at 535 nm. Use a green filter if a
photoelectric colorimeter is used for the measurement.

In a similar manner prepare a calibration curve by treating 3 ml of 20% trichloro-
acetic acid, and so on. The quantities of iron used in the standards correspond to
serum iron values of 52.5 to 420 g per 100 ml and if 20-mm cells are used to obtain the

readings, the corresponding absorbances are 0.1 t0 0.8.
Ferrrous tris(bathophenanthrolinedisulfonic acid) as an oxidation-reduc-

tion indicator. Because the ferrous derivative of bathophenanthrolinedisulfonic acid
does not form an insoluble perchlorate it has a distinct advantage over the corre-
sponding 1,10-phenanthroline and 5-nitro-1,10-phenanthroline iron complexes as an
oxidation-reduction indicator, with the exception that the redox potential is 0.15 v
lower than 5-nitro-1,10-phenanthroline. The formal reduction potential was mea-
sured by Blair and Diehl® in both 1 M sulfuric acid and 1 M perchloric acid. The formal
reduction potential is about the same as that of 1,10-phenantholine, around 1.1 volt
on the hydrogen scale. As an oxidation-reduction indicator ferrous tris(bathophe-
nanthrolinedisulfonic acid) is very advantageous in cerate oxidimetry inasmuch as
it is soluble in solutions containing perchlorate, whereas the other ferroin indicators
are only sparingly soluble. The color change is vivid and the end-point sharp. The
indicator was tested by Blair and Diehl® in the analysis of three standard iron ores.
The indicator was used later by Miller and Diehl in the analysis of iron ores prepared

at the G. Frederick Smith Chemical Company for analysis by students. Briefly the
method involves placing the ore in solution with a mixture of perchloric and phos-
phoric acids, reducing the iron by passage through an amalgamated zinc reductor,
and titrating the ferrous iron with sulfatoceric acid.
Procedure for the Determination of Iron in Iron Ore by Titration with Four-Valent
Cerium Using Ferrous Tris(bathophenanthrolinedisulfonic Acid) as Indicator.
MODIFIED METHOD OF BLAIR AND DiEHLS, Weigh accurately into a 500-ml conical flask
0.3 t0 0.35 g of the iron ore. For the standardization of the oxidizing agent, weigh
accurately about 0.22 to 0.24 g of electrolytic iron and transfer it to a 500-ml conical
flask. Carry ore and electrolytic iron through the following procedure in identical
fashion. Add 20 ml of a mixture of equal volumes of 70% perchloric acid and 85%
phosphoric acid. Swirl the mixture until all particles are wetted and free from the
bottom of the flask. Place a reflux head in the neck of the flask and heat, preferably on
a gas-fired or electrically-heated hot plate. Boil the solution gently until the ore has
dissolved and only a fine, white residue remains. The solution may be pink in color
owing to the presence of trivalent manganese. The dissolution will be complete in five
to ten minutes but a few additional minutes of boiling will cause the liquid refluxing on
the walls of the flask to wash down any solid particles and insure the complete
dissolution of the sample. Cool the mixture and remove the reflux head rinsing it with
water. Dilute with water to a volume of 100 to 125 ml. Pass the solution through an
amalgamated zinc reductor @1 (amalgamated zinc column about 2.5 cm in diame-
ter by 22 cm long, 500-ml suction flask as receiver) previously well washed with 2%
sulfuric acid. Adjust the flow to. a rate just somewhat faster than the drops can be
counted. Use suction if necessary. In manipulating the reductor during the washing,
during the passage of the iron-bearing solution and during the subsequent washing
do not draw air into the zinc column, in order to avoid the formation of hydrogen
peroxide. Transfer the iron-bearing solution quantitatively to the reductor, washing
with 2% sulfuric acid and allowing the level of the liquid in the reductor to drop to the
top of the zinc column after each washing. Finally wash the column with five 15 ml
portions of 2% sulfuric acid. Add 6 drops of 0.002 M ferrous tris(bathophenanthro-
linedisulfonic acid) and titrate with 0.1 N sulfatoceric acid to the color change from
pink to light green.

Prepare the 0.002 M ferrous tris(bathophenanthrolinedisulfonic acid) indicator
by dissolving 0.078 g of ferrous ammonium sulfate and 0.32 g of disodium batho-
phenanthrolinedisulfonate in 100 ml of water and mixing well.

Indirect Determination of Ferrocyanide Using Iron and Bathophenanthro-
linedisulfonic Acid. The iron in ferrocyanide and in ferricyanide is so tightly bound
that it does not react with 1,10-phenanthroline or other phenanthroline reagents.
Ferrocyanide is oxidized by ferric iron and the ferrous ion so produced will react with
the phenanthrolines. The oxidation is complete and indirectly ferrocyanide can be
determined by measuring the intensity of the ferrous-phenanthroline color. The
method using bathophenanthrolinedisulfonic acid, devised by Avron and Shavit™, is
based on an earlier method, Krogman and Jagendorf, Plant Physiol., 32, 373 (1957),
using the same chemistry, but employing 1,10-phenanthroline. As expected, Avron
and Shavit found the bathophenanthrolinedisulfonic acid method about twice as
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sensitive as the 1,10-phenanthroline method. Ferricyanide is used as a so-called
““electron acceptor” in enzymology and a measurement of the extent of the reduction
is of importance, for example, in the photolysis of water by cell-free preparation of
photosynthetic tissue (Hill reaction).

Ferricyanide does not prbduce a color so that ferrocyanide can be determined
accurately even in the presence of a large excess of ferricyanide. The decrease in
intensity of the color of ferricyanide itself (at 420 nm) has been used in biological
studies but is far less sensitive than even the 1,10-phenanthroline method.

Citric acid is added to hold the ferric iron in solution at the pH at which the
determination is made. Variation of pH in the range 2.5 to 6.5 does not affect the
intensity or stability of the color developed; at high pH the intensity of the color slowly
increases with time. Exposure to light causes an increase in the intensity of the color
and the cuvette in which the reaction (and the absorbance measurement) is carried
out should be kept in the dark.

In the procedure given below a high concentration of sodium acetate is specified
to permit freedom in the acid content of the sample.

As much trichloroacetic acid as 6% may be present in the sample without
affecting the results.

Procedure for the Indirect Determination of Ferrocyanide. METHOD OF
AVRON AND SHAVIT'. Place the sample, of such size as to contain 0.002 to 0.1 umole of
ferrocyanide, in a 1-cm cuvette of 3 ml capacity. Fill the cuvette to 2. 10 ml with water.
Prepare, just before use, a mixture of 0.3 ml of 25% sodium acetate, 0.3 ml of 0.2 M
citric acid, 0.15 ml of 0.0033 M ferric chloride, and 0.15 ml of 0.33% bathophenan-
throlinedisulfonate. Add 0.90 ml of this mixture to the cuvette and mix. Allow the
mixture to stand 5 minutes. Measure the absorbance at 535 nm using as reference a
blank (stopped at time zero when working with biological material). Calculate the
result using the relation®

(Absorbance) (0.145)= u moles of ferrocyanide
All volumes may be reduced to one third those given, the final volume in the 1 cm

cuvette then being 1.0 ml, and as little as 0.001 g mole of ferrocyanide can be
determined.

“Assumes a value of 20,500 for the molar absorptivity

1.
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SECTION IV

2,4,6-TRIPYRIDYL-S-TRIAZINE
TPTZ

C18H12N6
F.W.:242.25
N Molar Absorpitivity of
Fe (TPTZ)2++1n water: 22,600
sy at 593 nm; of Fe (TPTZ), (CIO,),
¢ in nitrobenzene: 24,100 at

SNT 595 nm
N N G. Frenerick Smrra Cremicar Company,

Catalog Item No. 291

2,4,6-Tripyridyl-s-triazine (2,4,6-tripyridyl-1,3,5-triazine) (ITPTZ)
reacts with ferrous iron to yield an intense violet color which is eminently
suited to the spectrophotometric determination of iron. This reagent has
the same high sensitivity toward iron as bathophenanthroline and batho-
phenanthrolinedisulfonic acid (molar absorptivities of the order of 22,000);
like bathophenanthroline it forms a ferrous derivative which can be ex-
tracted into immiscible solvents (in this case as the perchlorate into
nitrobenzene); it is highly specific for iron; and it is relatively easy to
prepare. 2,4,6-Tripyridyl-s-triazine is the best of a number of pyridyl
substituted triazines first synthesized by Case and Koft'. The fundamental
chemistry of its reaction with iron and the applications of it to the
determination of iron in water, wine, urine, silicates, refractories and
limestone was worked out by Collins, Diehl and Smith***. It has since
been applied to the determination of iron in serum®" in alcohol bever-
ages',, in sodium products?, in waters”" and in nonferrous alloys and
metals®. Other applications include the determination of tocopherols',
EDTAY, ruthenium'®, periodate', sulfur dioxide® and cobalt*. A number
of further studies of the properties and uses of TPTZ in analysis have been

reported™®.
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Figure 3. Absorption spectrum of Fe (2,4,6-tripyridyl-s-triazine) 2(CIO 4)2 in nitroben-
zene. (2.08 Ppm of iron, 1-cm cell.)

The absorption spectrum of Fe (TPTZ),** in nitrobenzene is shown in
Fig. 3. The molar absorptivity is 22,600 in water solution and somewhat
greater, 24,100, in nitrobenzene. The absorption peaks lie at essentially
the same wave length in the two solvents, 593 nm in water and 595 nm in
nitrobenzene. The spectra in both solvents show a shoulder on the short
wave length side of the absorption maximum as do most of the ferrous
derivatives of the ferroin reagents, that is, of the 1,10-pnenanthrolines,
the 2,2’-bipyridines, and the 2,2’,2”’-terpyridines. In both water and nitro-
benzene the color conforms to Beer’s law over the useful range of spectro-
photometers, up to about 6 x 10~° M iron in this case. The formaton
constant of Fe (TPTZ),** was found by Crichton®, using the spectro-
photometric method, to be log K= 10.83.

The color is stable, no change having been observed? in a water
solution for 32 hours or in a nitrobenzene solution in 12 hours.

The pH range over which the violet compound is completely formed
in water solution is 3.4 to 5.8. With extraction of the perchlorate into
nitrobenzene the pH range is greater, 2.7 to 7.0. Although this pH range
is not as wide as for many of the 1,10-phenanthroline and polypyridine
reagents, a suitable pH can be obtained easily by the use of an acetate
buffer. The violet Fe (TPTZ),** ion forms water soluble salts with the
common cations which are not extracted from the water layer by isoamyl
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alcohol, n-hexyl alcohol, benzene, or chloroform , or ethyl acetate; this is
true whether the anion present be sulfate, chloride, nitrate, iodide, ace-
tate, or perchlorate. In the presence of perchlorate or iodide, the color is
extracted rapidly and completely by nitrobenzene.

Specificity. Interferences. An extensive study was made? of the
effects of various cations and anions on the colorimetric determination of
iron with TPTZ. Of the ions tested only Cu**, Co**, Ni**, Cr***, Ag*,
Hg**, Bi***, MoO, ", CN’, C,0,”, and NO, interfere signficantly. The
interference of Co**, Cu*"*, and Ni** is due to the formation of colored
compounds with TPTZ; however, 2.5 ppm of Cu**, 2.4 ppm of Co** or 5.3
ppm of Ni** results in a relative error of less than 2% in the determination
of iron. A precipitate is formed in the presence of Ag*, Hg** and Bi*** and
the other ions retard color development or interfere due to the color of the
ion. In the presence of most of the transition metals, if an excess of TPTZ
is not present the color development is incomplete.

REAGENTS. 2,4,6-TRIPYRIDYL-S-TRIAZINE (TPTZ). 0.001 M. Dissolve 0.312
g of 2,4,6-Tripyridyl-s-triazine @ in a few drops of hydrochloric acid and dilute to
1 liter with de-ionized water.

HYDROXYLAMMONIUM CHLORIDE. 10% Solution, Iron-Free. @ Dis-
solve 10 g of hydroxylammonium chloride in 100 ml of water. Add 1 ml of 0.001 M
TPTZ and 1 g of sodium perchlorate. Add 10 ml of nitrobenzene and shake the
mixture for one minute. Allow the mixture to stand in a separatory funnel for a few
minutes and draw off the lower nitrobenzene layer and discard. Store the water
solution of the iron-free hydroxylammonium chloride in a glass bottle with a plastic
cap with a polyethylene liner.

SODIUM ACETATE-ACETIC ACID BUFFER. 2 M SODIUM ACETATE-2 M
ACETIC ACID, IRON-FREE. @ Dissolve 16.4 g of sodium acetate and 11.5 ml of
acetic acid in 100 ml of water. Add 1 ml of 0.001 M TPTZ, 1 ml of 10% hydroxyl-
ammonium chloride solution, and 1 g of sodium perchlorate. Add 10 ml of nitro-
benzene and shake the mixture for one minute. Allow the mixture to stand in a
separatory funnel for a few minutes and then draw off the lower, nitrobenzene layer
and discard. Store the solution in a glass bottle with a plastic cap with a polyethylene
liner.

SODIUM PERCHLORATE. 10% SOLUTION, IRON-FREE. Dissolve 10 g of
sodium perchlorate t@ in 100 ml of water. Add 1 ml of 0.001 M TPTZ and 1 ml of
10% hydroxylammonium chloride solution. Add 10 ml of nitrobenzene and shake the
mixture for 1 minute. Allow the mixture to stand in a separatory funnel for a few
minutes and then draw off the lower nitrobenzene layer and discard. Store the
solution in a glass bottle with a plastic cap with a polyethylene liner.

STANDARD IRON SOLUTION. 10.0 yg Fe/ml; 1.00ug Fe/ml. Dissolve 1.000 g
electrolytic iron l@] and dissolve in 50 ml of 20% sulfuric acid. Transfer quantita-
tively to a 1000 ml volumetric flask and dilute to the mark with iron free water. This
solution is 1 mg Fe/ml. Dilute 10.0 ml to exactly 1 liter in a second volumetric flask for
10ug Fe/ml. Dilute 50.0 ml of this to exactly 500 ml in another flask for 11g Fe/ml.
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Procedure for the Determination of iron in Burnt Refractories, Silicates and
Argillaceous Limestone. METHOD OF COLLINS, DIEHL AND SmITH?. Weigh a sample
of such size as to contain 3 to 5 mg of ferric oxide into a silver crucible and add 1.0 g of
sodium carbonate and 1.0 g of sodium borate decahydrate. Mix thoroughly and then
gently heat the crucible and contents over a Meker burner until the water of the
sodium borate has been vaporized. Gradually increase the heat to melt the flux and
continue heating until the sample has been completely decomposed. Rotate the
crucible while cooling to cause the melt to solidify on the sides of the crucible. After
the crucible has cooled to room temperature, add 10 ml of water and 5 ml of
hydrochloric acid, cover with a watch glass and gently heat on a hot plate until the
melt has dissolved. It may be necessary to add more hydrochloric acid to obtain
complete dissolution of the residue (a precipitate of silver chloride and silica will
remain which is later removed). Transfer the contents of the crucible to a 250-ml
volumetric flask and dilute to the mark. Mix well and filter or centrifuge a portion of

the solution to remove any suspended silver chloride and silica.
Pipet a 5.00 mi aliquot of this solution into a 50-ml volumetric flask; add 2.0 ml of

10% hydroxylammonium chloride solution, 5.0 ml of 0.001 M TPTZ and 10 ml of 2 M
sodium acetate-2 M acetic acid buffer. Dilute the solution to exactly 50 ml and
measure the absorbance at 593 nm using a 1-cm cell. Run a blank on the reagents and
silver crucible in exactly the same manner. '

Procedure for the Determination of Iron in a Silicate of Low Iron Content
(For Example, Granite G-1 ). Fuse a 3.0 g sample with 5.0 g of sodium carbonate and
5.0 g of sodium borate decahydrate in a 50-ml silver crucible (or an iron-free platinum
crucible prepared as described in the procedure for iron in glass on p. 35) and continue
heating until a clear melt is obtained. Rotate the crucible while cooling and place it in
a 600-ml beaker. Add 100 ml of hydrochloric acid and 200 ml of water and heat until
the melt has been completely dissolved. Cool, remove the crucible with washing and
dilute the solution to exactly 1 liter in a volumetric flask. Pipet a 25.0 ml aliquot of this
solution into a 250 ml beaker, add 5 ml of hydrochloric acid and heat for several hours
to precipitate silica. Cool the solution, transfer to a 250 ml volumetric flask and dilute

to the mark. Filter a portion of this solution (no washing) to remove silica and silver
chloride. Pipet a 15.00 ml aliquot of the filtered solution into a 50-ml volumetric flask;

add 2.0 ml of 10 % hydroxylammonium chloride solution, 5.0 ml of 0.001 M TPTZ,
and 10 ml of 2 M sodium acetate-2 M acetic acid buffer. Dilute the solution to exactly
50 ml and measure the absorbance at 593 nm using a 1-cm cell. Run a blank on the

reagents and silver crucible in exactly the same manner.
Procedure for the Determination of Iron in a Silicate of High Iron Content

(For Example, Diabase W-1)2. Mix 0.22 g of the sample with 1.0 g of sodium
carbonate and 1.0 g of sodium borate decahydrate in a silver crucible (or an iron-free
platinum crucible prepared as described in the procedure for iron in glass on p. 35)
and fuse. Continue heating until the decomposition of the sample is complete (about
15 minutes), cool and add 20 ml of water and 10 ml of hydrochloric acid. Heat the
crucible on a hot plate until the melt has completely dissolved (a residue of silica and
silver chloride will remain), cool and dilute to exactly 500 ml in a volumetric flask.
Pipet a 50.0 ml aliquot of this solution into a 500 ml volumetric flask, dilute to volume
and centrifuge a portion of the final solution to remove silica and silver chloride. Place

15.00 ml of this solution in a 50-ml volumetric flask, add 2.0 ml of 10% hydroxyl-
ammonium chloride, 5.0 ml of 0.001 M TPTZ, and 10.0 m! of 2 M sodium acetate-2 M
acetic acid and dilute to volume. Mix well and determine the absorbance of the
solution at 593 nm. Run a blank through the entire procedure.

Procedure for the Determination of Iron in Glass and Glass Sand?. Free a
platinum crucible of iron by repeated heating to 1000° to 1200° in a muffle furnace and
leaching with hot hydrochloric acid. Weigh a sample of such size as to contain 0.5 to
1.0 mg of ferric oxide into the iron-free platinum crucible. Add 2 ml of water and 4 ml
of hydrofluoric acid if the sample is a glass or 4 ml of hydrofluoric acid if the sample is
glass sand. After the reaction has subsided, add 1 ml of perchloric acid and evaporate
to dryness on a hot plate without boiling. Cool, add 2 ml of hydrofluoric acid and
again evaporate to dryness. Place the crucible and contents in a 250-ml beaker, add
20 ml of hydrochloric acid and 50 ml of water and heat. If complete solution is
obtained, cool, transfer the solution to a 250-ml volumetric flask, dilute to volume and
continue the determination as directed in the next paragraph. If an insoluble residue
remains, filter the solution into a 250-ml volumetric flask using a medium porosity
filter paper. Wash first with dilute hydrochloric acid (1:100) and then with water. Ash
the filter in a silver crucible (or in an iron-free platinum crucible prepared as described
above). Add 1 g of sodium carbonate and 1 g of sodium borate decahydrate and heat
until a clear melt is obtained. Cool to room temperature, add 5 ml of hydrochloric acid
and 10 ml of water, cover with a watch glass and heat on a hot plate until the residue
dissolves. A precipitate of silver chloride and silica will remain. Transfer the contents
of the crucible to the 250-ml volumetric flask containing the filtrate and dilute to
volume. After mixing, centrifuge or filter a portion of this solution to remove any silica
and silver chloride.

Pipet a 25.0ml aliquot of the solution into a 50-ml volumetric flask and add 2.0 ml
of 10% hydroxylammonium chloride and 5.0 ml of 0.001 M TPTZ. Dropwise add
ammonium hydroxide until the violet color of the iron derivative remains on mixing,
add 10 m! of the 2 M sodium acetate-2 M acetic acid buffer and dilute to the mark.
Measure the absorbance at 593 nm using a 1-cm cell. Run a blank on reagents and
crucible in exactly the same manner.

Procedure for the Determination of Iron in Limestone®. Weigh a sample of
such size as to contain 0.5 to 1.0 mg of ferric oxide into a 250-ml beaker. Cover with a
watch glass, add 20 ml of water and 10 ml of hydrochloric acid and heat gently. After
the reaction is completed, filter the solution into a 250-ml volumetric flask using a
medium porosity paper. Wash the filter with dilute hydrochloric acid (1:100) and
water. Place the filter in a silver crucible (or an iron-free platinum crucible prepared
as described in the procedure for iron in glass above), ash, cool and add 1.0 g of
sodium carbonate and 1.0 g of sodium borate. Heat gently at first and then more
strongly to melt the flux and decompose the residue. Rotate the crucible while cooling
to cause the melt to solidify on the sides of the crucible. After cooling, add 10 ml of
water and 5 ml of hydrochloric acid and warm to dissolve the residue. After complete
dissolution (a precipitate of silica and silver chloride will remain), transfer the
contents of the crucible to the 250-ml volumetric flask containing the original filtrate.
Dilute the solution to volume, filter or centrifuge a portion of the solution. Pipeta 25.0
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ml aliquot of the solution into a 50-ml volumetric flask and add 2.0 ml of 10%
hydroxylammonium chloride solution and 5.0 ml of 0.001 M TPTZ. Add dropwise
ammonium hydroxide until the violet color of the iron derivative remains on mixing,
add 10 ml of the 2 M sodium acetate-2 M acetic acid buffer and dilute to the mark.
Measure the absorbance at 593 nm using a 1-cm cell. Run a blank on reagents and
crucible in exactly the same manner.

Procedure for the Determination of Iron in Wine. METHODS OF COLLINS AND
DieL?. Pipet various volumes of the standard iron solution into 125-ml separatory
funnels to cover the range from 0 to 40ug of iron. To each solution add 2.0 ml of 10%,
iron-free hydroxylammonium chloride, 5.0 ml of 0.001 M TPTZ, 5.0 ml of 2 M sodium
acetate-2 M acetic acid buffer, and 1.0 ml of 10% sodium perchlorate. Extract each
solution three times using 4.0, 2.0 and 2.0 ml portions of nitrobenzene. Collect the
extracts of each solution in a 10-ml volumetric flask, dilute to the mark with ethanol
and determine the absorbance at 595 nm using 1-cm cells. This calibration curve may
be used for any of the nitrobenzene extraction procedures.

Pipet 3.00 ml of the wine into a 250-ml conical flask (preferably one of Vycor) and
insert a reflux head. t@) Add 10 ml of concentrated nitric acid and 5 ml of perchloric
acid and heat to fumes of perchloric acid. Cool the solution, add 20 ml of water and
heat to boiling to remove any chlorine. After coolihg the solution, add 2.0 ml of 10%
hydroxylammonium chloride, 2.0 ml of sodium acetate-acetic acid buffer, and 5.0 ml
of 0.001 M TPTZ. Neutralize the solution with ammonium hydroxide to pH 4 to 5
using a pH meter or pH indicating paper. Transfer the solution to a 125-ml separatory
funnel, add 4.0 ml of nitrobenzene and shake vigorously for one minute. Allow the
phases to separate and gently swirl to remove drops of nitrobenzene clinging to the
upper walls of the funnel. Repeat the extraction using 2.0 ml portions of nitrobenzene.
Collect the extracts in a 10 ml volumetric flask, dilute to the mark with ethanol and
measure the absorbance at 595 nm using a 1-cm cell. Run a blank through the entire
procedure and subtract the iron so found from that obtained in the analysis.

Alternatively, pipet 3.00 ml of the wine into a 100-ml beaker. Add 2.0 ml of 10%,
iron-free hydroxylammonium chloride solution, 5.0 ml of ethanol, 5.0 ml of acetate
buffer and 5.0 ml of 0.001 M TPTZ. Heat the solution to boiling for five minutes, cool
and transfer to a 125-ml separatory funnel. Wash the beaker with 20 ml of ethanol and
1.0 ml of 10%, iron-free sodium perchlorate and add the washings to the separatory
funnel. Extract the solution three times using one 4.0 ml and two 2.0 ml portions of
nitrobenzene and collect the extracts in a 10-ml volumetric flask. Dilute to volume
with ethanol and determine the absorbance of the solution at 595 nm using a 1-cm
cell. Run a blank through the entire procedure and subtract the iron so found from
that obtained in the analysis.

Procedure for the Determination of Iron in Treated Water and in Sea Water
(parts per billion range). METHOD OF COLLINS AND DinL?, Pipet 100.00 ml of the
water into a 125-ml separatory funnel: Add 2.0 ml of 10% iron-free hydroxylam-
monium chloride solution, 2.0 ml of 10% iron-free sodium perchlorate solution, 5.0 ml
of 0.001 M TPTZ, and 5.0 ml of 2 M sodium acetate-2 M acetic acid buffer. If the
previous treatment of the sample has introduced much acid, neutralize with ammon-

ium hydroxide to pH 4 to 5 prior to addition of buffer. Add 10 ml of nitrobenzene,
shake for one minute, allow the phases to separate and gently swirl the funnel to
dislodge any drops of nitrobenzene clinging to the upper walls. Drain the nitroben-
zene layer into a 25-ml volumetric flask and repeat the extraction with another 10-ml
portion of nitrobenzene. Dilute the combined extracts to 25.0 ml with ethanol.
Measure the absorbance of the solution at 595 nm using a 5-cm cell and a mixture of
nitrobenzene and ethanol (4:1) in the solvent cell. Run a reagent blank through the
entire operation and subtract the absorbance found for it from that of the unknown

solution.
Prepare a calibration curve following the above procedure, but using various

volumes from 0 to 50 ml of the standard iron solution containing 50.0g Fe per liter.

It must be remembered that in the determination of iron in this range, the
glassware used should be very thoroughly cleaned. It may be necessary to leach new
glassware with nitric or hydrochloric acids before starting, rinsing thoroughly, and
even then the first few determinations may be suspect.

Procedure for the Determination of Iron in Urine. METHOD OF COLLINS AND

DieHL. Pipet 50.0 ml of the urine into a 250-ml conical flask. Add 25 ml of redistilled
nitric acid @1 and 10 ml of 70% perchloric acid. t@l Place a reflux head on the
flask, heat to fumes of perchloric acid and continue the digestion for 10 minutes. If a
suitable hood is not available for the wet ashing use a glass fume eradicator.
Wash down the sides of the flask and reflux head with water and heat to boiling to
remove chlorine. While still hot, transfer the solution to a 125-ml separatory funnel,
cool the solution and add 2.0 ml of 10%, iron-free hydroxylammonium chloride and
5.0ml of 0.001 M 2,4, 6-tripyridyl-s-triazine. Place a small piece of Congo Red paper in
the solution and add ammonium hydroxide dropwise until the paper turns red.
Complete the adjustment of pH by adding 5.0 ml of 2 M sodium acetate-2 M acetic
acid buffer. Dilute the solution to about 100 ml with water to dissolve the precipitate
of ammonium perchlorate. Add 4.0 ml of nitrobenzene and shake vigorously for 1
minute. Allow the phases to separate, collect the nitrobenzene layer in a 10 ml
volumetric flask and repeat the extraction two more times using 2.0-ml portions of
nitrobenzene. Dilute the combined extracts to exactly 10.0 ml with ethanol, mix and
determine the absorbance of the solution at 595 nm using a 1-cm cell. Use a mixture of
nitrobenzene and ethanol (4:1) as the reference solution. .

Prepare a calibration curve using solutions containing 0-20 g of iron, following
the same procedure.

Procedure for the Determination of Iron in Serum. METHOD OF CARAWAY'.
Pipet 2.0 ml of serum into a small test tube, add 1 ml of 0.2N hydrochloric acid-1%
ascorbic acid solution, mix, and allow to stand 5 minutes. Add 1 ml of 20% trichloro-
acetic acid made from redistilled, iron-free acid @ , and 1 ml of chloroform.
Stopper and shake for 10 to 15 seconds. Centrifuge for 10 minutes. Carefully decant
the supernatant liquid into another small test tube. Pipet 2.0 ml of the clear liquid into
a 12-mm cuvette or test tube. In identical tubes place a blank and a standard.

The blank is prepared by mixing 1.0 ml of water, 0.5 ml of 0.2N hydrochloric
acid-1% ascorbic acid and 0.5 ml of 20% trichloroacetic acid. The standard is pre-
pared by mixing 1.0 ml of the iron standard (2.00 ug Fe per ml), 0.5 ml of 0.2N
hydrochloric acid-1% ascorbic acid, and 0.5 ml of 20% trichloroacetic acid.
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To each of the three solutions thus prepared add 0.2 ml of 0.1% TPTZ. Mix and
add 0.2 ml of 40% ammonium acetate solution and mix again. Using the blank as a
reference, measure the absorbance at 590 nm within five minutes if possible.

The final volume obtained is 2.4 ml. For instruments which require 3 ml of
solution, 0.8 ml of 10% ammonium acetate may be substituted for the 0.2 ml of 40%.

The results may be calculated using the relation:

Absorbance of sample

Absorbance of standard

X200 =pug Fe per 100 ml of serum

For the microdetermination of serum iron, all volumes are reduced by a factor of
20 and the techniques of ultra micro-chemistry are applied.

Procedure for the Determination of Total Iron Binding Capacity of Serum
(TIBC) METHOD OF CARAWAY”. Pipet 2 ml of serum into a small test tube, add 4.0 ml of
ferric iron solution (5.0ug Fe per ml), mix, and allow to stand for 5 minutes. Add 0.5 g
of anhydrous magnesium carbonate powder, stopper, and shake for 10 to 15 seconds.
Allow the solution to stand for 30 minutes but remix 4 or 5 times during this interval.
Centrifuge for 10 minutes. Pipet 2.0 ml of the clear supernatant liquid into a test tube
and analyze for serum iron as described above.

The TIBC may be calculated using the relation:

Absorbance of sample

Absorbance of standard

For the microdetermination of TIBC, all volumes are reduced by a factor of 20.

Procedure for the Determination of Microgram Quantities of EDTA in Urine.
METHOD OF KRATOCHVIL AND WHITE”. REAGENTS. Fe(TPTZ),**. 5x10* M in 0.1M
sodium acetate-0.1M acetic acid. Dissolve 0.228 g of TPTZ in a few milliliters of
deionized water containing several drops of concentrated hydrochloric acid. Add 50
ml of 1M sodium acetate-1 M acetic acid buffer. Add 0.0995 g of ferrous ethylene-
diammonium sulfate tetrahydrate L@J and dilute to 500 ml.

STANDARD EDTA SOLUTION 1.00x10™* M disodium dihydrogen ethylenediamine-
tetraacetate. Dissolve 0.3723 g of primary standard EDTA @ in deionized water,
transfer quantitatively to a 1-liter volumetric flask, dilute to the mark and mix well.
Transfer 10.0 ml of this solution to a 100 ml volumetric flask, dilute to the mark and
mix.

Place the sample containing 0.1 to 1 mole of EDTA in a 25 ml volumetric flask,
add 2.00 ml of the 5x10™*M solution of Fe(TPl“Z)?_+ *, dilute to volume with deionized
water and mix well. Measure the absorbance against a deionized water blank at 593
nm. A calibration curve is prepared using 0-10ml portions of the 1.00x10™*M EDTA
solution in place of the sample. If any metals other than alkali metals are present,
measure the absorbance as soon as possible after the addition of the FE(TPTZ) 2+ *
solution and at 1 minute intervals for 2 or 3 minutes, and extrapolate back to zero time
to obtain the amount of uncomplexed EDTA.

X 600 = IBC iny;g Fe per 100 ml of serum
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SECTIONV
PDT
3-(2-Pyridyl)-5,6-diphenyl-1,2,4-triazine
C201_1141V4
F. W.: 310.34
Molar absorptivity of
N-— .
\ 3 {/ A\ VAR Cu(PDT)," 7,990 at 488 nm
— NN . Fe(PDT)3*2 23,500 at 555 nm

G. Freperick Smrre ChemicaL Company,

Catalog No. 516

An outstanding reagent for the rapid, simultaneous determination of
copper and iron, 3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazine is conveniently
referred to in abbreviated fashion as PDT". This reagent and its sulfon-
ated derivative are extremely sensitive as iron chromogens®. PDT serves
best in procedures requiring separation or preconcentration of iron, be-
cause it forms a highly extractable iron(II) chelate’.

To achieve maximum formation, extraction and stability of both the
copper(I) and iron (II) chelates of PDT, the following conditions are
satisfied in the simultaneous determination of copper and iron: (1) ad-
justment of the pH to between 3.5 and 6, (2) use of hydroxylamine
hydrochloride in the aqueous phase as a reductant, (3) extraction of both
complexes into isoamyl alcohol, and (4) use of ascorbic acid in the extract
to protect against air oxidation of the copper(I) complex. The isoamyl
alcohol extract containing both iron(II) and copper(I) is measured spec-
trophotometrically. Sodium cyanide is then added to rapidly and com-
pletely convert the copper PDT complex into a colorless cyanide complex,
and the extract is once again measured spectrophotometrically. The
copper content is directly proportional to the loss in absorbance, and the
iron content is proportional to the final absorbance. Spectra of solutions
treated as described are shown in Figs. 4 and 5.
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Figure 4. Absorption spectrum of a solution of iron(li) and copper(l) PDT complexes in
isoamyl alcohol vs. air before (upper curve) and after addition of sodium cyanide
(lower curve). Iron (ll) and copper(l) concentrations are 1.37x10* and 4.48x10*Mm,
respectively.
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Figure 5. Absorption spectrum of 4.84x10™*M copper(l)—PDT in isoamyl alcohol vs.
air, curve a; after addition of sodium cyanide, curve b; spectrum of reagent blank,
curvec.

By employing a 200-ml sample, extraction into 10 ml of isoamyl
alcohol, and a 1-cm absorption cell, as little as 1 part per billion of iron
and 4 parts per billion of copper can be detected (each based on an
absorbance difference from the blank of 0.005 absorbance unit). Approx-
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imately 0.2 ug of iron and 0.8 ug of copper can thus be detected. Quantita-
tive determinations, however, require about 80 times these amounts (16
ug of iron and 64 ug of copper) for optimum relative accuracy.

Interferences. The following ions are tolerated at 1000 ppm each:
NH,* Li*, Na*, K", Ag", Mg?*, Ca?t, Sr?*, Ba**, Pb**, Mn**, Zn**, Sp**,
Cd*, Hg**, UO,*, AP*, Th*, F°, CI', Br, I, 10, NO,, CIO,’, BrO,’,
OAc’, SCN, 8O.7, 5,07, SO.*, PO,”. At 500 ppm nitrite, oxalate or
molybdate ions do not interfere. Offending ions in the iron determination
and their approximate tolerance levels (given in parentheses) are Co*?
(50), Cr*® (200) and Ni*? (10). In the copper determination the ions that
interfere and levels tolerated (given in parentheses) are thiosulfate (20),
cobaltous ( < 1) and nickel (50).

Applications. PDT has been applied to the simultaneous determina-
tion of copper and iron in water, milk, and wine'. Numerous other ap-
plications appear promising, especially in view of the demand for suitable
methods for determining trace amounts of both iron and copper in foods,
beverages, biological specimens, and various commercial products such
as paper, petroleum and alloys. The presence of these metals can be of
considerable significance in medical diagnosis and biochemical research,
they are known to promote off-flavors in foods and beverages, and their
presence in lubricating oils or other commercial products is indicative of
wear, malfunction or contamination. An interesting application by Lund-
gren and Schilt® involves the coating of Amberlite XAD-2 with PDT for use
in purification of various reagents and for the preconcentration of iron,
copper, cobalt, nickel and zinc contained in samples prior to analysis. This
coated resin is also available from the GFSCC.

General Procedure for Simultaneous Determination of Copper and Iron.
(SCHILT AND TAYLOR'). REAGENTS. PDT SOLUTION. Prepare a 0.01 M
solution by adding 8 drops of concentrated hydrochloric acid to 0.30 g of PDT

@1 followed by 100 ml of ethyl alcohol. ASCORBIC ACID SOLUTION. Prepare
fresh daily by dissolving 0.5 g of the solid in 100 ml of ethyl alcohol. pH 4.5 BUFFER
SOLUTION. Prepare by adding sufficient glacial acetic acid to 1 liter of 1 M sodium
acetate to adjust the pH to 4.5. To remove trace amounts of iron and copper, add 1 g
of hydroxylamine hydrochloride, 5 ml of 0.01 M PDT and extract with isoamyl alcohol
until a colorless extract is obtained. SODIUM PERCHLORATE SOLUTION. Dis-
solve 100 g sodium perchlorate @J in 100 ml of distilled water. Remove traces of
iron and copper by adding 0.2 g of hydroxylamine hydrochloride, 2 ml of 0.01 M PDT
and extracting with isoamyl alcohol.

RECOMMENDED PROCEDURE. Pipet sample of sufficient size to contain
1-25 g of Fe and/or 4-80yg of Cu into separatory funnel and add 5 ml of pH 4.5 buffer,
2ml of 10% hydroxylamine hydrochloride &g , 2mlof0.01 M PDT, and 2mlof 50%
NaCIO A solution. Adjust the pH to 4.5 %1, if necessary, using pH indicating paper.
Extract once with 6 ml and again with 2 ml of isoamy] alcohol. Combine the isoamyl
alcohol extracts in a 10 ml volumetric flask, and alcohol dilute to volume with 0.5%
ascorbic acid in ethanol. Measure the absorbance of the solution vs. a similarly



prepared blank at 488 nm; add 5-10 mg of sodium cyanide to the isoamyl alcohol
solution, and measure the absorbances at 488 and 555 nm vs. the similarly treated
blank. Make use of suitably prepared calibration curves or empirical equations to
convert the loss in absorbance at 488 nm to concentration of Cu and the final
absorbance at 555 nm to concentration of Fe.

Procedure for Analysis of Whole Milk. Pipet 25.00 ml of whole milk slowly into
a heated crucible, at a rate sufficient to evaporate without frothing (approximately 1
drop per second). if sample weight is desired, determine the density of a second
sample. After all moisture has been removed, raise the temperature slowly to
approximately 450-500°C, avoiding loss of sample by foaming and swelling, and
ignite at this temperature until a gray ash is obtained. Allow the crucible to cool, add
1 ml of concentrated nitric acid, evaporate to dryness, and ignite again at 450-500°C
for 1 br. Dissolve the resulting white ash in 10 ml of 1 M nitric acid, and transfer the
resulting solution quantitatively into the 60 ml separatory funnel. Complete the
analysis following the recommended procedure.

Procedures for the Analysis of Wine. DRY ASHING PROCEDURE. Pipet 2.00
ml of wine into a crucible (determine density if sample weight is desired), evaporate to
dryness, and ignite at 450-500°C to a gray ash. Allow to cool, add 1 ml of concentrated
nitric acid @ , evaporate, and ignite for 1 hr. at 450-500°C. Dissolve the cool,
white ash in 10 ml of 1M nitric acid, and transfer the solution quantitatively into a 60
ml separatory funnel. Complete the analysis following the recommended procedure.

WET ASHING PROCEDURE. Pipet a 2.00 ml sample into a 125 ml conical flask,
add a 10 ml mixture of equal volumes perchloric acid (70%) r@n and concentrated
nitric acid r@l » and heat gently until vigorous evolution of brown fumes subsides.
Continue heating more strongly until dense white fumes of perchloric acid completely
fill the flask. Allow to cool, add 20 ml of water, and boil briefly to expel any chlorine.
Add sufficient concentrated ammonium hydroxide @] (approximately 4 ml) to
adjust to pH 4.5 £1 using pH indicating paper. Transfer the solution quantitatively to
a 60 ml separatory funnel, and complete the analysis following the recommended
procedure. Additon of the 50% NaCIO , solution maybe omitted, because the sample
solution contains sufficient perchlorate salt.

E—
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SECTION VI

PDTS
3-(2-Pyridyl)-5,6-bis (4-phenylsulfonic acid)-1,2,4-Triazine disodium salt.

C,H,N,0,SNa,

14" 47672

F. W. 514.46
Molar absorptivity of Fe(PDTS),
25,400 at 560nm
SO,Na G. Freperick Smrrn Criemical. Company
Catalog Item No. 569

In 1970, the first published work with the sulfonated derivative of
PDT appeared under the authorship of L. L. Stookey' who coined the
trivial name “‘ferrozine”, which later became a trademark of the Hach
Chemical Co. Because of its attractive price and slightly higher sensitivity
than previously available sulfonated, water-soluble iron reagents, it at-
tracted considerable attention resulting in a number of applications and
additional studies.

Interferences. lons that interfere in the determination of iron include
Cu*!, Co*?, Cr*}, Ni*%, CN~ and NO,". Oxalate in concentrations over
500 ppm also will interfere. Copper interference may be overcome by
determining the copper simultaneously or by adding cyanide to the sam-
ple after determination and measuring the absorbance again for a blank
value’. Cyanide and nitrite interferences can also be overcome by boiling
the sample with an acidic reducing agent solution.

Applications. In addition to the determination of iron in potable
water', other applications published for the use of PDTS in the determin-
ation of iron include iron in wine?, plant material’, and in serum or
blood*". A number of these also include determination of iron-binding
capacity and automated procedures. PDTS has been applied also to the
determination of ascorbic acid'®, sulfur dioxide', ruthenium and osmi-
um'®, copper and cobalt®, and the simultaneous determination of iron and
copper®. .
General Procedure for the Determination of iron. REAGENTS. 0.01 M PDTS
solution. Dissolve 0.515 g PDTS r@] in water and dilute to 100 ml.

Reducing agent. Iron-free 10% hydroxylammonium chloride is prepared as described
onp. 12,

Buffer solution. Iron-free 10% sodium acetate is prepared as described on p. 11.
Acidic reducing solution. 500 ml of iron-free 10% hydroxylammonium chloride is
combined with 500 ml of 6 M iron-free hydrochloric acid and 5.15 g of PDTS.
Standard Iron solutions. 10.0g Fe/ml; 1.00ug Fe/ml is prepared as described on p.
12.




Pipet a sample sufficient to contain 5-100yg of iron into a 100 ml volumetric flask.
Add 2 ml of 0.01 M PDTS, 2 ml of 10% hydroxylamine hydrochloride and 5 ml of 10%
sodium acetate buffer. Dilute to the mark and mix well. Measure the absorbance of
the solution vs. a similarly treated blank at 560 nm.

Procedure for the Determination of Iron in Potable Water. METHOD OF
STooKey'. Pipet 50.00 ml of freshly drawn water sample into a 125 ml Erlenmeyer
flask and add 2 ml of acidic reducing solution. Heat on a hot plate and hold at boiling
for 10 minutes. A glass stirring rod should be used to prevent bumping. Cool to 20°C
and transfer quantitatively to a 50 ml volumetric flask. Add 1.00 ml of pH 5.5 buffer
(400 g of ammonium acetate and 350 mi of concentrated ammonium hydroxide diluted
to 11) and dilute to the mark with demineralized water. Mix thoroughly and allow one
minute for full color development. Measure absorbance at 562 nm and compare with
a calibration curve prepared from standard solutions treated in the same manner.
Note that the blank is kept small by extraction of iron impurities from the buffer
solution and the reducing agent by utilizing the extraction procedure in section V.
These are modifications in Stookey’s original procedure to avoid the high blanks
resulting from using unextracted reagents.
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SECTION VII

PHENYL-2-PYRIDYL KETOXIME
syn-Phenyl-2-pyridyl Ketoxime

C.H NO

1277100 "2

F. W.: 198.22
Molar absorptivity of
[Fe(Phenyl-2-pyridyl Ketoxime),]
//C —O in isoamyl alcohol: 15,600 at 550 nm
N

G. Freperick Smrra Cremicar Company,

Catalog Item No. 295

Phenyl-2-pyridyl ketoxime exists in two stereoisomeric forms, syn and
anti'. The lower-melting (syn-) isomer was found by Tschugaeff* to form
colored complexes with metals. It is a white crystalline solid which is
soluble in benzene, chloroform, dioxane and alcohols, sparingly soluble
in cold ethanol, and insoluble in water. The solutions are stable if pro-
tected from sunlight, otherwise they take on a yellow color.

Phenyl-2-pyridyl ketoxime reacts with ferrous ion to form a red, water
soluble complex which exhibits a single absorption peak in the visible
region at 545 nm. The complex is formed in neutral or basic solutions,
even as alkaline as saturated sodium hydroxide. The red complex can be
extracted into either isoamyl alcohol or chloroform, provided that the
concentration of base (NaOH or equivalent) is 1 M or greater. A single
extraction with isoamyl alcohol and phenyl-2-pyridyl ketoxime will suffice
to remove the iron quantitatively if a few milliliters of ethyl alcohol are
also added. In isoamyl alcohol, the absorption maximum is at 550 nm.
Solutions of the iron compound in isoamyl alcohol show no change in
absorbance over a 24 hour period of standing, but aqueous solutions give
rise to precipitate formation within a few hours. Chloroform solutions are
noticeably unstable in the light.

The method of continuous variations, employed to determine the
combining ratio of phenyl-2-pyridyl ketoxime to iron, indicated that three
molecules of the oxime coordinate to each ion of iron’.

Interferences. Phenyl-2-pyridyl ketoxime forms colored complexes
with a number of the transition elements in neutral and alkaline solutions.
Iron(IlI) as well as iron(Il) forms a red, copper(l) an orange, copper (II) a
green complex, and cobalt(II), manganese(Il), palladium(Il), platinum(II)
and uranyl ions all produce yellow complexes. All of these metal deriva-
tives except platinum and uranyl can be extracted into chloroform. As
phenyl-2-pyridyl ketoxime forms colored extractable complexes with
many transition elements, high specificity toward iron is not expected, but
the tolerance to the transition metals closely associated with iron is
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sufficiently great for its application to be useful. Cluley and Newman’®,
found that recoveries of iron were slightly low in the presence of equal
weights of cobalt, copper, manganese and nickel. No interference was
found in the presence of cerium(IIl), mercury(I), aluminum, calcium and
zinc when the extraction procedure is followed. Low results were ob-
tained in the presence of large amounts of cadmium, lead and mag-
nesium. The following anions do not interfere: chloride, sulfate, nitrate,
perchlorate, acetate, citrate, orthophosphate, and borate. Arsenate,
fluoride, molybdate, oxalate and tartrate interfere if present in relatively
high concentrations.

Applications. In addition to its use for the determination of iron®%,
phenyl-2-pyridyl ketoxime has been employed as a colorimetric reagent
for the determination of palladium’, gold?, and rhenium®. Its unique
advantage over other iron reagents described in this monograph is its
applicability in strong base, enabling determination of iron in caustic
samples without need of neutralization and pH adjustment. In this regard
it is similar to 4,7-dihydroxy-1,10-phenanthroline which was the first iron
reagent shown to be directly applicable to caustic solutions®.

Procedure for the Determination of Iron in Strong Alkalies. METHOD OF
TRUSELL AND DiEHL’. REAGENTS. PHENYL-2-PYRIDYL KETOXIME. 0.2%. Dissolve 2 g of
phenyl-2-pyridyl ketoxime @J in 1 liter of 0.1 M hydrochloric acid.

Sopum HYDROSULFITE. 10% SOLUTION, IRON-FREE. Prepare fresh each day. Dis-
solve 2 g of sodium hydrosulfite in 10 ml of water, add 5 ml of 0.2% phenyl-2-pyridyl
ketoxime and 5 mi of 10 M sodium hydroxide, iron free, and allow to stand 10 minutes.
Extract the iron compound thus formed into 10 ml of isoamyl alcohol and 5 ml of ethyl
alcohol.

Sopum HYDROXIDE. 10 M, IRON-FREE. Dissolve 400 g of sodium hydroxide in 800 ml
of water. Add 10 ml of sodium hydrosulfite and 50 mi of 0.2% phenyl-2-pyridyl
ketoxime. Allow the mixture to stand for 10 minutes and then extract the red
compound thus formed into 100 ml of isoamyl alcohol and 25 ml of ethyl alcohol.
Dilute the colorless, aqueous phase to 1 liter.

STANDARD IRON SOLUTION. 5 x 10* M. Dissolve 0.5585 g of electrolytic iron
r@ in a few ml of hydrochloric acid and dilute to 1 liter. Pipet 50.0 ml of this
solution into a 1-liter volumetric flask and dilute to the mark with distilled water.

Procedure for Oxidized Iron in Strong Alkalies. Weigh a sample of such size as
to give a solution 4 to 5 M in alkali when dissolved in 250 ml of water. Dissolve the
sample in deionized water and dilute to 250 ml. Pipet 25.0 ml into a 100 ml beaker and
add 2.0 ml of 10% sodium hydrosulfite and 5.0 ml of 0.2% phenyl-2-pyridyl ketoxime.
Heat the mixture 5 minutes on a steam plate and transfer to a separatory funnel. Add
5 ml of ethyl alcohol and 10 ml of isoamy] alcohol, shake, and allow the layers to
separate. Draw off the aqueous layer. Transfer the alcohol layer to a 25 ml volumetic
flask, dilute to the mark with isoamyl alcohol, and measure the absorbance at 550
nm.

Prepare a calibration curve by adding known amounts of the standard iron
solution, up to 10 ml, to 25 ml of 10 M iron-free sodium hydroxide. Add 2.0 ml of 10%

sodium hydrosulfite, 5.0 ml of 0.2% phenyl-2-pyridyl ketoxime, dilute to approxi-
mately 50 ml and heat on a steam plate for five minutes. Transfer the solution to a
separatory funnel and extract the red iron compound into 5 ml of ethyl alcohol and 10
ml of isoamyl alcohol. Draw off the aqueous layer. Transfer the alcohol layer to a 25
ml volumetric flask, dilute to the mark, and determine the absorbance at 550 nm.

Procedure for Iron in Glass Sand. METHOD OF TRUSELL AND DIEHL? as modified
by Cluley and Newman®. Dry the sample for two hours at 110°. Weigh 100 mg into a
platinum crucible which has been previously freed of iron by alternate ignition to red
heat and treatment with hot hydrochloric acid. Add 1 g of an equimolar mixture of
sodium carbonate and sodium tetraborate, and blend the contents thoroughly. Fuse
in the usual manner. After cooling, dissolve the melt in 10 ml of water. Transfer the
solution to a small beaker with 25 ml of 10 M sodium hydroxide, treat with 2 ml of 10%
sodium hydrosulfite and 5 ml of 0.2% phenyl-2-pyridyl ketoxime and heat on a steam
plate five minutes. Transfer the solution to a separatory funnel and extract with a
mixture of 5 ml of ethyl alcohol and 10 ml of isoamy! alcohol. Transfer the alcohol
layer to a 25 ml volumetric flask, dilute to the mark, and measure the absorbance at
550 nm.

Procedure for Iron in Ethylene Amines. METHOD OF CHERNIN AND SIMONSEN’.
Introduce a 10 ml portion of the sample (less if the iron content is greater than 20 ppm)
into a 50 ml graduated mixing cylinder. Dilute to 25 ml with distilled water, mix and
transfer the solution to a 10 ml beaker. Add 2 ml of 10% iron-free sodium hydrosulfite
and allow the mixture to stand a few minutes. Add 5 ml of 0.2% phenyl-2-pyridyl
ketoxime and heat for 10 minutes in a hot water bath (80-100°). Cool and transfer the
solution to a separatory funnel. Add 15 ml of isoamyl alcohol-ethanol (15:2), shake
and separate. Filter the alcohol layer into a 25 ml volumetric flask and rinse the paper
with isoamyl alcohol. Dilute to the mark, mix, and measure the absorbance at 588 nm
against a reagent blank. A calibration curve is prepared by adding known amounts of
iron to 10 ml samples of iron-free ethylene amine and treating in the same manner..
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SECTION VI
2,4-BDTPS
2,4-Bis(5,6-diphenyl-1,2,4-triazin-3-yl)-pyridine Tetrasulfonic Acid
Tetrasodium Salt
SO
a OSNa C351_1191\17(803Na')4
F. W.:949.85
SONa Molar absorptivity of

Fe(II) chelate: 32,200 at 565 nm
@ Cu(I) chelate: 9,700 at 460 nm
SOsNa G F

ReDERICK SMrTH Cremicar Company

Catalog No. 664

One of the most sensitive chromogenic reagents for iron developed to
date from among ferroin type compounds, 2,4-BDTPS is readily soluble in
water and ideally suited for the determination of trace amounts of iron as
well as for simultaneous determination of copper and iron. Its solubility,
rapidity of reaction with iron(Il) and copper(l), the stability of the com-
plexes once formed, freedom from troublesome interferences, and selec-
tivity of its chromogenic reactions should make it the reagent of choice for
use in automated procedures or for samples that are unusually small or
limited in availability.

Synthesis. The parent, unsulfonated compound 2,4-bis(5,6-
diphenyl-1,2,4-triazin-3-yl)-pyridine (2,4-BDTP) was synthesized in 1970
by Case!. Evaluation of the chromogenic properties of 2,4-BDTP by
Schilt, Chriswell, and Fang’ revealed its outstanding properties, although
severely limited in practical application due to its extremely low solubility
in water. Subsequent studies by Traister and Schilt® resulted in the syn-
thesis and isolation of the water-soluble, sulfonated derivative together
with evidence of the formula and structure of 2,4-BDTPS.

Properties. Spectra of the iron(Il) and copper(l) chelates of 2,4-
BDTPS are shown in Figure 6, where Curve A is that of the reagent blank,
Curve B of 2.96 x 10 M copper(I), and Curve C of 1.46 x 10° M iron(II).
Suitable wavelength pairs for the simultaneous determination of iron and
copper are 460 and 563 nm or 600 and 563 nm. Absorbances are additive
and follow Beer’s law. A concentration of 1.6 x 107" M(0.009 ppm) iron
and/or 5 x 107 M (0.033 ppm) copper can be detected, based on an
absorbance 0f 0.005 in a 1 cm cell.

The effect of pH on completeness of color formation of the iron(Il)
complex is shown by Curve A in Figure 7 and for copper(I) by Curve B.
Careful control of pH permits color formation by iron(Il} and avoids that
by copper(I). Another method that permits measurement of absorbance
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due only to iron(Il) is that devised by Schilt and Taylor* which involves
rapid destruction of the copper(I) chelate once formed without immediate
effect on the iron(II) chelate by treatment with solid sodium cyanide.

Relatively few substances interfere in the spectrophotometric deter-
mination of iron and copper. Cyanide and pyrophosphate interference can
be eliminated by preliminary acidification and boiling. Chromium(III),
cobalt(Il), and nickel(Il) cause positive errors but can be tolerated at or
below 21, 7, and 3 ppm levels, respectively.

Applications. A number of analytical applications for 2,4-BDTPS
have been developed and tested by Traister and Schilt’. These include
simultaneous determination of iron and copper in blood serum, selective
determination of iron in blood serum, determination of iron in beer, and
determination of iron and copper in drinking water.
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Procedure for Simultaneous Determination of Iron and Copper in Blood
Serum. Pipet 0.50 ml of serum sample into a 13 x 100 mm test tube, add 0.50 ml of
extractant-reductant solution (0.2 M HCl containing 5 g/l H2NOHoHCl), mix, and let
stand approximately 10 minutes. Add 0.50 ml of protein precipitant solution (12%
trichloroacetic acid), mix, stopper the tube, and centrifuge until supernatant is clear.
Transfer 1.00 ml of the supernatant to a second tube, add 0.30 ml of 0.005 M
2,4-BDTPS reagent and 0.20 ml of acetate buffer solution' (2.5 M inNH, and 0.3 M in
NH 4OAc) (to adjust to pH 5-6), mix well, and allow to stand for 10 minutes for
maximum color development. Measure the absorbance at 563 and also at 460 nm.
Carry a reagent blank through the procedure utilizing 0.50 ml of distilled water in
place of the sample. Subtract the absorbances of the blank from those of the sample.
From the corrected absorbances of the sample calculate the concentrations of each
metal by simultaneous solution of the two linear equations, coefficients for which
having been determined by carrying standards through the same procedure as
unknowns. For convenience and simplicity a suitably prepared nomograph can serve
effectively in place of the calculations.

Procedure for the Selective Determination of Iron in Blood Serum. Follow
the same procedure as the above (for the simultaneous determination of iron and
copper) except in place of the 0.20 ml of the acetate buffer add 0.20 ml of tartrate buffer
(1 M disodium tartrate) to adjust the pH to 2.5-3.5. Heat the mixture for 15 minutes at
40°C, cool, and measure the absorbance at 563 nm. Carry a reagent blank and
standard through the same procedure. Calculate the concentration of iron in the
unknown from the measured absorbance corrected for the blank or refer to a suitably
prepared calibration curve.

Procedure for the Determination of Iron and Copper in Water. Pipet a sample
of appropriate size (1-20 ml containing 4-40 yg of Fe and/or 16-160 yg of Cu) into a 50
ml conical flask, add 3 drops of 6 M hydrochloric acid, and bring to near boiling on a
hot plate. Cool and transfer the contents of the flask quantitatively to a 25 ml
volumetric flask. If only dissolved iron, free of particulate matter, is to be determined
the sample need not be acidified and heated but can be delivered directly into the 25
ml volumetric flask. Add 1 ml of 0.005 M 2,4-BDTPS reagent and 1 ml of 10%
hydroxylamine hydrochloride solution, mix thoroughly, add 1 ml of 10 M ammonium
acetate (to adjust to pH 5-7), and dilute to volume with distilled water. Measure the
absorbance at 563 and also-at 460 nm. Carry a reagent blank and standard through
the same procedure to obtain suitable corrections and calibration data. Calculate the
concentration of each metal or determine them from a suitable nomograph. -

As an altemate method* for the simultaneous determination measure the absor-
bance at 463 nm before and 1-15 minutes after adding 10-30 mg of sodium cyanide to
the contents of the flask. The iron concentration is directly proportional to the final
absorbance, and the decrease in absorbance on adding sodium cyanide is linear with
copper concentration. Calibration curves are simpler to prepare and use in this than
the above method. ’

Procedure for the Determination of Iron in Beer. Pipet a 25 ml sample of
degassed beer into a 125 ml flask and evaporate to near dryness on a hot plate. Cool
and add 5 ml of an equal volume mixture of concentrated nitric acid (70%) and
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perchloric acid (70%). Heat gently until dark brown fumes cease to evolve. Continue
heating at a higher temperature unitl the solution becomes colorless and dense white
fumes of perchloric acid fill the flask. To the cooled flask add 5 ml of distilled water, 1
ml of 0.005 M 2,4-BDTPS reagent, 2 ml of 10% hydroxylamine hydrochloride, and 3
ml of 1 M disodium tartrate. Adjust the solution to pH 2.5-3.1 with concentrated
ammonium hydroxide (requires approximately 0.5 ml). Heat the solution at 40-60°C
for 15 minutes to produce complete color development. Cool to room temperature,
transfer the solution quantitatively to a 25 ml volumetric flask, and dilute to volume
with distilled water. Measure the absorbance at 563 nm. Carry a reagent blank and
standards through the same procedure. Make use of a suitably prepared calibration
curve or empirical equation to convert absorbance to concentation.
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SECTION IX
NEW IRON REAGENTS

Recently Introduced or Currently under Investigation

In recent years a number of new and promising chromogenic rea-
gents for the determination of iron and other important transition metal
ions have been synthesized by Professor F. H. Case at Temple University
and characterized for their chelation properties and analytical applica-
tions by Professor A. A. Schilt and students at Northern Illinois Univer-
sity. Most of these await further specialized study by individuals interest-
ed in applying them to their specific types of samples and analytical
problems. A listing of the reagents and pertinent references is included
here to direct attention to their interesting possibilities and their commer-
cial availability from the G. Frederick Smith Chemical Company.

Unsulfonated Iron Chromogens. The following three compounds
exhibit properties that are highly suitable for their use as extraction
reagents as well as spectrophotometric reagents for iron:

Molar Absorptivity
Compound and GFS Item No. of Fe(il) Chelate References
2,4-BIS(5,6-DIPHENYL-1,2,4-TRIAZIN-3-YL)- 32,000 at 563 nm 1,2
PYRIDINE {2,4-BDTP), No. 663
3-(4-PHENYL-2-PYRIDYL)-5,6-DIPHENYL-1,2,4- 28,700 at 561 nm 3,4,5
TRIAZINE (PPDT), No. 661
3-(4-PHENYL-2-PYRIDYL)-5-PHENYL-1,2,4- 34,800 at 560 nm 5,6

TRIAZINE (PPT), No. 727

Sulfonated Iron Chromogens. The following are water-soluble rea-
gents, free of solubility problems, and suitable for spectrophotometric
determination of trace quantities of iron and for automated procedures:

Molar Absorptivity
Compound and GFS ltem No. of Fe(ll) Chelate References
3-(4-PHENYL-2-PYRIDYL)-5,6-DIPHENYL-1,2,4- 30,700 at 563 nm 6,8
TRIAZINE-TRISULFONIC ACID TRISODIUM SALT
(PPDTS), No. 662
3-(4-PHENYL-2-PYRIDYL)-5-PHENYL-1,2,4- 32,900 at 565 nm 9

TRIAZINE DISULFONIC ACID DISODIUM SALT
(PPTS), Hem No. 728
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GFS Chemical Co. Products Mentioned in Text with GFS

767
811

108
1086
812
813
286
665
663

26
816
550

41

1087
625
504
382
143

1083

1543
226

1082
626

63

661
662

295
727
728

516
569

656
1084
1542

385

558

630

92
1085

544

545

562

628

390

291

Product Item Number.

Amberlite XAD - 2 with PDT Coating

Ammonium Hydroxide

Ammonium Perchlorate

Bathophenanthroline (4,7-Diphenyl-1,10-phenanthroline)
Bathophenanthroline, 0.02% in 3 to 1 Isopropyl - Isoamyl Alcohol
Bathophenanthroline, 0.0025 M in Isoamyl Alcohol
Bathophenanthroline, 0.0025 M in 95% Ethanol
Bathophenanthroline, Sulfonated, Sodium Salt
Bathophenanthroline, Sulfonated, Ferrous Sulfate Solution
2,4-Bis(5,6-Diphenyl-1,2,4-Triazin-3-yl)-Pyridine(2,4-BDTP)
2,4-Bis(5,6-Diphenyl-1,2,4-Triazin-3-yl)-Pyridine Tetrasulfonic
Acid Tetrasodium Salt (2,4-BDTPS)

Ceric Sulfate, Solution 0.1 N (Sulfato-Ceric Acid)
Chloroform

Ferrous Ammonium Sulfate

Ferrous Ethylenediammonium Sulfate

n-Hexyl Alcohol

Hydrochloric Acid, 37%, Reagent

Hydrochloric Acid, 6 Molar, Redistilled

Hydrochloric Acid, 1 N

Hydroxylammonium Chloride, Reagent
Hydroxylammonium Chloride, 10%, Iron-free
Hydroxylammonium Chloride, 20%, Iron-free

Iron, Electrolytic

Isoamyl Alcohol

Nitric Acid, Reagent

Nitric Acid, Redistilled

Perchloric Acid, 70%, Reagent
3-(4-Phenyl-2-Pyridyl)-5,6-Diphenyl,-1,2,4-Triazine (PPDT)
3-(4-Phenyl-2-Pyridyl)-5,6-Diphenyl,-1,2,4-Triazine Trisulfonic
Acid Trisodium Salt (PPDTS) i
Phenyl-2-Pyridyl Ketoxime
3-(4-Phenyl-2-Pyridyl)-5-Phenyl-1,2,4-Triazine (PPT)
3-(4-Phenyl-2-Pyridyl)-5-Phenyl-1,2,4-Triazine Disulfonic Acid,
Disodium Salt (PPTS)
3-(2-Pyridy})-5,6-Diphenyl-1,2,4-Triazine (PDT)
3-(2-Pyridyl)-5,6-Diphenyl-1,2,4-Triazine Sulfonated Sodium
Salt

Sodium Acetate, Reagent

Sodium Acetate, 10%, Iron-free

Sodium Acetate, 20%, Iron-free

2 M Sodium Acetate - 2 M Acetic Acid Buffer, Iron-free
Sodium Hydrosulfite

Sodium Hydroxide

Sodium Perchlorate, Hydated

Standard Solutions - Iron 1 g/ml

Standard Solutions - Iron 10 yg/ml

Standard Solutions - Iron 1 mg/ml

Stannous Chloride

Sulfuric Acid, Reagent

Trichloroacetic Acid, Redistilled

2,4,6-Tripyridyl-s-Triazine (TPTZ)



