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SOME PROPERTIES CF SULFOACETIC ACID AND 3-SULFQPROPTONIC
ACID AND THEIR USE AS ANALYTTCAL MASKING ACENTS®

by

Joseph Zimmerman and €. V. Banks

ABSTRACT

The values of Ka, for sulfoacetic andlj—sulfoﬁrog onic acids were detergi
potentiometrically. ‘The values are (8.6 #0.3) x 10> and (3.0 $.0.1) x 1072,
respectively. These values of Ki, weré much lowér than thosé pre@icted by the
Branch and Calvin equation for the calculation of values of pKa of derivatives
of acetic acid.

ned

The presence of intfamolecular hydrogen bonds in Sulfoacetate énd‘3-
sulfopropionate accounted for some of the discrepancy between the calculated
and observed values of Ka, for sulfoacetate and 3-sulf9propionate,'

A proposition was made that the assumption of single bondfcharacter far
the sulfur-oXygen bond in the Branch and Calvin treatment yields high results
for the values of Ka, of acids with substituted sulfonate groups. It wag
suggested that the sulfonate group be classified 4s a resonating group for
the Branch and Calvin treatment, and that it be given an inductive constant
as a unit. '

The Wéter‘solubility of acetate at pH 5.0 was found to be much greater
than sulfoacetate or 3-sulfopropionat¢ at this pH:

At any given concentration, acetate was found to be a more effective
masking agent for thorium than either sulfoaceétate or 3-sulfopropionate. The .
three masking agents in the order of their decreasing masking efficiencies are,
acetate ) 3-sulfopropionate ) sulfoacetate. :

A-method for the determination of trace amounts of aluminum in thorium
was developed using Enta and 3-sulfopriopionate to mask the thorium, Aluminum
was extracted from aqueous thorium solutions with a 0.5 per cent solution of
8=quinolinol in chloroform. :The aluminum was determined spectrophotometrically
as the tris(8-quinolinolo)aluminum{IIT) complex.

* .. _..' . . . .
This report is based on an M.S. thesis by Joseph Zimmerman submitted June,

1956, to Iowa State College, -Ames; Iowa, This work was done under contract
with the Atomic Energy Commission. ' '
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a INTRODUCTION

The preparatlon of hlghly pure thorlum metal has 1ntroduced the nece381ty

of developing accurate methods. for the determination of trace metallic impurities,
- €.8.y aluminum, in this pure metal, The spectrophotometric determination of
trace quantities of aluminum in varicus substances, following a ¢hloroform-8-
. quinolinol  extraction has been utilized: by many :investigators , 11, 15, 17,

21, 23, 25, 35, 36, LO). Only Margerum, Sprain and Banks (21) have applied

this procedure to the separation of aluminum from thorlum. They found that a
concentrated ammonium acetate solution at pH 5.0 could be used to mask thorium
while aluminum was extracted. The ammonium acetate stabilized the pH of the
aqueous solution, prevented the precipitation of thorium,. prevented the extrac-
tion of thorium into. the organic. phase and permitted the quantitative extraction
of aluminum into the organic phase., It was observed, however, that a small
quantity of acetic acid was extracted into the chloroform layer and subsequently
caused a partial ionization of: the 8-quinolinol. This produced, in turn, a color
which. interfered with the spectrophotometric. determination of aluminum,

A\ )
It'is known that the addition of a sulfonate group to an organic molecule
increases™its water- solublllty. Sulfoacetic acid: and ‘3=-sulfopropionic acid
. were prepared and studied in an effort to obtain masklng agents for thorium
which were not extractable into chloroform,

Sulfoacetlc acid has been prepared by the action of sulfuric acid (22),
chlorosulfonic acid (6), and sulfur trioxide (39) upon acetic acid; hydrogen
peroxide (31) and silver sulfate (28) upon dithiodiacetic acid; nltrlc acid upon
' mercaptoacetic acid. (9), silver sulfate upon.acetyl chloride (16)' sulfuric

- acid-upon acetic anhydride (12); and chromic acid upon: 2-hydroxyethanesulfonlc
_.acid (10) The methods most. often employed for the preparation. of sulfoacetic -
acid are those of Strecker (38) and Stillich (37). Chloroacetic acid is
reacted with sodium or potassium sulfite in basic solution., The barium salt
- of sulfoacetic acid can be obtalned by adding an excess of barium chlorlde to

the reaction mlxture.;

2

A Backer (2) obtalned a value of 8.9 x'10'5 for the Ka,' of sulfoacetic acid
_hy measuring the conductivity of solutions of the acid, its monosodium salt
-and its disodium salt. " Backer (3) subsequently dbtained values for Ka2' ol
- <7.2 and 9.7 x 105 by measuring the pH of solutions of the monosodium salt
and of equal mixtures of the monosodium and disodium salts. The three values .

of Kag' were obtained by averaging results of each group of measurements, each
taken over a wide range of concentratlons. ‘

3=Sulfopropionic acid has been'prepared by the actlon of ammonlum sulflte
upon 3-1odoproplonlc acid (7,29), silver sulfate upon 3,3'-dithiodipropionic
acid (28) and ammonium bisulfite upon acrylic acid (30). -Backer (L} prepared
3-sulfopropionic acid by catalytic hydrogenation of ammonium 3-sulfoacrylate.
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Hé'obtained the latter either by the reaction between ammonium propiolate and
ammonium bisulfite or by the reaction between ammonium 3-chloroacrylate and .
‘ammonium sulfite., . Kharasch (18) obtained the inner anhydride of 3-sulfopropionic
acid by reacting propionic acid with sulfuryl chloride.' The solid anhydrlde
‘obtained can be readlly converted to the acid by hydroly51s.

R EDEPER'IMENM'-WORK

' Apparatus

_,Spedﬁfdphotbmeters

" A Beckran Model DU quartz spectrophotometer and Cary Model 12 recordlng
spectrophotometer were used to measure absorbances. '

. A Balrd Model B recordlng 1nfrared spectrophotometer and a Perkin-Elmer
Model 13 recording infrared spectrophotometer were used to obtain infrared
spectra.

pH meterA .

A ‘Beckman Model G.pH meter was used for all potentlometrlc titrations and
pH measurements.

- Materials and Reagents
1. Abséiute Ethyl. Alcohol, Technical, -

2, Aluminum Solution. A stock solution of aluminum chloride was prepared
from very pure aluminum metal, kindly supplied by J. R. Churchlll of
the Alumlnum Company of America., .

3. Aniline, J. T. Baker Chemlgal Co. Redistilled,

L. Barium Chloride., Reagent grade. '

S. ZChlbroacetic Acid, Mafheson, Coleman and Bell.

é, Chloroform. Reagené grade, Pﬁrified by extracting with a~solﬁtion;
" - two molar in ammonium hydroxide and ammonium chloride and then distil-

‘ling.” Stabilized by the addition of one per cent, by volume, of
absolute ethyl alcohol.

7. Disodium salt of N,N,N',N’-Tetrakis-(carboxymethyl)-ethylenediamine.
" Geigy Chemical Co, - A 0,058 molar solution was purified by extracting
with a 10 per cent solution of 8-quinolinol in chloroform and then by
éxtracting with.-chloroform,
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fDisodinm salt of-N,N,N!,N?dTetrakisa(carboxymethyi)pl,ZLcyclohexaneQ
.diamine,. Hach.Chemical Co, A 0,056 molar solution was purified by
.extracting with a 10 per .cent solution of: 8-qu1n011nol in chloroform

~ ‘and then by extracting with- chloroform.

90

10.

1.

" 12,

13.

Hydroehlorlc Acldu C P Concentrated acld of sp. gr. 1 19..

Hydroxylammonium Chlorlde° ‘A 10 per . cent aqueous solutlon was prepared

from reagent-grade hydroxylammonlum chlorlde.

Methyl Alcohol. Technlcal.

'Petroleum Ether. B0111ng range 30 -»60

1 10éPhenanthrollne. A'O 1 per. cent aqueous soiution was prepared:

.from reagent-grade 1l 10-phenanthrollne l-hydrate. G, Frederick Smith

- Chemical Co.

| 1L..
15,

6.

17.

18,

19.
20,
21,
22,
23,
2l

Proplonlo_Acld, ~Fisher cert1f1ed~reagent.

-Quinollnol. A 0.5 per cent solution was prepared by dissolving
reagent-grade 8-qu1nollnol (Je T. Baker Chemlcal Co.) in purified

" chloroform, L
‘sooiun Carbonate. - Reagent grade.‘ Anhydrous,

'Sodium Hydroxide. eReagent grade.

Sodium Sulfate. Reagent‘grade; 'Anhydrous.

-Sodium éulfite; Reagent grade, 'Anhydrons.

.’Suifdécetic Acid. Téchn;gal. City Chemical Co., New York.
- Sulfuric Acid. C;P.‘Concentrated'acid of sp. gr. 1.8k,
“Sul furyl Chloride. Purified. J. T. Baker- Chemical Co.

‘Thionyl Chloride, Purified. J. T. Baker Chemical Co.

Thorium Nitrate. A 0.1l molar stock solution was prepared from
especially: purlfled thorlum nitrate h-hydrate.

Preparatlon of Sulfoacetlc A01d

Barium sulfoacetate was prepared by the method of Stillich (37) A water
solution of chloroacetic acid was neutralized with sodium hydroxide, ‘
Sodium sulfite was thén dadded and the solution'was héated at about ™
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A98° for one hour, - An excess of barium chloride was added to:the reaction mixture
and the resulting: insoluble barium sulfoacetate was filtered. A suspension of
the barium salt in water was boiled. for about an hour to remove water-soluble
impurities, The suspension was filtered to isolate the barium salt. Samples of
the barium salt were suspended in water and shaken with cation exchange resin
(Dowex 50 -»X12) which was in the hydrogen cycle. Some of the barium sulfoacetate
was converted to sulfoacetic acid in this way. ©Small quantities of sulfurous
acid-which were found in the exchanged acid solution were removed by heating.

the solutions on a steam bath., Potentiometric titrations .of the acid solutions
indicated the presence of a fairly pure.dibasic acid. The utilization of the
cation exchange resin was eliminhated, however, because sulfoacetic acid could

be prepared by this process only in smdll quantities and the exchange was not
very efficient. The barium sulfoacetate was reacted with an excess of Sulfurlc
acid, The barium. sulfate was filtered and the filtrate was heated to remove
sulfurous acid. A sample of the filtrate was then titrated potentlometrlcally
in order to determine the quantity of excess sulfuric acid present. An equi-
valent quantity of barium hydroxide was added to the filtrate to precipitate the
excess sulfuric acid, The barium sulfate was filtered and the resulting
filtrate was titrated potentlometrlcally° The titration indicated the presence
of a fairly pure dibasic acid, . S ' c :

Attempts to 1solate the sulfoacetlc acid in solid form by evaporatlon of
the acid solution under vacuum- and by azeotroplc distillation of the solution
with benzene were unsuccessful, No solid product was obtained, The disodium
salt of sulfoacetic acid was isolated by neutralizing an acid solution to pH
9 with sodium hydroxide, concentrating the solution on a steam bath and adding
a 321 solution of ethanol and methanol. The white product was filtered and .
dried at 110° in an oven, A sample of the salt was dissolved in water and
titrated potentiometrically with standard hydrochloric acid and its equivalent
. weight was found to be 190, The equivalent weight of pure disodium sulfoacetate
is 184. The salt was analyzed for sulfur by the method of Fritz and. Yamamura
(14). This method involves the combustion, of a sample containing sulfur in a
Paar bomb, the neutralization of the combusted sample to pH 3 with hydrochloric
acid, the elimination of interfering anions and cations utilizing first an
alumina column and then a cation exchange column, and finally the titration
of the sulfate ion with barium perchlorate in 80 per cent ethanol with thorin
used as internal indicator. The calculated sulfur content of disodium sul-
foacetate is 17.li per cent and the sulfur content of the sample was found to
be 17.6 per cent

~ After the work reported above had been completed technlcal—grade sulfo-
acetic acid was made available commercially by the City Chemical Company of
New York. Some sulfoacetic acid was obtained from this source. It was found
t6 be chunky and dlscolored, but potentiometric tltratlons indicated that
solutions of .the product had no 51gn1flcant quantity of acid impurity.

" A 3.0 molar solution of the sulfoacetlc acid obtalned from the Clty
Chemical Company was purified by adjusting its pH to 10, adding decolor1z1ng
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¢harcoal and filtering. The solution was then extracted w1th a 10 per cent
solution of 8-quinolinol in chloroform., It was then extracted with chloroform
alone, The solution was then converted to the acid. form by passing it through
a catlon exchange column,

Preparation of .3-Sulfopropionic ‘Acid

The inner anhydrlde of Shsulfoproplonlc acid was prepared by the method of
' Kharasch (18), Propionic acid was reacted with sulfuryl chlorlde for 5 to 7
hours under the influence of a 200-watt incandescent light. A temperature of
500 to 60° was maintained. Sulfur dioxide and hydrochloric acid were, partially
removed under vacuum, and the inner anhydride of 3-sulfopropionic acid was pre-—
cipitated by the addition of petroleum ether. .The white sticky product was 2
.recrystallized from thionyl chloride, The product was then further purified -
by refluxing it with several portions of petroleum ether. It was then dried in
a vacuum desiccator over phosphorus pentoxide. The crystalline anhydride was
found to be highly hygroscopic., It was readily converted to 3-sulfopropionic acid
by allowing it to stand in air or by dissolving it in water. The acid itself
was also found to be quite hygroscopic, - o

Samples of the anhydride were titrdted with standard sodium hydroxide.
The titrations indicated the presence of a very pure dibasic acid. The equivalent
weight of the-samples varied from 68.3 to 69.4. The equivalent weight of the
anhydride is 68.0. The samples of the anhydride were analyzed for sulfur using
the method of Fritz and Yamamura (1l;). . The results are shown in Table 1. The
theoretical sulfur content of these samples was calculated from their equivalent
weights, The latter values indicate the extent to which the anhydride samples

had absorbed water,

The disodium salt of 3- sulfoproplonlc acid was" prepared by neutrallzlng a
water solution of the anhydrlde to pH 9 with sodium hydroxide, concentrating
the solution on a steam bath and precipitating with a 3:1 solution of ethanol
and methanol. The salt was dried in an oven at 110° and samples of it were titrated
potentiometrically with hydrochloric acid. -Equivalent weights of 203 and 201
were found for the disodium salt. The equivalent weight of disodium 3-sulfo-
propionate is 198, Samples of the disodium salt were analyzed for sulfur.

The results are shown in Table 1.

The anlllnlum salt. of 3-su1foprop10nan111de was prepared by reacting the
anhydride .with redjstilled aniline. The product was recrystallized from warm
water, A sample of the anilinium salt was dissolved in water and titrated’
with standard sodium hydroxide. Ets equivalent weight was found to be 321,
The equivalent welght of the anilinium salt of 3-sulfopropionanilide is 322.
The sample was analyzed for sulfur. The result is shown in Table 1.



- Table 1 .

Results of sulfur analyéés

Compound Equivalent wt, %S calc. 4 S found
Anhydride : 68.6 : 23 . 23.2
Anbydride 695 T * X
Anhydride 69,1 3.2 . 232
mohyeride . 69.2 . 232 233
Amhyaride . 68.5 2.4 23.5
Anhydrlde o 68.8 233 @
Anhydride . . 68.6 23.L : 23.5
Anhydride '69.h : ' 23.1 ' 23.2
Disodium salt 203 16.2‘ 16.L
Disodium salt 201 6.2 1600
Anilinium salt : 32é A 9.9L | 9.95

The Values of Ka, for Sulfoacetic Acid
and 3-Sulfopropionic Acid

Potentiometric titrations of solutions of sulfoacetic and 3-sulfopropionic
acid indicated that both acids had greater ionization constants than acetic
acid. The value for pKa,' of sulfoacetic-acid was observed to lie between
3,70 and 3.90 while that of 3-sulfopropionic acid was observed to lie between
Ll»20 and hoBoo : ) .

Calculation of values of pKap

The approximate pKas values of sulfoacetic and 3-sulfopropionic acids were
calculated of values of pKa for derivatives of acetic acid (8, p. 221). This
empirical equation gives a value for the pKa of acetic acid derivativgs, which
is based upon the inductive effect of substituent groups. The structure of the:
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ac1d is drawn with all formal charges (if any) placed upon particular atoms

of the substituted group or groups. . From the inductive effect of” each atom,
the inductive effect of the formal charge on each atom, and the effect of

the position of the atom with respect to the alpha carbon atom, the pKa

can be calculated as follows:

1+|-B«Z,L¢i“| ™

log K= =L.75 +

In the formula, n' and m' are the numbers of equivalent carboxy and car- '
boxylate groups in the.acid and its ion, respectively. .A« and B« are constants
for derivatives of acetic acid, ‘I< is the inductive constant of a particular
atom and of its charge. =< is the fraction which reduces the inductive effect
for each transmission across an atom and i< is the number of atoms intervening
between a substituent group and the alpha carbon atom. Hydrogen atoms are
given'no inductive constant. - '

. Branch and Calvin assumed that sulfur-oxygen bonds were single bonds.
They stated that in the sulfonate group the sulfur atom has a formal positive
charge of two and each oxygen atom has a formal negative charge of one. There-—
fore, the formal structures drawn for sulfoacetate and 3-sulfopropionate were .
the follow1ng.

o-g-cnzcoon e fcnzc'Hzfc_oon .

\O-(D-O \

The inductive constants for sulf.‘ur, oxygen and carbon are given as 3.L, L. o
. and =0.l, respectively. The inductive constant for each formal charge is -
given as £12,3,e<is equal to 1/2 8 and A and Becare given as 0,3 and 0,03,
respectively. The pKa, values for sulfoacetate and 3-su'].foproplonate were
calculated as follows:

Sulfqac etate s

log K_F-’“—.-_h.T'S +

0.3 (305.‘-9- _(..B.M + (2')(12.‘3)‘ '-(-3—)-(-1‘2_‘_2]

1+ 0,03 [3 A (3)(10 + (2)(12 3 - (3)(12 .3) ]
| 2.8 2.8

from which log K= =1,12 and K = 7.6 x 10-2.



3&Su1fopropionaf¢,

lOg K= ")-l-o 75 'ﬁ'

0. 3[,0 o 3ek o B)W) L ()2, 3) _ (3)(12.3)

2.8 (2. 8)2 2.8 (2.8 |
1+ 0.03 [-o».u £330, Q) (2)02.3) _ (3)(2.3)
2.6 (2.8 | 2.0 (2.8)2

from which log K= -3.1k and K= 7,25 x 1074,

The Branch and Calvin equatlon therefore predicts that the dissociation of .
~aceti¢ acid and propionic acid should be enhanced by the addition of the sulfonate
group., The calculated values of Ka, were much higher than the observed values
of Kap' for the two acids, but other effects probably tend to lower the dis—

sociation,.

. Determindtion of the thermodynamic values of Kas

It was found that ultraviolet spectrophotometry could not conveniently be
utilized to determine the thermodynamic values of Ka, for sulfoacetic and
3-sulfopropionic acids. The absorption band for each acid was found to occur
between 205 and 215 millimicrons. In this region, carbon dioxide interferes
very significantly with all spectra.

The values of Ka, for sulfoacetic and 3-sulfopropionic acids were determined
potentiometrically. golutlons of varied concentrations of the two acids were
titrated with standard, carbonate-free sodium hydroxide under a stream of
nltrogen gas, For each tltratlon, the pH at the point midway between the first
and second breaks (pKas') was plotted against thé square root of the ionic
strength,yat, T¥For these acids, the ionic strength at the point midway between
the first and second breaks was found to be equal to twice the molar concentra-
tion,  These data are shown in Table 2. The thermodynamic values of pKap for
sulfoacetic and 3-sulfopropionic acids were obtained by extrapolating the two
straight lines to zero ionic strength as shown in Figure 1. The value for
sulfoacetic acid was found to be L.065 + 0,015 and that for 3-sulfopropionic
acid was found to be J;.525 + 0.015, These values correspond to Kap values
of (8.6 £ 0.3) x 10~5 and (3.0 + O. 1) x 10"5, respectively. The ratios of
. the. calculated to the experimental value of Kap for sulfoacetic acid and
3-sulfopropionic acid were 885/1 and 2L/1, respectively.. The difference in ratio
indicated that some factor was lowering the dissociation constant of sulfoacetlc
acid to a much greater extent than that of 3-sulfopropionic acid.



Table 2.

Potentiometric titfation data for sulfoacétic acid

ahd 3-sulfoprapionic acid

Aéid ~ Molar - - ,/:"

3-Su1fdproﬁioﬁic  5? O.bOéOdnﬂ_'" 0,108 °

Number of Average
concentration titrations PKag!
Sulfoacetic : ©0.131 0.513 L 3.89
Sulfoacetic ’ 0.0937 0.LL5 L 3.73
Sulfoacetic v ‘ 0-0500 0,347 | in 3.79
Sulfoacetic o 0.086L 0.3 2 3.81
Sulfoacetic ) 0,038 0.26L 3 3.8L
Sulfoacetic ;  0.026L 0.230 2 3.89
Sulfoacetic . 0.02hl o0.221 3 3.89

| sui:oécetic R 0.01L5 0.171 2 . 3,94
Sulfoacetic .. 0.008L 0.130 2 3,97
Suifggpeti§ . 0.0079 | 0.125 3 3.97
B-Sq}fgpyggiénic + 0.0L85 ‘ 0.312 3- L.33
3-Su1fo;ro§ionicw.~"' 0.0286 . 0.240° 3 L.38
3-Sulfopropionic q.oxsh 0.172 3 L2
3'591f°P?99i°@iP.-',.‘Q.AQ‘°°9°f o .0f1351~ 3 L.Lk
T - . i
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Figure 1, Variation of. pKe,! with the square root
: of the ionic strength for I, sulfoacetic aci
and II, 3=sulfopropionic acid. S
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Eﬁidehce for Hydrogen Bonding

Models of the sulfoacetic acid and 3-sulfoprop10nlc acid molecules were
assembled and it was observed that the formation of intramolecular hydrogen
bonding was possible in both molecules, .'On this basis it was dec1ded that
the infrared spectra of the compounds should be observed°

: "X solution of an approx1mately,equlvalent,mlxture-of the monosodium and
disodium salts of sulfoacetic acid was prepared by adjusting the pH of a 3.0
molar ‘solution of the acid to 2,30, - A solution of an approximately equivalent
mixture of the monosodium and disodium salts of 3-sulfopropionic acid was pre-:
pared by adJustlng the pH of .a 1.5 molar solution of the acid to 3.37. Each
-solution was evaporated to dryness on.a steam bath, A sample of each solid
.product ‘was ground to a powder and dried in an Abderhalden drying apparatus
under vacuum, over phosphorus pentoxide with heat provided by toluene reflux.
The samples were then reground, and were dried in the same manner with heat
provided by gla01al acetic acid réflux, :The infrared spectra of samples of the
two powders were obtained with a Baird recording infrared spectrophotometer
using Nujol mull as solvent and ‘sodium ohloride cells, An infrared spectrum
was also obtained for a slightly wet sulfoacetate sample.. The spectra, which
are shown in Figure 2, indicate the presence of intramolecular hydrogen bonding
in both of the dry samples, . Thé sharp absorption band in the spectrum of
3-sulfopropionate at 2,98 micdrons is probably due to either the presence of
water or to the formation of intermolecular hydrogen.bonds. The sharp absorp-
tion band at 3.2 microns is pgrobably due to the formation of intramolecular
hydrogen-bonds. The sulfoacetate spectrum shows a slight absorption band at
2,98 microns which might be caused either by the presence of a trace amount of
water or by the formation of intermolecular hydrogen bonds., The shoulder at
about 3.2 microns on the band of the Nujol mull, probably represents the be-
ginning of a band which is caused by intramolecular hydrogen bonding. The
fact that the band of the Nujol mull partially masks the absorption band at
about 3.2 microns for sulfoacetate, means that the latter occurs at a higher
wave length and therefore represents stronger intramolecular hydrogen bonding
than is present in 3-sulfopropionate. - The spectrum of the wet sulfoacetate
sample shows a wide absorption band Whlch has a maximum at about 2.96 microns
and which extends to about 3.2 microns and masks the bands characteristic of

sulfoacetate.

. Spectra .of the powders of sulfoacetate and 3-sulfopropionate were obtained
with a Perkin-Elmer recording infrared spectrophotometer using the KBr pellet
technique, The spectra obtained also indicated that the intramolecular hydro-
gen bond for. sulfoacetate occurred at a higher wave length than that of
3=sulfopropionate,

{
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'PERCENT TRANSMITTANCE

T O T O T Y Y O |
3 4

WAVELENGTH IN MICRONS

Figure 2. Infrared absorption spectra of A,
3-sulfopropionate, B, sulfoacetate sgnd C,
sulfoacetate. ‘

‘Wwet
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" Sulfoacetic Acid and “3-Sulfopropionic Acid
as Masking Agents'for Thorium

Soiubility of sulfoacetate and 3-éﬁlfdpro§i6nate'af‘pH:S,O

Margerum, Sprain and Banks (21) were able to utilize.an 18 molar solution
of acetate to mask thorium. The disodium salts of sulfoacetic acid .and 3-sul~
fopropionic acid were dissolved in water and it was found that at a'pH of 5.0
the maximum solubility of these salts were approximately 3.0 molar and 2.0
molar, respectively. . The high molecular weight of the salts (18L and 198,
respectively) compared to the molecular weight of sodium acetate (81), may
account for the difference in water solubility.

Margerum, Sprain and Banks {21) found that when a 1 molar. solution of
acetate at pH 5.0 was equilibrated with a 1 per cent solution of 8-quinolinol
in chloroform, some acetic acid was taken into the chloroform phase. This
small amount of acetic acid effected partial ionization of the 8-quinolinol
and a strong absorption band at 372 millimicrons was observed in the spectrum
of the equilibrated chloroform-8-quinolinol solution, .

.Solutions of 3,0 molar sulfoacetate and 2.0 molar 3-sulfopropionate were
adjusted to pH 5.0. Both solutions were scrubbed with a concentrated solution
of 8-quinolinol in chloroform and then with chloroform alone. Each scrubbed
solution was equilibrated with a solution of 1 per cent 8-guinolinél in chloro-
form, The spectra of the chloroform-8-quinolinol solutions were not affected
by the equilibrations. It was concluded that néither sulfoacetic acid nor
sulfopropionic acid was taken into the chloroform phase,

The,ébiliﬁy of sulfoacetate and 3-sulfopropionate to
_prevent the precipitation of thorium as thorium
hydroxide from agueous solutions '

By using a 3.0 molar solution of sulfoacetate, a 2,0 molar solution of
3-sulfopropionate and a 0,043 molar solution of thorium nitrate L~hydrate, the
ability of each masking agent to prevent the precipitation of thorium as thorium
_hydroxide was studied, Solutions were prepared in which the molar ratio of
the masking agent.to thorium was 50/1 and the pH of these solutions was varied.
Solutions were also prepared in which' the molar ratio was 10/1 and the pH of
_these solutions was varied., It was found that each masking agent was able to
prevent the precipitation of thorium up.to a’pH of 5.5 when the molar ratio
of masking agent to thorium was 50/1. When the molar ratio wasﬁlQ/l, each
masking agent - was able to prevent the precipitation of thorium up to a pH

of L.9
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The ability:of sulfoacetate and 3=-sulfopropionate. to
‘prevent the extraction of thorium from aqueous
solutions at pH 5.0 with 81qginolinol in chloroform

By using a 3.0 molar solution of sulfoacetate, a 2.0 molar solution of
3-sulfopropionate, a 0,043 molar solution of thorium nitrate L-hydrate and
solutions of chloroform-8-quinolinol, the ab111ty of each masking agent to
prevent the extraction of thorium into the chloroform-8-qu1nollnol solution
was studied., Solutions were prepared in which the molar ratio of masking
agent to thorium was varied, and the pH of each solution was adjusted to 5.0,
The solutions were extracted with 1.0,-0., 5 and 0.2 per cent solutions of -
8~quinolinol in chloroform.

When extraction was performed with a 1 per cent chloroform-8-quinolinol
‘solution, neither sulfoacetate nor 3-sulfopropionate prevented the extraction
of thorium into the chloroform phase even when the molar ratio of masking agent
to thorium was as high as-1500/1. When extraction was performed with a 0.5
per cent solution of chloroform-8-quinolinol, sulfoacetate did not prevent the
extraction of thorium into the chloroform phase even when the molar ratio was
as high as 1500/1. 3-Sulfopropionate prevénted the extraction of thorium at
molar ratios greater than 500/1, When a 0,2 per cent solution of chloroform—
8-quinolinol was used for the extractions, sulfoacetate and 3-sulfopropionate
did prevent the extraction of thorium at molar ratios greater than 500/1 and
50/1, -respectively. It was found that holding the molar ratio of sulfoacetate
of 3-sulfopropionate to thorium constant while lowering the concentration of
both masking agent and thorium, resulted in an increase in the extractability
of thorium into the chloroform phase, During these studies, it was noted =
that solutions which contained sulfoacetate often highly dispersed emulsions.

The relative masking abilities of acetate,
sulfoacetate, and 3-sulfgproplonate
at pH 5.0.

The results given in the precedlng section indicated that 3-sulfopropionate
is a more effective masking agent for thorium than is sulfoacetate. .Studies
similar to the ones made in the above section were carried out using solutions
of 0,2 molar 3-sulfopropionate, 0.3 molar sulfoacetate, 0.2 molar acetate,
0.0043 molar thorium nitrate lL-hydrate and 0,1 and 0,15 per cent solutions
of 8~qu1nollnol in chloroform, ' The abilities of the three masking agents to
prevent the extraction of thorium into the chloroform-8-qu1nollnol Phase were
compared.

When extraction was performed with a 0.1 per cent chloroform-8-quinolinol
solution, all three masking agents prevented the extraction of thorium, even
when the molar ratio of masking agent to thorium was as low as 10/1. When
extraction was performed with a 0,15 per cent chloroform-8-quinolinol solution,
it was found that sulfoacetate did not prevent the extraction of thorium when
the molar ratio was as high as 1500/1. 3-Sulfopropionate and acetate prevented



15

the extraction of thorium at molar ratios of 500/1 and 125/1, respectively. It
was concluded that the three masking agents, in the order of their decreasing
.masking efficiencies, would be written as acetate > ~3-sulfoprop1onad:e>
sulfoacetate. This is also the arder of their decreasing pKa, values.

It was observed that a solution of 0,2 molar acetate did not prevent the
extraction of thorium with a 0,25 per cent solution of 8-quinolinol in chloroform
when the mclar ratio of the acetate to thorium was 1000/1. Margerum, Sprain
and Banks (21) were able to prevent the extraction of thoriam into a 1 per cent’
solution of 8-quinolinol in chloroform when the molar ratio of acetate to thorium
was 1j50/1 utilizing an 18 molar solution of acetate, The maximum concentration
of sulfoacetate and 3-sulfopropionate in solution; however, can be no more than
3 molar and 2 molar, respectively. Furthermore; at any given concentration
_both sulfoacetate and 3-sulfopropionate are less efficient masking agents than
“is acetat.e. On these bases it was decided that a masking agent which could
aid su]_foacetate and 3-—su1foprop10nate in the maslc.ng of thorlum should be
sought.

Use of N,N,N¢ N'-tetrakis-(carboxymethyl)=-"

' ethylenediamine to aid sulfoacetate
and 3-sulfopropionate in the masking
of thorium

Hereinafter, N,N,N? N'-tetrakls (carbo:qymethyl) ethylenediamine will be
referred to as En'bao :

Sen Sarma and Mallik (33) utilized Enta as a masking agent for metals such
as aluminum, thorium and iron in the precipitation of uranium with solutions
of 8=quinolinol in chloroform. Claasen, Bastings and Visser (11) utilized Enta
as a masking agent for many metals in the extraction of tris-(8-quinolinolo)
aluminum(TIT) with chloroform. In the latter case, an excess of Enta was added
to a solution containing metal ions among which were trace amounts of alumlnum.‘
The solution was made alkaline and was required to stand for an hour in the
presence -of an'alcohol solution of 8~-quinolinol. The solution was then extracted
with chloroform. Schwarzenbach (32, p.7) détermined the formation constants
of the thorium-Enta and aluminum-Enta complexes and found the values to be
10232 and 1016.1, respectively.

On the basis of the above findings, it was believed that Enta might be
able to aid sulfoacetate and 3-sulfopropionate in the masking of thorium. A
0,056 molar solution of the disodium salt of Enta was adjusted to a pH of
5.0, The solution was scrubbed with a concentrated solution of 8-quinolinol
in chloroform and then with chloroform alone. The scrubbed solution was
equilibrated with a I per cent solution of 8-quinolinol in chloroform. The
equilibration did not affect the spectra of the chloroform-8-quinolinol phase.

A thorium nitrate lj-hydrate solution was prepared so that approximately
0.2 gram of thorium would be present in 25 ml. of solution. -The exact. '
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equivalence of the Enta solution to the thorium solution was determined by

the titration method of Fritz and Ford (13).. Twenty-five-ml. portions of

the thorium solution were titrated with Enta- Alizarin Red S was used as ininternal
indicator. The pH of the solution of thorium was maintained between 2,5 and

3.0 throughout the titration., It was found that exactly 15.05 ml. of the

Enta solution were required to titrate 25 ml. of the thorium solution. The

* thorium solution was calculated to be 0. 03l molar and to contain 0,198 gram

of thorium per 25 ml.

By using the 0.03L molar thorium solution, the 0, 056 molar Enta solution
and a 1,0 per cent solution of 8-quinolinol in chloroform, the ability of
Enta to prevent the extraction of thorium into the chloroform-8-quinolinol
solution was tested. To 25 ml. of the thorium solution, 16.5 ml. of Enta
solution were added. The molar ratio of Enta to thorium was therefore 1.2/1
in this solution, The pH of the solution was adjusted to 5.0 and the solution
was extracted with a 1,0 per cent solution of 8-quinolinol in chloroform '

It was found that no thorium was extracted into the chloroform layer. Tt was
also found, however, that microgram quantities of aluminum could not be.
extracted from aqueous solutions at pH 5.0, in which Enta was present in excess.
Therefore, if Enta were used as an aid to sulfoacetate of 3-sulfopropionate,

a quantity of it which would be less than equivalent to the quantity of
thorium to be msked, should be added.

By using solutions of 0.056 molar Enta, ‘0.03L molar thorium, 3.0 molar
sulfoacetate, 2.0 molar 3-sulfopropionate and 0,5 per cent 8-quinolinol in
chloroform, the ability of a combination of Enta and either sulfoacetate or
3-sulfopropionate to prevent the extraction of thorlum into the chloroform-
8-quinolinol was studied

To 20 ml, of thorium solution, 10 ml. of sulfoacetate solution were added.
To this solution, 10 ml. of the Enta solution were then added and the pH was
adjusted to 5,0. The solution was extracted with 10 ml. of 8-quinolinol
solution. Thorium was not extracted into the chloroform phase, Both phases
were allowed to remain in contact with each other and were reshaken every
- half hour, After about two hours thorium began to extract into the chloroform
phase. The color of the chlorof orm phase darkened with each successive
equilibration, indicating that more thorium was being extracted each time.
After about 2L hours no further extraction of thorium was observed upon
equilibration,

To 20 ml. of thorium solution, 10 ml. of Enta solution were added. To
this solution, 10 ml. of sulfoacetate solution were then added and the pH
was adjusted to 5,0, The solution was extracted with 10 ml. of 8-quinolinol
solution. Some thorium was extracted into the chloroform phase, Both
" phases were allowed to remain in contact with each other and were reshaken
every half hour. No further extraction of thorium was noted after the
original equilibration. .

To 20 ml, of thorium éolution, 10 ml. of 3-sulfopropionate solution were
added, To this solution, 10 ml., of Enta solution were added and the pH was
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adjusted to 5.0. The solution was extracted with 10 ml. of sulfoacetate solution.
A slight quantity of thorium was extracted into the chloroform phase. The two
phases were allowed to remain in -contact with each other and after only 3

minutes, further equilibration of the two phases resulted in the extraction -

of more thorium into the chloroform phase. The two phases. were equilibrated
every 15 minutes and the jcolor of the chloroform phase darkened with each suc-
cessive equilibration., After about 3 hours no further extractlon of thorium

was observed upon equlllbratlono

To 20 ml, of the thorium solution, 10 ml. of Enta solution were added.
To this solution, 10 ml. of the 3-sulfopropionate solution were added and the
PH was adjusted to 5.0, The solution was extracted with 10 ml. of 8-quinolinol
solution, It was found that some thorium was extracted into the chloroform
phase. Both phases were allowed to stand in contact with each other and were
reshaken every 15 minutes. No. further extraction of thorium was noted after
the original equilibration,

It was therefore concluded that the order of addition of masking agents.
is critical., Although the complex formed between thorium and sulfoacetate
is weaker than that formed between. thorium and Enta, the former probably
dissociates at a slow enough rate to permit Enta, if it is added last, to be
present in excess of the thorium. The same supposition can be applled to
3-sulfopropionate, It was observed, however, that the system thorium-3-sul-
fopropionate-Enta approached equilibrium more rapidly than the system thorium-
sulfoacetate-Enta,. This observation was found to be puzzling since 3-sulfo-
propionate was found to be a more effective masking agent for thorium than
was sulfoacetate., Difference in the kinetics of formation and dissociation of
the thorium complexes of 3-sulfopropionate and sulfoacetate would probably explain
the anomalous observations,

A solution of thorium nitrate L-hydrate was prepared in which approximately
0.2 gram of thorium was present in 10 ml, of solution. This solution was titrated
with 0,056 molar Enta. It was found that exactly 15.5 ml. of Enta solution
were equivalent to 10 ml. of thorium solution., The thorium solution was therefore
0.087 molar and contained 0,202 gram of thorium in 10 ml, By using solutions
of 0,087 molar thorium, 0,056 molar Enta, 3.0 molar sulfoacetate, 2.0 molar
3-sulfopropionate and 1.0 and 0.5 per cent 8-quinolinol in chloroform, the study
of the masking ability of a combination of Enta and either sulfoacetate or '
3-sulfopropionate was continued. To samples of 0.2 gram of thorium, 1L ml.
of Enta solution were added. From 10 to 4O ml., of sulfoacetate solution or
3-sulfopropionate solution were added to these solutions. The pH of each
solution was adjusted to 5.0, . The solutions were extracted with 10 ml, of
either a 1 per cent or a 0.5.per cent solution of 8-quinolinol in chloroform.

- It was found that even with the aid of 1L ml, of Enta solution, neither
sulfoacetate nor 3-sulfopropionate prevented the extraction of much thorium
into the chloroform phase when a 1.0 per cent solution of 8-quinolinol in chloro-
form was employed for the extraction. It was found that 35 ml, of 3,0 molar
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- sulfoacetate solution or 25 ml., of 2,0 molar 3~su1foproplonate solution, with
the aid of 1L ml., of Enta solution, almost completely prevented the extraction
of thorium into the chloroform phase when a 0.5 per cent solution of 8-quinolinol
in chloroform was employed for the extraction. When sulfoacetate was utilized,
however, highly dispersed emulsions were formed which could not be broken -

down without utilization of a centrlfuge. :

It was dec1ded that a method for the extraction and subsequent spectro-
-photometric determination of trace amounts of aluminum in thorium would be worked
out utilizing Enta and 3-sulfopropionate as masking agents for thorium., Sul-
foacetate was shown to be a less effective masking agent for thorium than
3~-sulfopropionate. Moreover, highly dispersed emulsions which were difficult
to break down were almost always formed when solutions contalnlng sulfoacetate
were extracted with chloroform-8-quinolinol solutions.

The Determination of Aluminum in Thorium

Aluminum extractions

A stock solution of aluminum chlotride was prepared by dissolving very.
pure aluminum metal in concentrated hydrochloric acid, An aluminum solution.
which contained 10 micrograms of aluminum per ml, was prepared from the aluminum
stock solution,

Solutions containing LO micrograms of aluminum were buffered with 30 ml.
of 2.0 molar 3-sulfopropionate solution. The solutions were extracted with 20
ml. of 0.5 per cent solution of 8-quinolinol in chloroform. The pH of the
aqueous. solutions was varied. The extraction time was also varied. The
absorbances of the equilibrated chloroform layers were measured against the
absorbance of an unextracted 0.5 per cent solution of 8-quinolinol in chloro- .
form on a, Cary Model 12 recording spectrophotometer,
The pH range for the most complete extraction of aluminum was 4.8 to 5.1.
An extraction time of 5 to 6 minutes was required for the most complete extraction
of aluminum, The absorbance maximum of the spectrum of tris(8-quinolinolo)alumi-
num(III), was found to occur at a wave length of 385 millimicrons., This is
in agreement with the flndlngs of Margerum, Sprain and Banks (21).

Calibration curves

A calibration curve was obtained for tris{8-quinolinolo)aluminum(IIT)
"by preparing a series of solutions containing 30 ml, of 2.0 molar 3-sulfo-
-propionate and varying known amounts of aluminum from 10 to 120 micrograms.
The pH of each solution was adjusted to 5.0 and each was extracted for 6
minutes with 20 ml. of a 0,5 per cent solution of 8-quinolinol in chloroform,
The absorbances of the equilibrated chloroform phases were. measured against
the absorbance of an extracted 0.5 per cent solution of 8-quinolinol in chloroform
with a Cary Model 12 recording spectrophotometer at a wave length of 385
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millimicrons. - The plot of absorbance of the chloroform phase against micrograms
of aluminum per 20 ml. of. chloroformpB-qulnollnol solution, conformed to Beer's
law over the concentration range of 10 to 120 micrograms of aluminum.per 20 ml,
of chloroform-8-quinolinol solution, .

Margerum, Sprain and Banks (21) found that trace amounts of iron which are
always present in thorium samples and in reagents can be masked by complex1ng
the irpn(¥I) with 1,10-phenanthroline.

'Calibration curves for tris(8¢quinolinolo)aluminum(III) were obtained by
preparing a series of solutions containing 0.2 gram of thorium, 20 mi. of
1,10-phenanthroline solution, 1 ml. of hydroxylammonium chloride solutlon, 14 ml.
of 0.056 molar Enta solution, 25 ml. of 2.0 molar 3-sulfopropionate solution
and varying known amounts of aluminum from 10 to 120 micrograms. One solution
was prepared which contained no aluminum. This was used as a blank., The pH
of each solution was adjusted to 5.0 and each was extracted for 6 minutes with
20 ml. of a 0.5 per cent solution of 8-quinolinol in chloroform. The absorbances
of the equilibrated chloroform phases were measured against the absorbance of
the chloroform layer that was .equilibrated with the blank solution., Both a
Cary Model 12 recording spectrophotometer and Beckman Model DU quartz spectro-
photometer were used to measure the absorbances at a wave length of 385 milli-
microns, These data are shown in Table 3. -

Table 3

Absorbance of tris(8—quinbliholo)éluminum(III) as a function of micrograms
of aluminum per 20 ml, of chloroform-8-quinolinol solution

Mibrogramé'of'Al , v | Absorb#nce
10 ~ 0.136, 0.1h1, 0,128
20 ' | A ' 0.254, 0.243, 0.2L6
hO . ' ! Ooh99’ 0-’495, °OOL‘9O
80 . L 0.978, 0.979, 0.995

20 L 1.0, 1.hLS, 1.LLS
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The plots of absorbance of the chloroform phase against mlcrograms of
aluminum per 20 ml. of chlorofornhS-qulnollnol solution, conformed to Beer's
law over the concentration of 10 to 120 mlcrograms of alumlnum per 20 ml, of
chloroform-8-quinolinol solution. oo

It was found that points fell off the calibration curves when-aluminum
was extracted from solutions in which 3-sulfopropionate was added. prior to the
addition of Enta, This further indicated that the order of addition of the
masking agents to thorium is critical.

When the disodium salt of N,N,N',N'- tetrakls-(carboxymethyl)-l 2-cyclo=
hexanediamine was substituted for Enta as a masking agent for thorium, it was
found that highly dispersed emulsions were always formed upon the extraction of
the agueous solutions with chloroform-8-quinolinol solutions.

‘Recommended procedure

Add 1L ml. of a 0,056 molar solution of Enta to an unknown solution con-
taining exactly 0.2 gram of thorium. Add 1 ml. of a 10 per cent solution of
hydroxylammonium chloride, 20 ml. of a 0.1 per cent solution of 1,10-phenanthro-
line and 25 ml. of a 2.0 molar solution of 3-sulfopropionate. Dllute to exactly
80 ml. and adjust the pH to 5.0, Allow 15 to 20 minutes for complete formation
of the tris(l,10-phenanthroline)iron(II) ion, -Prepare-a blank solution which
contains all reagents in the same concentration and at the same pH. Transfer
each solution to a 250-ml. separatory funnel and add exactly 20 ml. of a 0.5
per cent solution of 8-gninolinol in chloroform. Shake once, release the
pressure, and then shake for 6 minutes. Allow the phases to separate for 2
minutes. Draw off the chloroform layer into a 25-ml., glass-stoppered Erlen-
meyer flask containing about 1 gram of anhydrous sodium sulfate, Shake well
and allow the solution to stand for about 10 minutes to insure dryness. of the
chloroform before measuring the absorbance on a spectrophotometer at 385 millimi-

CIrons,

A calibration curve is obtained by preparing a series of solutions contain-
ing exactly 0.2 gram of thorium and varying known amounts of aluminum from
10 to 120 micrograms. These solutions are treated as were the solutions above,
The quantity of aluminum in the unknown solution is obtained from the calibra-
tion curve,

"Unknown" solutions were made up by adding various quantities of aluminum
to solutions containing 0.2 gram of thorium, These solutions were treated as
given in the recommended procedure, The results obtained on these samples
are shHown in Table L.

From 10 to 120 micrograms of aluminum can be determined within %1 micro-
gram. . From 100 to 1200 parts per million of aluminum can therefore be determined
in 0.2 gram of thorium, Larger samples of thorium cannot be analyzed for alum-
inum by this method. .



Table:l. izi

Resulte,efgehalysesuqf-9unknpwn" aluminum::samples:-

e Al‘preseht,a;; Alafound, - . Error, g

iSample;-{lemicrogramex;-«4;micrograms - o-micrograms
riA” i”' - 63_ : _ f; ; 62.5. . 1_;6;5" ) ,
3 3 . 3 !
g 107 . 07 - 108 L+l —
5 66 . 61 )
6 N 5 2
7 86 oo B7.3 #1.5
Interferencee

To solutlons containing 0.2 gram of thorium and LO. mlcrograms of alumlnum,
100 micrograms of various metal cations were added. The solutions were treated
.as was outlined in the recommended procedure, The results are shown in Table 5.

i " Many . common cations seriously interfered with the aluminum determination,

“As stated earlier, trace quantities of iron are masked by 1,10-phenanthroline

"~ and do not-interfere, It was found that nickel and zirconium did not interfere
51gn1flcantly. Margerum, Sprain and ‘Banks (21) stated that 1nterferences caused
by copper, cobalt-and zinc, were eliminated by washlng -the- chloroform-8-qu1nollnol
extract with an alkaline cyanide ‘solution. _

An  alkaline cyanide solution was made up by dissolving LO grams of ammonium
nitrate, 20 grams of potassium cyanide and 10 ml. of concentrated ammonium -
hydroxide in enough distilled water to make 1 liter. Xt was found, however, that
interferences by copper, cobalt and zinc were not eliminated by washlng the
chloroform-8-qu1nollnol extracts with the alkaline cyanlde solution,.



Table 5"

Effect of various cations on. the determination’of alumirum

Al present, - -Al found, - ' frror, ‘
Cation " " micrograms ©° micrograms- - - ~microgram5‘

Fe(III) 4o w o
i (IV) 10 ' T 6.8 " 6.5
- Bi(ZET) Lo R I
- Mn(1r) L0 | | L6 6
Cr(II1) o o W7 7
V() Lo 58 18
Ga(zmr) . o & . 22
e R . o
In(III) 40 | o I
N:L(II) L0 A 73 o ST S
" za(m) e 8.5 es
ooy ¢ ho 66 e
'.dp(II)' Do j"hp_ "3 , '73_ | .33j'




o DISCUSSION 23
The Values-of Kap for Sulfoacetic Acid and 3-Sulfopropionic
Acid :

. It was stated earlier that the ratios of the calculated to the erimental
values of Ka, for sulfoacetic acid and 3-sulfopropionic.acid were 885/1 and-
. 25/1, respectively. Branch and Calvin (8, p.230) discussed the discrepancy
between the calculated and experimental values of Kas for sulfoacetic acid.

They based their discussion upon experimental values of 5.8 x 10-3 and 8.9 x 10~
for the Kay' and Kap' of sulfoacetic acid. These values of Ka' were probably
obtained from Backer (2) but the value for Kal' was apparently transcribed
incorrectly since it was actually reported as 0,58, The value of 5.8 x 10-3
could hardly be the correct value since Smith (3L4) found that the sulfonic

acid hydrogen in sulfoacetic acid is more highly dissociated in glacial acetic
.acid than is the first acid hydrogen of sulfuric acid. Furthermore, potentio-
metric: titrations which were reported in this paper, revealed that the first
hydrogen of sulfoacetic acid is completely titrated at a pH of 2 to 2,6.

Branch and Calvin (8, p. 230) suggested the tautomeric equilibria shown below
to explain the abnormally low value of 5.8 x 10-3 for Kal' and the discrepancy
between the " calculated and’ experimental values of Kap,

:;;_é%;ﬁ.cﬁ..é\\')/o --'F-T'. ) ,cl;; 6..%,,5\\ /9' .
\% D 2"

0_/‘ \/."-._ SN
€ /\ " ;\C/si{

Since the- reported value of O, 58 for Kay' of sulfoacetic acid does not seem -
to be abnarmally low, the structures below‘are probably the correct ones.
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A simiban chelatioﬁ‘isrpostulated for 3-sulfopropionic-acid.

Infrared spectra revealed the presence of 1ntramolecular hydrogen bonds in
sulfoacetate and 3-su1foproplonate° The difference in hydrogen bond strengths
- can lead one to predict readily that the discrepancy between the calculated

and experimental values of Ka, will be greater for sulfoacetic acid. than for
3-sulfopropionic acid. .

The presence'of 1htfamoleeu1ar hydrogen bonding may not be the only. factor
contributing to the discrepancies. Branch and Calvinh assumed that in the ,
sulfonate group, the smlfur-oxygen bond was a. single bond, that the sulfur atom
had a formal positive charge of two, and that each oxygen atom had a formal
negative charge of one. It has been stated (5, 19, 20, 2L, 26, 27) that
sulfur-oxygen bonds in compounds Ssuch as SO RQSOz and 503 display much double
bond character. The positive charge on‘SuI%ur in such compounds should: lie
between O and 1.0, .Moffitt (2L) calculated charges of-0.L8 and 0.90 for the
sulfur atoms in SO2 and SO,, respectively. Pauling (26) calcilated the same
charges to be 0,46%and 0, 71 The charge on sulfur in RSO3, using the Pauling
treatment was calculated to be 0,7l. "As a generalization, the effective
charge on sulfur in the sulfonate group probably lies between 0.5 and 1.0.

It is therefore proposed-that the sulfonate group be treated as a resonating
.group., Branch and Calvin stated that a resonating group should be considered
as one inducpive unit and that one inductive constant should be applied to the
entire group. If a charge of from 0.5 to 1.0 for sulfur is assumed, the
inductive constant for the sulfonate group is between 7.3 and 11.2. Onthis
basis, the calculatgd values of Ka, for sulfoacetic acid are between 1.10 x
103 and 5.75 x 10"3 and between 7.41 x 1072 and 1,70 x 10~k for 3-sulfopro-
pionic acid, 'The ratios of the calculated to the observed values of Kap are
12.8/1 to 67/1 for sulfoacetic acid and 2, 5/1 to 5.7/1 for 3-sulfopropionic
acid. :

leltatlons of Sulfoacetic Acld and 3-Sulfopropionic
Acid as Masking Agents for Thorium

The only advantage that sulfoacetic acid or 3-sulfopropionic acid has over
acetic acid as a masking agent for thorium is that neither of the former is
extracted from an aqueous solution at pH 5.0 into chloroform-8-quinolinol
solutions. ‘Sulfoacetic acid and 3=-sulfopropionic acid are stronger acids
than acetic acid and both are less soluble in aqueous solution at pH 5 than
is acetic acid., They are, therefore, less effective masking agents for thorium
than is acetic acid.
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. When aqueous solutions containing sulfoacetate were extracted: ‘with”chloro- -
‘form-B-quinolinol -solutions, highly dispersed emulsions were formed. It is ..
postulated that the formatlon of’ strong 1rrtramolecu1ar hydrogen bonds in .
sulfoacetate. might contribute to the tendency of the compound to encourage .
‘the formation of emulsions. ‘The hydrogen-bonded chelate might be less polar

than the straight-chained acid. A less polar system mll in general tend
to encourage the. i‘ormtion of emilsions.

3-Sulfopropionate by itself could mask only smll quantities of thor.l.um.
Because of the need for an analytical method in which 0.2 to 1.0 gram of thorium
"could be analyzed for aluminum, Enta was ‘employed to aid 3-sulfopropionate
in the masking ‘of. . thorium, ‘Even with the utilization of Enta, 0.2 gram- of.
thorium was the largest’ sample that could be successfully masked. ILarger
‘samples of thorium would require the utilization of huge volumes of 3-sulfo-
propionate solution.

The 'recomnended’procedtire can be used t’o'detemﬂ.'n'e' 10 to 120 micrograms
of aluminum in 0.2 gram of "thorium to within 1 microgram. ‘The procedure
cannot be used. to determine less than 100 parts per million of aluminum in
0.2 gram of thorium. The procedure must be carefully followed in order to
- obtain accurate results. Each solution in a given series of solutions must
contain the same quantity of thorium,” This is true because .a slight quantity
of thorium is extracted from the blank solution and this quantity will vary
with slight differences in the quantity of thorium present.  The reagents
must be carefully added and the order of addition of reagents must be strictly
adhe;ed to.. ‘The.-pH of solutions to be extracted should be kept between 4.8 -
and €1, TR SRORL
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