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A SPECTROP1iOTLO:ETRiC 3LETHOD FOR: 

THE DETERTLATION OF IRON 

INTRODUCTION 

Most of the common methods for the determination of 

iron are titriinetric in nature, depending, upon the quan- 

titative oxidation of the iron from the ferrous to the 

ferne state. In recent years, however, it has become 

possible, through the use of the spectrophotometer to 

apply colorimetric procedures to quantitative analysis 

with an accuracy previously found impossible. Mehlig (4) 

in 1937, showed that the complex formed by the addition 

of salicylic acid to a solution containin: ferric ions 

and acetic acid, was applicable to quantitative spectro- 

photometric analysis, and various other quantitative pro- 

cedures, employing either a reference curve or a molecu- 

lar extinction coefficient have been developed. 

The oranpe complex Thrmed by the combination of three 

molecules of o-phenanthroline with one ion of ferrous 

iron, first reported in 1898 by Blau (1), has been used 

for some time as an internal indicator in various oxidi- 

metric titrations. A more recent development has been 

the use of the cherry-red nitro-henanthroline ferrous 

complex for the ssme purpose. In the presence of an 



excess of o-phenanthroline or p-nitro-o-phenanthroline, 

hereafter referred to as nitroferroin, the color devel- 

oped by the complex depends upon the concentration of 

ferrous iron, so a colorimetric determination of iron 

should be possible if the solution follows Beer's law. 

Saywell and Cunningham (5) have applied he o-phenan- 

throline ferrous complex to the quantitative determina- 

tion of small concentrations of iron in various foods 

and food products, by conparin the color developed by 

the unknown in solution with that of a series of stan- 

dards. The method has been further developed through 

application to biological materials by Hummel and 

Willard (3), using a reference curve. In 1938 Fortune 

and Mellon (2) presented a critical spectrophotometric 

study of the Saywell-Cunningham method with special 

attention to the effect of diverse ions, hydrogen ion 

concentration, and color stability. 

The purpose of the present work is to further 

apply both the o-phenanthroline and the nitroferroin 

ferrous complexes to quantitative analysis in the spec- 

trophotelometer, using Beer's law and the molecular 

extinction coefficient. 
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I ChETICL C ONSIDEhATÏC)NS 

All colorimetric quantitative analysis is based upon 

the fundamental Lambert-Beer equation 

i i, 10-elc 

in which I reuresents the intensity of the liht enter- 

Ing the system at any ,r ivan wave length, I the intensity 

of the liht transmitted by the system,. 1 the length in 

centineters of the solution throuh which the light passes, 

C the concentration in moles per liter of the substance 

absorbing the light, and e the molecular extinction co- 

efficient, a constant which is a measure of the absorp- 

tion due to a sinle molecule. 

The oldest and still iost widely used of the various 

calorimetric quantitative procedures involves visual corn- 

parison of the color produced by a solution containinC a 

definite concentration of an unknown substance with that 

produced b a color standard equivalent to, or contain- 

iflP a known concentration of the desired constituent. 

In this type of work advantage is taken of the fact that 

transmission of li;ht through the solution is an inverse 

function of hoth the lenth of the cell and the concen- 

tration of the colored substance. In the visual colori- 

meter the length of the column of the unknown solution 

may be varied until the transmission throuch both the 

standard and the unknown solution appears to be the same. 
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The ratio of the concentrations is then inversely propor- 

tional to the ratio of the 1en:th of the columns of solu- 

tion, and concentration in the unknown solution may be 

easily determIned. 

The limitations of this method are twofold; the 

incident lï:ht is comrosed of a mixture of wave lengths 

and thus cannot he expectéd to follow Beer's law quan- 

titatively, and the eye of the observer is not suf f i- 

ciently able to distinguish between small variations in 

transmis s ion, 

The photo-electric colorimeter was developed in 

order to partially overcome these limitations. In these 

instruments reasonably monochromatic incident light is 

provided by means of a suitable li'ht filter and photo- 

electric measurement of transmission eliminates errors 

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

The construction of a reference curve plotting percen- 

tage transmission as a function of the concentration 

pennits the determination of the desired constituent in 

unknown solutions a measurement of transmittancy of 

the solutions. 

The use of a diffraction ;rating in the spectro- 

photometer in place of the liht filter employed in the 

pbotoelectric colorimeter enables it to provide prac- 

tically monochromatic incident li.:ht, and photoelectric 
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measurements of transmission make it possIble to calculate 

concentrations from the fundamental Lambert-Beer equation, 

which may be conveniently stated as 

log I = -dc or log_Q = eic 

IO I 

The ratio may be found by dividing 100 by the percen- 
I 

tage transmittancy of the solution. If the length of the 

cell is known, the value of e, the molecular extinction 

coefficient nay be established at any given wave length. 

When this is known the concentration of the colored con 

stituent in any solution can be calculated by determining 

the transmittancy at the given wave length. 
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AP±ANATUS AI\D SOLUTIONS 

o-Phenanthroljne. A 0.1 per cent solution was pre- 

pared by dissolvin i rsm of o-phenanthroline in a liter 
of distilled water warmed to 80° C. 

\Titro-o-phenanthrolîne (Ni troferro in). A O .1 per 

cent solution was prepared by dissolvin i gram of pure 

nitroferroin in a liter of 95 per cent ethyl alcohol. 
Stannous Chloride. A 5 per cent solutionwas pre- 

pared by dissolving 5.94 grams of stannous chloride 
dihydrate in 50 mi. of 6 nomr.a1 hydrochloric acid and 

diluting to 1 liter with distilled water. 

drox1aine Hydrochloride. Ten grams of hydrox- 

yiamine hydrochloride were dissolved in 100 mi. of dis- 
tilled water. 

Solutions. Solutions containing, iO,000 parts 
per million of the desired ion were nade up by weigh- 

ing a suI ficient quantity of the salt to give i.0 greir 

of the ion and dissolving in iOO ml. distilled water. 

The chloride or nitrate salts of the cations were used; and 

the armnonium, sodium or potassium salts of the anions, as 

these ions rave no interference. 
Cenco-Sheard Spectrophotelometer. All absorption 

measurements were made with the Cenco-Sheard spectro- 
photelometer. In this instrument light from an external 
six volt eighteen ampere tungsten lamp is diffracted by 
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a reflectin: Wallace concave diffraction "rating replica 

which can be rotated so that any ciesirel wave lenth is 

reflected throuh the absorption cells to a photocell. 

The photocell is coimectedto a alvanometer which 

correlates transirission to deflection of the scale. 



rei 
L,J 

THE COLOR R1ACTIOi'S 

In order to deterrdne the transmittancj of the corn- 

plexes at different concentrations of iron, standard 

solutions of iron were made up by accurate1 weithin 

0.7029 rarns 99,9 per cent pure ferrous smrnoniurn sulfate 

hexahydrate and diluting.: to 100 ml. Ten ml. of the re- 

sultin solution were aain diluted to 1,000 ml., with 

distilled water sli»htly acid with hydrochloric acid 

so. that each milliliter of solution contained 0.01 rnn. 

of iron. The arnount of the standard solution required 

to yield the desired concentration of iron was then 

measured into a lOO ml. volumetric flask, and 1.0 nil. 

hydroxylarnine hydrochloride was added to reduce any 

iron which rniht have been oxidized by dissolved oxygen. 

The solution was diluted to approximately 75 ml. and 10 

ini. of o-phenanthroline or nitroferroin were added. 

The resultin:< solutions were diluted to 100 ml., and in 

the case of the nitroferroin ferrous complex, allowed 

to stand for at least two hours for the full develop- 

ment of the color before coiparison with a hiani: con- 

tainin 1.0 ml. hya roxylarnine hydrochloride and, 

respectively, 10 ml. o-phenanthroline or nitroferroin 

in 100 ini. solution. All tranerriission measurements 

reported in this work were made with a Cenco-Sheard- 

spectrophotel.ometer. Measurements were made by setting 
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the wave length scale, adjusting the incident light by 

means of a diaphragm to provide the desired displacement 

of the poin.ter on the photometer scale, and readïn. the 

transmission first of the reference solution, and then 

that of . he standard. The lenth of the absorption cell 

was l.00. cm. 

The transittancy curves for varying concentrations 

of the complexes are shown in Fiures 1 and 2. Fiure i 

presents the curves for the o-phenanthroline and Fi!:ue 

2 those for the nitroferroin complexes. The peak of the 

absorption band in both cases is about 508 n, although 

the complex containing nitroferroin absorbs more liht 

at this peak at any given concentration. It will be 

noted that the peak is also sharper ith this complex, 

although the general shape of the curves is approxini-t bely 

the same. 
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DETEi1ÂTiOi OF OLECLfLAR 

EXTINCTION COEFFICIENTS 

Nolecular extinction coefficients were calculated 

from these standard solutions at 490 and. 505 ii, near 

the peak of the absorption band. Each readinr was 

checkeu to 0.1 percent. The cell used had a len$th 

of 1.00 cm. Transmittancies were determined by divid- 

ing the transmission of the solution br that of the 

solvent and the extinction coefficients were then cal- 

culated from Beer's law which states, when solved for 

1 

I. 

lc 

Average values obtaIned for e with the o-phenanthroline 

ferrous complex are: 

490 nji - 10590 
505 - 11080 

Average values obtained for the niroferroin ferrous 

complex are: 

490 ï - 11130 
505 iiji - 11410 

Attempts were also made to calculate the extinction co- 

efficients at certain other wave lengths, but no con- 

sistent values could be obtained. 
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DETJB1vîI!'ATION OF IflON IN ORES 

The methods were tested by application to the deter- 

mination of iron in ores in which iron had already been 

determined by the usual dichroniate method. Inasmuch as 

the nitroferroin ferrous complex seemed to more nearly 

follow Beer's law throuhout the entire color ran'e, this 

complex was tested to a somewhat greater extent than the 

o-phenanthroline ferrous co: plex. 

Approximately 0.5 graì of sample were accurately 

weighed out and transferred to a 250-ml. beaker. Twenty- 

five ml. concentrated hydrochloric acid were added, the 

mixture was covered with a watch glass and warmed on a 

hot plate until solution had been effected, transferred 

to a 1,000 ml. volumetric flask, and diluted to the mark. 

An aliquot of 10 ml. was pipetted into a 100 ml. volu- 

metric flask arid diluted to the mark. Ten ml. of this 

solution were pipetted into another 100 ml. volumetric 

flask, then 1.0 ml. 10 per cent hydroxylamine hydrochio- 

ride added. The solution was made up to approximately 

75 ml., 10 ml. 0.1 per cent o-phenanthrolmne or nitro- 

ferroin added and the solution diluted to the mark. 

Transmission measurements were taken at 490 and 505 mp 

and the percentage of iron was then calculated from Beer's 

law. 

Solved for e, this law states: 
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log I moles/liter 55.84 logI rems Fe/liter 
I I 

C = -______ = el el 

Since I Transnission of solutionx 100, and 10 = 100 
Transmission of solvent 

C 55.84 lor, trans:rnission of solvent 
l_ transmission of solution 

The final solution contains 0.001 of the ori-;inal ssir1e 

in 100 ml. of solution so 

per cent Fe 55.84 x 100 X 100 log transmission of solva-ft 

1 x e x wt. of sample transmissionof solution 

TI-e calculation is thus relstivelg simple. 

Results obtai±ìed with ei4]t iron ores usinT the 

o-phenanthroline ferrous complex are shown in Table I. 
Those obtained usina the nitroferroin complex are shown 

in Table II. Both tables include for comparison the 

results obtained by the dichromate method. Since the 

scale of tue photometer can only be read to 0.1 scale 

division, corresponding to about 0.13 per cent iron in 

an ore containing 50 per cent iron, the average of sev- 

eral readings at each wave length was taken as the true 

value of the transmission. 



TÁBLI! I 

FESULTS OBTAITED LLTH O- PiEAUTLROLINE 

Sap1e Iron by Iron Obtained from Avera:e Devia- 
No. Dichranate Transmittancy at Iron tion 

Method 490 nyi. 505 mp Found 

2 

1 37.62 37.68 37.71 37.69 +0.07 
2 36.84 36.90 6.86 ôo.88 +0.04 
3 3b.12 36.20 6.19 66.20 -t-0.08 
4 3b.11 35.10 ôb.08 35.09 -0.02 
5 54.04 54.00 e3.90 o.95 O.09 
6 50.68 50.55 50.51 50.53 O.15 
7 49.59 49.63 49.70 49.66 -0.07 
8 52.83 52.79 52.93 52.82 0.Oi 

TABLE II 

RESULTS 0BTAI]J iI TU NITRO-FEUR OIR 

Semple Iron by Iron Obtained fron Avera,e Devia- 
io. Dichrnate Transiijttancv at iron tion 

Iethbd 490 :i 505 mp Found 

, . 

1 37.62 37.84 37.60 37.72 + 0.10 
2 36.84 36.68 36.87 36.78 -0.06 
3 36.12 36.07 10 36.09 -0.03 
4 35.11 35.03 ¿5.04 -0.07 
b 54.04 54.07 54.4 54.16 - 0.12 
6 50.68 50.71 50.90 50.3$ +0.15 
7 49.59 49.53 49.66 49.60 +0.01 
8 52.83 52.83 52.90 52.37 +0.04 
9 51.52 51.50 51.58 51.54 *0.02 

10 52.20 52.18 52.13 52.16 -0.04 
11 56.00 e5.91 56.00 55.96 -0.04 
12 o4.45 34.56 34.57 34.57 +0.12 
13 57.62 57.55 57.51 57.53 O.09 
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With these iron ores, rthich alL iv ' solutions eon- 

tainin from 1.5 to parts per million at the dilutiOns 

used, both the o-phenanthroline and the nitroferroin 

complexes cive results which are within ±0.20 per cent 

of the values Liven by the dichromate method. Most of 

the results are within ±0.10 per cent of these values. 

Results may be duplicated on the ssne sa:p1es with a 

precision of about ±0.10 to 0.20 per cent. 
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APi-LIQAßILITY OF BKR'S LAW TO THE 

SOLUTIONS OVER TI-IR COLOR RANGE 

Since there were marked variations in the upper and 

lower portion of the concentration ran.e from the aver- 

ae observed molecular extinctIon coefficients for the 

o-ohenanthroline ferrous conpiex it was deemed desirable 
to further test the complexes for confoity to Beer's 

law by diluting various iron ore samples which had 

previously been analyzed by the dicïomate method to 

si.ecified concentrations and observing the deviations 

fron Beer's law. 

An amount of sample calculated to contain exactly 
0.1000 cran of iron was accurately weighed out and trans- 
ferred to a beaker. After the addition of 25 ml. con- 

centrated h:Tdrochloric acid, the mixture was covered 

with a watch 1:lass and warmed on a hot plate until solu- 

tion had been effected. After cooling:, the solution 
was transferred to a lOO-nl. volumetric flask and diluted 
to the mark. A ten-ml. alicjuot was ipetted into a],000 

ml. volumetric flask, diluted to the mark, and mixed. 

Various aliGuots of this solution, containinr, 0.01 

grams/liter of iron were meäsured into 1O0-nl. volu- 

metric flasks and hydroxylamine hydrochloride and o- 

phenanthroline or nitroferroin were added as in previous 

experiments. TransLlission measurements were taken. The 
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Tesults with the o-phenanthroline complex are shown in 

Table III and those with the nitroferroin ferrous corn- 

plex are shown in Table IV. 

TA}3LJ III 

RSULS O3TÁILD iT:i THE OPifiJìTh1OLIIJE 
r-'s T' E1 -n r - iL4 _ O(JCI rALI(TS 

Sern- Conc. Iron Transinittancy IrOn obtained Aver- Devia- 
ple p.I1m. by at from trans- ae tion 
Jo. Dicbro- mittancy at Iron 

mate 49On 505np 49Om) bO5nji Found 

¿ 

1 0.5 37.62 30.00 79.18 38.41 38.41 38.41 +0.79 
2 0. ô6.84 80.00 79.20 37..62 37.62 37.(o2 +0.78 
3 0.5 6.l2 80.05 79.l 3o.77 6.97 6.87 +0.75 
4 0.b 3b.l1 799e 179.10 3c.9b 36.92 3u94 4-0.83 
1 1.0 37.62 64.54 63.20 37.68 37.79 37.74 *0.12 
2 1.0 36.84 64.56 ò.24 36.88 36.96 36.92 +0.08 
3 1.0 56.12 64.51 63.26 36.21 36.22 36.22 +0.10 
4 1.0 3.11 64.40 6.l8 o.30 65.26 c.2S +0.17 
1 2.0 37.62 41.75 40.15 67.60 37.8 37.59 -0.03 
2 2.0 36.84 41.67 40,.16 36.90 7.82 36.84 -0.02 
3 2.0 36.12 41.52 40.17 66.25 36.09 36.17 -j-0.05 

4 2.0 35.11 41.86 40.17 34.98 35.05 33.02 -0.09 
i 3.0 37.62 27.19 25.54 37.36 37.46 37.41 -0..21 
2 û.0 6.84 26.88 2o.61 36.92 36.63 36.78 -0.06 
3 3.0 36.12 27.P6 25.49 36.Qi 36.03 36.02 -0.10 
4 3.0 ¿5.11 27.12 25.64 34.92 34.88 34.90-0.21 
1 4.0 37.62 18.05 16.69 36.85 36.87 36.86 -0.76 
2 4.0 36.84 18.03 lh.79 36.10 oo.98 36.04 '0.80 
3 40 36.12 17.93 16.75 35.47 ¿5.33 35.40 0.72 
4 4.0 35.11 18.14 lb.76 4.28 34.32 34.30 -0.81 
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TABLE IV 

RESULTS OTiTAIED WITH ITITRO-FERROIN 
AT SPEOIFIBD OONCETRATIONS 

Sam- Conc. Iron Transniittancy Iron Obtained Aver- Devia- 
pie p.p.in. by at from Trans- age tion 
1\o. Dichro- mittancy at Iron 

mate 49Oi 5Oömp 49Ori 5O5niji Found 

y' 

L 
/ 

¿ 
c/ 

2 
ÇÍ 

L 
f 

¿ 

'J/ 

¿ 

i 0.5 Y7.62 79.37 78.96 37.85 37.77 37.81 *0.19 
2 0.5 36.t34 79.9 78.93 37.06 37.02 37.04 +0.20 
3 0.5 36.12 79.33 78.96 36.36 36.27 36.31 +0.19 
4 0.5 35.11 79.46 79.02 5.19 3b.15 5.1v7 -I-0.06 
1 1.0 37.62 63.06 62.34 37.79 7.77 37.7E +0.16 
2 1.0 3b.84 62.99 62.40 37.06 6.95 37.00 +0.16 
3 1.0 36.12 63.02 62.40 36.5ö 6b.19 ¿6.26 +0.14 
4 1.0 35.11 63.06 6.47 35.28 b.10 35.19 -f-0.08 
i 2.0 37.62 39.90 38.94 3766 37.70 37.68 -t-0.Oo 
2 2.0 36.84 39.97 39.i 36.80 36.80 36.80 -0.04 
3 2.0 36.12 39.94 39.06 o.12 36.07 36.10 0.02 
4 2.0 3t,.l1 40.01 3910 ob.04 3b.03 35.04 0.07 
1 3.0 7.62 25.29 24.42 37.56 7.56 7.56 -0.06 
2 ¿.0 36.84 25.25 24.35 56.82 3o.86 36.84 0.00 
3 3.0 36.12 25.25 24.36 3o.10 36.11 3.11 0.01 
4 D.0 35.11 25.29 24.54 óo.06 4.99 ob.03 -0.08 
1 4.0 Y7.o2 lo.19 15.39 37.32 37.42 Y7.Y7 -r0.25 
2 4.0 3b.8.4 16.15 15.36 66.58 66.60 36.59 -0.21 
3 4.0 o6.12 16.19 15.14 35.89 36.08 35.99 -0.13 
4 4.0 35.11 16.22 io.l7 34.84 35.10 34.97 -0.14 

As can be seen from this data, neither of the systems 

appears to exactly follow Beer's law in the spectrophotel- 

ometer. The deviation, however, is much more marked wIth 

the o-phenanthroline ferrous complex than with the nitro- 

ferroin ferrous complex. The latter canbe applied over 

the rane from 0.5-4 parts per million to yield results 
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which a;ree within 0.25 per cent of those riven by the 

dïcIrornate method. However, the foxner can be expected 

to :ive such results in the spectrophotelometer only 

within the limited rane of l-3 parts per million. 



REDU C ING AGENT 

Since hydroxylamine hrdroch1oride is rather expensive 

Fortune and Me11on (2) tried a naber of other reducing 

aents, none of them verj satisfactory in the o-phenan- 

throline method. They found that the stannous ion when 

present in a s1iht1 acid solution in concentrations 

under 10 parts :2er nillion caused no interference. 

Stannic ions could be present in even higher concentra- 

tions. It was therefore decided to try stannous chloride 

as a reducin aent with the nitroferroin complex. The 

procedure used was essentially the seine as that followed 

in the determination of iron in ores, save that all the 

iron present was reduced b:r a 5 per cent solution of 

stannous chloride, added in i ml. excess, before the 

dilution of the solution. hesults obtained with this 

method are shown in Table V. 

It will be noted that althou:.h ali concentrations 

of stannous chloride were kept below 10 parts per million, 

there seemed to be interference with. tbe color in certain 

of the cases. The majority, however, agreed very well 

with the results obtained using hrdroxTlamine hydrochlo- 

ride as a reducinp., aent. This reducing a:ent would 

probably be most useful in the visual colorimetric deter- 

mination of iron, where the inherent precision of the. 

method is no better than the largest errors caused by 



the presence of the stannous loris. 

TÂL V 

RESULTS OBTAINED WITH NITRO PENROIN USIN( 
S1Ai1JS CLU1LtDh AS RDuOIITO k1 T 

Sample Iron by Iron Obtained from 
No. Dichromate Transiiittancy at 

Method 490 xj.i 505 

i 

i 37.62 3r59 37.85 
2 $o.8 o.87 37.0 
4 3.11 ô5.17 
5 o4.04 4.4b 54.39 
6 50.68 5O.o8 50.50 
7 49.59 4.85 49.90 
8 o.38 o.93 
9 ol.52 51.47 51.48 

11 5o.00 5o.1O bb.00 
12 4.4o 34.3h ö4.46 

Aver a e 
Iron 
Found 

57.62 
56.96 
35.28 
54.44 
50.59 
49.88 
52.73 
51.48 
56.05 
34.41 

Devia- 
t ion 

0.00 
-S--o.12 
+ 0.17 
+0.40 
-0.09 
-1- 
0.29 

-0.13 
-0.04 
_,_ o 05 
-0.04 
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EFFECT OF DiVERSE ICHS OLI COLOR DEVELOPMEHT 

Very comprehensive studies on the effect of diverse 

ions on the color developed by the o-phenanthroline fer- 

rous cori1ex have been made b,r Fortune and Mellon (2). 

However, no previous studies have been conducted on the 

effects of other ions on the color developed by the. 

p-nitro-o-phenanthroline ferrous complex. Certain ions 

conunonly encountered were therefore investi,:ated by 

measurements on solutions coritainïnp 2 parts per million 

of iron reduced by hydroxylämine hydrochloride. Follow- 

inc; the suestion of Fortune and Mellon, 500 parts per 

million of the ion studied were assumed to be sufficient 

to test for any possible interferece. An emount of 

ion solution containinr 0.05 rsm of the ion was added 

to the solution, the p-nitro-o-phenanthroline intro- 

duced and the solutîon made up to 100 ml. as in all 

previous work. Transmission measurements were made at 

490 191 and 505 

The effect of the various ions studied upon the 

color developed at these wave 1enths is indicated in 

Table VI. When the difference between the transmission 

of the tw solutions smounted to less than 0.1 scale 

division it was assumed that the ion in question caused 

no interference. 



TÁBLi VI 

iFFC1i OF DÏV]iSI IONS 

Ion Added as Conc. Interfer- Aproxi- 
p.p.:1. ence mate Limi- 

tinn Con- 
centration 
p . p n 

Acetate NaC2H3O2 500 Necjigible 500 
Aluminium AlCi3 500 Ner1i:ib1e 500 

Tuonium ì1114C1 500 Ne1iib1e 500 
Bromide NaBi 500 Iie::1iib1e 500 
Calcium CaCl2 500 iTe1iib1e 500 
Chloride NaC1 500 1e1iib1e 500 
Chromium Cr2(SO4)3 500 Chanes hue 10-20 
Copper Cu(h0)2 500 Changes hue 1Q 
Lead Pb(NO3)2 500 Nej1igib1e 500 
Ianesium i/IC12 500 NeN1i' ible 500 
Nitrate NaNO5 500 Ne1i;ib1e 500 
Potassium NOi 500 fle1iib1e 500 
Sodium NaCi 500 et:1iib1e 500 
Sulfate (N}ì14) 2SO4 500 Ne1irib1e 500 

As can be seen, few of the ions :ive appreciable in- 

terference. 



25 

c T 
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The spectrophotelometric method developed, usin 

droxylamine hTdrociiloride as the reducing agent and form- 

iri the nïtroferroin ferrous complex gives results which 

compare favorably with he methods commonly used for the 

determination of iron in ores. AlthouFh it reQuires 

slihtiy more elapsed time than do other methods, owin 

to the necessity of waitinr for the -full development of 

the color, no more, and possibly a little less working 

time is taken than in any of the conutoner methods.- The 

distinct adantae of the method lies in its extreme 

sensitivity. Since it can be used. to determine iron in 

concentrations as low as 0.5 parts per million with an 

accurac7 little impaired from the most favorable condi- 

tions, and since few of the more common ions have any 

effect on the color developed, it provides an ideal 

means of determinin: concentration of iron from such 

sources as food and bioloical materials, and analytical 

reagents. Over the range of 0.5-4 parts per million - 

it can be applie with an accuracy ofO.25 per cent 

and a precision ofO.20 per cent. 

The method employing o-phenanthroline apparently 

is not applicable over so wide a rangeas that employ- 

ing nitroferroin, but it has the advantages that the 

reagent is cheaper and no time need be lost waiting, for 
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full development of the color. It can be applied over the 

ran:e Proni l-3 parts per million with an accuracy of ±0.25 

per cent and a precision of± 0.20 per cent. 

The ranges of both complexes can be extended, of 

course, by the use of definite dilution methods, such as 

were used in this study, and by changing the length of 

the absorption cell. 

One of the greatest advantages of these methods 

over other colorinietric procedures 

tion of iron is that pHneed not h 

and color formation takes place in 

obviating the difficulties usually 

tation of the metal hydroxides and 

solution. 

for the determina- 

regulated closely, 

an acid solution, 

caused by precipi- 

oxides in alkaline 

Stannous chloride cannot be recommended as a re- 

ducin, agent for the spectrophotelometric determination, 

but it probably would serve very well in routine colori- 

metric vrorj,'-. 
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SUÌiARY 

Two spectrophotelometric methods are described for 

the quantitative determination of iron. They depend 

upon the reduction of ferric iron to the ferrous state 

with hydroxylemine hydrochloride, and the formation of 

ferrous complexes with o-phenanthroline and with nitro- 

ferroin. This color may be quantitatively related to 

the concentration by the use of Beer's law and the 

molecular extinction coefficient. Results obtained by 

the method aree closely with those obtained by the 

usual titrimetric procedures. 

An alternate method of reducinc the iron with 

stannous chloride has been described, but is not recoin- 

mended. 

The ranpe of concentration over which the quanti- 

tative determination of iron may be made has been as- 

certained. 

The effect f diverse ions upon the color developed 

has been determined. 
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