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A simultaneous direct spectrophotometric method for the deter-

mination of barium and strontium using Sulfon.azo III has been devel-

oped making use of the chelons EGTA and CDTA at controlled pH

values.

An absorbance study of the barium and strontium complexes of

Sulfonazo III revealed that there is no pH sensitivity of the complexes

in the pH range 2. 6 to 7. 7. The addition of the chelons EGTA and

CDTA at pH 6 eliminates the interference of all cations except copper

which has a light blue chelon complex. The use of EGTA at pH 6. 1

and CDTA at pH 5. 8 permits the determination of barium and stron-

tium by simultaneous equations derived from Beer's law. The work-

ing range for the method is 1. 0 to 3. 0 X 10-5 M (1_ 4 to 4. 1 ppm) for

barium and 2. 0 to 8. 0 X 10-5 M (L. 8 to 7. 0 ppm) for strontium.

An aqueous solution of Sulfonazo III shows less than 1% decom-



position in seven days, and when it is calibrated sufficiently often,

its usefulness as an analytical reagent is not impaired for at least

several months. Under these conditions the determination has an

accuracy of less than 2% error,

The properties of the free reagent were also investigated, and it

was found that Sulfonazo III could be isolated at 99. 7% purity by puri-

fication with ion exchange resin, and carefully controlled drying.

Pure solid Sulfonazo III decomposes sharply at 222o C, is soluble in

water and water miscible alcohols, and is insoluble in non-polar

organic solvents.
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SIMULTANEOUS SPECTROPHOTOMETRIC DETERMINATION
OF BARIUM AND STRONTIUM USING SULFONAZO III

INTRODUCTION

The chemical analysis of barium and strontium, especially in

trace quantities, has generally been a difficult undertaking, and is

often beset by interferences. Many fundamental analytical texts

(1, 14) give no method at all for their determination. More advanced

references (6, 8, 9, 16, 17) while delineating methods by which barium

and strontium may be analyzed, attest to their mutual interference

or even their indistinguishability, as well as their mutual interference

with calcium. These problems are usually accepted as defining con-

ditions under which the analysis may not be made with much accuracy,

Methods resolving barium and strontium tend to be gravimetric,

and require high concentrations. Non gravimetric determinations

generally require a separation by ion exchange and/or chromatography

before the actual measurement is made. Even here, ions such as

Pb(II), Hg(I), Ca(II) and Hg(II) present problems.

Complete avoidance of interference is only found in spectro-

scopic, flame emission (18) or atomic absorption methods. Here the

problem is sensitivity. The most sensitive flame line for barium is

0. 0008 times as sensitive as the sodium 589mil line, and strontium

is only 25 times more sensitive than barium. Of course the sensi-
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tivity problem can be reduced by using more sophisticated instru_r

ments,

The work presented on the subsequent pages presents a method

which surmounts the difficulties noted above; which provides an ac-

curate, relatively simple and inexpensive means of analyzing barium

and strontium; and which eliminates chemically the interference of

other cations.

Since some of the most successful trace methods have been

photometric in nature, a search was begun for a compound showing

absorptive or fluorescent response to barium and having some degree

of selectivity in favor of barium. A promising azo dye, called Sul-

fonazo III, was found in the work of Savvin, Dedkov and Markova

(12, 13), Budesinsky (2), and Budesinsky and Vrzalova (4) in their

search for a barium sensitive indicator for the volumetric determin-

ation of sulfate with barium. Budesinsky and Vrzalova (4) actually

indicated conditions under which barium could be determined spec-

trophotometrically. Budesinsky and Vrzalova corrected to some

extent the initial work on Sulfonazo III (4) in a later paper with

Bezdekova (5) in which various derivatives of Sulfonazo III are pre-

sented. Several ions other than barium were indicated to react

strongly with Sulfonazo III; namely Sr(II), Pb(II), La(III), Th(IV),

Pd(II) and Cu(II) .
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Some more recent work has been done by Slovak, Fischer and

Borak (15), primarily of a theoretical nature, on the spectrophoto-

metric study of barium ion with Sulfonazo III.

In view of the encouraging information on Sulfonazo III it was

chosen for this investigation, particularly since it is commercially

available in the U. S. 1

1. Available from Aldrich Chemical Company, Milwaukee,
Wisconsin
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THE NATURE OF THE REAGENT SULFONAZO III

The compound 2, 7-bis(2-sulfonophenylazo) -1, 8-dihydroxy-3, 6-

napthalenedisulfonic acid (See Figure 1.) has been named Sulfonazo III

OH

N

N

H03

Figure 1. 2, 7-bis-(2-sulfonophenylazo) -1, 8-dihydroxy-3, 6-naptha-
lenedisulfonic acid or Sulfonazo III

by Budesinsky and Vrzalova (4) since it is structurally similar to

Arsenazo III which has been reviewed extensively by Savvin (10, 11),

For convenience, Sulfonazo III is often abbreviated SAIII.

A remarkable thing about Sulfonazo III is that in the literature

describing it, (2,4, 5, 12, 13, 15) there is very little mention of the

properties of Sulfonazo III by itself, especially the solid material.

No melting point or decomposition temperature has been recorded to

provide a reference to which a sample may be compared. The purity

of Sulfonazo III, when it has been determined (4, 5) is computed from

elemental analyses (especially for nitrogen and sulfur), which are
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neither rapid nor particularly convenient, and bear no guarantee that

the sample is not in fact a mixture of the reagents used during syn-

thesis having an average composition resembling the composition

computed for Sulfonazo III.

The only published properties to which a sample may be com-

pared, are the properties of Sulfonazo III in solution, particularly its

absorbance spectrum (4, 5, 15) and the absorbance spectra of its com-

plexes (4). It was largely due to a search for a convenient analytical

method by which Sulfonazo III could be quickly and reliable assayed

that the information summarized here and dealt with in more detail

later was compiled.

Sulfonazo III is a dark purple (nearly black) powder with a
metallic maroon iridescence. The purest form in which Sulfonazo III

has been isolated tends to be in flakes on which the iridescence is

extremely pronounced. The calculated formula weight for the anhy-

drous free acid (formula C22H16N4014S4, see Figure 1.) is 688. 640

(based on Carbon-12). The pure material decomposes exothermally

at 222°C, accompanied by a color change to black. The free acid is

very hygroscopic and shows no preferred hydration ratio, but it may

be isolated in the anhydrous form. The free acid Sulfonazo III is very

soluble in water, is soluble in water miscible alcohols, is somewhat

soluble in acidified aqueous solutions, and is insoluble in non-polar

organic solvents such as benzene or chloroform. In aqueous solution,



pure free acid Sulfona*o III is violet in color; very similar in color

and color intensity to aqueous solutions of permangenate.

Purification of Sulfonazo III.

Deionized Distilled Water (DDW). The distilled water available

from the tap was deionized by passage through an ion exchange resin

monobed prepared from Amber lite IR-120 cation exchange resin (H+

form) and Dowex 1-X8 anion exchange resin (OH form). Following

the monobed resin the water was passed through Dowex 50W-X4 cation

exchange resin (H+ form) and then collected in and stored in a Pyrex

Carbuoy with minimal access to the atmosphere. The pH of the DDW

was 7. 00 and its specific conductance was 4. 0 X 10 ®7 ohm-1 cm 1

This DDW was used throughout the study of Sulfonazo III.

Commercial Sulfonazo III: Fifty grams of commercial Sulfonazo

III, Aldrich Chemical Company catalog No. 10, 215-6, lot No. 012771,

were obtained, and after purification yielded sufficient material to

meet the needs of the study.

Chromatography on Alumina. In an attempt to assess the purity

of the commercial reagent, samples were passed through acid washed

and base washed columns of activated alumina in aqueous solution.

Acid washed alumina. Sulfonazo III was found to absorb on

alumina prewashed with 10% HC1 (in DDW) and rinsed with DDW until

the effluent solution was neutral. Elution of the dark purple band

formed by the absorption of the dye at the top of the column, with



7

DDW failed to move the band or any visible portion of it. Elution with

10% HC1 caused most of the absorbed material to move down the col-

umn as a dark purple band; preceeded by a faint blue green band which

vanished before it reached the bottom of the column, and followed by

a pale gray band which overlapped the trailing edge of the dark purple

band. A blue green band was left behind at the top of the column.

Elution with 37% HC1 caused a faint green band to move down

and off the column, leaving behind a green band which turned lavender

when the column was washed with DDW. Elution with 1 M KOH pro-

duced a pale violet band which moved down and off the column, leaving

behind an insoluble pink band at the top of the column which retained

its color even when washed with DDW, or dilute HC1.

Base washed alumina. When Sulfonazo III was introduced

onto a column of alumina prewashed with 1 M KOH and then rinsed

with DDW until the effluent solution was neutral, it was not observed

to absorb onto the alumina to any noticable degree. Two bands did

separate as the sample passed down the column, the first reddish-

violet and considerably fainter than the second which was bluish-

violet; the elution being done with DDW. A pink insoluble band, sim-

ilar to the one noted on the acid washed column, was noted at the top

of the column.

Conclusion. The greatest resolution of the original sam-

ple appears to be possible on acid washed alumina, and there is
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evidence of five soluble components plus an insoluble residue in com-

mercial Sulfonazo III. However significant this might at first appear,

since alumina is soluble in acidic and in basic solutions it was not

possible to isolate the components of the eluted bands due to the dis-

solved alumina. Neutralization of the solutions caused the formation

of a gel from which no dye could be separated.

Chromatography on Silica, A column prepared from celite which

had been washed with strong base and strong acid and then calcined at

900°C was treated with an aqueous sample of Sulfonazo III. No reten-

tion of the sample was noted when it was introduced in DDW or in 10%

HC1, except that a pink insoluble band was deposited at the top of the

silica in the column. While celite therefore seems to show no chrom-

atographic properties with respect to Sulfonazo III, it is apparently

fine grained enough to collect the insoluble residue present in the

commercial material.

Recrystallization. Considering the evidence obtained in the

chromatography experiments, an attempt was made to purify the com-

mercial material using a modification of the procedure given by

Budesinsky and Vrzalova (4).

Five grams of the raw Sulfonazo III were dissolved in 25 ml of

1 M KOH, and filtered through Whatrnan. #42 filter paper and set

aside. A strong odor of Pyridine was noted indicating the presence

of pyridinium salts in the original material. The filter paper was



then washed with 1 M KOH until the wash water was colorless. A

pink deposit was observed on the paper which fizzed when treated

with a drop of 10% HCl, indicating the presence of carbonates, pre-

sumably precipitated by carbonate present in the KOH solution.

The filtered Sulfonazo III solution was then treated with a few

milliliters of strong K
2
CO3 solution and filtered again. A small

amount of additional precipitate was collected. To the filtrate, 50 ml

of 37% HC1 and 50 ml of t -butanol were added, mixed thoroughly, and

the solution was placed in a refrigerator overnight.

The sample was filtered by suction on Whatman #42 paper, and

washed with small portions of a 1:1 mixture of 10% HC1 and t -butanol.

The filtrate was noted to be reddish brown. The precipitate was

placed (with its filter paper) in a beaker containing 20 ml of 1 M KOH

and the solution was filtered through Whatman #42 paper. The fil-

trate was acidified with 5 ml of 37% HC1 and stirred overnight.

The precipitate was collected on Whatman #42 paper in a

Biichner funnel with suction, and was washed with small portions of

a 1:1 mixture of 37% HC1 and DDW. The filtrate was again noted to

be reddish-brown. The product after drying at 40°C, weighed 0. 9 g.

Its purity was later determined by titration, as will be described sub-

sequently, to be 96. 5% Sulfonazo III by weight.

Purification by Ion Exchange. A column of 20-50 mesh Dowex

50W-X4 cation resin was washed with 10% HC1, then with DDW until



10

the wash water had been neutral for a considerable time. A solution

of five grams of the raw Sulfonazo III dissolved in 80 ml of DDW was

filtered through Whatman #42 paper, upon which a red precipitate

collected. The solution was then treated with a little activated carbon

and filtered again through #42 paper.

The filtered solution was passed slowly through the resin and

collected. The resin, upon washing with DDW revealed a dark blue

band filling the top 15 mm of the 30 mm I. D. X 260 mm column,

while the remainder of the column had been darkened to an oak brown

from its original golden-orange. The column was recharged with 10%

HC1 and the initial portion of the HC1 wash which was yellow was col-

lected. When the yellow solution was tested with NH4
SCN, it gave

the characteristic orange color for Fe(III), indicating the presence of

fairly large amounts of iron even though the manufacturer indicates

only NaCl as impurity in the raw material (7). 2 The HC1 wash was

followed by washing overnight with DDW, during which time the resin

returned to its original golden-orange color.

The resin treated solution was evaporated to dryness using a

water aspirator to reduce the pressure over the solution, and a hot

2. Sulfonazo III is purchased by Aldrich Chemical Company
from an European manufacturer who indicates that the pro-
duct is Sulfonazo III with about 25% NaCl. Tests made at
Aldrich revealed only traces of NaCl.
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tap water bath (65°C) to heat it. The product was a flakey crust which

was redissolved in 30 ml of DDW, treated with a little activated car-

bon, filtered through Whatman #42 paper, passed through the re-

charged resin, collected and evaporated to near dryness by the

method used before. The concentrate was taken to dryness using a

vacuum oven at 50°C connected to line vacuum (250 to 130 mm Hg

fluctuating). A strong odor of HC1 was noted in this dried material

while it was still warm, indicating the presence of some chloride

salts in the original material which had been converted to HC1 by the

resin.

The resin had been uniformly darkened to oak brown without

any indication of a band at the top, Elution of the resin with DDW

overnight returned the resin to its original color indicating that the

darkening was probably due to Sulfonazo III in the resin phase which

was visible even at great dilution due to its high color intensity. Pre-

sumably then, the second resin treatment was not strictly necessary.

Final Drying. It was ultimately determined that the final drying

conditions should be carefully controlled. Due to the presence of HC1

and possibly some less volatile acids in the resin purified material,

it is necessary to dry the product in close proximity to an acid ab-

sorbant. It was found that carefully placing an open vial of the mater-

ial to be dried inside a vacuum flask containing NaOH pellets works

satisfactorily when the entire container is connected to a good vacuum
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pump (less than 0. 1 mm Hg) and heated to 120°C to 125°C for 3. 5

hours. The product by this method weighed 2. 6 g and was assayed

by titration, as will be described later, to be 99. 7% Sulfonazo III by

weight.

Analysis of Sulfonazo III.

Residue on Ignition. Weighed samples of raw and of purified-

Sulfonazo III were ignited in the full heat of a meeker burner in plati-

num crucibles. The raw sample was found to have 17. 1% by weight

Ignition Residue. The sample purified by recrystallization was found

to have 3. 6% Residue, and the sample purified by ion exchange resin

was found to have no detectible Residue.

Acid Insoluble Residue. A five gram sample of untreated Sul-

fonazo III was dissolved in DDW, and filtered through a weighed piece

of #42 paper. The filter paper was then washed with 20% HC1 and then

with DDW. Finally the paper was dried at 50°C in a vacuum oven

under line vacuum (250 to 130 mm Hg fluctuating). The Insoluble

Residue was found to be 0. 5% by weight.

Thermal Analysis. Samples of Sulfonazo III, unpurified and

purified by ion-exchange, were subjected to thermogravimetric

analysis (TGA) generating plots of sample weight (as per cent) versus

sample temberature at a constant heating rate of 10o C/minute, under

vacuum of less than 0. 1 mm Hg. Similar samples were also



13

subjected to differential thermal analysis (DTA), producing plots of

temperature difference 3 (the difference in temperature in Co between

the sample under analysis and an inert reference material, in this

case glass beads) versus sample temperature at a constant heating

rate of 20 0Ciminute, under vacuum of less than 0. 1 mm Hg. For

both methods, samples of approximately 10.0 mg were used, and an-

alyses were performed using DuPont series 900 thermal analysis

equipment. The TGA and DTA curves were superimposed on the

same graph for convenience and are presented in Figures 2 and 3.

The resin purified sample of Sulfonazo III used here (see Fig-

ure 2.) had only been dried at 50°C under line vacuum. It shows an

almost steady loss of weight from room temperature to 190°C. The

weight lost in this range is accompanied by two endothermic peaks.

The first 7. 6% lost below 140°C presumably representing 3. 2 moles

of water per mole of Sulfonazo III. The second 2. 7% lost between

140 oC and 190oC probably representing one mole (1. 2) of water per

3. The temperature difference is positive, (i. e. the sample
temperature is higher than that of the inert reference)
when an exothermic process is taking place within the sam-
ple. Similarly the temperature difference is negative, (i. e.
the sample temperature is lower than that of the inert ref-
erence) when an endothermic process is taking place within
the sample. These effects result from exposing the sample
and the inert reference to as identical heating conditions as
possible.
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mole of Sulfonazo III and indicating that Sulfonazo III may favor a

monohydr ate.

Above 190°C, decomposition becomes more rapid until at 222°C

an extremely sharp, very exothermic decomposition is noted. An-

other relatively rapid decomposition, this time endothermic, occurs

from 222 °C to 430°C. The percentage lost in each of the latter two

cases, 24. 1% by weight, corresponds to a molecular fragment having

a formula weight of 185. 0. The two 2-sulfonophenylazo groups

(N
2

C
6

H
4

SO 3H) have the formula weight of 185, 18, The data, then,

point to a successive loss of these two groups.

Untreated Sulfonazo III (see Figure 3.) loses weight fairly rap-

idly from room temperature to 165°C, the loss being considerably

endothermic and presumably indicating the loss of 9. 5 moles of water

per mole of Sulfonazo III. From 165°C to 367°C weight loss begins

gradually but becomes more rapid and also becomes quite exothermic.

Above 367 °C weight loss continues to be fairly rapid and until 497°C

the loss is endothermic. It will be noted that the pattern is similar

to the one observed for the purified material but shifted toward higher

temperatures; a behavior characteristic of salts of organic acids.

Further, if the data are considered from the point of view that the

sample contains only 64. 6% by weight of Sulfonazo III, the weight lost

above 165°C again might indicate the successive loss of the two

2-sulfonophenylazo (N2C6H4SO3H) groups.
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It might appear that the thermolysis data indicates that pure

Sulfonazo III should be dried at about 150°C. However this may seem

from the DTA curve, it must be kept in mind that the thermolysis

data describe a thermally dynamic system, while drying is usually

isothermal and over a considerable time period. The long time per-

iod of drying permits the establishment of equilibria which are never

reached in a dynamic system. Though it appears that decomposition

of pure Sulfonazo III does not begin below 190°C, it may only be said

that the decomposition rate is too slow below this temperature to

register on the chart,

In practice decomposition has been noted at 135°C in 21, 5

hours and at 150°C overnight, in both cases when connected to a good

vacuum pump, and in both eases evidenced by a brown scum on top of

solutions prepared from the material so dried.

Assay by Direct Titration with Standard Base. Since

Budesinsky and Vrzalova (4) report pKavalues for the acidic groups

on Sulfonazo III, and the four values assigned to the sulfonic groups

appeared to indicate the practicality of a direct titrametric method,

a system was devised whereby acid-base titrations could be run and

recorded.

A Manostat Corporation Gilmont Micropipet-buret was equipped

with a Hurst synchronous motor drive, and the flow rate was carefully

calibrated by weighing delivered volumes of water versus time
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measured with a millisecond electric timer hooked into the drive cir-

cuit. A Heath Malmstadt-Enke pH Recording Electrometer with a

variable speed chart drive was obtained and both the pH scale and the

chart drive were carefully calibrated. The pH scale was initially

calibrated using the Heath pH-Millivolt test unit and finally with

standard pH buffers. The chart drive was calibrated using the elec-

tric timer mentioned above.

An approximately 0. 1 N solution of KOH was prepared by weight

from reagent pellets, passed through Dowex 1-X8 (freshly recharged

with CO2- free NaOH and rinsed with DDW) anion exchange resin

(OH form) to remove any carbonate which was present, and

stored in polyethylene with an Ascarite filled drying tube on the air

inlet.

The KOH solution was used to fill the motor driven microburet,

which was set up to deliver into a rapidly stirring beaker containing

the pH electrodes from the pH recorder. The KOH solution was

standardized by titrating weighed portions of oven dried potassium

acid phthalate (KHP). The microburet motor and the pH recorder

were started simultaneously, and the pH versus time curve was

plotted by the recorder. Endpoint times were located by the inflec-

tion point on the rapidly changing portion of the pH-time curve near

the end of each titration. The volume of KOH delivered was computed

from the calibration factor previously determined for the microburet.
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Once the KOH had been standardized, weighed samples of Sul-

fonazo III were titrated in the same manner. Examples of the titra-

tion curves so generated are given as follows: Figure 4, The Stand-

ardization of the KOH solution with KHP; Figure 5, The titration of a

weighed sample of raw Sulfonazo III with standard KOH; Figure 6, The

titration of standard HC1 with standard KOH; and Figure 7, Assay of

a weighed sample of anhydrous free acid Sulfonazo III with standard

KOH. In all cases the chart speed was 4. 00 in-minute -1, and the

microburet delivery rate was 1. 870 (1. 8697) ml minute-1, so that the

chart scale was 0.4674 ml chart-divisions-1. The concentration of

the KOH solution was found to be 0. 08104 N ( cr = 0. 000174, 8 = 2. 15,

n = 19). The concentration of the HC1 solution used in Figure 6 was

0. 05815 N (o- = 0, 00008, 8 = 1. 4, = 12).

4. The standard deviation (v.) is defined by the expression:

2
when n>10, or c= Z(M M) when n<lO

n-1

where: n the number of determinations.
M. an individual experimentally determined value.
M the average of the experimentally determined

values.

5. The relative standard deviation ( 8) is defined by the
expres s ion:

8 = 1, 000 a- ; is in o/oo (per mil), i. e. parts/thousand
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Figure 4. Standardization of KOH (No. 13 of 19).
Recorded curve for the titration of 0.1012g of KHP with KOH

solution. KOH delivery rate= 1.870 ml/min or 0.4674 ml/chart div.
Value for this titration = 0.08105 N. Average of 19 titrations
= 0.08104N KOH.
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0.08104N KOH. Delivery rate = 1.870 ml/min or 0.4674 ml/chart div.

I = Free acid Sulfonazo III present, 12.6% by weight.
2= Displacement of pyridinium, 5.4% pyridine by weight.
3= Displacement by precipitation of R203, 2.7% by weight reported

as Fe203.
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Figure 7. Assay titration of purified Sulfonazo III. (No. 6 of 7),
Recorded curve for the titration of 0.0993g of Sulfonazo Ill, (treated

with ion exchange resin and dried at I25°C under vacuum in the presence of
solid NaOH for 3.5hours), with 0.08104N KOH. KOH delivery rate = 1.870
ml/min or O. 4674mVchart div. Value this titration = 99.8% Sulfonazo III by
weight. Average of 7 titrations= 99.7% Sulfonazo III by weight.

In order to keep the same scale used in Figures 4,5 uncle, the "Chart" axis of Figure7 has
been folded back at "9 Chart Divisions" to allow the entire curve to be shown.
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As will be noted from the curve in Figure 4, the KHP gives a

plot which one would predict for the titration of a weak acid with a

strong base. An inflection point can be seen at the mid point of the

titration having a pH value of 5.41 which is pK2 (5. 408) (9), for

o-phthalic acid, as well as the inflection point at the end point. In

Figure 6, the curve generated by the titration of a strong acid with

a strong base is demonstrated. By comparing the curve in Figure 7

with those in Figures 4 and 6, it may be seen that while Sulfonazo III

does not appear to be as strongly dissociated as HC1, it has none of

the characteristics of a weak acid which can be shown by means of a

titration curve. It is also noteworthy that the endpoint falls at the

point expected for the simultaneous titration of all four of the sulfonic

acid groups at once.

The curve in Figure 5, has three distinct endpoints. The first

which is for the strongest acid is presumably due to the free Sulfon-

azo III present in the material. The second has an inflection point

at pH 5. 2 which is the pKa
for pyridinium and since the presence of

pyridine has been noted previously, this would seem to be confirma-

tion of its presence. The last step of the curve tentatively has been

assigned to the precipitation of R203, since iron is known to be pres-

ent and one would expect it to precipitate out at a higher pH in the

presence of a complexing agent than when it is in a non complexing

medium. The R203 is reported as Fe2O3 since iron has been shown
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to be present in fairly large amounts, and the oxide is the form in

which it would appear in the ignition residue. The remainder of the

Sulfonazo III is presumed to be tied up as the sodium (or equivalent)

salt and therefore cannot be titrated.

Composition of Sulfonazo III Samples. By means of the titri-

metric method described above, the equivalent weight of Sulfonazo III

was found to be 172. 60, (a= 0. 254, 8 = 1.455, n = 7). Since the,

equivalent weight calculated from the formula weight (assuming four

replaceable hydrogen ions) is 172. 16, the per cent of Sulfonazo III

may be calculated by the equation:

172. 16 X 100 (Eq. 1)
% SAIII - experimental equivalent weight

and was found to be 99. 7% SAIII by weight in the resin purified mater -

ial.

The experiments described above also allow an approximate

analysis of the unpurified, commercially available Sulfonazo III. A

comparison of the raw and the purified material is made in Table 1.

Absorbance Spectrum of Sulfonazo III in Aqueous Solution.

Stock Solution. A stock solution of Sulfonazo III was prepared

by weighing out the anhydrous free acid and diluting it to a known

volume. Exactly 1. 3773 g of 99. 7% pure Sulfonazo III were weighed

into a 1, 000 ml volumetric flask with as much haste as accuracy

would allow. The flask was then filled to the mark with DDW and the
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Table 1. The composition of purified and unpurified Sulfonazo III

Entry

(70 by Weight in Sulfonazo III Sample

Component Purified Commercial

1.

2.

3.

Free acid SAIII
H2O

Pyridine (C5H5N)

99.7
0.3

0

12. 6

16.3

5.4

4. Fe as Fe203 0 2, 7

5, Na as Na
2
CO3 0 5. 5

6. Residue on Ignition 0 17. 1

7. Chloride Salts? 0 8. 9

8, Water Insoluble Residue 0 0. 5

9. Total Impurity8 0.3 35.4

10, Total Sulfonazo III 99. 7 64. 6

6. Calculated by difference from the titration of the sample
using the calculated Total Sulfonazo III (Entry 10, Table 1.)
to compute the number of equivalents of Sulfonazo III pres-
ent and subtracting the number of equivalents indicated by
the third endpoint (see Figure 5.). Sodium is reported as
Na

2
CO3 since this would be its form in the ignition residue.

7. Calculated by subtracting the sum of Entries 4 and 5 (Table
1.) from Entry 6 (Table 1.).

8, The sum of Entries 2, 3, 7, and 8, (Table 1.) plus the val-
ues for Fe as Fe(III) and Na as Na(I) computed from Entries
4, and 5 (Table 1.) respectively, using gravimetric conver-
sion factors.
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resulting dark purple (almost black) solution was stirred vigorously

with a magnetic stirrer and a teflon coated stirring bar for 15 min-

utes. The concentration of the solution was 2.00 X 10-3M.

Solutions for Absorbance Measurements. The absorbance

spectrum of pure Sulfonazo III in DDW was measured in the visible

and ultra violet regions on solutions prepared from the stock solution.

Due to the fact that the absorbance of Sulfonazo III is quite high,

it is virtually impossible to pipet a solution of it as concentrated as

the stock solution was under ordinary laboratory conditions. Conse-

quently two methods were employed to measure out volumes of the

stock solution. First, the microburet (calibrated for use in the assay

of Sulfonazo III) was employed, especially when fractional parts of a

milliliter were required. Second, since Sulfonazo III is essentially

transparent to red light (see Figure 8.) a lamp with a bulb of red

glass (Westinghouse 10 watt darkroom safelight) was suspended at

eyelevel. When a pipet containing Sulfonazo III stock solution was

held between the eye and the red bulb, the meniscus was easily

visible.

Appropriate volumes of the Sulfonazo III stock solution were

delivered into 100 ml volumetric flasks which were then diluted to

their marks with DDW and thoroughly mixed using a magnetic stirrer

and a teflon coated stirring bar.

Spectral Measurements. All absorbance measurements



28

reported in this thesis (unless specifically designated otherwise)

were made using a Cary Model 15 recording spectrophotometer, with

1 cm matched silica cuvettes. Studies involving other instruments

will be discussed in a separate section on the subject.

Absorbance Spectrum of Sulfonazo III.' The ultra-violet

and visible absorbance spectrum was recorded for Sulfonazo III in

DDW at several concentrations of the reagent. The absorbance

spectrum of Sulfonazo III at 2. 00 X 10 -5M is shown in Figure 8.

The dependence of absorbance on concentration for each of the wave-

lengths at which maxima or minima occur is reported in Table 2,

along with the molar extinction coefficient for the wavelength. Once

these data had been established, it was possible to check the concen-

tration of subsequent stock solutions by spectrophotometric measure-

ments.



Table 2. Absorbance vs, concentration for Sulfonazo III at selected wavelengths

Concentration

X 105 M

Recorded Absorbance

230 266.5 285

Wavelengths in Millimicrons
312.5 363.5 398 445 541.5 563.5 610 62'7.5 640

0. 2 0. 065 0. 040 O. 047 0. 048 O. 028 O. 036 0. 022 0. 073 O. 076 0. 031 0. 034 0.026
0.6 0. 193 0. 117 0, 134 0. 136 O. 083 0. 110 O. 064 0. 227 0. 234 0. 097 O. 104 0.075
1, 0 0, 320 0. 190 0. 220 0. 222 0. 138 0. 179 0. 107 0. 377 0. 391 0. 160 O. 174 0.130

2, 09 0, 628 0, 376 O. 427 O. 431 0. 269 0. 352 0. 208 0. 742 0. 760 0. 315 0. 347 0,263
4. 0 1, 284 O. 748 0. 850 0. 858 O. 532 0. 702 0, 414 1..487 1, 531 0. 627 0. 690 0.513
5. 0 1, 572 0. 945 1. 070 1. 082 0. 670 0. 881 0. 520 1. 870 1. 925 0. 791 0. 869 0.643
6. 0 J. 870 1, 123 1, 273 1. 287 0, 798 1. 053 0. 618 --- --- 0. 940 1. 035 0,764
8. 0 --- 1. 496 1. 696 1. 714 1, 066 1. 400 0. 823 1, 258 1. 382 1.039

10, 0
10

1. 867 1. 328 1. 744 1. 030 - 1. 567 1. 723 1.291

11
31, 340 18, 750 21, 310 21, 520 13, 360 17, 540 10, 350 37, 220 38, 320 15, 760 17, 280 12,940

9. Four separately prepared solutions at this concentration all gave identical readings.
10. Three separately prepared solutions at this concentration all gave identical readings.
11. In 1 mole -1 cm -1

. The listed value of e for each wavelength is the average obtained for
the wavelength by computing e for each absorbance value reported in Table 2.
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Figure 8. Absorbance vs. wavelength for pure Sulfonazo III in DOW. SAW = 2.00 X 10-5M.
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REACTIONS OF SULFONAZO III

Stability in Aqueous Solution

One would expect, upon observing the complexity of the Sulfon-

azo III molecule, that solutions of the reagent would tend to deterior-

ate on standing. In fact, Sulfonazo III is remarkably stable, and de-

terioration cannot be easily detected spectrophotometrically in less

than ten days of standing. The most noticeable effect of age occurs to

the absorbance peak at 563. 5rtl(see Figure 8.) which gradually drops,

while the 541. 5rnµ shoulder does not change appreciably. In very old

solutions, 541. 5mµ actually becomes the peak, and 563. 5mµ the

shoulder. Despite the fact that the change is most noticeable at

563. 5mµ , an absorbance maximum, the actual change in absorbance

is greatest at 576mµ where the absorbance spectrum is sloping steeply

and a change in absorbance is only readily visible by taking a differ-

ential absorbance spectrum using a fresh reagent solution as a blank

(see Figure 8.). The effect of the wavelength on the detectibility of

deterioration is shown in Table 3. The measurements were made on

identically prepared solutions, differing only in that the stock solution

in one case was 44 days old while the second set was prepared from a

freshly made up stock solution. It is noteworthy that the spectra re-

corded 44 days earlier with the first fresh stock solution were identi-

cal with the second set made with the second stock solution while it
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was fresh, and both sets conform to the data presented in Figure 8

and Table 2.

Table 3. Effect of age on Sulfonazo III solutions at selected wave-
lengths.

Wavelength

Mil

E

Fresh

1 mole -1 cm -1

E

44 Days

1 mole
-1 -cm

AE

44 Days

1 1 mole -1cm-1

% Change

44 Days

347 15, 600 14, 550 -1, 050 6. 7

363.5 13, 360 12, 660 - 700 5. 2

398 17, 540 17, 220 - 320 1. 8

445 10, 350 9, 990 - 360 3. 5

541.5 37, 220 36, 960 - 260 0. 7

563. 5 38, 320 37, 300 -1, 020 2. 7

576 35, 630 33, 840 -1, 790 5. 0

610 15, 760 14, 710 -1, 050 6, 6

627.5 17, 280 16, 230 -1, 050 6. 1

640 12, 940 12, 170 - 770 5. 9

At the time the initial stock solution was prepared, a separate

solution was prepared specifically for age studies. It was divided

into four portions and then each part was stored under different con-

ditions. Each.of the parts of the solution were rerun at 44 days and at

72 days, and the results are recorded in Table 4. Notice that the sol-

ution stored at room temperature in subdued light, (on a shelf near

the floor, shaded from window or room light) which were the condi-

tions under which the stock solution was stored, shows the same
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amount of deterioration after 44 days as a solution freshly diluted

from the 44 day old stock solution. Notice also that refrigeration of

a solution in total darkness decreases the decomposition rate to about

half of that of a solution kept at room temperature in subdued light.

The deterioration was measured at 610mp, since it is an absorbance

minimum at which the per cent decrease in absorbance with age is at

a maximum.

Table 4. The effect of storage conditions on the absorbance decrease
with age at 610mp

Storage Conditions % Decrease in
44 Days

% Decrease in
72 Days

Room Temperature 6. 6 9. 2
Subdued light

Room Temperature 14. 0 19. 6
Exposed to sunlight

through window

Refrigerated (not frozen) 4. 2 5. 9
Total darkness
Frozen 14.012 22. 012
Total darkness

12. The decrease for these solutions had a constant per cent
value at all wavelengths indicating a loss of Sulfonazo III by
an agency other than that operating on the other solutions;
probably there was a failure of all of the Sulfonazo III to
return to the solution on thawing, despite thorough mixing
after the thaw was completed.
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Effect of pH on the Free Reagent.

Adjustment and Measurement of pH. The solutions used to study

the effect of pH on Sulfonazo III were prepared as before by dilution

from the stock solution in 100 ml volumetric flasks, to give 2. 00

X 10 -5 M Sulfonazo III. Before the final dilution of each solution, its

pH value was adjusted by the dropwise addition of dilute HC1 or NaOH,

while the solution was being rapidly stirred with a magnetic stirrer

and a teflon coated stirring bar, and while the solution was being

monitored by the direct insertion into the solution in the flask of a

Thomas combination pH electrode connected to a Beckman Model G

pH meter. The pH value of the solution was remeasured after final

dilution of the solution and again after the spectral measurements

were made. Whenever a change in the pH value from the reading pre-

ceding the spectral measurements was noted, the final pH reading

was used since the time lapse after the absorbance measurements

were finished was considerably less than the time lapse between

final dilution and the spectrophotometer run.

Reference Solutions. Blank solutions were prepared in a man-

ner similar to those containing Sulfonazo III, in that each blank con-

tained as much of the dilute HC1 or NaOH as did the corresponding

sample solution. The pH of the blank solution was not necessarily

the same as that of the sample solution since the pH of the blank was

of no consequence.
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Data Recorded. The visible and ultra violet spectra were re-

corded for each sample solution, measured against the blank solution

as the reference. The spectra at selected pH values are presented

in Figure 9. The variation in the molar extinction coefficient for the

absorbance maxima was then plotted against the pH value in order to

determine the acid dissociation constants for Sulfonazo III; the curve

is presented in Figure 10. It will be noted that in the pH range from

two to seven, in which the spectrum is essentially constant, the val-

ues for the molar extinction coefficient correspond to those presented

in Table 2 for Sulfonazo III in DDW.

Data Computed. From Figure 10, it is evident that in aqueous

solutions, only two changes in the Sulfonazo III molecule can be dem-

onstrated spectrophotometrically. The most acidic occuring at pH

values below two, and the other becoming apparent as the pH is

raised above eight. Considering that the endpoint for the titration of

the four sulfonic acid groups on Sulfonazo III is at pH 6. 7, (see Figure

7), and that the titration curve begins at pH 2. 05, it would appear that

there is virtually no change in the free acid molecule in this pH range.

This is born out by the spectrophotometric data in Figure 10, where

it appears that in practice the range might be extended to reach from

pH 1. 8 to pH 7. 5. In this pH range, it must therefore be concluded

that the species H
2
SAIII

4- is present in solution in virtually 100%

concentration, i. e. the concentration of H
2
SAIII

4- is equal to the
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concentration of Sulfonazo III measured into the solution.

Below pH 1. 8, the formation of a zwitterion seems evident.

Presumably the protonation of one of the azo groups occurs, forming

the species H
3
SAIII

3
. It is also possible that one of the sulfonic acid

groups is protonated below pH 1. 8, instead of an azo group; or that

each part of a pair of groups becomes protonated simultaneously,

particularly viewing the symmetry of the molecule.

Above pH 7. 5, the reaction must involve the deprotonation of

the hydroxy groups attached to the central napthalene moiety. Con-

sidering that the titration curve in Figure 7 extends about 2/3 of an

equivalent beyond the endpoint for the first four hydrogens, and that

there does not appear to be an inflection point in the curve as re-

corded; the possibility is introduced that both phenol-like hydroxy

groups are equivalent, and are titrated simultaneously. This possi-

bility becomes more probable when it is considered that Figure 7

terminates at pH 10. 5, where it may be seen from Figure 10 that

the spectrophotometric changes are only beginning to become signifi-

cant. At pH 14 it would seem then that SAIII6- is the species present

in solution.

Since the useful pH range for Sulfonazo III lies between pH 1. 8

and pH 7. 5, the species present in solution is conveniently abbrevi-

ated SAIII4-, instead of the more precise H
2
SAIII

4-
.
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Barium and Strontium Complexes of Sulfonazo III.

Alkaline Earth Stock Solutions. Stock solutions of magnesium,

calcium, strontium and barium were prepared by weight from their

carbonates. (The magnesium solution was prepared from MgCO3..

.31120, the remaining three from MC03, all reagent grade.) An

accurately weighed amount of the carbonate was placed in a liter

volumetric flask, and 10% HC1 was added dropwise until effervescence

ceased. The walls of the flask were rinsed with 10% HC1, and then

DDW was added until the volume was nearly 1, 000 ml. Before final

dilution, the solution was mixed thoroughly using a magnetic stirrer

and a teflon coated stirring bar, and the pH value was adjusted to

between five and nine by the dropwise addition of O. 1 M NaOH. The

solution was then diluted to 1, 000 ml and mixed thoroughly. As with

the stock solution of Sulfonazo III, solutions for spectrophotometric

investigation were prepared by dilution from these stock solutions.

The concentration of the alkaline earth stock solutions was 2. 00 X

10-2 M.

Spectra of the Barium and Strontium Complexes. In order to

insure that the spectrum measured was indeed that of the complex

under investigation, the mole ratio of metal ion to Sulfonazo III was

100:1. The concentration of Sulfonazo III was 2. 00 X 10 5 M and the

concentration of Ba(II) and Sr(II) was 2. 00 X 10 -3 M. For reasons

which will become apparent later, the solutions were unbuffered
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(pH 3. 6) , and so contained essentially only the metal ion,

and C1. The ultra violet and visible absorbance spectra of the bar-

ium and strontium complexes are presented in Figure 11, along with

the absorbance spectrum of 2. 00 X 10-5 M Sulfonazo III for compari-

son. The solution of the barium complex was deep blue with a hint of

green, while the strontium complex appeared deep blue with a hint of

violet.

Differential spectra were also recorded, using a solution of

2, 00 X 10-5 M Sulfonazo III as the blank solution. The differential

spectra are shown in Figure 12,

Ligand. to Metal Ratio of Barium and Strontium Complexes, In

order to determine the combination ratio of the barium and strontium

complexes of Sulfonazo III, the method of continuous variations was

employed. An isomolar concentration of 1. 00 X 10-4 M was used,

and differential spectra were recorded using solutions containing

Sulfonazo III in appropriate concentrations as blank solutions. The

differential absorbance (at 640mµ for barium and at 643mµ for stron-

tium) versus concentration is plotted in Figure 13. From the plot in

Figure 13, it becomes evident that only one complex is formed be-

tween Sulfonazo III and barium or strontium, and that the ratio of

metal ion to ligand ion is 1:1, giving BaSAIII 2 and SrSAIII
2- as the

complexed species present. This result is confirmed in the literature

(4, 15). The probable structure of the complexed species is shown in
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Figure 14. Probable structure of the complexes of

Sulfonazo III. Note that the SAIII ligand is planar; chelating

the central metal ion in a square plane occupying the equator of

an octahedron, the poles of which are co-ordinated by solvent

(water) molecules.
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Figure 14, and is the one recently proposed by Budesinsky (3) which

is the only proposed structure to adequately explain the 1:1 ligand to

metal complex ratio.

Complexation Constants: e and Kf. If we let M represent the

metal ion present in the solution, and we let L represent SAIII
4, the

equation for the reaction forming complexes with Sulfonazo III may

be written as:
L ML (Eq. 2)

This then defines the quilibrium condition for which the formation

constant expression may be written as:

Kf
L

(Eq. 3)

where E 'means the equilibrium concentration. If C is used to mean

the measured or added concentration, then from (Eq. 2) the equilib-

rium concentrations may be expressed as (CM [ML]) for the metal

and (CL - EVIL]) for Sulfonazo III and (Eq. 3) may be rewritten as:

Kf = EML] (Eq. 4)
(CM - [ML]) (CL [ML])

Since free Sulfonazo III absorbs at the wavelength at which the

absorbance of the complex is at a maximum, it is the difference be-

tween the absorbance of the free Sulfonazo III and the absorbance of

the complex which is important. In practice, it is very difficult to

measure this difference, so that a close analog, the differential

absorbance (AA) is measured instead by subtracting the absorbance
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of an uncomplexed Sulfonazo III solution from the absorbance of a

Sulfonazo III solution in which complexation has taken place; the total

concentration of Sulfonazo III being identical in both solutions.

If the decrease in absorbance due to a decrease in the Sulfonazo

III concentration obeys Beer's law, and if the increase in absorbance

due to an increase in the complex concentration obeys Beer's law,

then the differential absorbance will also obey Beer's law. In such a

case, there may be defined a differential molar extinction coefficient

(Le) which will be equal to the difference between the molar extinction

coefficient of the complex and the molar extinction coefficient of the

free reagent. In the case of Sulfonazo III, Beer's law may be

written:

AA = De 1 [ML] (Eq. 5)

The differential molar extinction coefficients for strontium and

barium may be closely approximated if one assumes that in the pres-

ence of a large excess of metal ion:

EVIL] = CL (Eq. 6)

The solutions used to record the spectra in Figure 12 met these con-

ditions, and from them, values for the differential molar extinction

coefficients for barium and strontium were obtained, by means of

(Eq. 5) and (Eq. 6). The values were:

AeBa = 43,000 1 /mole cm (at 640mp.,)

LEST = 34,350 1/mole cm (at 643m0
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Knowing the value of the differential molar extinction coefficient

allows the evaluation of [ML] by (Eq. 5) and thereby permits the

determination of Kf by (Eq. 6) . By this method, the value of Kf was

computed for each of the solutions used to obtain the points plotted in

Figure 13, and the average value was taken. The values obtained

were:
4

M
-1

, o- = 0.12 X 104, 8 = 17.3, n = 11KfBa = 6 92 X 10

KfSr = 1.16 X 104 M-1, cr = 0.03 X 104, 8 =25.9, n= 11

Since the values of the formation constants were relatively

small, it was considered advisable to test the validity of (Eq. 6) as

applied to the solutions used in preparation of Figure 12 by calculat-

ing [ML]. It was found necessary to correct the values for Lie

since (Eq. 6) was not sufficiently accurate. Due to the revision of

the Ae values, the values for Kf were also recomputed. As a final

check, the revised values for Kf were used to recorrect the value of

EMI-] giving a third value for Ae., and thereby a third value for Kf.

Since the difference between the first and the second corrections were

less than 0- , no further revision was considered necessary. The

corrected values of the complexation constants are recorded in

Table 5.

Apparent Differential Molar Extinction Coefficient, A app.

Since it was observed that even when the concentration of metal ion

was a hundred times the concentration of Sulfonazo III (Eq. 6) is not
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Table 5. Complexation constants for Sulfonazo III complexes with
Barium and Strontium.

Metal Mole Ratio

SAIII:M

K:' Ae

M-1
-1 -11 mole cm mp.

Barium 1:1 (6. 73

Strontium 1:1 (1. 08

0. 12) X 104 43, 320 640

0, 03) X 10
4 35, 990 643

strictly true, it was considered useful to define an apparent differen-

tial molar extinction coefficient ( app) which could be based on the

reagent of lowest concentration in a test solution. Since Sulfonazo III

was generally the reagent of lowest concentration, the apparent dif-

ferential molar extinction coefficient is defined by the equation:

AA = Ae 1 C
SA.III

4- (Eq. 7)
app

This coefficient provides a convenient means of comparing solutions

of varying conditions, and changes in its value reflect changes in the

value of the equilibrium formation constant, or changes in the reagent

itself.

Stability of Sulfonazo III Complexes. A set of solutions of bar-

ium and strontium Sulfonazo III complexes were prepared, and their

spectra recorded at various ages. All solutions were 2. 00 X 10 5
M

in Sulfonazo III, and the metal containing solutions were 2. 00 X 10-4

M in the appropriate metal ion. Absorbance measurements were

made at zero, 12, and 97 days of age. A comparison of the results

obtained with similar test results made on free Sulfonazo III (see
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Tables 3, and 4) is presented in Table 6. It must be considered that

during the time that aging was taking place. the blank solution was

Table 6. The effect of age on solutions of Sulfonazo III complexes
measured at 640mp,

Sample Entry Age in Days

0 12

BaSAIII2

SrSAIII2

SAM4-

Aeapp
13difference

Aeapp
13difference

6640
difference 13

40, 050

24, 050

12, 940

40, 140

+ 90

24, 050

0

44 97

(40, 820)
14 41, 340

( + 770)
14 + 1, 290

( 24, 000)15 23, 940

( - 50)15 110

12, 170

- 770

13. The change in the molar extinction coefficient from time
zero to time x.

14. Linear extrapolation from 12 day old solution data.
15. Linear interpolation from 97 day old solution data.

undergoing deterioration. Thus, while the barium complex appears

to be increasing in differential absorbance with time, its apparent

increase precisely matches the decrease in absorbance of the blank,

so that in actual fact there is no change taking place in the absorbance

of the complex. On the other hand the strontium complex shows a

barely detectable decay, which indicates that it is undergoing deteri-

oration at essentially the same rate as the blank. The difference in

the behavior of the two complexes presumably reflects the greater
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amount of association where barium is involved since the co-ordina-

tion of a metal ion into the ligand molecule changes its internal

energy.

The effect of diverse ions on Sulfonazo III Complexes. In an

attempt to find a satisfactory buffer system in which to study the

effect of the pH value on Sulfonazo III complexes, it was observed that

cations such as Na+ and K+greatly depressed the differential absorb-

ance of the complexes without having much effect on the free reagent.

Consequently a series of solutions containing the barium Sulfonazo III

complex were prepardd, each containing a "non-reacting" salt.

Each solution was 2. 00 X 10 -5 M in Sulfonazo III, and the bar-

ium complex solutions were 2. 00 X 10 -4 M in Ba(Il). The salt con-_
centration was 1. 0 X 10 -2 M. The effects of the various salts on the

apparent differential molar extinction coefficient of BaSAIII
2 are

reported in Table 7.

It is evident that common anions have little effect on the absorb-

ance of the complex, although there appears to be some slight re-

sponse to bromides and nitrates. On the other hand, it is interesting

to note that all of the ammonium salts, independently of the degree of

substitution or ionic size, have virtually the same effect on the com-

plex. While lithium has the least effect on the absorbance of the com-

plex, the additional loss of absorbance due to the use of sodium is

outweighed by the convenience of using sodium.
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Table 7. The absorbance depression effect of various salts on the
barium Sulfonazo III complex, measured at 640mi.L.

Salt QE
app

Per Cent
Depression

Salt Qe

app
Per Cent

Depression

None 40, 050 0. 0 None 40, 050 0. 0

LiC1 33, 640 16, 0 Na.C1 32, 920 17. 8

NaC1 32, 920 17.8 NaBr 31, 960 19. 2

ICC1 27, 270 31.9 NaC10
4

32, 920 17. 8

NH4
C1 30, 960 22. 7 NaNO

3
31, 960 19. 2

CH
3

NH
3
Cl 30, 680 23. 4 NaO2 CH 32, 920 17. 8

(CH3)2 NH
2

C1 31, 240 22.0 Na02CCH3 32,920 17. 8

(CH
3

)
4

NC1 31, 240 22. 0

(C
2
H

5
)

2
NH,

2
Cl 31, 240 22. 0

(C
2
H

5
)
4

NBr 29,400 26. 6

The variation of the differential absorbance of the barium and

strontium Sulfonazo III complexes with the sodium ion concentration

was studied using sodium acetate. A series of solutions, 2. 00 X

10-5 M in Sulfonazo III, 2. 00 X 10-5 M in strontium or barium, and

having various concentrations of sodium acetate was prepared. The

effect of the sodium acetate on the free Sulfonazo III was recorded at

634mp, the effect on the barium complex was recorded at 640mp. and

the effect on the strontium complex was recorded at 643mkt. The

results of the measurements are presented in Figure 15.

Also presented in Figure 15 are the curves for the depression

of the differential absorbance of the barium and strontium complexes
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computed by means of calculated activity coefficients. Individual ion

activity coefficients were computed using what is called by Laitinen

(8) the Extended Debye-Huckel Equation. The individual ion activity

coefficients were then used in conjunction with the previously deter-

mined equilibrium formation constants to calculate the Thermody-

namic Equilibrium Constants and the various formal equilibrium con-

stants for values of finite ionic strength. From the formal constants,

and from (Eq. 4) and (Eq. 5) the "calculated" absorbance curves in

Figure 15 were obtained.

The comparison of the calculated with the experimentally

obtained curves, indicates that in part the response of the Sulfonazo

III complexes to sodium and similar ions is due to the response of

ionic activities to the ionic strength of the solutions. That ionic

strength effects cannot fully explain the behavior of the system is

evidenced by the variation of the depression of the differential absorb-

ance with different "non-reacting" cations, as shown in Table 7.

The Effect of pH on Sulfonazo III Complexes. In view of the

data presented in Figure 15, the greatest sensitivity of the complex

falls where the sodium ion concentration is lowest. For this reason,

the desired pH value was obtained and measured by the method

described in a preceding section entitled Adjustment of pH.

A series of solutions was prepared, each being 2. 00 X 10-5 M

-4 .in Sulfonazo III, and being 2. 00 X 10 M either barium or



0.50

0.45

0.40

0.35

0.30

0.25

0.20

0.15

0

+c- 0.10

cl 0.05

53

0 0 A, Observed for BaSA1112-

B, Calculated for BaSA1112-
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Figure 15. Variation of the differential absorbance of the
barium and strontium Sulfonazo III complexes with the concentration
of sodium acetate in the solution. (Conc'n. of Na02CCI-13 Ionic
Strength). CM =2.00 X IT5M. Csite 2.00 X 10-5M.
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strontium. The variation of the differential molar extinction coef

ficient at 640mµ for the barium Sulfonazo III complex and at 643mµ

for the strontium Sulfonazo III complex with changing pH values is

plotted in Figure 16,

Whereas previous reports have indicated that the optimum

response of Sulfonazo III to barium occurs at pH 2.4 (4), or pH 2. 8

(15), the optimum response of Sulfonazo III to barium, covers the

entire pH span, 2, 6 to 7. 7. The location of the response maximum

at or near pH 2. 5, results directly from the use of a constant ionic

strength buffer system to study the pH response of the complex. It is

at or near pH 2. 5 that the predominant cation in the constant ionic

strength buffer ceases to be H+, and the depression of the differential

absorbance due to the "non-reactive" cation of the buffer begins to be

noticable, and the cationic depression of the differential absorbance

is then erroneously attributed to the effect of increasing pH. The

precise pH value of the peak response obtained with constant ionic

strength buffers will depend upon the buffer system. Thus, in order

to measure the real response of the system to pH, a buffer of constant

buffer-cation concentration, or one with an extremely low ion concen-

tration system is required. In this way, the curve shown in Figure

16 may be obtained. The responses depicted therin are the type which

would be predicted from the response of free Sulfonazo III to the pH

value as shown in Figure 10.
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Other Complexes of Sulfonazo III.

With a view toward finding which elements might interfere with

a spectrophotometric determination of barium, a number of elements

were tested for reactivity toward Sulfonazo III. Those chosen for

testing were especially those which form insoluble sulfates or car-

bonates, or had properties at all similar to those of barium. Each

cation tested was prepared so that its concentration in the solution

used to record its spectrum with Sulfonazo III would be 2. 0 X 10
-4

M

while the Sulfonazo III was 2. 00 X 10 -5 M in the solution. The solu-

tions were made up in DDW without pH adjustment or buffer. Table

8 presents all of the ions investigated, and reports the wavelength

of maximum differential absorbance for the ion, its apparent differ-

ential molar extinction coefficient, and the response of Sulfonazo III

to the cation at 640mj. ; the wavelength at which the measurement of

the absorbance of the barium complex is best.

It may be seen from Table 8 that except for Mg(II), Ag(I);Cd(II)

and Mn(III), all of the cations tested present serious interferences

to the measurement of the absorbance of the barium complex at

640m/h. The fact that Sn(II) destroys the ligand indicates that Sulfon-

azo III must have some oxidizing properties since it is presumably

reduced by the Sn(II) ion. The remaining complexes which were

measured appeared to have stability characteristics similar to those

of strontium and barium. The absorbance spectra of the complexes
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of the most seriously interfering cations, Pb(II), Pd(II) and Cu(II)

are shown in Figure 17 along with the absorbance spectra of Sulfonazo

III and the barium complex for comparison. The differential absorb-

ance spectra of the complexes of the main interfering cations are

presented in Figure 18. The absorbance and differential absorbance

spectra of remaining interfering cations were very similar to the

absorbance and differential absorbance spectra of the Sr(II) complex

as shown in Figures 11 and 12; though considerably lower in absorb-

ance (as shown in Table 8.) and with some small variations in the

wavelength of maximum differential absorbance (shown in Table 8.).

Table 8. The response of Sulfonazo III to selected cations.

No. Cation app Xmax A640 Acpp-640a

1 Ba(II) 40, 050 640 0. 801 40, 050
2 Sr(II) 24, 050 643 0. 464 23, 200
3 Ca(II) 5, 100 645 0. 096 4, 800
4 Mg(II) 200 0. 004 200
5 Pb(II) 35, 850 650 0. 560 28, 000
6 Pd(II) 31, 500 617 O. 100 5, 000
7 Cu(II) 28, 500 603 0. 042 -2, 100
8 Ni( II) 10, 100 646 0. 188 9, 400
9 Al( III) 5, 400 606 0. 060 3, 000

10 Hg(I) 4, 300 647 0. 076 3, 800
11 Fe(II) 3, 350 648 0. 058 2, 900
12 Co(II) 2, 700 647 O. 049 2, 450
13 Hg(II) 2, 150 649 0. 034 1, 700
14 Zn(II) 2, 100 645 0. 039 1, 950
15 Fe(III) 1, 200 655 0. 017 850
16 Ag(I) < 25 0. 000 < 25
17 Cd(II) < 25 O. 000 < 25
18 Mn(II) < 25 O. 000 < 25
19 Sn(II) Destroys Sulfonazo III
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Figure 17, Absorbance spectra of the complexes of
Sulfonazo III with selected cations. Cum= 2.00 X 10-5 M,Cm=2.0 X I0-4M.

A, BaSAIII2-

B, Pb SAI112-
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D, Cu SAIU2-
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1.0

0.9

0.8

0.7

0.6

0.5
0

2 0.4
.0

600 640
650

0_ -

700 750

59

Wavelength in mil.

Figure 18. Di fferential absorbance spectra of the complexes of
Sulfonazo III with selected cations. Cum = 2.00 X 10-5M.
CM = 2, 0 X I0-4M.
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SIMULTANEOUS DETERMINATION OF BARIUM AND STRONTIUM

Elimination of Interferences

Control of the sodium ion effect. As has been pointed out in the

preceding section, any buffer system used in conjunction with Sulfon-

azo III must contain a constant cation concentration rather than a con-

stant ionic strength. Further, considering that any real sample which

it may be necessary to analyze may contain unspecified amounts of

monovalent cations, it is necessary to choose a buffer system to

which the addition of extraneous materials would not cause measur-

able perturbations. For this reason, sodium at a constant concentra-

tion of 6. 5 X 10-3 (in the final solutions) was employed. A change of

cation concentration of as much as 2 X 10 -4 M in the final solution of

this system causes less than a 1. 0% change in the absorbance reading,

which is demonstrated in Figure 15.

Control of the effect of other cations. As is shown in Table 8,

a wide variety of cations react strongly with Sulfonazo III along with

barium and strontium, although no cation reacts as strongly as does

barium. The elimination of the interfering cations requires essen-

tially the differentiation between periodic groupIIA and the remainder

of the periodic table.

According to published formation constants for cations with the

ligand class called chelons (9), (of which EDTA is perhaps the best
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known), with the exception of group IA of the periodic table, most .cat-

ions have formation constants 8-10 orders of Magnitude higher in

chelon complexes than do any of the elements in Group IIA. This

effect coupled with the fact that Sulfonazo III must be used below

pH 7. 7 (or above 2. 6) provides a very convenient method of sequest-

ering all cations outside group IIA, since chelons do not noticably

complex group IIA cations below pH 3. 2. The treatment of solutions

identical to those used to obtain the data for Table 8 with 10
-3

M

EGTA and CDTA eliminated any measureable effect of the cations in

Table 8 on Sulfonazo III except for the group IIA cations and Cu(II)

whose chelon complexes are blue in color and so absorb slightly at

640mp..

Since magnesium is not an interference (see Table 8.), the

only remaining problems are the reactivity of calcium with Sulfonazo

III, and the need to differentiate between barium and strontium. To

investigate the feasibility of solving these problems with the chelons,

the dependence of the differential absorbance of the barium, stron-

tium and calcium complexes of Sulfonazo III in the presence of

chelons on the pH of the solution was studied.

The concentration of Sulfonazo III in each solution was 2. 00 X

10-5 M, and the sodium ion concentration was held at a constant 9. 0

X 10-3 M. The pH value of each solution was adjusted with acetic

acid. The concentration of strontium and barium was 2. 00 X 10
-4

M
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and the concentration of calcium was 4, 00 X 10-4 M. The pH range

covered was 3. 5 to 6. 0, and the concentration of the chelons was

1. 0 X 10-3 M.

The two chelons finally chosen for use were EGTA and CDTA.

Their names are ethylene glycol-bis-(P-aminoethylether) -N,N1-

tetraacetic acid and cyclohexylenedinitrilotetraacetic acid (or I, 2-

diaminocyclohexane -N, N, N', W-tetraacetic acid) respectively. The

results of the study are presented in Figure 19.

From Figure 19, it may be seen that the effect of calcium is

virtually eliminated by CDTA above pH- 4. 7 and by EGTA above pH

5. 8. Further, it may be observed that the relative response of

strontium and barium to Sulfonazo III changes markedly from one

chelon to the other above pH 5. The change in the relative response

of barium and strontium permits the resolution of the two ions by

means of two simultaneous equations derived directly from Beer's

law, and which are presented subsequently.

Chelon-Buffer solutions. It was determined that the optimum

pH values for the chelon solutions were pH 5. 8 for CDTA and 6. 1 for

EGTA, It was then necessary to find a buffer acid with a pKa near

these pH values. For this reason maleic acid (pK2 = 6. 225, (9)) was

chosen as the buffering agent. For convenience the chelon and the

buffer were combined in one solution. The solutions were prepared

as follows:
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EGTA at pH 6. 1

2 0 X 10 -2 mole (7. 6 g) EGTA (free acid)

6, 0 X 10-2 mole (7. 0 g) Maleic acid

1. 3 X 10-1 mole (5. 4 g) NaOH

The EGTA and the NaOH are added first with about 500 ml of

DDW. When dissolved, the maleic acid is added and the solution is

diluted to 1, 000 ml with DDW. If the EGTA is not added first with the

NaOH, it is extremely slow to dissolve.

CDTA at pH 5. 8

2. 0 X 10 -2 mole (7. 3 g) CDTA (free acid)

6. 0 X 10 -2 mole (7. 0 g) Maleic acid

1. 3 X 10 -1 mole (5. 4 g) NaOH

The CDTA and the NaOH are added first with about 500 ml of

DDW, followed by the addition of the maleic acid and DDW to dilute

the solution to about 950 ml. Enough additional maleic acid is added

to lower the pH to 5. 8 before final dilution of the solution.

Exactly 5. 00 ml of the appropriate buffer-chelon solution is

used for every 100. 0 ml of final solution. This gives a final concen-

tration of chelon of 1. 0 X 10 -3 M and of sodium ion of 6. 5 X 10-3 M.

Calibration of Sulfonazo III.

Since the use of buffered chelons virtually eliminated all cat-

ionic interferences to the study of barium and strontium with Sulfon-

azo III, it remained to determine the practical differential molar

extinction coefficients for each ion in the presence of the chelon
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buffer solution. To do this, a series of solutions were prepared to

cover the range of 0. 5 to 10. 0 X 10-5 M barium and strontium. Five

milliliters of chelon-buffer were used (the solutions being prepared

in 100 ml volumetric flasks) as described above, and the Sulfonazo III

concentration was 1. 00 X 10 4 M, added from a freshly prepared

stock solution.

The differential absorbances were measured at 640mµ for both

barium and strontium and are plotted in Figure 20. It may be seen

from the curves that the upper limit of concentration (determined by

the EGTA solutions which become non linear at lower concentrations

than do the CDTA solutions) for barium is 3. 0 X 10-5 M in the final

solution and for strontium is 8. 0 X 10-5 M. The strict need for

linearity is due to the use of simultaneous equations to determine

the concentrations of the metal ions from the absorbance measure-

ments.

The practical16 differential molar extinction coefficients were

calculated for barium and strontium for each point on the linear por-

tions of the curves, and the average value for the linear range was

used. The values are reported in Table 9.

16. The term "practical" refers to the differential molar extinc-
tion coefficient based on C ++ and is used to differentiate
from the "apparent" differential molar extinction coefficient
defined by (Eq. 6. ).
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Table 9. The practical differential molar extinction coefficients for
barium and strontium with Sulfonazo III.

Conditions
EBa

AeSr

EGTA at pH 6. 1

CD TA at pH 5. 8

21, 502

10, 034

5, 125

995

Computation of barium and strontium concentrations. From

Beer's law it is possible to describe a system containing both

strontium and barium as follows:

AAEGTA

AACDTA

AeBaEGTA

BaCDTA

1 CBa + AeSrEGTA 1 CSr (Eq. 8)

1 CBaBa SrCDTA
1 C Sr (Eq. 9)

From these two equiations, it is possible to derive equations by which

the concentrations of barium and strontium may be calculated. They

are:

CBa E SrCDTADTA 64GT AESrEGTAA
\AE "1aCDTA -A6BaEGT

SrCDTA

(Eq. 10)
1

CSr46A
EGTA ABaCDTA CDTA)

AEBaEGTA6A

Using Table 9, it is possible to

(Eq. 11)
1

Aci3aEGTAA
E trcDTAI
SrEGTA _AEBacDTA

evaluate the constants in the equations

so that they become:

CBa .(5. 151AA CDTA
-A.A.

EGTA
)(3. 313 X 10-5) M(Eq. 12)

CSr (EGTA - 2. 143AACDTA)(3. 341 X 10-4) M (Eq. 13)
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Analysis of Barium and Strontium Samples.

Sample Solutions. In order to check the functional range of

the analytical method, six synthetic samples were prepared. Since

the most difficult interference to remove from the solutions is cal-

cium, half of the samples were prepared with tap water or calcium

spiked tap water in order to test the success of the masking method.

(Tap water was determined to contain 4.0 X 10-4M calcium.) The

composition of the synthetic samples is reported in Table 10.

Table 10. The composition of the synthetic barium and strontium
samples.

Sample No. CBa

X 104 M

CSr

X 104 M

CCa

X 104 M

I 3.00 0.50 0

II 2.00 2.00 0

III 1.00 8.00 0

IV 3.00 1.00 4.0

V 2.00 2.00 4.0

VI 1.00 8.00 14.0

Ten milliliter aliquots of the sample solutions were used for the

analyses; the solutions being prepared in 100 ml volumetric flasks

under the same conditions used to calibrate the Sulfonazo III.

Chelon compensation. During preliminary tests made with the

synthetic samples, it was noted that the differential absorbance
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readings in the presence of CDTA at pH 5.8 for samples V and VI

were noticably higher than the differential absorbance readings for

samples II and III, while no such effect was observed in the presence

of EGTA at pH 6. 1. It was concluded that the increase in differential

absorbance readings was due to the fact that calcium was tieing up

enough of the CDTA to change the chelonis effect on the barium and

strontium; the effect being more noticable in the CDTA solutions than

in the EGTA solutions since the effect of CDTA on strontium and bar-

ium is much greater than that of EGTA at pH 6. 1.

To rectify this difficulty, an amount of CDTA (preadjusted to

pH 5. 8) equal to the amount of calcium present in the solution was

added before the final dilution of all of the solutions containing

calcium. The additional chelon satisfactorily compensated for the

CDTA lost in tieing up the calcium interference since the differan-

tial absorbances for samples V and VI were comparable to those for

samples II and III thereafter. It is therefore evident that for accurate

results, the amount of interference must be determined and compen-

sated for before the analysis of barium and strontium may be per-

formed.

Experimental results. Duplicate parallel analyses were per-

formed on each of the synthetic samples using 10 ml aliquots of the

sample, the solutions being prepared in 100 ml volumetric flasks

according to the methods described above. Thus the concentrations
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obtained by using (Eq. 12) and (Eq. 13) must be multiplied by ten to

correct for the dilution of the original sample. The results of the

analyses are shown in Table 11. The concentrations of the sample

solutions are reported in Table 10.

Table 11. The results of the analysis of the synthetic samples.

Sample Barium Strontium

Present Found Avg. Error Present Found Avg. Error
X 104 M X 10.4 M

I 3. 00 3. 022 0. 50 0. 267
3. 052 3. 04 1. 3 0. 167 0. 22 56

II 2. 00 2. 034 2. 00 1. 904
2. 021 2. 03 1. 5 1.904 1.90 5.0

III 1. 00 1.004 8. 00 7. 785
0. 967 0, 98 2. 0 7,918 7,85 1,9

IV
16

3. 00 3. 045 1. 00 0. 668
3, 045 3. 04 1. 3 0. 668 0. 67 33

V16 2. 00 2. 031 2. 00 1. 971
1.985 2.01 0.5 2. 105 2. 04 2. 0

VI
17

1. 00 1. 067 8. 00 8. 186
1. 044 1. 06 6. o 8. 119 8. 15 1. 9

16. Samples IV and V are similar to Samples I and II but contain
4. 00 X 10-4 M calcium (see Table 10. ).

17. Sample VI is the same as Sample III but contains 1.4 X 10-3
M (see Table 10. ).
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Other Spectrophotometers.

Since a Cary 15 spectrophotometer is not intended for use in

routine analyses, the method of analyzing barium and strontium was

tested using two more common instruments; the Beckman model DB

and the Bausch and Lomb Spectronic 20.

The Beckman DB. The sample solutions used in the Beckman

DB were the same ones used in the Cary 15, and the data taken on the

DB were used in conjunction with the calibration data obtained on the

Cary 15. The Beckman DB spectrophotometer was connected to a

Heath Model EUW-20A 10 inch servo recorder, and the differential

%T readings were converted to differential absorbances. Since a

comparison of the differential absorbance readings obtained on the

DB with those obtained on the Cary 15 revealed that the DB differen-

tial absorbances were consistently lower than the Cary 15 readings

by a factor of 0. 0273, the differential absorbances obtained for the

sample solutions on the DB were multiplied by 1. 0273 before they

were used in (Eq. 12) and (Eq. 13). The results of the analysis using

the Beckman DB are summarized in Table 12.

The B & L Spectronic 20. The use of the Spectronic 20 requires

a slight modification of the procedure used with the Cary 15 and the

Beckman DB, since its ability to blank out a background absorbance

is not as great. For this reason, the concentration of Sulfonazo III

in the final solutions run on the Spectronic 20 was 4. 00 X 10-5 M,



72

instead of the higher concentration used with the two dual beam

instruments,

Table 12. Results of analysis using Beckman DB.

Sample AA CBa Error' CSr Error'
--EGTA -6, 1 AACDTA-5,.8

DB Corr. DB Corr. X 104 M % X 104 M %

II
III

0. 650

0.515

0.595

0, 668

0, 529

0, 611

0, 298

0, 217

0.176

0. 306

O. 223

0. 181

.4

3, 01

1, 85

1.06

0,.3

7..5

6, 0

0,;40

1. 70

7.45

20

15

6.9

It was first necessary to calibrate Sulfonazo III on the Spec-

tronic 20, Differential absorbances were obtained by setting zero

absorbance on the instrument using the Sulfonazo III blank solution,

and then taking the absorbance of the sample solution at this setting

to obtain the reading. It was necessary to plot manually the differen-

tial absorbance spectrum of the barium and strontium complexes in

order to determine the differential absorbance maximum for the

particular instrument. For the instrument used here, the wavelength

setting was 643mp.. With the exception of the change in the Sulfonazo

III concentration, the calibration procedure was the same as the one

used on the Cary 15. The calibration data are plotted in Figure 21,

and the differential molar extinction coefficients are presented in

Table 13,
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Table 13. The differential molar extinction coefficients for barium
and strontium with Sulfonazo III obtained on the Spec-
tronic 20.

Conditions (Ba 114Sr

EGTA at p1-1 6. 1 11,154 2, 063

CDTA at pH 5. 8 4, 382 380

From Table 13 it is .possible to evaluate (Eq. 10) and (Eq. 11) for

use with the Spectronic 20. The resultant equations are:

7. 973 X 10-5) M (Eq. 14)CBa (5' 425AACDTA-I/AEGTA)(

(ACs'. 2. 546AA
CDTA

)(9 091 X 10 -4) M (Eq. 15)AEGTA-

Analyses were performed on the synthetic samples with the

Spectronic 20 using the same procedure as was used to calibrate the

Sulfonazo III for the instrument; 10 ml aliquots being used, the sol-

utions being prepared in 100 ml volumetric flasks, and chelon com-

pensation was used for samples IV, V, and VI in CDTA. The results

of the analyses are shown in Table 14. As before, due to the dilution

of the original samples, the values obtained by (Eq. 14) and (Eq. 15)

were multiplied by ten.



75

Table 14. Results of analysis using the Spectronic 20,

Sample Barium Strontium

Present Found Avg. Error Present Found Avg. Error

X 104 M X 10
4

M oho

3, 00 3, 213 0, 50 0, 273
3. 181 3. 20 6:7 0.454 0. 36 28

II 2, 00 2. 097 2. 00 2. 273
2, 121 2, 11 5.5 2. 000 2. 14 7. 0

III 1, 00 1. 076 8, 00 7. 091
1. 052 1. 06 6. 0 7, 364. 7. 23 9. 6

IV
16

3. 00 3, 086 1. 00 0, 636
3, 149 3, 12 4, 0 0, 818 0, 73 27

V16 2. 00 2. 081 2, 00 2, 000
145 2. 11 5, 5 2. 000 2. 00 0

VI17 1, 00 1, 036 8, 00 7, 273
1. 060 1. 05 5. 0 7, 545 7, 41 7. 4



76

DISCUSSION

Giving due consideration to the information on age effects re-

ported in Tables 3 and 4, it must be concluded that a 1. 0% change in

the differential absorbance of a Sulfonazo III complex solution will be

noted if the solutions are prepared seven days apart. The result is

that in order to maintain the full capabilities of the method, a cali-

bration should be made at least once a week. It may even be more

valuable to run a standard with each set of analyses, whereby greater

accuracy than that reported for the analytical results in Table 11,

might be obtained. The time lapse between the evaluation of the

practical differential molar extinction coefficients (Table 9) and the

actual analyses (Table 11) was about 18 hours. It seems doubtful that

any great difficulty would be encountered with the decomposition of

Sulfonazo III over considerable time periods, provided that calibra-

tions are made close enough to the sample runs.

Reviewing the data presented for the analysis using the Beck-

man DB in Table 12, it must be considered that considerably greater

accuracy (more on the order of that obtained with the Cary 15) might

have been obtained had an actual calibration been made on the Beck-

man DB rather than employing a correction factor for the absorbance

data.

The results obtained for the analysis with the Spectronic 20
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(Table 14) are about what would be predicted from the results obtained

with the Cary 15 (Table 11). TheCary 15 spreads a single absorbance

unit across 10 inches of chart width, while the zero to one absorbance

span of the Spectronic 20 is about 3. 5 inches, of which only about

two thirds may be read with accuracy.

From the results obtained for synthetic samples, it would ap-

pear that the useful range for measurement is 1. 0 to 3. 0 X 10-5 M

for barium and 2. 0 to 8. 0 X 10-5 M for strontium, in the final

analytical solution. The upper limit for the total concentration of

strontium plus barium requires that 3CBa + CSr must be less than

9. 0 X 10-5 M in the final solution for spectrophotometric measure-_

ment.

This means, according to the procedures outlined, that as

concentrated a solution as can accurately be diluted for analysis may

be used with Sulfonazo III. The lowest concentrations which can be

analyzed accurately are 1. 2 X 10 -5 M for barium and 2. 5 X 10-5 M

for strontium in the original sample, since some dilution must be

allowed for the addition of Sulfonazo III and buffer. The accuracy in

this range of concentrations would be within two per cent for instru-

ments such as the Cary 15 or Beckman DB and within five per cent

for instruments such as the Spectronic 20.

Since a large majority of analyses are performed in terms of

parts per million rather than molar concentrations, the concentration
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ranges of the method expressed in parts per million are 1. 4 to 4. 1

ppm barium as Ba(II) and 1. 8 to 7. 0 ppm strontium as Sr(II), in the

final solution for spectrophotometr -ic measurements. The lower

limit of original sample concentration for accurate measurement is

1. 6 ppm barium as Ba(II) and 2. 2 ppm strontium as Sr(II).

Another consideration of major significance is that in the

absence of interferences the sensitivity of measurements with Sulfon-

azo III may be increased considerably. The analysis of barium

alone or strontium alone in the absence of calcium may be done at

pH 3 where the effect of the chelons on Ba(II) and Sr(II) is negligible

(see Figure 19.), but the chelons retain their ability to complex all

of the other interfering cations listed in Table 8. The advantage of

the lower pH value is that the sodium ion concentration can be low-

ered considerably which increases the sensitivity of Sulfonazo III to

barium and strontium as shown by Figure 15. The combination of the

two effects, (reduction of chelon complexation and reduction of sod-

ium ion interference) can increase the sensitivity by almost a factor

of two as may be seen by comparing the extreme right and left side

slopes of the curves in Figure 13 with the slopes of the calibration

curves in Figure 20. This would allow lower analytical limit con-

centrations of 6, 0 X 106 M (0. 7 pprn) barium alone or 1. 2 X 10-5

M (0. 9 ppm) strontium alone in the original analytical sample.
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