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A SPECTROPHOTOITRIC STUDY OF ARE1AZO 
MU) ITS CALCIUM COMPLEX 

INTRO IXJ CT ION 

Until recently, small amounts of calcium were 

determined by indirect colorimetric methods based on 

the precipitation of calciui oxalate or phosphate. 

In the last few years several new methods have 

been developed for the colorimetric determination of 

calcium. (ne of these i a direct method with ammonium 

purpurate (murexide) as the colorimetric reagent. 

.Jilliams and I!oser (23) have developed a procedure for 

calcium with murexide in which concentrations of calcium 

up to 1.2 p.p.m. may be determined. À very attractive 

feature of this method is its sensitivity. On the other 

hand, the pH must be adjusted care.fully, the reagent 

absorbs strongly at the optimum wavelength, the reaent 

is unstable, and iriany metals interfere. 

Another reagent, 2,6-lenolphthalein-OE,'-bis 

(imino) diacetic acid, is a light rose color in weakly 

alkaline solution but gives a red color with calcium and 

other alkaline earths. A description has been given for 

its use in the determination of calcium by Pollard and 

ìartin (19). The sensitivity is quite nigh but condi- 

tions must be carefully controlled and like murexide the 

p 
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color is not stable. 

Various azo dyes in basic solution have been sug- 

gested. for the determination of calcium. One of these 

is Erioch.rorne Black T (i) which is also used as a re- 

agent for magnesium. Another azo dye of the same type 

is 2-(2-hydror-5-chlorophenylazo)-1,8-dihydroxy-3,6- 

naphthalened.isulfonic acid, disodiuiri salt (2'-!-). 

ou OH Oil 

_==i_q/N! 

&so3Ç/jl\iso3Ña i_il 

Jones (9) has recently made a spectrophotometric 

investigation of the reagent 3-(2-arsonophenylazo)- 

4, 5-dihydroxy-2, 7-naphthalenedisulfonic acid, commonly 

referred to as arsenazo. In this investigation he 

studied the uranium (as UO22), aluminum and. calcium 

complexes of this reagent. He has indicated that arsen- 

azo might be useful as a colorimetric reagent for calcium. 

The formula of arsenazo is 

ÌaSO3 r1;\T//\T EONa 

IN,w/L) 
- . 

ONa 
"- , 

-I- I 
N r As=O 
OH OH OH 
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It was one of the objects of this thesis to ex- 

plore the possibility of deteridning low level concen- 

traions of calcium by means of the color reaction of 

calcium with arsenazo. Before this investigation was 

carried out, the absorbance characteristics of arsenazo 

in the ultraviolet and visible regions of the spectra 

were explored at various pH values ranging from i to 12. 

Also a study of the reactions between arsenazo and. Zr 

and Hf was undertaken. 



L. 

PREVIOUS WORK WITH ARS'NAZO 

In its unpurified form arsenazo is a trisodium 

salt as is shown on page 2. It is a dark brown solid 

which may be prepared by coupling diazotized. o-arsanilic 

acid with chromotropic acid ('4). The trisodium salt was 

purified and converted into the acid form by pouring a 

saturated solution of the trisodium salt into an equal 

volume of concentrated HC1. The precipitate was filtered 

on a Buchner funnel, washed with acetonitrile, and 

allowed to air dry. The purified reagent which is orange 

dissolves readily in water. However, it is insoluble in 

most organic solvents including absolute alcohol, an- 

hydrous ether, acetone, benzene, chloroform and carbon 

tetrachioride. 

Arsenazo in its purified form was used for all 

studies presented in this thesis. 

The first reports on arsenazo appeared in l9'-il 

when Kuznotsov (11) published a paper describing the 

color reactions for a number of compounds containing 

the o-arsonophenylazo group: 

-N=N- 

/AS, 
HO 

I 

OH 
O 
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Color reactions in neutral and acid solutions for arsen- 

azo and the rare earths, Ti, Sn, 'Ph, Cb, Ta, and U were 

given. 

Further studies of the color reactions by 

Kuznetsov demonstrated the value of arsenazo in the de- 

tection of a number of elements. For example, as a re- 

agent for the detection of rare earths arsenazo was 

suggested (14). The reaction is carried out at pH 7.2 

using uratropinc. The presence of the rare earths is in- 

dicated by the appearance of a red violet color which 

disappears on addition of fa2ffL-C4. A few interfering 

ions must be removed or masked. 

Arsenazo will detect Th (12) in the presence of 

rare earths and other metals by the formation of a 

strawberry-red precipitate. 

For the detection of quadrivalent vanadium (13) 

arsenazo is very sensitive (0.5 K per ml). Other metals 

show similar violet colors but vanadium can be distin- 

guished by the fact that the original pink of the re- 

agent itself is restored by H2C2. 

Beryllium (15) also may be detected in low con- 

centrations (0.2 ug) in minerals by the red-violet color 

it gives in neutral solutions with arsenazo. All other 

interfering ions may be masked. 



The past few years have seen the development of 

arsenazo as an analytical rea:ent particularly in the 

field of spectrophotometry. There are methods developed 

for aluminum, zirconium, thorium and uranium. 

Kuznetsov has proposed two methods (16, 1'?) for 

aluminum, one which is very general and not applicable 

to any particular mineral or alloy and one based on the 

use of arsenazo for the determination of aluminum in 

chromium-nickel alloys. Both oÍ' these methods originate 

from the fact that at a pH '.3 arsenazo gives a violet 

color with aluminum. With these procedures up to i p.p.m. 

aluminum may be determined. 

A colorimetrïc determination of zirconium in its 

aluminum and. magnesium alloys (18) has been proposed. 

Arsenazo which is orange at pff 1.6 changes to violet in 

the :resence of zirconium and hafnium which must be de- 

termined together. 

Zaikovskii and Gerhardt (25) have developed a 

technique for the spectrophotometric determination of 

thorium with arsenazo in the presence of zirconium, ti- 

taniuin and the rare earth elements. The interferences 

of these elements may be eliminated. 

There have been two methods proposed for the de- 

termination of uranium with arsenazo within the last 
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year (6, 7). Uranium forms a stable blue complex with 

arsenazo with optimum absorbance at 590 mu. The color 

reaction conforms to Deer's law and may be used to de- 

termine uranium in a number of alloys. 
new application for arsenazo In the analytical 

field has been recently developed. It is used as an 

indicator (5) in the titration of the rare earths, 

magnesium, and calcium with the chelating agent, ethyl- 
enedimnene tetraacetic acid, EDTA. Izare earths are 

titrated at pH 5,0-6.5 and calcium or magnesium are 
titrated at pH 30 with arsenazo indicator. 
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VARIATIONS IN ULTRAVIOLET AND 
VISIBLE SPECTRA OF ARSENAZO WITH pH 

3ince there has be no report regarding the 

absorption characteristics of arsenazo in the ultra- 

violet rance of the speetruri, it was decided that such 

a study should be made. The absorbance peaks of most 

chelating compounds vary with the hydrogen ion concen- 

tration; therefore, the pH range from 1.15 to 12.35 was 

investigated. 2o record the spectra obtaineì at various 

pli values, a Beckman Flodel DK-1 automatic recording 

spectrophotometer was employed. Because of ease of use 

of such an instrument, the spectra íere recorded from 

200 to 700 mu with a matched pair of Beckman silica cells 

to hold. sample and reference solutions. 

Instruments 

Beckman Nodel DK-1 pectrophotometer 

Instrument settings. 

Radiation sources: Tungsten lamp (330 to 
700 mu) 

Iydrogen lamp (200 to 
330 mu) 

Photomultiplier: IX 
Scan Time: 3 minutes 
Time Constant: 0.1 second 
Censitivity: 50 

Beckman ?iodel H-2 pH 1ieter 



Reagents 

Arsenazo Solution 

A 0.00111.1 solution of arsenazo was prepared by 

dissolving 0.6l0 grans of purified reagent followed by 

dilution in a l-liter volumetric flask. 

Buffers 

3tandard pli and constant ionic strength (0.1) 

buffer solutions were prepared according to Bates (2, 

p. 117) except for pH 1.15, 9.9 and 12.35 solutions. 

The pii 1.15 and 12.35 solutions were prepared with 0.1N 

HC1 and 0.1N NaOH respectively. The pH 9.9 solution had 

the composition 0.001N NaOH-0.099N 1(01. 

Procedure 

To each of seven different 100ml. volumetric 

flasks 3 ini, of 0.001111 arsenazo was added. Then each 

flask was diluted to the mark with one of the seven pre- 

pared buffer solutions. ;$even other so1utios were pre- 

pared in the saine manner with the exception that water 

replaced the arsenazo solution. These latter solutions 

were for refere . ce purposes. The spectra of the seven 

solutions were then obtained with the spectrophotometer. 

Since spectra were recorded on chart paper with a non- 

linear scale from 200 to 700 mu, they were replotted on 

re;ular graph paper. 
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Discussion of iLesults 

Table i and Figures la and lb show how the wave- 

lengths of maximum absorption vary over the pii range 

studied. There is a gradual decrease in the absorbance 

at 500 tu until a pH of 8.5 is reached where this ab- 

sorbance is close to a inininium. The gradual decrease to 

this low absorption value is probably due to the removal 

of the second hydrogen of the arsonic acid group accord- 

ing to the following reaction: 

H3Az3 H2Âz4 + 

According to Klygin and Iavlova (lo) the pK values for 

the dissociation of the first and second hydrogens of 

the arsonic acid group of arsenazo are 2.73 and 7.5 

respectively. Therefore, at a pd of 7.11 where the ab- 

sorbance at 500 mu is still high, the predominant species 

is H3Az3 but when a pli of 8.5 i, attained the ratio of 

H3Az to H2Az is less than one. At pH 9.9 where there 

is a high absorption at 520 mu, it may be surmised that 

most of he arsenazo is in the form H2Az. 

In the ultraviolet region of the spectra from pH 

1.15 to 7.11 there are three peaks occurring at 227, 

290-300, and 360 mu. It may be noted that between pH 

values 4.85 and 8.5 that the absorption maximum at 227 



Table i 

Absorption spectra of Arsenazo 

:/ave length P11 

in mu 
1.15 2.90 .85 7.11 8.50 9.90 12.35 

600 .000 .000 .000 .000 .000 .000 .000 
5 90 -- -. - -- -- --- .07 
560 .200 .220 .210 .230 .150 .500 .550 
520 .930 .930 .940 .87Ci .'4-20 .900 .900 
500 1.015 p995 1.000 .925 .498 -- 
480 -- .b0 .870 .820 .k95 .670 .690 
k50 .400 .360 .370 .390 .k50 .330 .320 
410 .155 .l0 .10 .l.0 .250 .200 .240 
370 .265 .250 .220 .200 .140 .150 .150 
365 .280 .265 .240 .245 .180 .170 .140 
358 .285 .265 .245 .250 .190 .170 .142 
351 .250 .240 .220 .245 .235 .180 .140 
344 .210 .200 .190 .230 .290 .190 .140 
337 .225 .170 .165 .230 .350 .230 .170 
330 .160 .ltz>O .165 .250 .410 .290 .230 
323 .295 .300 .245 .375 .500 .385 .330 
312 .460 .450 .445 .490 .630 .430 .370 
305 .520 .510 .510 .545 .570 .510 .535 
298 .550 .530 .520 .545 .655 .470 .385 
290 .550 .530 .505 .510 .590 .430 .350 
283 .550 .515 .490 .480 .510 .420 .385 
276 .490 .470 .460 .450 .445 .450 .465 
269 .385 .370 .3b0 .370 .390 .420 .455 H 
262 .335 .320 .310 .340 .385 .385 .410 



Table i - Cont. 

ave1ength pH 
ininu 

1.15 2.90 4.85 7.11 8.50 9.90 12.35 

253 .375 .360 .300 .400 .450 .425 .400 
247 .580 .570 .575 .620 .640 .570 .470 
240 .88u .860 .860 .880 .960 .850 .810 
23 .982 .955 .950 .950 1.070 1.050 1.060 
227 1.020 .990 .980 .970 1.020 .975 .920 
21b .985 .940 .940 -- .980 .895 .795 
212 1.000 .930 - -- 1.030 1.040 1.050 
205 -- -- 1.140 1.340 -- 
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shifts to 233 mu. Again this shift is probably due to 

the removal of the second hydrogen fron the arsonic acid 

group. Acconranying this shift is the occurrence of a 

new peak at 312 mu. 

One other shift is apparent from Figure lb in the 

ultraviolet region. This disDiacement takes place be- 

tween pi 8.5 and 9.9. Peaks at 312 and 298 are displaced 

to the shorter wavelengths 305 and 276 ¡nu. 

Finally it can be seen that the peak at 360 mu 

gradually decreases in absorbance and. disappears almost 

completely at pH 9.9. 
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RBACTION3 OF ARSIAZO WITH 
ZIRCONIUN AND HAFNIUM 

Color Reaction 

In a few preliminary experiments with arsenazo it 

was noted that zirconium and hafnium gave somewhat differ- 

ent colors when reacted with arsenazo in very acidic so- 

lutions. 3ince at the present time there is no known re- 

agent which can distinguish between these elements by 

spectrophotometric means it was decided to study this 

color difference further. 

Procedure 

standard ZrOC128H2O and Hf0012'8H20 solutions, 

1.68 X 1O' and O.L7 x 1OM respectively, were pre- 
pared. ßnough zirconium solution was added to ml. of 

O.0011N arsenazo solution in a 100-ml. volumetric flask 

to give a three to one mole ratio 01' metal ion to re- 

agent. hafnium solution with the reagent was prepared 

in the same manner. In both cases the arsenazo was di- 

luted with 3N F101 prior to the addition of either the 

hafnium or zirconium after which solutions were diluted 

to volume with the 3N HC1. 

ihe spectrum of each solution was recorded with 

the Bec1an DK-1 pectrophotometer. These spectra are 
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shown in Table 2 and Figure 2. The spectra are seen to 

be airiost identical, peaks occurring, principally at 
580 mu in the visible region and at 323 mu in the ultra- 
violet region. Although both complexes give similar 
spectra, the solutions exhibited a definite difference 

in color. Zirconium formed a violet solution whereas 

hafnium gave a reddish-violet color. 

After standing for an hour a very fine precipitate 
was noticed in the zirconium but not in the hafnium so- 

lution. After two hours had elapsed a precij itate was 

also visible in the hafnium solutïon and on standing 

over fh:t both solutions had settled leaving clear 
supernatant liquids. The cause of the initial color 

difference between the zirconium and hafnium complexes 

with arsenazo may be due to the rates of formation of 

the precipitates. 

uantitative eaction in the 
Determination of Zirconium 

2S stated above, after the precipitates settled 
there was no color left in the supernatant liquid in- 
dicating all the arsenazo had been precipitated by the 

excess zirconium or hafnium. It was thought if arsenazo 

were added in excess to a zirconium or hafnium containin; 
solution that these elements would possibly be 



Table 2 

Absorption spectra of Zirconium-Arsenazo 
and Hafnium-Ársenazo Complexes 

avelength Absorbanee values of Complexes 
in mu ZrAz HÎAz 

700 O.]5 0.135 
620 0.320 0.320 
580 0.O5 0.k05 
520 0.310 0.310 
k80 0.160 0.160 
k50 0.200 0.200 
klO 0.280 0.270 
370 0.270 0.290 
365 0.261 0.262 
35d 0.269 0.270 
351 0.330 0.330 
344 0.420 0.00 
337 0.460 0.440 
330 0.490 0.470 
323 0.520 0.500 
312 0.500 0.490 
305 0.480 0.480 
298 0.460 0.460 
290 0.430 0.440 
283 0.420 0.430 
276 0.430 0.440 
269 0.480 0.490 
253 0.630 0.600 
247 0.700 0.670 
240 0.730 0.710 
233 0.740 0.720 
227. 0.780 0.740 
218 0.890 0.830 
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precipitated quantitatively. This assumption was based 

on previous work c, 20) in which compounds containing 

the arsonic acid group such as methylarsonic acid and 

p-hydroxyphenylarsonic acid have been employed in the 

gravimetric determination of zirconium. When this type 

of reagent is used, the precipitate is enera11y ignited 

to the metallic oxide, Zr02. With this in mind a study 

was carried out to see if arsenazo reacts quantitatively 

with zirconium. 

Reagents 

Zirconium solution 

A zirconium solution was prepared by dissolving 

1.310 grams of ¿rOCl2'8H20 in 3N UC1 and. diluting to 

approximately 500 ml. with the HC1. The solution was 

standardized against cupferron. $amples of exactly 

50 ml. were taken and to these cupferron was added. The 

precipitates formed were filtered on ihatman No. 42 

filter paper, ignited at 90000 for one hour, cooled and 

then weighed. In two runs, values of 53.5 and 52.9 mg.! 

50 ml. were obtained. 

Ârsenazo 

A 100-ml, solution of 0.O1N arsenazo was prepared 

with 0.58 gram of arsenazo. 
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Procedure 

Fifty-mi. samples of previously standardized 

zirconium solution were pipetted into 250-ml. beakers 

and diluted with about 50 ini. of distilled water. -fter 

the solutions were heated to about 80°C on the hot plate, 

approximately 50 ml. of arsenazo were added. . precipi- 

tate which is very dark and. fine forms immediately. The 

samples were digested for an hour and the precipitates 

allowed to settle for two hours. fter settling, the 

precipitates were filtered tiirough Whatman No. ¿I-2 filter 

paper. Fi1terinE required about three hours since the 

very fine precipitate clogged the filter paper very 

shortly after the filtration was begun. 3uction was 

attempted on previous runs but the precipitate would pass 

through the filter paper so this was abandoned. Because 

of the clogged condition washing of the precipitate was 

not feasible. Furthermore, it was thought that tîe 

elements carbon, hydrogen, and arsenic which occur in 

the excess arsenazo would be driven off as the oxides. 

Next, the filter papers were folded and placed in 

weighed crucibles. These were placed in an oven at 120°C 

and dried for a few hours after which the filter papers 

were charred and the crucibles i1aced in a muffle furnace 

for one hour at 900°C. The weight of the Zr02 
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precipitate is determined by difference between the 

initial and final weights of the crucible. For two runs 

values of 54.9 and 54.6 rng./50 ml. were found, the 

average being 54.7 mg./50 ml. 

Discussion of Results 

The arsenazo value is 1.2 mg./50 ml. higher than 

the highest value found with cupferron. There is one 

factor which is most likely responsible for this error. 

In the ignition procedure all the arsenic was not re- 
moved. Simpson and Chandlee (20) have found that when 

the precipitate formed between zirconium and p-hydroxy- 

phenylarsonic acid is first heated in a hydro>en stream 

and then ignited in air this small error due to unrernovod 

arsenic is eliminated. The arsenic is removed as arsine, 

SII3. 

The study made seems to indicate a Quantitative 

reaction between zirconium and arsenazo, but the dif fi- 

culty encountered. in filtration and washin would appear 

to make this an impractical method for zirconium. 
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INVE$TIGATION OP CALCIU}1-ARSENAZO COMPLEX 

J number of studies of the complex formed between 

calciain and arsenazo have been carried out. The purpose 

behind these studies was to investigate the possibility 

of using arsenazo for the determination of calcium in 

low level concentrations. It was also intended that from 

the following investigations the optimun conditions for 

calcium determinations with arsenazo could be found. 

ieagents 

Arsenazo Solution 

One liter of 0.00Th arsenazo was prepared with 

0.5843 gram of the purified compound. This was dissolved 

and diluted with distilled water in a volumetric flask. 

CaC12 JJ0lUt1Ofl 

One liter of O.00lfl GaOl2 solution was prepared 

by dissolving 0.1001 gram of Baker's Analyzed CaCO3 in 

5 ini. of concentrated HOi and then diluting this to 

exactly one liter. Since in further investigations it 

was necessary to know the acidity of this solution a 

50-ml. aliquot was titrated to a bromthymol blue endpoint 

with 0.1ÎT Na011. 
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Spectra of Arsenazo and its 
Calcium Conp1ex at Varying pH 

A study was made on the comparative a'osorbance 

properties of arsenazo and its calcium complex at several 

pH values in the critical absorbanco ro4on. The pH 

values chosen were 9.4, 10.0 and 11.0. The purpose of 

this investigation was to aid in determining the pli and 

wavelength best suited for an eventual Beer's law plot 

of calcium concentration versus absorbance. 

Instruments 

Beckman Model 13 Spectrophotometer 

Beckman Lode1 II-2 pH meter 

1rocedure 

At each of the pli values mentioned above 100-ml. 

solutions of arsenazo and of the calcium-arsenazo complex 

were prepared as well as a solution containing only the 

buffer components. This latter solution served as the 

blank. The calciuin-a.rsenazo solutions contained excess 

calcium ion to insure complete complexation of arsenazo. 

Solutions were prepared as follows: 

Arsenazo 3o1utions 

These were prepared by first adding proper amounts 

of buffer comLonents (22, p. 470) to 100m1. volumetric 
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flasks. For pH 9.k and 10.0 a mixture of H3303, NaOH, 

and KC1 was employed while O.1N l'aCH was used to prepare 

pH 11.0 solutions. This was followed with the addition 

of 3 ini. of 0.001M arsenazo after which solutions were 

diluted to volume with distilled water. 

Calcium-arsenazo olutíons 

The complex containing solutions were prepared as 

the arsenazo solutions except in this case 25 ml. of 

0.00111 CaCl was added followed by enough 0.111 NaOi{ to 

neutralize excess acid in the CaC12 solution. 

Blanks 

The blanks were made up by adding buffer compo- 

nents to 100-ial. volumetric flasks and then diluting with 

distilled water. 

Discussion of Results 

The spectra of arsenazo and its calcium complex 

were found with the Beckman Model B Spectrophotoineter. 

These spectra are shown in Table 3 and Figures 3, 4 and 

5. Arsenazo is seen to absorb quite strongly at the 

wavelengths of optimum absorption of the complex. Since 

the maxima absorbances of te complex and arsenazo are 

so close toíether, a wavelength on the slope of the coni- 

plex curve should be chosen for an eventual Beerts law 

plot, thereby reducing the absorbance contribution of 



Table 3 

Absorbance of hrsenazo and its Calciuì Complex 

pE: pH 10 pH 11 
avelength, mu Az GaÂz Az CaAz Az OsAz 

400 .127 .lkO .12'7 .136 .120 .15]. 
405 .140 
Lao .155 .160 .155 .156 .142 .164 
420 .195 .175 .185 .164 
425 .200 .159 
430 .245 .185 .224 .16b .250 .154 
440 .300 .200 .268 .Th8 .146 
450 .355 .21d .335 .180 .362 .137 
460 .415 .255 .395 .220 .450 .172 
470 .458 .320 .455 .285 .530 .24-0 
hJU .4-90 .382 .515 .363 .590 .34-0 
490 .520 .460 .562 .450 .660 .4-38 
495 .530 .590 
500 .540 .550 .610 .560 .700 .570 
S0' . 

510 .526 .620 .620 .660 .700 .699 
515 .515 .625 .705 
520 .508 .680 .622 .750 .710 .800 
525 .710 .610 .690 
530 .450 .718 .580 .790 .630 .880 
535 .710 .800 .890 
540 .336 .700 .465 .800 .485 .900 
545 .785 .900 
550 .230 .640 .340 .760 .320 .880 



avelength, mu 

Table 3 - Cont. 

pH 9.4 
Az Caz 

pH 10 
Az CaÀz 

pH li 
Az UaAz 

560 .133 .555 .220 .680 .186 .800 
570 .082 .438 .140 .54, .110 .650 
580 .046 .310 .083 .370 .060 .468 
590 .016 .190 .044 .238 .033 .283 
600 .005 .093 .018 .125 .0L .148 
610 .000 Ol .005 .060 .000 .075 
620 .013 .000 .024 .025 
630 .000 .000 .005 
640 .000 

R) 
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uncoinplexei arsenazo. wavelength of 580 mu was tenta- 

tively chosen since at this wve1ength th . e arsenazo ab- 

sorbance is low while that of the calcium complex is 
still fairly high. As to what pH should be chosen it 
would seem to be a matter of convenience and a buffered 

solution would certainly be preferred. Therefore a 

pd 10.0 was tentatively chosen. Further studies of the 

complex seemed to substantiate this choice of conditions. 

Effect of h on Complex Formation 

It was degirous to know in what pH range the 

calcium complex would form. In order to carry out such 

a study a calcium-arsenazo solution was prepared at pli 

11.0 as related on page 25. 

Procedure 

The 100-ml. solution of complex was transferred 

to a 250-ml. beaker in which were placed the electrodes 

from a Beckman ¿eromatic piI meter. . 10-ml. buret con- 

taming 0.1N HOi was positioned directly over the beaker. 

$mal1 increments of 0.1W HC1 were added to the solution 

and. the pH was read0 Then a few milliliters were trans- 

ferred. to a l-cm. absorption cell and the absorbance read 

versus distilled water with the iiode1 B at 580 mu. In 

this manner a number of points were found for a pii versus 
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absorbance curve wich is shown in .igure 6. The data 

are listed in Table 4. 

Discussion of Results 

The complex starts to form at a pH 7.5 and 

eventually reaches a maximum at about piI 11. 4here the 

curve is more horizontal, the complex is less pH sensi- 

tive; therefore, a pH between 9.75 and 11 would appear 

to be the logical choice for a Beer's law plot. This 

evidence supports the choice of pH 10 made previously. 

Although a slight pi chan e at 11 has even less effect 

on values of absorbance it would be more difficult to 

work at this pii since no buffers are readily available. 

Composition of Complex 

3ince conflicting data on the composition of 

arsenazo complexes have been reported it was decided 

that the composition of the calcium complex should be 

investiated. This further investigation should be by 

Job's method of continuous variation (8). In this method 
. +2 +2 +2 the mole ratio, a /Ca + z, where Ca and AZ 

represent molar concentrations of these ions, is contin- 

uously varied in a series of solutions with total con- 

centration of calcium and arsenazo held constant. The 

concentration, and therefore the absorbance of the 
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Table L. 

iffect of pi on Complex Formation 

tbsorbance 

11.00 O.k53 
9.90 0.3O 
9.30 O.LI1O 

8.80 0.355 
7.90 0.105 
7.20 0.032 
6.75 0.035 
6.45 0.036 

Pable 5 

Composition of Calcium-Arsenazo Complex 
by Continuous Variation iiethod 

Solution. nil. nil. A A Ca2 
No. rsenazo Calciwn ()bs. Corr. Ca+2 

I,, Az 

o .o o.o 0.124 0.000 0.0 
1 4.5 0.5 0.151 0.039 0.1 
2 4.0 1.0 0.176 0.081 0.2 
3 3.5 1.5 0.191 0.1014 0.3 
L4 3.0 2.0 0.194 0.119 0.4 
5 2.5 0.186 0.1c4 0.5 
6 2.0 3.0 0.lbl 0.111 0.6 
7 1.5 3.5 0.126 0.088 0.7 
8 1.0 4.0 0.091 0.066 0.8 
9 0.5 4.5 0.047 0.035 0.9 

10 0.0 5.0 0.000 0.000 1.0 
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chelate, is greatest when caiciwn and arsenazo are in 

the saaìe ratio in which they exist in the chelate. 

Procedure 

Solutions were prepared in 100-ml, volumetric 

flasks at pH 10. The 0a012 and arsenazo reagent, both 

O.001, were conthined in continuously varying amounts 

with total uiolar concentration kent at 5 x 10Ii. This 

was done by adding 0 to 5 ml. OaCl2, in steps of 0.5 ml., 

to each of eleven different volumetric flasks. The ar- 

senazo was then added to each so that the total volume 

of arsenazo plus calcium solution eçualed 5.0 ini. The 

absorbance for each solution was measured at 580 mu. 

Since arsenazo absorbs at this wavelength, corrections 

for its absorbance must be made. This is done by sub- 

tracting from the observed absorbance the absorbance that 

would have occurred had no chelation taken 1ace. This 

difference was then plotted against composition in 

Figure 7. Data obLained are shown in Table 5. 

Discussion of Results 

It may be seen from the plot that the absorbance 

is greatest at Ca2/0a2 Az approximately equal to 0.5. 

Tnis indicates a 1:1 complex, CaAz. These results are 
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(7) who have shown t 

ratio with arsenazo. 

cium complex similar 

be the followIng: 
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by the findings of Holcomb and loe 

+2 
aat the UO2 ion combines in a 1:1 

A possible structure for the cal- 

to the one iroiosed for UU0 might 

NaSO3- -SO3Na aO-is-OH 

Application of Beer's Law 

Conditions have been rroosed in the previous 

studies under which an investigation of the applicability 

of Beer's law to the calcium-arsenazo complex should be 

carried out. tie conditions decided upon are pH 10 and 

wavelength 580 mu. 

Procedure 

A series of solutions of varying calcium concen- 

tration was prepared at pH 10 in 100-ml. volumetric 

flasks. After buffer components were added, 15 ml. of 

0.00l?i arsenazo was pipetted into the volumetrics. This 

should be enough arsonazo to complex up to 6 p.p.m. 



calcium if there were no dissociation and. if the formula 

for the complex is in reality CaAz. after arsenazo was 

athied, 0.001M CaC12 solution was transferred to each of 

the volumetric flascs in varying amounts so that the cal- 

cium coicentration ranged from 0.2 up to .O p.p.m. 

nough 0.lN NaOH solution also had to be added to each 

solution to neutralize the acidic O.001N CaCl2 used. 

After solutions were diluted and mixed, absorbances were 

determined versus an arsenazo blank at 580 mu with the 

Beckman flodel B Spectrophotometer. 

Discussion of Results 

Figure 8 shows the plot 

dun concentration at 580 mu. 

of the curve is seen to extend 

calcium. After thìs point the 

up to k.0 p.p.m. Therefore, t 

curve lies between 0.0 and 1.9 

Another plot, Figure 9, 

of absorbance versus cal- 

The straibt line portion 

through about 1.9 p.p.m. 

curve bends off slightly 

e most useful part of this 

p.p.m. calcium. 

was prepared a short tine 

later. The solutions of varying calcium concentration 

were prepared as above except that only 10 ml. of arsen- 

azo was adIed. A straight line plot was found to extend. 

to 1.9 p.p.m. calcium. Since 10 ml. of arsenazo was 

sufficient to maintain the straight line portion of the 

curve up to 1.9 p.p.n. calcium, this quantity was used 
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Table 6 

Beer's Law Ilot 

15 ml. Arsenazo 580 mu pH 10 

ini. p.p.m. 
CaCi2 Ca2 A 

0.00 0.0 0.000 
0.50 0.2 0.048 
1.50 0.6 0.156 
2.O 1.0 0.256 
4.00 1.6 0.416 
5.00 2.0 0.511 
6.50 2.6 0.661 
7.50 3.0 0.746 
9.00 3.6 0.856 
10.00 4.0 0.936 

Table 7 

Beer's Law Flot 

10 ml. Arsenazo 580 mu pH 10 

ml. 
GaOl2 Ga2 

0.00 0.0 0.000 
0.50 0.02 0.048 
1.00 0.4 0.096 
1.50 0.6 0.141 
2.00 0.8 0.194 
3.00 1.2 0.283 
4.00 1.6 0.371 
5.00 2.0 0.456 
6.00 2.4 0.526 
7.50 3.0 0.626 



hereafter. 

3tability of the Oornplex 

4.2 

The stability of the calciurn-arsenazo complex was 

determined by making periodic checks on the absorption 

of the pH 11 solution which was used initially to deter- 

mine the spectra of the complex (page 25). These checks 

were run over a period of about a month at a few differ- 

ent wavelengths. During this time there was a very 

s1iht decrease in the absorbance of the complex as niay 

be seen in Table 8, but the complex may be considered to 

be quite stable over a month period. It should be pointed 

out that the two other reagents for calciuìu which were 

referred to in the introduction fraed unstable complexes; 

therefore, in this respect arsenazo would be much more 

convenient to use as an analytical reagent for calcium. 

Interferences of a few Common Cations 

Another factor which helps evaluate the usefulness 

of a reagent for spectrophotometric determinations is a 

knowledge of' the effects of diverse ions on the absorbance. 

In the following investiation the effects of a few cat- 

ions which would most likely occur with calcium were 

studied. The alkali metals were not investipated since 

the calcium-arsenazo solutions contain high concentrations 
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Table 8 

Stability oÍ' Calcium-Arsenazo Complex 

Time Absorbance 
(days) 450 mu 540 mu 570 mu 580 mu 

0 0.137 0.900 0.650 0.468 
8 0.137 0.900 0.650 0.458 

23 0.150 0.900 0.640 0.455 



of sodium and potassium contributed by the buffer corn- 

ponente. 

One or more of the alkaline earths -- strontium, 
barium and magnesium -- are usually found occurring with 
calcium so that the effects of these ions were studied. 

A few other common cations which might occur with calcium 

are iron, aluminum, zinc and copper. These cations were 

also investigated. 

Ieagents 

A 250-ml. solution of each of the following re- 

agents was prepared, the weight used giving cation 

centration of 100 p.p.m. 

Alkaline Larths 

Others 

3rC126ii2O 0.076 gram 

BaC12'2H20 O.05 gram 
NgC126H2O 0.209 grain 

Fe(NO3)39H20 0.181 gram 
ZnÇNO3)2.6H20 O.11t gram 

Al(NO3).9H2O 0.31-8 gram 
QuOi2 0.053 gram 

Procedure 

For each of the cations to be investigated, four 

100-ini. volumetric flasks were prepared by adding to them 
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pH 10 buffer components, 10 ml. of O.001N arsenazo, and 

¿,Q ml. of 0.001M CaCl2 solution. This amount of CaCl2 

solution gives a final concentration of 1.6 p.p.m. cal- 

ciuin. The diverse cation was then added to each of the 

four prepared flasks in concentrations of 1, 5, 10 and 

20 p.p.m. A standard 1.6 p.p.m. calcium solution with 

no diverse cations was also prepared. 

The absorbances of all the solutions were then 

read at 580 mu versus distilled water and compared with 

the standard. The data are shown in Table 9. The con- 

centrations of interfering cations which cause a 

error based on 1.6 p.p.m. calcium concentration are listed 

in the table also. 

Discussion of Results 

From Table 9 it may be seen that magnesium inter- 

fores to a very great extent even when it is present in 

small concentrations. 3trontiurn and barium do not inter- 

fere so greatly but still could be present in no more 

than 1 and 5 p.p.m. respectively. 

Among the other cations studied, zinc is the most 

interfering. It could not be present in even very small 

amounts if calcium were to be determined with arsenazo. 

The limiting concentrations of iron (III) is that at 

which it starts to preciritate as the hydrous oxìde. 



Table 9 

Effects of Diverse cations 

Absorbance 
p.p.in. or 

Cation i p.p.m. 5 p.p.m. 10 p.p.m. 20 p.p.rn. 5% error 

0.640 0.740 0.310 1 

0.610 0.650 0.700 0.750 5 

ÌIg2 0.950 1.350 1 

Fe3 0.610 0.600 0.590 0.560 10 

+2 ¿n 0.490 

Ál3 0.600 

0u2 0.640 

tandard: . = 0.610 

0.300 0.350 

0.590 0.580 

0.770 0.980 

580 mu 

i 

0.550 10 

i 

pHlO 
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Precipitates were noted in iron concentrations of 10 and 

20 p.p.m. Copper (II) ion may be present only in con- 

centrations of about i p.p.m. and aluminum which com- 

plexes with arsenazo at pH 4-5 may be present up to 

lo p.p.m. 

EDTA and rsenazo Analyses 
of Unknown Calcium Solution 

It was thought that it would be of interest to 

compare the results of two different methods for the de- 

termination of calcium in an unknown water sample. One 

method of analysis was by titration of calcium with 

ethylenediaminetetraacetic acid, disodium salt (EDTA). 

This is a very common method used at the present time for 

calcium and magnesium deternìinations. The other method 

used was a spectrophotometric method with arsenazo. 

Procedure I 

An unknown water sample containin approximately 

18 p.p.m. calcium, 5 p.p.m. iron (III), and 0.05 p.p.m. 

aluminum was obtained from the Commercial Nethods of 

Analysis laboratory. This solution was first analyzed 

by titratioi with EDTA (21, p. 137-138). 

Three 50-ml. samples of the unknown were trans- 

ferred to 250-ml. beakers. These were buffered at pH 10 
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after which 7 to 8 drops of the indicator, JJriochrorne 

Black T, were added. iach solution was then diluted with 

30 ml, distilled water and titrated with standard sodium 

versenate (0.36k mg. Ca/ml.) from a wine-red to clear 

blue solution. A few milliliters of £CI solution were 

needed to prevent interference of iron. ixact1y 3.28 ml. 

of versenate were needed for each titration. The con- 

centratioi:s of solutions wore found to be 16.7 D.p.ni. 

calcium. 

.rocedure II 

The unknown calcium solution was then determined 

with arsenazo. A 25-ml. aliquot of unknown was titrated 

to a bromthymol blue endpoint with O.1N NaOiJ to determine 

the acidity of the ca1ciu. solution. ext, three 100-ml. 

volumetric flasks were prepared as usual with pH 10 

buffer components and 10.0 ml. of arsenazo. Now 3, 5, 

and 7-ml. samples of unknown were titrated into the three 
flasks with a 5-ml. baret. ±nough 0.1N NaOH to neutral- 
ize the volumes of unknown used was also added. After 

the solutions were diluted and mixed, the absorbances of 

the three samples were read at 580 mu on the :Beckman 

£odel B 3pectrophotometer. The concentrations of calcium 

were read from Figure 10 which is an expanded version of 



['ILl 

0.3 

Iii o 
z 

0.2 
c o 
U) 
co 

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 

PPM. Calcium 

Figure lO. Expanded form of Figure 9. from 0-1.6 ppm Calcium 



50 

Figure 9 froni 0.0 to 1.6 p,p.m. calcium. 

After correcting the results for dilution, values 

of 16.8, 16.8, and. 17.2 p.p.m. were calculated. This 

gives an average value of 16.9 p.p.m. which is in close 

agreement with the value obtained by EDTA titration. 
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3iJN?1ARY 

The absorption characteristics of arsenazo, 

3-(2-arsonophenylazo )-4 , 5-dThyd:oxy-2 , 7-naphthalene 

disulfonic acia, have been studied in the visible and 

ultraviolet region of the spectruri over a wide pH range. 

The shifts of certain wavelength maxima indicate the re- 

moya]. of hydrogen atoms from the molecule. 

The color reactions of arsenazo with hafnium and 

zirconium have also been investigated. Although there 

exists a definite color difference to the naked eye, the 

spectra of the two complexes are very similar. 

Arsenazo is found to react quantitatively with 

zirconium but because of the difficulty in the filtration 

it is not considered to be particularly useful analyti- 

cally in a gravimetric procedure. 

An investigation of the properties of the calcium- 

arsenazo complex has been carried out in order to deter- 

mine the optimum conditions for the determination of 

calcium with this dye. once.ntrations oí' calcium up to 

1.9 p.p.rn. ma be determined at a pH of 10 and a wave- 

length of 580 mu. The complex formed is very sensitive 

and has been shown to be stable for at least a 28-day 

period. The results obtained in a calcium method with 

arsenazo are in very close agreement with those obtained 
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with an JDTA titration. 

The effects of various concentrations of barium, 

strontium, magnesium, zinc, aluminu.ni, iron, and copper 

on the method were also investigated. 
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