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ABSTRACT 

Methyl 3-mercaptopropionate was synthesized from 3-mercapto-

propionic acid and purified by extraction into chloroform and column 

chromatography. The percent purity of the purchased material was 

determined by an iodine titration. Methyl 3-mercaptopropionate formed 

an insoluble conplex with lead (II) when the pH was greater than 3. It 

also complexed with cobalt (II). 

The solubility of meso-dimercaptosuccinic acid was estimated by a 

spectrophotometric method using 5,5-dithiobis(2-nitrobenzoic acid) 

since the iodine titration did not give quantitative results. The acid 

dissociation constants were determined potentiometrically; two methods 

of calculation were used. Attempts to prepare crystals of the lead 

(II) conplex of meso-dimercaptosuccinic acid in the following gels: 

agar, agarose, and gelatin, were unsuccessful. 
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CHAPTER ONE 

INTRODUCTION 

Methyl 3-Mercaptopropionate 

Methyl 3-mercaptopropionate was first synthesized from 3-mercap-

topropionic acid in a methanol/sulfuric acid solution.(1) Another 

method was used in which 25g of 3-mercaptopropionic acid was refluxed 

for four hours in a solution of 38.5g methanol and 2.5g MeC6H4S03H. The 

yield was eighty-three percent.(2) 

The mercapto acids and their esters that have been employed in 

this work are shown in Figure 1.1. 

The metal complexing properties of 3-mercaptopropionic acid are 

well known. Fernando and Freiser found that a 2:1 complex was formed 

with zinc (II), nickel (II), and cobalt (II) . Furthermore, stable 

precipitates of the 1:1 complex are formed with lead (II) and copper 

(II) .(3) Other work has also been done with the zinc and nickel 

complexes.(4-6) 

Spectrochemical work has been performed on the violet-colored 

cobalt (II) complex of 3-mercaptopropionic acid.(7) In an ammonia 

buffer, at pH = 9, it forms a green complex with cobalt (II), which 

becomes dark brown when exposed to air.(8) 
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Figure 1.1 Structures of Mercaptopropionic Acids and Methyl Esters 
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d) 2-Mercaptopropionic Acid 

It forms complexes with lead (II), uranyl (II), uranium (VI), 

silver (I), cadmium (II), and mercury (II) as well as other ions.(9-24) 

3-Mercaptopropionic acid was also tested as a masking agent for 

EDTA titrations. It masked copper and mercury, and partially masked 

zinc, cadmium, and lead.(25) 

The metal complexing properties of 2-mercaptopropionic acid have 

also been investigated. It forms complexes with zinc (II) and nickel 

(II). The composition and the stability constants were determined by 

Brabander, Goeminne and Van Poucke in 1975.(26) Others have also 

investigated the nickel (II) conplex.(27,28) 
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S. K. Srivastava, P. C. Srivastava, and H. L. Nigam investigated 

the metal conplex formation of the following metal ions: copper (II), 

cobalt (II), mercury (II), nickel (II), zinc (II), palladium (II), iron 

(III), uranium (VI), zirconium (IV), and thorium(IV) . (29) The metal of 

silver (I), cadmium (II), and lead (II), chromium (III), manganese 

(II), and many other metals have been investigated.(20-22, 30-39) 

Additionally, many mixed ligand complexes of both mercaptopro-

pionic acids have been investigated.(40-50) 

Little is known, however, about the ability of methyl 3-mercap-

topropionate's ability to form metal conplexes. Saxena and Bhatia 

found that it forms a 2:1 conplex with zinc (II) and a 1:1 complex with 

the vanadyl ion. They believed that the species formed during the 

titration with base were M(RS)2 and M(OH)2. Conductometric studies 

showed the presence of VO(RS)2 and Zn(RS)2. Stability constants were 

determined using Bjerrum's Method. The values of -log[A] at n = 0.5 

and 1.5 from a plot of n versus log [A], where [A] represents the con

centration of free ligand were taken and refined by the spreading 

factor method. The acid dissociation constant was determined polaro-

graphically and was found to be 1.12 x 10"10. (51) 

Earlier potentiometric and conductometric stuides also indicated 

the formation of a uranyl corrplex. Calculations were performed using 

Calvin and Melchior's extension of Bjerrum's method and refined.(52) 

Furthermore, they carried out conductometric and potentiometric 

studies of the lanthanum, cerium, praseodymium, and samarium conplexes 
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of methyl 3-mercaptopropionate..(53) All of the work by Saxena and 

associates was performed in a twenty-five percent ethanol solution. 

Taylor and Cassity mixed a solution of nickel (II) acetate' 

tetrahydrate and a methyl 3-mercaptopropionate solution, (1:2), and 

discarded the insoluble dark red-brown solid that was initially formed. 

The reported complex was present in the red-brown filtrate. From, its 

infrared spectrum, they determined that the ester group was not coor

dinated. (54) 
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2 r3-Dimercaptosuccinic Acid 

Dimercaptosuccinic acid (DMSA) has been studied as a potential 

toxic metal scavenger in biological systems. The structures for the 

two forms, meso and d,l, are shown in Figure 1.2. Lenz and Martell in 

1964 found that meso-DMSA complexes with nickel (II) and zinc (II). (55) 

The d,1 form also complexes with metals. Structures have been proposed 

for many of these complexes. Egorova and associates found no dif

ference in the complexation behavior of these isomers except with 

cadmium (II); even the potentiometric titration curves in the presence 

of cobalt were reported to be identical. They found that the metal 

ligand ratio was 1:2 for the following group of ions: mercury (II), 

cadmium (II), zinc (II), cobalt (II), and nickel (II).(56) 

The formation constants for many of these species have been calcu

lated. (Table 1.1) Note the large difference between the meso and d,l 

forms for the antimony (III) complex formation constants. The acid 

dissociation constants for meso- and d,1-DMSA have also been deter

mined. (Table 1.2) The constants have been determined at a variety of 

ligand concentrations, temperatures, and ionic strengths. 

Figure 1.2 2,3-Dimercaptosuccinic Acid 
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\ 

0 
\\ 

/ 
c 
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a) meso-Dimercaptosuccinic Acid b) d,1-Dimercaptosuccinic Acid 
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Table 1.1 Complex Formation Constants for Dimercaptosuccinic Acid 

Metal form 
mh2l 

K" 
MHL KHL ^HL 2 Ĥ2L Ref 

Ni (II) meso 3.9 9.5 11.69 7x10' •12 2.64 - 55 

Zn(II) meso •
 

C
O

 

9.6 15.82 5x10" -13 3.57 3.85 57 

meso 3.8 9.3 14.42 8x10" •11 3.32 4.07 55 

Pb(II) meso - - 3xl017 - - 2xl027 58 

meso - - - - - 2x1027 59 

d,l - - - - - lxlO28 59 

Sb(III) meso - - 13.17 - - - 60 

d/1 - - 1x10"S - 1x10~U - 60 

In(III) meso — 3x1013 5x1021 — - - 61 

Table 1.2 Acid Dissociation Constants for Dimercaptosuccinic Acid 

Ionic 
Form/Cone Temp Strength pÊ   ̂ gK3 gK4 Ref 

meso/ 

0.001 M 20 C 0.1 M 2.40 3.46 9.44 11 .82 60 

0.00001 M 20 C 0.01 M 2.31 3.69 9.68 11 .14 58 

0.001511 M 25 C 0.1 M 2.71 3.48 8.89 10 .79 55 

a. 25 C 0.1 M 2.26 3.49 9.77 11 .99 61 

d, 1/ 

0.001 M 20 C 0.1 M 2.25 3.96 9.61 > 11 60 

0.001 M 20 C 0.01 M 2.25 4.13 9.54 11 .34 59 

a. concentration unavailable 
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CHAPTER TWO 

STATEMENT OF PROBLEM 

Methyl 3-Mercaptopropionate 

Methyl 3-mercaptopropionate will be synthesized from 3-mercapto-

propionic acid and a purification scheme will be determined. The 

percent purity of the purchased methyl 3-mercaptopropionate will be 

ascertained by an iodine titration in which the unreacted iodine is 

back-titrated with thiosulfate. 

Since the metal complexing properties of 3-mercaptopropionate are 

not well known, they will be investigated and conpared with the metal 

complexing properties of 3-mercaptopropionic acid, 2-mercaptopropionic 

acid and methyl 2-mercaptopropionate. 
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Since dimercaptosuccinic acid (DMSA) is a potential chelator with 

toxic metals in biological systems, the metal complexing properties of 

meso- and d,1- forms will be compared. The acid dissociation constants 

of meso-dimercaptosuccinic acid will be determined potentiometrically. 

The solubilities of the meso and d,l forms in water were found to 

be significantly different. The solubility of the meso and d, 1 form 

will be determined by two independent methods. 

Attempts will be made to grow single crystals of the lead (II)-

meso-DMSA conplex in gels in order to determine its structure by X-ray 

methods. 
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CHAPTER THREE 

EXPERIMENTAL 

Synthesis and Purification of Methyl 3-Mercaptopropionate 

The methyl 3-mercaptopropionate was synthesized from 3-mercapto-

propionic acid in a methanol/hydrochloric acid solution, reaction (1). 

The solution was maintained under a stream of nitrogen to prevent 

oxidation of the mercapto compounds to the disulfides, reaction (2). 

Reactions 

RCOOH + R'OH > RCOOR' + Hp 

where R = HSCf̂ CHj and R' = CH3 

2RSH > RSSR 

(1) 

(2) 

Reagents 

The 3-mercaptopropionic acid was purchased from Sigma. 

The anhydrous methanol (GR) was obtained from EM Scientific. 

The concentrated hydrochloric acid, (37.3%; specific gravity 1.18) 

(AR) was obtained from Mallinckrodt. 

The chloroform was obtained from Mallinckrodt, the glacial acetic 

acid (GR) from EM Scientific, and the iodine crystals were obtained 

from J.T. Baker. The isopropanol and cellulose powder were of techni
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cal grade. The silica gel GO, particle size 0.063-0.200 nm, was an EM 

Reagent. 

Apparatus 

The reflux apparatus consisted of a 250mL round bottom flask and a 

water cooled condenser. The flask was heated in a mineral oil bath. 

A Perkin Elmer 983 spectrophotometer was used for recording 

infrared spectra. The settings were as follows: scan mode 4, noise 

filter 1, resolution 3.0, and range 4000.0 to 800 cm1. 

The silica gel thin-layer chromatography plates and the cellulose 

thin-layer chromatography plates were from Kodak. 

Procedure 

Synthesis 

A stream of nitrogen was bubbled through a methanol-HCl solution 

(1 M) for approximately ten minutes. The reflux apparatus was as

sembled and placed in a mineral oil bath which had been preheated to 

80°. About 5g of 3-mercaptopropionic acid was added to the methanol-

HCl solution and the apparatus lowered into the bath. This clear, 

colorless, pungent-smelling acid solution was refluxed in the mineral 

oil bath for one hour. After an hour, the heating unit was turned off 

and a stream of nitrogen was introduced into the flask during cooling 

to prevent oxidation. The solution was refrigerated in the stoppered 

flask. 
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Purification 

The methyl 3-mercaptopropionate was purified as follows. It was 

extracted into chloroform after the mixture in the flask was stirred 

for about fifteen minutes and then distilled. The fraction which 

distilled at a temperature of less than 60° was discarded. The dis

tinctive odors of the ester and the acid could not be detected in the 

discarded fraction. The remaining solution was placed under a stream 

of nitrogen in a hood to allow the remaining chloroform and any re

sidual methanol to evaporate. The disulfide was believed to be present 

since the sample had a brown tinge. (The purchased methyl 3-mercapto

propionate was clear and colorless.) The calculated percent yield at 

this point was approximately fifty-two percent. 

Thin-layer chromatography was used to select the appropriate 

solvent mixture for the removal of the inpurities by column chromato

graphy . 

Cellulose plates were used with five different solvent systems. 

The plates were dried in a hood before they were placed in a detection 

chamber which contained iodine crystals. 

The solvent systems employed were: 

1. technical grade isopropanol/water/concentrated hydrochloric 

acid (5:2.6:1) 

2. chloroform/hexane (7:3) 

3. hexane 

4. hexane/2 drops glacial acetic acid 

5. hexane/1 drop glacial acetic acid 



21 

No separation was observed in the first two systemj. The hexane 

produced a blurred spot, Rf = 0.44. The glacial acetic acid helped to 

reduce the tailing but caused the spot to be near the solvent front, Rf 

= 0.93. A decrease in the amount of glacial acetic acid produce a spot 

at Rf = 0.72 and a smaller spot at Rf = 0.98. A brown-tinged area was 

observed at the solvent front after developing in each of the five 

systems. 

A column containing cellulose was then packed by the addition of a 

slurry of cellulose powder and equal volumes of hexane and chloroform. 

The column was then washed with hexane. The sairple was placed at the 

top of the column under a stream of nitrogen and the methyl 3-mercapto-

propionate was eluted using hexane containing glacial acetic acid. The 

hexane was evaporated from the appropriate fraction collected under a 

stream of nitrogen. The product was stored in the refrigerator. 

An infrared spectrum of a small amount of the product dissolved in 

carbon tetrachloride revealed a band at 3100 cm-1 corresponding to the 

OH stretching frequency. This indicated that the 3-mercaptopropionic 

acid or another impurity was still present in the product although the 

brown tinge was absent. In all other respects, the spectrum was very 

similar to that found in the Sadtler Research Laboratories, Inc. 

reference book for methyl 3-mercaptopropionate. 

Silica gel plates were used in an attenrpt to determine the condi

tions for the separation of methyl 3-mercaptopropionate. Iodine 

crystals were again used as the detector. The first solvent system 
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tested, chloroform, gave two distinct spots on the plate. The larger, 

(Rf = 0.83), was believed to be the methyl 3-mercaptopropionate and the 

smaller one, (F̂  = 0.05), the 3-mercaptopropionic acid. The ratio of 

the area of the small to the large was 0.25. Once again, a brown-

tinged area existed at the solvent front. 

A column packed with silica gel in a hexane slurry was used, and 

the product was separated on this columm by the use of chlorform as an 

eluent. Two light yellow-colored bands were observed. The first band 

was eluted and collected. An infrared spectrum of a small amount of 

the fraction that was eluted was dissolved in carbon tetrachloride, 

after evaporation of the chloroform; the OH stretching frequency was 

absent. Hence, the product was separated from 3-mercaptopropionic 

acid. Since methyl 3-mercaptopropionate is insoluble in water, it was 

dissolved in methanol for experimental work. It was also soluble in 

dioxane, chloroform, and carbon disulfide. 
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Determination of Percent Purity of a Commercial 

Sample of Methyl 3-Mercaptopropionate 

Iodine reacts with mercapto compounds as shown in reaction (3) 

below. The iodine can be added in excess and then back titrated using 

a standardized thiosulfate solution, (reaction (4)). The iodine was 

initially formed by the redox reaction of iodate and iodide in the 

presence of acid, (reaction (5)). Starch was used as the indicator in 

the titration. The starch was added to the titration when the pale 

yellow color was almost discharged since the starch-iodine complex does 

not readily dissociate, and a sharp endpoint would not have been 

obtained if the iodine were adsorbed on the starch. The sharpness of 

the enĉ >oint can also be affected by the hydrolysis of the starch in an 

acid medium. This titrimetric method was used for the determination of 

the mercapto compound, and therefore, it was important to provent the 

air-oxidation of the mercapto coirpound by performing the titration in a 

nitrogen atmosphere. 

Reactions 

2RSH + I2 •> RSSR + 2HI (3) 

I2 + 2S203' 
2-

-> 21" + Sfi-
2- (4) 

I03 + 51 + 6H+ > 3H/) + 3I2 (5) 
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Calculations 

The percent purity was calculated from the nurriber of moles of 

iodine, the nuniber of moles of thiosulfate added, and the weight of the 

sample, using the following five equations. 

moles I2 = Molarity I2 x mL added x 1 L/lOOOmL (6) 

moles S2032" = Molarity S2032" x mL added x 1 L/lOOOmL {7) 

moles RSH = 2 x moles I2 - moles S2032" (8) 

moles RSH ther = weight of sample/ 120.17 g/mole (9) 

% purity = (moles RSH / moles RSH ther) x 100 (10) 

Reagents 

All water was distilled and deionized. 

The methyl 3-mercaptopropionate was purchased from Aldrich Chemi

cal Company. 

The sodium thiosulfate solution was made by dissolving about 25g 

of sodium thiosulfate (Fisher Scientific certified) and lg sodium 

carbonate (Mallinckrodt AR) in 1L of recently boiled water. It was 

standardized using potassium iodate (Baker's Analyzed Reagent from JT 

Baker Chemical Company) dissolved in 50mL water containing 2g potassium 

iodide and 16mL of a 1:15 concentrated HCl/water solution. The thio

sulfate concentration was determined to be 0.1547 M with a standard 

deviation of 0.0013 M. 

The iodine solution was made from about 6.5g iodine crystals 

(Baker Analyzed) and 20g potassium iodide (Mallinckrodt Analytical 
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Reagent) . The iodine crystals were ground in a mortar with small 

portions of potassium iodide and water; the solution was poured off and 

the procedure repeated until all the solids had dissolved. The result

ing solution was diluted to 500mL. The iodine concentration was deter

mined by titrating 40mL aliquots containing lmL glacial acetic acid, 

(Em Scientific GR), with the standardized thiosulfate solution. The 

result was 0.05252 M with a standard deviation of 0.00005 M. 

A dissolved starch solution, (0.5g, (soluble Merck), in 2mL 

water), was added to 50mL of boiling water and heating continued for 

two to three minutes, while stirring, until the solution was clear, (or 

faintly opalescent). A pinch of mercuric iodide, (Mallinckrodt AR), 

was added before heating to stabilize the starch solution indefinitely. 

Apparatus 

The apparatus consisted of a 250mL beaker and a 25mL buret for the 

addition of the thiosulfate solution. A gas inlet tube was used for 

bubbling nitrogen through the solution and then maintaining a nitrogen 

atmosphere in the titration vessel. The solution in the titration 

vessel was stirred with a magnetic stirrer during the course of the 

titration. 
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Procedure 

A weighed sample of methyl 3-mercaptopropionate was dissolved in a 

small amount of methanol and this methanol solution was added to lOOmL 

of water which was freed from oxygen by bubbling nitrogen gas through 

the solution for more than one-half hour. A 50.00mL aliquot of the 

standardized iodine solution was pipeted into the titration vessel and 

the excess was immediately back titrated with the standardized thiosul-

fate solution until the yellow color of the iodine was almost dis

charged. At this point, 2mL of the starch solution was added. The 

thiosulfate addition continued until the blue color just disappeared. 
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Lead (II) and Cobalt (II) Complex Formation 

with Methyl 3-Mercaptopropionate 

Several experiments were performed in order to determine if methyl 

3-mercaptopropionate formed complexes with lead (II) and cobalt (II) 

ions. The expectation was to determine the formation constants for 

these complexes by a potentiometric method. 

Reagents 

The synthesized methyl 3-mercaptopropionate and a commercial 

sample from Aldrich were used. The lead nitrate (Mallinckrodt Analyti

cal Reagent) and cobalt nitrate (Baker) were not standardized solutions 

for these preliminary studies. 

The sodium hydroxide pellets were dissolved in distilled deionized 

water and standardized using dry potassium hydrogen phthalate, 

(Mallinckrodt AR). The anhydrous methanol was obtained from EM 

Scientific. 

Apparatus 

The apparatus consisted of a beaker, 25mL buret for sodium hy

droxide addition, and a nitrogen inlet tube. A constant temperature 

was not maintained. An Orion Research microprocessor pH/millivolt 

meter 811 was used with an Orion 91-56 Combination Electrode. It was 

standardized using Hydrion buffers of 4.0 + 0.02 and 7.00 + 0.02 at 

25°. 
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Procedure 

A small weighed sample of methyl 3-mercaptopropionate was dis

solved in a minimal amount of methanol before it was added to the 50% 

v/v methanol/distilled deionized water which had been freed from 

dissolved oxygen by passing a stream of nitrogen gas through the 

solution. A nitrogen atmosphere was then maintained over the solution 

to prevent oxidation of the mercapto group, and the pH was recorded. 

The weighed lead nitrate or cobalt nitrate was then dissolved in a 

minimal amount of distilled deionized water and added to the methyl 3-

mercaptopropionate solution. Once again the pH of the resulting 

solution was recorded. The solution was then titrated with the sodium 

hydroxide, and the volume added and the corresponding pH were recorded. 

A variety of metal to ligand ratios were used with the lead (II) 

nitrate. Blank titrations were performed with the methyl 3-mercapto-

propionate alone and the lead nitrate alone. 
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Determination of the Solubility of meso-Dimercaptosuccinic Acid 

by an Iodine Titration 

Titration with iodine was tested as a quantitative method to 

determine the solubility of meso-dimercaptosuccinic acid, (meso-DMSA) . 

Iodine reacts with monothiols, (reaction (11)) . Since meso-DMSA has 

two sulfhydryl groups, it was expected to react stoichiometrically with 

the iodine; the excess iodine can be back titrated with the standard

ized thiosulfate solution, (reactions (12) and (13)). The solubility 

of meso-DMSA could have been determined by dissolving a known quantity 

of meso-DMSA in a measured volume of solvent. After equilibration, 

excess standardized iodine solution would have been added to a filtered 

aliquot. The excess iodine would have been immediately titrated with 

the thiosulfate. Subsequently, a plot of the concentration of meso-

DMSA in the filtered aliquot versus the initial amount added was 

expected to level off at the maximum solubility of meso-DMSA. 

The two protons in the carboxylic acid groups were removed by 

adding a quantitative amount of sodium hydroxide, so as to react only 

with the carboxylic acid protons, (reaction (14)). The formation of 

the disodium salt increases the solubility of meso-DMSA. With a 

solution of unknown concentration, the pH was kept at about 6.0 after 

the addition the sodium hydroxide. 
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Reactions 

2RSH + h > RSSR + 2HI (11) 

DMSA + I2 > disulfide + 2HI (12) 

X2 + 2S2032 -—> 21" + S4062" (13) 

DMSA + 20H" > DMSA2- + 2̂ 0 (14) 

Calculations 

The solubility of meso-DMSA was determined using the following 

equations. 

moles I2 = Molarity I2 x mL added x 1 L/lOOOmL (15) 

moles S2032- = Molarity S2032- x mL added x 1 L/lOOOmL (16) 

moles DMSA = moles I2 - 1/2 x moles S2032- (17) 

solubility of meso-DMSA = moles DMSA/vol of aliquot (18) 

Reagents 

The standardized iodine solution, standardized thiosulfate solu

tion, and starch solution that were used in determining the percent 

purity of the purchased methyl 3-mercaptopropionate were used in this 

determination. 

All water was distilled and deionized. The meso-DMSA was obtained 

from Johnson & Johnson. 

The carbonate free sodium hydroxide was prepared from a 50% w/w 

solution. This 50% solution was filtered through a sintered glass 

filter with about 750mL water under a stream of nitrogen. Sufficient 
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sodium hydroxide was used to make an approximately 0.2 M solution. It 

was stored in a plastic bottle which had been flushed with nitrogen. A 

SO.OOmL aliquot was pipeted into a nitrogen-flushed volumetric flask 

and diluted to 500.00mL using oxygen and carbon dioxide free water. It 

was standardized for later use using a solution of potassium hydrogen 

phthalate, (Mallinckrodt AR) . The NaOH concentration was found to be 

0.0264 M with a standard deviation of 0.0022 M. Hence, the original 

solution which will be used for these experiments was 0.264 M. 

Apparatus 

The same apparatus was used as in the determination of the percent 

purity of the purchased methyl 3-mercaptopropionate. 

An Orion Research micorprocessor pH/millivolt meter 811 was used 

with an Orion 91-56 Combination Electrode. It was standardized using 

Hydrion buffers of 4.0 + 0.02 and 7.00 + 0.02 at 25°. 

Procedure 

The weighed meso-dimercaptosuccinic acid was dissolved in oxygen 

and carbon dioxide free water and a sufficient amount of the 0.264 M 

carbonate-free sodium hydroxide was added to form the disodium salt. 

An aliquot of the standardized iodine solution was pipeted in and the 

excess iodine was immediately back titrated with the standardized 

thiosulfate solution. This procedure was also used on a filtered 

aliquot of a solution containing an excess of meso-DMSA which had been 

stirred overnight. 
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Determination of Solubility of meso-Dijnercaptosuccinic Acid 

using 5,5'-Dithiobis(2-Nitrobenzoic Acid) 

A spectrophotometry method for the determination of dithiols uses 

5,5-dithiobis-(2-nitrobenzoic acid), DTNB, (Figure 3.1). The thiols 

react with DTNB to form the mixed disulfide and 2-nitro-5-thiobenzoic 

acid, TNB, which absorbs at about 412 nm, (reaction (19)) . The molar 

absorptivity of the monothiol is reported to be about 14,000 M-1cm~1. 

Because the pH was held at about 7, the carboxyl groups were deproton-

ated. The DTNB was added in a four-fold concentration excess to insure 

the formation of the mixed disulfide. This assay measured only the 

concentration of the total mercapto compound and not the disulfide in 

the sample.(62-63) 

A series of experiments were performed to determine the solubility 

of the meso-DMSA. The first step was to determine the time needed for 

the solution to be equilibrated. The next was to determine an ap

proximate range for the solubility of meso-DMSA. 

ooc H H COO 
\  /  \  /  
e--c c--c 

/ /  w / /  \ \  
CLN—C c—s— -s—c C—NO, 

\  /  \  /  
(J— -c =c 

/  \  /  \  
H H H H 

Figure 3.1 5,5' -Dithiobis (2-Nitrobenzoic Acid) 



Reaction 

RS~ + DTNB > RSTNB + TNB~ 
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(19) 

Calculations 

A working curve of absorbance versus concentration was constructed 

from standard solutions of the meso-DMSA with concentrations just below 

that of the expected limit. The absorbance is a function of the 

concentration if the same cell and the same wavelength are used. 

Since the DTNB must be at least four times as concentrated as the 

meso-DMSA, the smallest amount of DTNB necessary must be calculated. 

If the solubility limit is assumed to be about 1 mM, then 0.2mL of such 

solution would contain less than 0.25 micromoles of meso-DMSA. Thus, 

there must be 1 micromole of DTNB present. Since its concentration was 

10 mM, then O.lOmL was required. Therefore, the reaction mixture 

consisted of lO.OOmL of 0.4 M phosphate buffer, 0.20mL standard meso-

DMSA solution, (water for the blank), and O.lOmL of DTNB solution. 
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Reagents 

All water use was distilled and deionized. 

Meso-DMSA standards were prepared with a weighed amount of solid 

and dilution the resulting solution. They were stored in the freezer 

in nitrogen-flushed bottles with Teflon tape around the inside of the 

cap. 

20 mM EDTA (pH =4.6) : 7.44g Disodium ethylenediaminetetraacetate 

dihydrate (Mallinckrodt AR) (MW 372.2) per lOOOmL water. 

0.1 M Phosphate buffer (pH = 6.8) : 1.7g Potassium dihydrogen 

phosphate (Fisher Scientific and also B&A Allied Chemical) and 1.78g 

disodium hydrogen phosphate (Mallinckrodt AR) dissolved in 250mL water. 

0.4 M Potassium phosphate, dibasic (pH = 8.2) : 22.82g Potassium 

hydrogen phosphate trihydrate (Baker's) (MW 228.23) per 250 mL EDTA 

solution. 

0.4 M Potasium phosphate, monobasic (pH = 4.3): 13.61g Potassium 

dihydrogen phosphate (MW 136.09) per 250 mL EDTA solution. 

0.4 M Phosphate buffer (pH = 6.8): 200.00 mL of 0.4 M potassium 

phosphate, monobasic solution and 250.00 mL of 0.4 M potassium phos

phate, dibasic solution. 

The buffers were stored in the refrigerator (5°) . 

10 mM DTNB: 0.0400g 5,5-Dithiobis-(2-nitrobenzoic acid) (Sigma) 

(MW = 396.4) and 0.015g sodium bicarbonate (Mallinckrodt AR) were 

dissolved and diluted in 0.1 M phosphate buffer to make 10.00 mL. It 

was transferred to a screw-capped glass bottle wrapped in aluminum foil 

and stored frozen at -5°. 
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Apparatus 

A vessel having two side arms, one near the bottom and one at the 

upper edge, was used to circulate water around a suspended 125 mL 

suction flask containing a magnetic stirring bar. A nitrogen inlet 

tube was connected to the side arm of the flask. Beneath the vessel 

was a magnetic stirrer. The water entering the vessel was drawn with a 

puirp from a large glass container equipped with a Haake 52 immersible 

water heater/circulator, maintaining the temperature at 25.0° + 0.1°. 

A sintered glass filter filtered the extracted aliquot under a 

stream of nitrogen. 

A test tube clamped over a magnetic stirrer was used for the DTNB 

reaction. It was flushed with nitrogen until the DTNB was added. 

A Perkin Elmer 552 spectrophotometer was used for the absorbance 

measurements. 

Procedure 

An aliquot of water through which nitrogen was passed, was added 

to the weighed sample of meso-DMSA in the suction flask. The solution 

was kept under a nitrogen stream and constantly stirred. An aliquot 

was periodically taken (2,3,4,6,24 hour intervals) and the concentra

tion determined using the DTNB spectrophotometric method. The reaction 

mixture was placed in the test tube, stoppered, and stirred for one 

minute. It stood for fifteen minutes before it was placed in the 

spectrophotmetric cell. Since the maximum absorbance was reported at 



412 nm, the spectrophotometer was scanned from 450.0 to 370.0 run. The 

absorbance at the peak maximum was recorded. 

An estimation of the solubility was obtained by extracting an 

aliquot from a stirred solution and repeating the spectrophotometric 

procedure. The solution was not filtered in this experiment. However, 

one sanple was filtered to determine if there was a significant dif

ference in the determination. 
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Acid Dissociation Constants of meso-Dimercaptosuccinlc Acid 

Meso-dimercaptosuccinic acid is a weak tetraprotic acid whose 

dissociation constants can be defined as: 

h4l —> H3L" + H (20) 

V H3L > R,L2" + H+ (21) 

K3: RjL2 - > HL3" + H+ (22) 

HL3" > L4" + H+ (23) 

The structures are shown in Figure 3.2. 

These constants were potentiometrically determined by titration 

with a standardized carbonate-free sodium hydroxide solution. This was 

attempted in the presence and in the absence of perchloric acid. Since 

pl̂  is very small, additional acid was added to bring the pH below pKj 

before titrating. Furthermore, two different methods were used to 

determine the constants. Both were based on obtaining the best para

meters to fit the data. 
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Calculations 

Since the first two proton dissociation constants are well separa

ted from the next two by greater than five orders of magnitude, they 

were independently calculated. 

iq = [H+] [H3L"] / [H4L] (24) 

K, = [H+] [Î L2-] / [H3L"] (25) 

K„ = [H+] [OH] (26) 

Charge balance: 

[H+] + [Na+] = [OH"] + [H3L"] + 2 [HjL2-] (27) 

Mass balance: 

CA = [H„L] + [H3L"] + [HjL2-] (28) 

CA is the total concentration of acid 

Since the pH is less than 5.0, [H+] » [0H~] . Therefore [0H~] was 

neglected. The constants were calculated from the folowing equation. 

(58) 

f (a - 1) + fHlC."1} TH1 = K,"1 + K. f(2 - a) - TH1C/1} (29) 
{-a - [H]Ĉ  } [H]2 {-a - [H]C/)[H]2 

where a = moles NaOH added / moles meso-DMSA 

Likewise, there are similar equations to determine the latter two 

dissociation constants. 

K3 = [HL3"] [H+ ] / [HjL2-] (30) 

K4 = [L5-] [H+]/[HL3-] (31) 

Charge balance: 

[H+] + ([Na+] - 2CA) = [OH"] + [HL3-] + [L4~] (32) 
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Mass balance: 

q = [̂ L2-] + [HL3"] + [L4-] (33) 

The equation used to calculate the constants is shown below.(58) 

Ma - 3) - rOHIĈ HHl = K3"1 + K, f (4 - a) 4- rOHlC.̂ ) (34) 
{(2 - a) + [OH]CA } [H] {(2 - a) + [OH]CA } [H] 

Note that these equations , (29, 34) are linear and in the form 

y = b + m x where b and m are the constants. Two methods were used to 

determine the best "fit" of the data to the equations. The purpose was 

to minimize the sum of the errors. The error function was defined as 

the square of the difference in the experimental value and the function 

value of y. Method 1 used the concept of the partial differential of 

the error function with respect to the intercept is zero and the 

partial differential of the error function with respect to the slope is 

zero. The equations to solve these partial differentials are shown 

below, (equations 35-37) . The least square error was a measure of how 

well the data fit the equation. 

m = (sxy/sx - sy/N) / {sxs/sx - sx/N) (35) 

b = sy/N - sx x m/N (36) 

least square error = sum of ( y - (m x + b))2 (37) 

where N = the number of data points 

sx = the sum of the x's 

sxs = the sum of the squares of the x's 

sy = the sum of the y's 

sxy = the sum of the product x * y 

b - the intercept m = the slope 
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The least squares error had two drawbacks. A better measure was 

the index of determination R, which ranges from 0 to 1 with 1 repre

senting a good fit. See equations <38) to (40). If R was close to 

one, there also had to be a sufficent number of data points. This is 

determined by calculating T, which depends on R and the number of 

points. The student t variable ta/2,, which is a function of the number 

of points and P% confidence, must be smaller than T.(64) The function 

values for ta/2, can be found in statistics books. (65) The computer 

program written in BASIC to perform the calculations is listed in 

Appendix 1. 

R = (b x sv) + (m x sxy) - (N x ays) 
sys - (N x ays) (38) 

ays = the square of the average value of y 

sys = the sum of the squares of the y's 

T > t /2, where T2 = R x (N - 2) 
1 - R (39) 

a = 1 - P/100 (40) 

Method 2 from Unwin, Beimer, and Fernando used a grid system where 

the error function value was calculated at each point. (66) The grid 

was constructed from input parameters for the initial values and the 

size. The minimum value and the corresponding grid location were 

stored. For this work, the values of x and y were known and the 

initial estimates were obtained from method 1 to speed the computa

tional procedure. Appendix 2 lists the computer program written in 

BASIC to perform the confutations. 
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Reagents 

All water was distilled and deionized. 

The sodium hydroxide for the titrations in the presence of per

chloric acid was the diluted carbonate-free sodium hydroxide prepared 

during the testing of the iodine titration as a quantitaitve method to 

determine the solubility of meso-DMSA. The concentration was checked 

and found to be 0.0270 M with a standard deviation of 0.0001 M. The 

sodium hydroxide for the titrations in the absence of perchloric acid 

was prepared by diluting the 0.264 M sodium hydroxide solution with 

oxygen and carbon dioxide free water. The concentration was 0.0504 M 

and standard deviation was 0.00007 M, as determined by titration with 

potassium hydrogen phthalate. 

The sodium perchlorate (Fisher Scientific Co., purified) was 

dissolved in water to make a solution of approximately 0.1 M to main

tain the ionic strength at a constant value. 

The perchloric acid (70% AR Mallinckrodt) had been previously 

diluted and standardized in our laboratory. The concentration was 

checked using the standardized sodium hydroxide solution. The con

centration was 0.0929 M with a standard deviation of 0.0006 M. 

The copper (II) sulfate solution was made from 20g of copper 

sulfate'pentahydrate (MCIB) in 80mL water. A small amount of concen

trated ammonium hydroxide, (Mallinckrodt AR), was added to complex the 

copper (II). 
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Apparatus 

The nitrogen gas was purified by bubbling it through a flask 

containing a copper (II) sulfate solution, ammonia, and copper wire, as 

shown in Figure 3.3. In the presence of nitrogen the copper (II) and 

copper metal and the copper (I) ion are in equilibrium. In the 

presence of oxygen, the copper (I) is converted to copper (II). 

NH3 
Cu + Cu > Cu+ (41) 

Cu+ > Cu2+ (42) 

In this manner the oxygen is scavenged from the stream of nitrogen gas. 

The nitrogen flow rate was monitored by a partially clamped tube 

immersed in oil. It also provided a pressure release if all of the 

apparatus outlets were closed. 

The titration apparatus shown in Figure 3.4 consisted of lOOmL 

cylindrical vessel which was loosely fitted with a rubber stopper in 

which three holes had been bored. The holes were for the 5 rriL buret 

through which the carbonate-free sodium hydroxide would be added, the 

Orion 91-56 Combination Electrode, and the nitrogen inlet tube as well 

as adding the 0.1 M sodium perchlorate and the perchloric acid for the 

titrations of meso-DMSA in the presence of acid. 

Nitrogen gas was passed through the sodium perchlorate solution in 

a graduated cylinder containing a stopper with two holes. The nitrogen 

inlet tube was lowered into the solution for bubbling and then raised 

and the stopper fitted tightly to force the solution out through the 

glass tube connected to a tygon tubing which was clamped to control the 
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amount of solution added to the bearer. The volume added was the 

difference between the two graduated cylinder readings since the tubing 

was always filled with the solution. 

The cylindrical vessel was suspended in a large water-filled glass 

container. The temperature of the water was maintained using a Haake 

E-52 imrrersible water heater/circulator. An Orion Research micro

processor pH/millivolt meter 811 was used to measure the pH. It was 

standardized using Kydrion buffers of pH 4.0 + 0.02 and 7.00 + 0.02 at 

25°. 

A 

"1 

Figure 3.3 Nitrogen Purification toes rati: s 
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i i 

Figure 3.4 Titration Arcaratus for rteso-DKSA 
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A magnetic stirrer was used to continuously stir the solution. 

The magnetic stirrer was placed on its side against the outside of the 

container with the beaker placed against the inside the container. 

Procedure 

Nitrogen gas was bubbled through the 0.1 M sodium perchlorate 

solution before a known quantity was transferred to the beaker which 

contained the weighed meso-DMSA and the magnetic stirbar. A nitrogen 

atmosphere was maintained over the solution throughout the titration. 

The pH was recorded when the reading was stabilized. At this point, 

the perchloric acid, if used, was pipeted in and the pH again recorded. 

The buret was inserted into the hole where the sodium perchlorate inlet 

tube had been placed. The sodium hydroxide was added in O.lmL incre

ments with three minutes elapsing before the pH reading was taken. 
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Standardization of Nickel (II) and Zinc (II) Solutions 

In order to determine the metal complex formation constants of 

meso-DMSA and methyl 3-mercaptopropionate, the nickel (II) and zinc 

(II) solutions had to be standardized. An EDTA titration was performed 

since EDTA reacts 1:1 with these metals. 

Calculations 

moles EDTA - M EDTA x mL x 1 L/lOOQmL 

moles Ni or Zn = moles EDTA 

Molarity Ni or Zn = moles/mL aliquot x 1 L/lOOOmL 

Reagents 

All water was distilled and deionized. 

Nickel (II) perchlorate: 2.2g Ni (CIO,,) 2'61̂ 0, (G. Frederick Smith 

Chemical Co.) dissolved in 250mL water. 

Zinc (II) perchlorate: 9.3g ZntClÔ ĤjO, (G. Frederick Smith 

Chemical Co.), dissolved in 500mL water. 

Ammonium chloride and the concentrated ammonium hydroxide was 

Mallinckrodt AR. 

EDTA solution: 0.0502 M, previously standardized in our labora

tory. 
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Apparatus 

The apparatus consisted of a beaker and a 25mL buret for EDTA 

addition. An Orion Research microprocessor pH/millivolt meter 811 was 

used with an Orion 91-56 Combination Electrode to adjust the pH. It 

was standardized using Hydrion buffers of 4.0 + 0.02 and 7.00 + 0.02 at 

25°. 

Procedure 

Nickel (II) 

A 20.00mL aliquot of the light green nickel (II) solution was 

diluted with water. One gram of ammonium chloride was added. The pH 

was adjusted to 8.5-9.5 with concentrated ammonium hydroxide. The 

solution was then pale blue. A small amount of murexide was stirred 

in, resulting in a yellow solution. It was titrated with the EDTA 

solution until blue-violet. 

Zinc (II) 

A 20.00mL aliquot of the colorless zinc (II) solution was diluted 

with water. One gram of ammonium chloride was added. The pH was 

adjusted to 10 with concentrated ammonium hydroxide. Thirty drops of 

Eriochrome Black T were stirred in, resulting in a pale violet-pink 

solution. It was titrated with the EDTA solution until pale blue. 



Crystal Formation Attempts for Lead(II)-

meso-Dimercaptosuccinic Acid Complex 
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Reagents 

The agar, high grade domestic specially designed for bacterio

logical purposes, was from BBL. 

The gelatin was from Matheson, Coleman, and Bell, the sodium 

chloride from Fisher Scientific, and the lead nitrate from Mallinck-

rodt. 

The meso-DMSA standards had been prepared for the determination of 

solubility using 5,5'-dithiobis(2-nitrobenzoic acid). They were thawed 

at room teirperature. 

Apparatus 

The apparatus consisted of a variety of glass test tubes, 

tubes, and a S-shaped tube. Four inch and six inch test tubes 

used for the work with agar. The agarose and gelatin work was 

with the U-shaped tubes. The S-shaped tube is shown in Figure 

Procedure: 

Test Tubes 

Several different methods were used to prepare the agar tubes. In 

all cases the lead nitrate solution was placed on top of the gel. An 

attempt was made to vary the concentration of the meso-DMSA as well as 

U-shaped 

were 

done 

3.5. 
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the lead nitrate. The first method consisted of adding warm (40°) agar 

gel (1-2%) to a test tube containing a weighed meso-DMSA sample and 

mixing. These test tubes as well as those from the next method were 

left unstoppered. 

In the second method, the solid meso-DMSA was mixed in the warm 

agar before pouring into a test tube. 

In the third method, a standard meso-DMSA solution was poured on 

top of a warm 3% gel in the test tube and then mixed. These test tubes 

and those from the next two methods were stoppered. 

The fourth method that was tried consisted of pouring the warm gel 

on top of the meso-DMSA solution in the test tube and mixing. 

Finally, the warm gel was poured over the warmed meso-DMSA solu

tion. The concentrations of the meso-DMSA and the lead nitrate were 

varied. 

U-Tubes 

The gel was varied in each of the four U-tubes: gelatin, agarose, 

gelatin with sodium chloride, and agarose with sodium chloride. The 

gelatin was made from 0.5g gelatin in 25mL boiling water. The 0.35g 

agarose were dissolved in 17mL water. The concentraion of the sodium 

chloride in the gel was 0.5 M. The lead nitrate solution was 0.4 M. 

The meso-DMSA was dissolved in dioxane and diluted with water to make a 

0.4 M solution. The meso-DMSA solution and lead nitrate solution were 

placed on top of the gel on opposite ends. The tubes were covered with 

Parafilm. 
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S-Shaped Tube 

The saturated ireso-D!*SSA solution was placed in one bulb using a 

syringe and tygon tubing and saturated lead nitrate solution placed in 

the other side by the sarne nethod. The rest of the tube was filled 

with water. 

i 

I 

Fig-ore 3.5 S-5h=oed Tibe 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

Synthesis and Purification of Methyl 3-Mercaptopropionate 

The following is a summary of the procedure for the synthesis and 

purification of methyl 3-mercaptopropionate. 

1. Refluxed 3-mercaptopropionic acid in 1 M HCl/methanol for one hour 

in a mineral oil bath maintained at 90°. 

2. Cooled under a stream of nitrogen and refrigerated. 

3. Extracted into chloroform. 

4. Discarded the fraction which distilled before 60°. 

5. Evaporated the chloroform with a stream of nitrogen. 

6. Used a silica gel column with chloroform as the elutant to separate 

the methyl 3-mercaptopropionate from the inpurities. Collected the 

first light yellow band. 

7. Evaporated the chloroform with a stream of nitrogen. 

The yield may possibly be increased by refluxing for a longer 

period of time. 
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Determination of Percent Purity of 

Purchased Methyl 3-Mercaptopropionate 

Table 4.1 Percent Purity of Methyl 3-Mercaptopropionate 

Weight of Volume of Volume of Percent 
sample S203 " added I2 added purity 

0.3755g 14.42mL SO.OOmL 96.67 

0.3566g 15.40mL 50.00mL 96.95 

0.3310g 16.60mL 50.00mL 97.46 

Q.3429CT 16.05mL SO.OOmL 97.06 

The manufacturer claimed 98% purity. The experimental mean was 

96.98 % with a standard deviation of 0.36%. The experimental values 

may be lower due to oxidation that occurred when the bottle was opened 

and in the course of the procedure. Thus, the bottle was flushed with 

a stream of nitrogen after every experiment. Furthermore, it was 

important to keep the withdrawn sample under nitrogen. 
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Lead (II) and Cobalt (II) Complex Formation 

with Methyl 3-Mercaptopropionate 

The metal complexing properties of methyl 3-mercaptopropionate 

with lead (II) were investigated. The metal to ligand ratio was varied 

in each of the four trials. 

Trial 1: 

Lead nitrate: 0.3306g 

Methyl 3-mercaptopropionate: 0.2276g 

Approximate volume: 80mL 

Molar ratio of metal to ligand: 1.00 to 1.90 

Concentration of sodium hydroxide: 0.1140 M 

pH of ester solution =5.34 

pH after adding lead nitrate =2.92 

precipitate formed and disappeared at pH = 3.15 

precipitate remained at pH = 3.55 

The white precipitate which originally formed began to turn yellow 

as the titration progressed. This yellow precipitate, after filtering 

and washing with methanol, was found to be insoluble in water, methan

ol, acetone, chloroform, hexane, diglyme, propylene carbonate, carbon 

disulfide, and carbon tetrachloride. It was soluble in DMSO. An 

infrared spectnam of the precipitate in a potassium bromide pellet was 
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Table 4.2 Titration of Lead (II)-Methyl 3-Mercaptopropionate 

Trial 1 

mL pH mL PH mL PH 

0.00 2.92 5.00 3.62 12.00 6.29 

0.20 2.98 5.50 3.73 12.60 6.47 

0.40 2.98 6.00 3.79 13.00 6.60 

0.60 3.11 6.50 3.88 13.50 6.77 

0.80 3.15 7.00 3.94 14.00 6.95 

1.00 3.22 7.50 4.03 14.50 7.45 

1.20 3.27 8.00 4.08 15.00 7.98 

1.45 3.31 8.50 4.19 15.50 9.30 

1.80 3.37 9.00 4.31 16.00 10.14 

2.15 3.41 9.50 4.48 16.50 10.45 

2.40 3.46 10.00 4.79 17.00 10.64 

2.60 3.50 10.50 5.61 17.50 10.77 

4.50 3.55 11.00 5.98 18.00 10.86 

4.70 3.54 11.50 6.18 18.50 10.95 

taken to determine any differences in the spectrum of the methyl 3-

mercaptopropionate. There was an OH stretching frequency of 3500 cm-1 

which may be due to water or methanol if the precipitate was not dried 

completely. The precipitate had, however, been dried under a stream of 

nitrogen and placed in a desiccator for eleven days prior to this 

analysis. Therefore, it may be possible that that water molecules or 
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hydroxide ions are part of the complex formed. There was no band in 

the SH stretching frequency region but this was not expected since the 

pH of the solution before filtration was approximately eleven. The C=0 

stretching band was present as well as the C-0 band. However, there 

were some dissimilarities between the C-0 of the pure ester and that of 

the complex. More spectral work needed to be performed with the two 

compounds in approximately the same concentration and medium to draw 

any conclusions. 

Trial 2: 

Lead nitrate: 0.6632g Methyl 3-mercaptopropionate: 0.2266g 

Approximate volume: 80mL 

Molar ratio of metal to ligand: 1.06 to 1.00 

Concentration of sodium hydroxide: 0.1140 M 

pH of ester solution =5.11 pH after adding lead nitrate =2.99 

precipitate formed at pH = 3.53 

Trial 3: 

Lead nitrate: 0.6591g Methyl 3-mercaptopropionate: 0.2395g 

Approximate volume: 80mL 

Molar ratio of metal to ligand: 1.00 to 1.00 

Concentration of sodium hydroxide: 0.1140 M 

pH of ester solution =5.19 pH after adding lead nitrate =2.88 

precipitate formed at pH = 3.11 
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Table 4.2 Titration of Lead (II)-Methyl 3-Mercaptopropionate 

Trial 2 

mL gH mL eH mL joH mL pH 
0.00 2.99 8.40 4.09 16.60 5.80 24.80 7.08 
0.20 3.06 8.60 4.40 16.80 5.81 25.00 7.15 
0.50 3.13 8.80 4.46 17.00 5.82 25.20 7.23 
0.60 3.15 9.00 4.52 17.20 5.85 25.40 7.29 
0.80 3.21 9.20 4.58 17.40 5.87 25.60 7.35 
1.00 3.23 9.40 4.96 17.60 5.90 25.80 7.39 
1.20 3.27 9.60 5.07 17.80 5.92 26.00 7.43 
1.50 3.32 9.80 5.14 18.00 5.94 26.20 7.49 
1.60 3.34 10.00 5.22 18.20 5.95 26.40 7.56 
1.80 3.37 10.30 5.30 18.40 5.99 26.60 7.60 
2.00 3.41 10.50 5.35 18.70 6.01 26.80 7.67 
2.20 3.43 10.60 5.37 18.80 6.05 27.00 7.73 
2.40 3.46 10.80 5.40 19.00 6.07 27.20 7.81 
2.60 3.49 11.00 5.44 19.20 6.11 27.40 7.85 
2.80 3.51 11.20 5.47 19.40 6.12 27.60 7.89 
3.00 3.54 11.40 5.48 19.60 6.14 27.80 7.95 
3.20 3.57 11.60 5.48 19.80 6.17 28.00 7.97 
3.40 3.60 11.80 5.50 20.00 6.21 28.20 7.98 
3.60 3.62 12.00 5.51 20.20 6.25 28.40 8.05 
3.80 3.64 12.20 5.52 20.40 6.29 28.60 8.12 
4.10 3.67 12.40 5.53 20.60 6.39 28.80 8.37 
4.20 3.53 12.60 5.53 20.80 6.42 29.00 8.78 
4.40 3.54 12.80 5.54 21.00 6.45 29.20 9.72 
4.60 3.56 13.00 5.55 21.20 6.47 29.40 9.86 
5.00 3.58 13.20 5.55 21.40 6.49 29.60 10.21 
5.20 3.61 13.40 5.56 21.60 6.53 29.80 10.31 
5.40 3.63 13.60 5.56 21.80 6.56 30.00 10.38 
5.60 3.65 13.80 5.57 22.00 6.62 30.50 10.43 
5.80 3.67 14.00 5.58 22.20 6.66 31.00 10.52 
6.00 3.70 14.20 5.59 22.40 6.68 31.50 10.63 
6.20 3.73 14.40 5.62 22.60 6.71 32.00 10.70 
6.40 3.74 14.60 5.64 22.80 6.76 32.50 10.78 
6.60 3.77 14.80 5.64 23.00 6.79 33.00 10.83 
6.80 3.79 15.00 5.66 23.20 6.81 33.50 10.88 
7.00 3.89 15.20 5.67 23.40 6.82 34.00 10.95 
7.20 3.90 15.40 5.68 23.60 6.85 34.50 11.01 
7.40 3.92 15.60 5.69 23.80 6.87 35.00 11.05 
7.60 3.95 15.80 5.71 24.00 6.89 35.50 11.10 
7.80 3.98 16.00 5.73 24.20 6.92 36.00 11.18 
8.00 4.02 16.20 5.75 24.40 6.96 37.00 11.30 
8.20 4.05 16.50 5.79 24.60 7.02 



Table 4.2 Titration of Lead (II)-Methyl 3-Mercaptopropionate 

Trial 3 

mL PH mL PH mL PH 
0.00 2.88 6.60 3.29 13.20 4.06 
0.20 2.91 6.80 3.30 13.40 4.12 
0.40 2.95 7.00 3.31 13.80 4.19 
0.60 2.98 7.20 3.33 14.00 4.26 
0.80 3.01 7.40 3.34 14.20 4.34 
1.00 3.03 7.60 3.35 14.40 4.44 
1.20 3.06 7.80 3.37 14.60 4.60 
1.40 3.09 8.00 3.38 14.80 4.78 
1.60 3.11 8.20 3.39 15.00 5.05 
1.80 3.13 8.40 3.41 15.20 5.42 
2.00 3.16 8.60 3.43 15.40 5.58 
2.20 3.18 8.80 3.44 15.60 5.64 
2.40 3.20 9.00 3.46 15.80 5.73 
2.60 3.22 9.20 3.49 16.00 5.78 
2.80 3.24 9.40 3.51 16.20 5.81 
3.00 3.26 9.60 3.52 16.40 5.84 
3.20 3.11 9.80 3.54 16.60 5.88 
3.40 3.12 10.00 3.57 16.80 5.91 
3.60 3.14 10.20 3.58 17.00 5.94 
3.80 3.15 10.40 3.60 17.20 5.96 
4.00 3.15 10.60 3.63 17.40 5.99 
4.20 3.17 10.80 3.65 17.60 6.01 
4.45 3.18 11.00 3.68 17.80 6.03 
4.60 3.18 11.20 3.70 18.00 6.03 
4.80 3.19 11.40 3.73 18.50 6.07 
5.00 3.20 11.60 3.75 19.00 6.12 
5.20 3.21 11.80 3.79 19.50 6.15 
5.40 3.22 12.00 3.82 20.00 6.18 
5.60 3.22 12.20 3.85 20.50 6.24 
5.80 3.23 12.40 3.88 21.00 6.30 
6.00 3.24 12.60 3.93 21.50 6.36 
6.20 3.25 12.80 3.97 21.80 6.40 
6.40 3.27 13.00 4.00 



Trial 4: 

Lead nitrate: 0.3391g Methyl 3-mercaptopropionate: 0.4947g 

Approximate volume: 80mL Concentration of NaOH: 0.1056 M 

Molar ratio of metal to ligand: 1.00 to 4.02 

pH of ester solution =5.52 

pH after adding lead nitrate =2.93 

precipitate formed and disappeared at pH = 3.14 

precipitate remained at pH = 3.38 

Table 4.2 Titration of Lead (II)-Methyl 3-Mercaptopropionate 

Trial 4 

mL PH mL PH ML PH 
0.00 2.93 4.40 3.34 14.00 3.55 
0.20 2.95 4.60 3.36 14.80 3.59 
0.40 2.98 4.80 3.37 15.00 3.62 
0.60 3.00 5.00 3.38 15.50 3.66 
0.80 3.02 5.20 3.22 16.00 3.70 
1.00 3.04 5.50 3.22 16.50 3.75 
1.20 3.07 6.00 3.24 17.00 3.80 
1.40 3.09 6.50 3.26 17.50 3.86 
1.60 3.11 7.00 3.28 18.00 3.91 
1.80 3.13 7.50 3.31 18.50 3.98 
2.00 3.14 8.00 3.32 19.00 4.29 
2.20 3.16 8.50 3.33 19.50 6.81 
2.40 3.18 9.00 3.33 20.00 7.99 
2.60 3.20 9.50 3.34 20.50 8.35 
2.80 3.22 10.00 3.35 21.00 8.57 
3.00 3.23 10.50 3.35 21.50 8.73 
3.20 3.25 11.00 3.36 22.00 8.76 
3.40 3.26 11.50 3.38 22.50 8.97 
3.60 3.28 12.00 3.45 23.00 9.05 
3.80 3.29 12.50 3.48 23.50 9.13 
4.00 3.31 13.00 3.51 24.50 9.26 
4.20 3.32 13.50 3.53 25.00 9.29 



60 

The ratio of the metal to ligand was varied but in each case a 

precipitate was formed. The concentrations may have been too high. 

The decrease in pH when the lead nitrate was added indicated the 

release of protons and the formation of a complex. 

Because the lead (II)-methyl 3-mercaptopropionate complex was 

soluble at low pH, precipitation in another solvent was tried. Methyl 

3-mercaptopropionate and lead nitrate were mixed in a 1:1 molar ratio 

and a few drops were placed in a test tube containing the solvent. It 

precipitated in all of the solvents tested, (water, methanol, ethanol, 

isopropanol, and acetone). When the methanol test tube was refrigerat

ed, the precipitate was granular and eventually settled to the bottom. 

The amount of sodium hydroxide used appears to be directly pro

portional to the amount of lead nitrate added. 

The methyl 3-mercaptopropionate was titrated with sodium hydroxide 

to determine if any precipitate formed. Table 4.4 contains the titra

tion data. The acid dissociation constant could be determined from 

this if corrections for ionic strength and 50% methanol/water medium 

were taken into consideration. 

The lead (II) nitrate was also titrated to determine whether any 

precipitate formed. The titration data are shown in Table 4.5. A 

white precipitate began to form after 2.2mL of sodium hydroxide had 

been added. 



Table 4.3 Titration of Methyl 3-Mercaptopropionate 

with Sodium Hydroxide 

Weight of methyl 3-mercaptopropionate: 0.2311g 

Approximate volume: 80mL 

Concentration of NaOH: 0.1140 M 

Volume ph Volume ph 
0.00 5.71 4.80 9.56 
0.20 6.74 5.00 9.59 
0.40 7.85 5.20 9.61 
0.60 8.13 5.40 9.64 
0.80 8.33 5.60 9.66 
1.00 8.47 5.80 9.68 
1.20 8.62 6.00 9.71 
1.50 8.74 6.20 9.73 
1.60 8.80 6.40 9.75 
1.80 8.90 6.60 9.77 
2.00 8.97 6.80 9.80 
2.20 9.04 7.00 9.82 
2.40 9.10 7.50 9.87 
2.60 9.15 8.00 9.92 
2.90 9.22 9.00 10.02 
3.00 9.25 10.00 10.12 
3.20 9.29 11.00 10.23 
3.40 9.33 12.00 10.34 
3.60 9.37 13.00 10.46 
3.80 9.41 13.50 10.53 
4.00 9.44 14.00 10.62 
4.20 9.47 14.50 10.68 
4.40 9.51 15.00 10.78 
4.60 9.53 15.30 10.82 



Table 4.4 Titration of Lead (II) Nitrate with Sodium Hydroxide 

Weight of Lead Nitrate: 0.6614g 

Approximate volume: 80mL 

Concentration of NaOH: 0.1140 M 

Volume ph Volume ph 
0.00 4.51 5.40 5.61 
0.20 4.69 5.60 5.62 
0.40 5.09 5.80 5.63 
0.60 5.21 6.00 5.64 
0.90 5.32 6.20 5.65 
1.20 5.36 6.40 5.66 
1.50 5.41 6.60 5.66 
1.60 5.42 6.90 5.68 
1.80 5.44 7.00 5.69 
2.00 5.46 7.20 5.69 
2.20 5.47 7.40 5.71 
2.40 5.48 7.60 5.72 
2.60 5.49 7.80 5.73 
2.80 5.50 8.00 5.74 
3.00 5.51 8.20 5.75 
3.20 5.51 8.40 5.76 
3.40 5.52 8.60 5.77 
3.60 5.53 8.80 5.78 
3.80 5.54 9.00 5.80 
4.00 5.54 9.20 5.80 
4.20 5.55 9.40 5.81 
4.40 5.56 9.60 5.83 
4.60 5.56 9.80 5.84 
4.80 5.57 10.00 5.85 
5.00 5.58 10.20 5.86 
5.20 5.59 10.40 5.88 



The complex formation of methyl 3-mercaptopropionate with cobalt 

(II) was also investigated. The data from the titration are shown in 

Table 4.6. 

The clear, colorless solution of the methyl 3-mercaptopropionate 

became a burnt orange color when the pink cobalt nitrate solution was 

added. The solution became a deeper brown with time. A fine purplish 

brown precipitate formed. It may have been present before the titra

tion with sodium hydroxide since the solution was so dark that it was 

undetectable. Towards the end of the titration, the pH increased 

slightly before settling at the reported reading when more than 14mL of 

sodium hydroxide had been added. 

Table 4.5 Titration of Cobalt (ii)-Methyl 3-Mercaptopropionate 

Cobalt nitrate'hexahydrate: 0.4291g 

Methyl 3-Mercaptopropionate: 0.18 0 6g 

Approximate total volume: 80mL 

Molar ratio of metal to ligand: 1.00 to 1.02 

Concentration of sodium hydroxide: 0.1056 M 

pH of ester solution: 6.04 pH after adding cobalt nitrate: 4.37 

mL ph mL ph mL ph 
0.00 4.37 9.00 7.08 19.00 8.08 
1.00 5.93 11.00 7.81 20.00 8.07 
2.00 6.08 12.00 7.89 21.00 8.16 
3.00 6.19 13.00 7.92 22.00 8.27 
4.00 6.29 14.00 7.96 23.00 8.46 
5.00 6.39 15.00 7.97 24.00 8.97 
6.00 6.51 16.00 7.98 25.00 10.28 
7.00 6.64 17.00 8.00 26.00 10.91 
8.00 6.79 18.00 8.04 27.00 11.14 
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Determination of Solubility of meso-Dimercaptosuccinic Acid 

by an Iodine Titration 

Table 4.6 Iodine Titration of meso-DMSA 

Weight of 
sairple 

Volume of Volume of 
S2032- added I2 added 

Ratio of 
I2:DMSA 

0.0909g 14.20mL 50.00mL 3.06:1.00 

0.0487a 6.65mL 25.OOmL 2.99:1.00 

If this ratio were assumed to be 3.00:1.00, then the solubility of 

meso-DMSA as determined from a filtered aliquot of a saturated DMSA 

solution stirred overnight to be 4.40 nM. 

The meso-DMSA was apparently oxidized beyond the disulfide. This 

was found to occur frequently in compounds with a carboxyl group alpha 

or beta to the thiol sulfur. The extent of oxidation increased with a 

decrease in the initial concentration of thiol and an increase in 

pH.(67) In this case, the meso-DMSA contains a carboxyl group beta to 

the thiol sulfur. Furthermore, the pH of the solution was increased by 

adding the sodium hydroxide to remove the carboxyl protons and the 

concentration was also less than 1 mM. Therefore, increasing the 

initial concentration of meso-DMSA and omitting the sodium hydroxide 

addition may produce the expected 1:1 molar ratio. 
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Determination of Solubility of meso-Dimercaptosuccinic Acid 

using 5,5'-Dithiobis(2-Nitrobenzoic Acid) 

First a working curve of absorbance versus concentration was 

constructed from the data obtained below. 

Table 4.7 Working Curve 1 Data 

Concentration Absorbance 

0.0009769 M 0.434 

0.0007817 M 0.330 

0.0005861 M 0.250 

0.0003908 M 0.159 

0.0001954 M 0.063 

The slope was 468M-1. The calculated molar absorptivity for the 

dithiol was 24000M~1cm~1. 

Initially, the time needed to reach the maximum solubility was 

found. When aliquots were taken at the various time intervals, the 

greatest concentration was found at 24 hours but this only slightly 

more than that obtained after six hours. See Table 4.8. Hence, for 

the preliminary study, six hours was used as the time limit for obtain

ing the maximum solubility. However, the concentration was much 

greater than the expected 1 mM and a dilution of the solution was 

needed in order for the DTNB concentration to be four times greater 

than the meso-DMSA concentration. 



Table 4.8 Solubility of roeso-DMSA Data 

Absorbance Time Temp (C) Concentrat ion Dilution 

0.385 2.0 hr 26.0 0.00352 M 0.05 to 0.2 

0.340 3.0 hr 26.0 0.00314 M 0.05 to 0.2 

0.414 3.0 hr 25.9 0.00377 M 0.05 to 0.2 

0.400 4.0 hr 26.0 0.00365 M 0.05 to 0.2 

0.434 5.5 hr 25.9 0.00394 M 0.05 to 0.2 

0.409 5.5 hr 26.1 0.00373 M 0.05 to 0.2 

0.403 6.0 hr 26.0 0.00368 M 0.05 to 0.2 

0.430 6.0 hr 26.0 0.00391 M 0.05 to 0.2 

0.426 6.25 hr* 26.1 0.00387 M 0.05 to 0.2 

0.320 23.5 hr 26.0 0.00297 M 0.05 to 0.2 

0.413 24.0 hr 25.2 0.00376 M 0.05 to 0.2 

0.443 24.5 hr 26.0 0.00402 M 0.05 to 0.2 

0.444 6.0 hr 25.9 0.00403 M 0.05 to 0.2 

0.437 6.0 hr 26.0 0.00397 M 0.05 to 0.2 

0.483 6.0 hr 26.1 0.00436 M 0.05 to 0.2 

0.429 6.0 hr 25.5 0.00390 M 0.05 to 0.2 

0.216 6.0 hr 25.9 0.00346 M 0.03 to 0.2 

0.568 6.0 hr 25.2 0.00424 M 0.06 to 0.2 

0.400 6.0 hr 25.8 0.00365 M 0.05 to 0.2 

0.472 6.0 hr 24.4 0.00427 M 0.05 to 0.2 

0.457 6.0 hr 26.0 0.00414 M 0.05 to 0.2 

0.407 6.0 hr 26.0 0.00371 M 0.05 to 0.2 

0.438 6.0 hr 26.0 0.00398 M 0.05 to 0.2 
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Two standard solutions were made and tested to be sure that the 

working curve was accurate because a dilution was used. Their con

centrations were 0.000878 M and 0.00221 M. Their respective absorb-

ances were 0.451 and 0.390. The latter was a 0.05 to 0.2 dilution. 

The concentrations calculated from the working curve were 0.00102 M, 

(error 16%), and 0.00357 M, (error 62%). Since there was more error 

associated with the dilution, a new working curve was constructed with 

a sufficient amount of the DTNB so that dilution was not necessary. 

There may also be this large an error associated with the estimated 

range for the solubility of meso-DMSA. 

The new set of standards ranged from 3 rrM to 0.5 mM. It was noted 

that it took over one hour to dissolve the meso-DMSA for the 3 mM 

solution. The new reaction mixture consisted of lO.OOmL buffer, 0.20mL 

DTNB, and O.lOmL meso-DMSA solution. 

Table 4.9 lists the data for the second working curve. The slope 

was 280M-1. The molar absorptivity for the dithiol was 29000M~1crrf1. 
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Table 4.9 Working Curve 2 Data 

Concent rat ion Absorbance 

0.00300 M 0.873 

0.898 

0.850 

0.758 

0.00200 M 0.536 

0.517 

0.527 

0.00150 M 0.380 

0.380 

0.404 

0.00100 M 0.308 

0.298 

0.245 

0.00050 M 0.134 

0.134 

0.130 



Acid Dissociation Constants of meso-Dimercaptosuccinic Acid 

in the absence of perchloric acid 

Table 4.10 Trial 1 Titration of meso-DMSA with NaOH 

Initial volume: 55.0 mL Weight of meso-DMSA: O.OlOlg 

Ionic strength: 0.1 M Temperature: 25.0° + 0.1° 

Concentration of [NaOH]: 0.0504 M 

Volume ph Volume ph Volume ph 

0.OOOmL 2.91 1.710mL 3.77 3.400mL 9.99 
O.lOOmL 2.93 1.800mL 3.91 3.510mL 10.08 
0.205mL 2.97 1.900rriL 4.16 3.600mL 10.12 
0.300mL 3.00 2 .OlOrriL 4.74 3.700mL 10.19 
0.400mL 3.03 2.lOOmL 7.83 3.800mL 10.25 
0.500mL 3.05 2.205mL 8.53 3.900mL 10.31 
0.600mL 3.09 2.340mL 8.89 4.OOOmL 10.37 
0.740mL 3.14 2.400mL 8.99 4.lOOmL 10.41 
0.800mL 3.15 2.505mL 9.16 4.200mL 10.47 
0.910mL 3.20 2.600mL 9.28 4.305mL 10.52 
1.005mL 3.24 2.700mL 9.38 4.400mL 10.56 
l.lOOmL 3.28 2.800mL 9.50 4,500mL 10.60 
1.205mL 3.34 2.900mL 9.59 4.605mL 10.64 
1.320mL 3.41 3.030mL 9.71 4.700mL 10.68 
1.410mL 3.47 3. HOmL 9.77 4.800mL 10.71 
1.540mL 3.58 3.210mL 9.86 4.900mL 10.74 
1.610mL 3.65 3.310mL 9.94 5.OOOmL 10.77 
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Table 4.11 Trial 2 Titration of meso-DMSA with NaOH 

Initial Volume: 55.0 mL Weight of meso-DMSA: O.OlOOg 

Ionic strength: 0.1 M Temperature: 25.0° + 0.1° 

Concentration of [NaOH]: 0.0504 M 

Volume pH 

0 .OOOmL 2 .82 

0 .lOOmL 2 .84 

0 .210mL 2 .86 

0 .310mL 2 .89 

0 .420mL 2 .91 

0 .500mL 2 .93 

0 . 610mL 2 .97 

0 ,710mL 3 .00 

0 • 810mL 3 .04 

0 .920mL 3 .07 

1 .OOOmL 3 .11 

1 .HOmL 3 .16 

1 .210mL 3 .20 

1 .300mL 3 .26 

1 .400mL 3 .32 

1 .505rtiL 3 .39 

1 . 600mL 3 .46 

Volume pH 

1.700mL 3.56 

1.805mL 3.68 

1.900mL 3.82 

2.010mL 4.06 

2.110mL 4.45 

2.200mL 7.12 

2.305mL 8.40 

2.400mL 8.71 

2.505mL 8.93 

2.600inL 9.08 

2.700mL 9.21 

2.800mL 9.33 

2.930mL 9.45 

3.005mL 9.54 

3.100mL 9.64 

3.210mL 9.73 

3.310mL 9.82 

Volume pH 

3 .405mL 9 .97 

3 .510mL 9 .96 

3 .600mL 10 .03 

3 .700mL 10 .11 

3 .800mL 10 .16 

3 . 900mL 10 .25 

4 .OOOmL 10 .32 

4 .120mL 10 .39 

4 ,200mL 10 .44 

4 ,300mL 10 .49 

4 .400mL 10 .55 

4 .500mL 10 .59 

4 .610mL 10 . 63 

4 .705mL 10 .67 

4 .800mL 10 .71 

4 .900mL 10 .73 



Figure 4.1 Trial 1 Titration of meso-DMSA with NaOH 



Figure 4.2 Trial 2 Titration of meso-DMSA with NaOH 



Table 4.12 Trial 1 Calculation of and EC, 
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Volume PH X V 

0.000 2.91 -422000 -147 

0.100 2.93 -426000 -175 

0.205 2.97 -519000 -189 

0.300 3.00 -574000 -213 

0.400 3.03 -623000 -245 

0.500 3.05 -610000 -289 

0.600 3.09 -711000 -326 

0.740 3.14 -814000 -395 

By using method 1 to determine and K̂ , the following values 

were obtained. 

= 0.00914 pKj = 2.04 K2 = 0.000607 pIC, = 3.22 

Least squares error = 3100 Standard Deviation = 21 

R = 0.938 T = 9.53 ta/2, = 3.707 (99% confidence) 

By using method 2 for these eight points with an initial increment 

size of 0.0001, the minimum increment size of 0.00000001, and the 

number of increments on either side as 4, the following data was 

obtained. 

KJ_ = 0.00916 PIQ = 2.04 K-, = 0.000607 PKJ = 3.22 

Least squares error = 3100 Standard deviation = 21 

These values are in agreement with the values obtained by method 
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Volume PH X V 

0.000 2.82 -139000 -225 

0.100 2.84 -142000 -243 

0.210 2.86 -139000 -266 

0.310 2.89 -159000 -286 

0.420 2.91 -151000 -314 

0.500 2.93 -155000 -334 

0.610 2.97 -187000 -366 

0.710 3.00 -200000 -400 

By using method 1 to determine Kj_ and K3, the following values 

were obtained. 

iq = 0.0121 piq = 1.92 K, = 0.00244 pK, = 2.61 

Least squares error = 4200 Standard deviation = 24 

R = 0.837 T = 6.00 ta/2, = 3.707 (99% confidence) 

By using method 2 to determine and K,, the following values 

were obtained with the eight points, an initial increment size of 

0.0001, a minimum increment size of 0.00000001, and four increments on 

either side. 

= 0.0119 pf̂  = 1.92 Kg = 0.00244 pK, = 2.61 

Least squares error = 4200 Standard deviation = 24 

These values are in agreement with those obtained by method 1. 
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Table 4.14 

Volume PH x (* 1019) y (* io9) 

2.400 8.99 -1.01 4.70 

2.505 9.16 -1.38 4.06 

2.600 9.28 -1.75 3.63 

2.700 9.38 -2.10 3.18 

2.800 9.50 -2.90 3.00 

2.900 9.59 -3.56 2.63 

3.030 9.71 -4.87 2.18 

3.110 9.77 -5.58 1.80 

3.210 9.86 -7.21 1.35 

3.310 9.94 -8.94 0.78 

3.400 9.99 -9.77 0.11 

3.510 10.08 -12.70 -0.73 

3.600 10.12 -13.27 -1.56 

3.700 10.19 -15.98 -2.58 

3.800 10.25 -18.31 -3.74 

3.900 10.31 -21.04 -5.06 

4.000 10.37 -24.25 -6.55 

4.100 10.41 -24.81 -8.03 

4.200 10.47 -28.74 -9.89 
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The results using Method 1 are shown below. Note that although 

the least squares error is large, the data fits the parameters very 

well. 

The results using Method 2 follow. The x and y values were 

introduced without the exponents so then the initial estimates of 

and K4 were 0.212 and 0.482 to adjust for this. The increment size was 

0.1, the minimum increment size was 0.0001, and the number of incre

ments 4. 

Method 1 

K3 = 2.12 x 10"10 PK3 = 9.67 

K, = 4.82 x 10"11 pK4 = 10.32 

Least squares error = 3.30 x 1018 

R = 0.990 T = 42.7 ta/2, = 2.898 (99% confidence) 

Method 2 

K3 = 2.12 x 10"10 pK3 = 9.67 

K4 = 4.82 x 10"11 pK< = 10.32 

18 Least squares error = 3.31 x 10 
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Table 4.15 Trial 2 Calculation of Kj and K1 

Volume pH x (* 1019) y (* 109) 

2.400 8.71 -0.24 2.07 

2.505 8.93 -0.42 2.07 

2.600 9.08 -0.63 2.00 

2.700 9.21 -0.87 1.88 

2.800 9.33 -1.21 1.77 

2.930 9.45 -1.61 1.44 

3.005 9.54 -2.12 1.33 

3.100 9.64 -2.85 1.09 

3.210 9.73 -3.59 0.66 

3.310 9.82 -4.64 0.21 

3.405 9.97 -4.99 -0.34 

3.510 9.96 -6.45 -1.02 

3.600 10.03 -7.79 -1.72 

3.700 10.11 -9.74 -2.66 

3.800 10.16 -10.41 -3.63 

3.900 10.25 -13.85 -5.00 

4.000 10.32 -16.60 -6.47 

4.120 10.39 -19.07 -8.39 

4.200 10.44 -21.39 -9.89 
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The results using Method 1 are shown below. 

K3 = 4.02 x 10"10 PK3 = 9.40 

K4 = 5.59 x 10"11 pK4 = 10.25 

Least squares error = 9.37 x 1017 

R = 0.996 T = 69.46 ta/2, = 2.898 (99% confidence) 

The values obtained using Method 2 are as follows: 

K3 = 4.01 x 10"10 pK3 = 9.40 

Ka = 6.00 x 10"n pK4 = 10.22 

Least squares error - 9.44 x 1017 
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in the presence of perchloric acid 

In each case, it required 3.44iuL of sodium hydroxide to neutralize 

the perchloric acid which had been added to the solution. 

Table 4.16 Titration of meso-DMSA in Presence of Perchloric Acid 

Trial 1 

Weight of meso-DMSA: 0.0140g 

Concentration of NaOH: 0.270 M Concentration of HC104: 0.0929 M 

Approximate volume: 50mL 

Temperature: 25.0° + 0.1° Ionic Strength: 0,1 M 

mL of NaOH needed/H+ of meso-DMSA: 2.85mL 

Volume PH Volume PH Volume PH 
0.000 2.54 2.300 2.78 4.610 3.04 
0.110 2.56 2.400 2.79 4.710 2.70<— 
0.200 2.57 2.535 2.79 4.810 2.72 
0.300 2.58 2.600 2.80 4.900 2.73 
0.405 2.59 2.700 2.81 5.000 2.74 
0.500 2.61 2.805 2.83 5.110 2.76 
0.600 2.62 2.910 2.84 5.235 2.78 
0.700 2.63 3.000 2.85 5.310 2.79 
0.800 2.64 3.100 2.86 5.460 2.80 
0.945 2.65 3.200 2.87 5.500 2.80 
1.000 2.66 3.300 2.89 5.625 2.83 
1.105 2.67 3.400 2.90 5.760 2.83 
1.200 2.68 3.510 2.90 5.800 2.85 
1.300 2.69 3.600 2.91 5.905 2.85 
1.400 2.70 3.710 2.93 6.010 2.85 
1.505 2.71 3.800 2.93 6.100 2.86 
1.600 2.72 3.900 2.95 6.200 2.86 
1.710 2.73 4.000 2.96 6.320 2.88 
1.805 2.74 4.105 2.98 6.400 2.89 
1.910 2.75 4.200 3.09 6.500 2.91 
2.000 2.76 4.300 3.00 6.610 2.93 
2.100 2.76 4.400 3.02 6.620 2.95 
2.200 2.77 4.510 3.04 6.800 2.96 

The pH drop region is indicated by <— 



Table 4.17 Titration of meso-DMSA in Presence of Perchloric Acid 

Trial 2 

Weight of meso-DMSA: 0.0131g 

Concentration of NaOH: 0.0270 M Concentration of HC104: 0.0929 M 

Approximate volume: 50mL 

Temperature: 25.2° + 0.2° Ionic strength: 0.1 M 

mL of NaOH needed/H+ of meso-DMSA: 2.66mL 

Volume PH Volume PH Volume PH 
0.000 2.20 2.500 2.21 5.000 2.52 
0.100 2.20 2.655 2.22 5.205 2.54 
0.200 2.20 2.700 2.23 5.410 2.59 
0.310 2.21 2.800 2.24 5.610 2.63 
0.400 2.22 2.900 2.25 5.800 2.66 
0.500 2.22 3.000 2.26 6.000 2.71 
0,620 2.23 3.100 2.27 6.200 2.76 
0.715 2.24 3.210 2.28 6.430 2.82 
0.810 2.24 3.305 2.30 6.670 2.89 
0.920 2.25 3.400 2.30 6.820 2.94 
1.000 2.25 3.520 2.32 7.040 3.02 
1.125 2.26 3.600 2.33 7.200 3.10 
1.210 2.26 3.700 2.34 7.415 3.20 
1.300 2.27 3.810 2.35 7.605 3.31 
1.440 2.27 3.900 2.37 7.800 3.45 
1.510 2.27 4.000 2.38 8.000 3.62 
1.600 2.28 4.130 2.40 8.210 3.97 
1.700 2.28 4.225 2.40 8.410 4.45 
1.810 2.28 4.300 2.41 8.600 7.55 
1.910 2.28 4.420 2.43 8.800 8.01 
2.000 2.28 4.510 2.44 9.000 8.26 
2.100 2,24<— 4.605 2.46 9.215 8.44 
2.210 2 .19 4.700 2.47 9.400 8.56 
2.310 2.20 4.800 2.48 9.605 8.68 
2.420 2.21 4.900 2.50 9.810 8.77 

The pH drop region is noted by <—. 
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During first titration of meso-DMSA in the presence of perchloric 

acid with sodium hydroxide, the pH suddenly dropped in the region 

between the point were the perchloric acid was completely titrated and 

the point where the first proton of the meso-DMSA was fully titrated. 

In the second case, it dropped more slowly in the range where two-

thirds of the perchloric acid had been titrated. This may be due to 

the limited solubility of meso-DMSA. It did not occur consistently in 

one region. At low pH's, the meso-DMSA would be leas soluble since it 

would be fully protonated. The disodium salt is more soluble than the 

acid. Hence, the potentiometric titration of meso-DMSA could not be 

carried out in the presence of excess acid. 
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Standardization of Nickel (II) and Zinc (II) Solutions 

Table 4.17 Standardization of Nickel (II) Perchlorate 

Volume of Volume of Molarity 
Aliquot EDTA 

20.00iriL 11.80mL 0.02962 M 

20.OOmL 11.73mL 0.02944 M 

20.00mL U.75mL 0.02950 M 

20.00mL 11.75mL 0.02950 M 

Average Molarity: 0.02952 M Standard Deviation: 0.00008 M 

Table 4.18 Standardization of Zinc (II) Perchlorate 

Volume of Volume of Molarity 
Aliquot EDTA 

20.OOmL 16.lOmL 0.0008082 M 

20.OOmL 16.16mL 0.0008112 M 

20.00mL 16.18mL 0.0008122 M 

20.OOmL 15.90mL 0.0007982 M 

Average Molarity: 0.04037 M Standard Deviation: 0.00032 M 



Crystal Formation Attempts for Lead (II) -
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Table 4.19 Crystal Formation Method 1 Data 

Lead nitrate: l.OOmL of 1.05 mM 

Tube weight of msso-DMSA 

1 0.0056g 

2 0.0029g 

3 0.0021g 

4 0.0027g 

5 0.0018ct 

Method 2 

Lead nitrate: 2.00mL of 1.05 mM 

Weight of meso-DMSA: 0.0360g 

Tubes 6-9 

A white layer formed between the gel and the aqueous layer in 

these first nine tubes. The water evaporated from the top and the gel 

started to crack. Small flecks of yellow were scattered throughout the 

tube. The gel became a light tan color. 

Method 3 & 4 

The gel and the meso-DMSA standard did not mix since the gel 

hardened as soon as it came in contact with the cold solution. 
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Method 5 

The gel and the meso-DMSA standard mixed easily since they were at 

the same temperature. Care was taken not to overheat the meso-DMSA 

solution so that it did not deconpose. 

Table 4.20 Crystal Formation Method 5 Data 

Volume of meso-DMSA standard: 5.00mL 

Concentration of lead nitrate: 1.05 roM 

Tube Concentration of Volume of 

Number meso-DMSA standard lead nitrate 

10 0.0009769 M 2.50mL 

11 0.0007815 M 2.00mL 

12 0.0005861 M 2.50mL 

13 0.0003908 M 2.00mL 

14 0.0001954 M 2.50mL 

15 0.00008881 M 2.50mL 

of lead nitrate: saturated 

16 0.0009769 M l.OOmL 

17 0.0007815 M l.OOmL 

18 0.0005861 M l.OOmL 

19 0.0003908 M l.OOmL 

20 0.0001954 M l.OOmL 

21 0.00008881 M l.OOmL 
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U tubes 

Lead (II) chloride crystals were seen forming in the tubes which 

contained the sodium chloride. The meso-DMSA appeared to precipitate 

very easily in the gelatin tubes. 

S-Shaped Tube 

It was impossible to completely fill the tube with water. Either 

an air bubble remained at one of the bends in the tube or slight 

tilting to remove the bubbles caused the solutions to mix. This could 

have been prevented by having openings at the bend near the bulbs. The 

solutions could have been injected easily and the water added to 

completely fill the bend. A stopper would have been placed on top so 

that the remainder of the tube could be filled with water. 
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CHAPTER FIVE 

SUMMARY 

Methyl 3-mercaptopropionate was synthesized from 3-mercaptopro-

pionate in a methanol/hydrochloric acid solution. It was extracted 

into chloroform and eluted from a silica gel column using chloroform 

since elution with hexane containing glacial acetic acid from a cel

lulose column did not successfully remove the methyl 3-mercaptopro-

pionic acid. 

The percent purity of the purchased methyl 3-mercaptopropionate 

was determined by the addition of excess iodine, followed by the 

immediate back-titration of the unreacted iodine with a standardized 

thiosulfate solution. The result was ninety-seven percent purity. 

The metal complexing ability of methyl 3-mercaptopropionate with 

lead (II) and cobalt (II) was investigated. It formed a complex with 

lead (II) that was soluble only at low pH. A white precipitate formed 

during the titration of the lead (II)-methyl 3-mercaptopropionate 

solution with sodium hydroxide after a pH of about three. No precipit

ate formed during the titration of methyl 3-mercaptopropionate. 

However, a white precipitate did form when the lead nitrate was ti

trated. 

A purplish-brown precipitate formed during titration of the 

solution containing the cobalt (II) and methyl 3-mercaptopropionate. 

The complex formation constants could not be calculated by making use 
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of this potentiometric titration data. 

The iodine titration did not prove to be a suitable method for the 

quantitative determination of the solubility of meso-dimercaptosuccinic 

acid. A stoichiometric ratio of approximately 3:1, (iodine to meso-

DMSA), rather than the expected 1.00:1.00 ratio was obtained for the 

reaction of I2 and meso-DMSA. Therefore, 5,5'-dithiobis(2-nitrobenzoic 

acid) was used to estimate the solubility of meso-DMSA. The range 

obtained after stirring solutions containing an excess of meso-DMSA for 

6 hours at 26° was 3.5 to 4.5 roM. However, since the concentration was 

much greater than the 1 mM initially estimated, an error may have been 

caused by dilution. 

The acid dissociation constants for meso-dimercaptosuccinic acid 

were determined potentiometrically. The temperature was maintained at 

25° and the ionic strength at 0.1 M. The values were 2.0, 2.9, 9.5, 

and 10.3. Two methods were used to determine the values. Both methods 

were based on minimization methods. The titrations were carried out in 

the presence and the absence of perchloric acid. In the former case, 

the pH dropped sharply during the titration with sodium hydroxide. 

This may be due to the limited solubility of meso-DMSA in the presence 

of perchloric acid. 

Attempts were made to grow crystals of the lead (II)-meso-DMSA 

complex in gels. No crystals were formed in agar, agarose, and 

gelatin. 



CHAPTER SIX 

APPENDIX 1 

COMPUTER PROGRAM FOR METHOD 1 

CF ACID DISSOCIATION CONSTANT DETERMINATION 

10 BEM determination ol ka's of dcisa 
20 DIM V(1001 
30 DIM PC??) 
40 DIM XUC0) 
50 DIM Y<100) 
60 F.EM input initial conditions 
70 FBIKT 'How sany data points'' 
60 INPUT K 
90 PBIKT 'Enter initial volume." 
100 IKPUT (J 
110 PBIKT "Enter the grars of -MSA \.sed." 
120 IKPDT G 
170 PBIKT 'Enter the concentration of base used.' 

160 IKP'JT B 
150 M= G / 1 £ 2 . 21B 
200 F.EM ir.put pH ar.d vol'jne of KaOK used 
210 FOR K= 1 TO N 
215 PBIKT 
220 PBIKT "Kck entering data for point ";K 
230 PBIKT 'Enter the vclune of KaOK used.* 
240 IKPUT V(K) 
250 PBIKT "Enter the pE.* 
260 IKPUT F(K) , 
270 KEXT K 
260 PBIKT 
290 PBIKT' If you want to calculate k3 and k4, enter 2.' 
300 IKPUT F 
305 PBIKT 
310 IF F= 2 GOTO EC® 
31i> BEM cftlc kl ar.d k2 
332 F.EM calc x and y 

340 FOB J = 1 TO K 
350 A=E*V(J)«.001 /K 
360 H=10*{-P(J)> 
370 C = !Q+V(J))*.001/M 
3Ee X (J) = (2-A-H»C)/((-A-K«C)*K"2) 
390 Y(J)=(A-1+E»C)/((-A-K*C)*K) 
395 PP.IKT X(J) ;Y(J) 
400 KEXT J 



410 GOSUB 1020 
420 FBIKT:FEIKT 'K1 = *;Z 
440 FBIKT 'K2 = *:D 
4£0 FEIKT 'The least equare error ie ' ;LSE 
4 65 FEIKT * r = *;S 
467 FEIKT *t = * ;T 
470 EKD 
500 KEM calculate k3 and k4 
510 REM calculate x and y 
520 FOB J = 1 TO N 
530 A=E*V(J)».001/M 
540 H=10*(-P(J)) 
550 OK=(10*(-14))/H 
560 C= (Q-rV(J)Jn .001/M 
570 X(J)=(4-A+OK«C)/(f2-A- C H»C!*H"2) 
£60 Y(J)=(A-3-OK*C)/(t2-A*CK»C;«H) 
565 FEIKT X(J);TA6(20)Y(J) 
590 KEXT J 
593 FOB J = 1 TO N 
594 X(J)=X(J)* 10*- 19 
595 Y{J)=Y(J)* 10*-9 
595 KEXT J 
600 GOSUB 1C00 
605 FKIKT 
626 Z=Z/10*9 
607 P=D/10*i0 
610 FBIKT "K3 = '\Z 
630 FBIKT 'K4 = ';D 
640 LSE =LSE * 10*18 
650 FBIKT 'The least square error is ' ;LSE 
6£ 0 FBIKT ' r = *;B 
670 FEIKT " t = • ;T 
6£0 EKD 
1000 EEM least squares lir-ear regression 
1010 SY=0 
1020 £X=0 
1£30 SXS=0 
ie40 £YS=0 
10 50 SXY=0 
1060 FOE R = 1 TO K 
1070 SX=SX + X(R) 
10E0 EY=EY+Y(B) 
1090 SXY=SXY-X(R)*Y(R) 
1100 SXS = SJ:S + X(R) *2 
1110 SYS=SyS+Y(R)*2 
1120 KEXT R 



1130 REM slcpe =d and w=intercept 
1140 D=(ISXY/SX)-(SY/N))/((SXS/SX)-(SX/N)) 
1150 ftMSY/K}- (SX«D/N) 
1160 Z=l/W 
1165 LSE=0 
1170 FOR R = 1 TO N 
1180 LSE=LSE • IY (R) - (D*X (?.) + K))*2 
1190 NEXT R 
1210 AYS=(SY/K)' 2  
1220 E=(W*£Y + D»SXY - K*AYS)/(SYS - K»AYS) 
1230 T=(P.«(K-1)/(1-R))*.5 
1240 BETUBK 



CHAPTER SEVEN 

APPENDIX 2 

COMPUTER PROGRAM FOR ME.THOD 2 

OF ACID DISSOCIATION CONSTANT DETERMINATION 

10 REM optimization for constants 
20 IKrUT " IKPUT THE NUMBER OF POINTS 'jP 
25 DIM X(iC0) 
26 DIM Y(100) 
30 IKrUT 'IKPUT THE INCREMENT SIZE *;IS 
40 IKfUT * I KPUT THE KIN I MUM INCREMENT SIZE *;MIS 
50 INPUT " I KPUT THE NUMBER OF INCREMENTS ON EITHER SIDE ';NI 
60 FOR 2= 1 TO P 
70 INPUT "INPUT COORDINATE PAIR X, Y" ; X iZ) , Y (Z) 
80 NEXT Z 
9e s*e 
100 SMIN = 10*30 
110 INPUT "INPUT THE INITIALS ESTIMATES OF K *;K1,X2 
120 FOR N=Ki-NI»IS TO K1+NI«IS STEP IS 
130 FOR L=K2 -NI*IS TO K2+NI"IS STEP IS 
140 FOR R = 1 TO P 
150 S = E+(Y JR)-(1/N +L*X(R)))*2 
160 NEXT R 
170 IF S < SMIN THEN £MIN=S:SK=K:SL=L 
160 S=0 
190 NEXT L 
200 NEXT K , 
205 PRINT SMIN;SN;SL 
210 IF SN = (K1 + NI* IS ) THEN GOTO 400 
220 IF SN = (K1 • NI•1S) THEN GOTO 420 
230 IF SL = t K2 - KI * IS) THEN GOTO 400 
240 IF SL= (K2 + KI*IS) THEN GOTO 4£0 
250 IF IS < MIS THEN GOTO 300 
26C IS=IS/]0 
270 K;=SK:K2=SL 

260 GOTO 120 
300 PRINT "THE OPTIMUM VALUES ARE 'iSN.SL 
310 PRINT "THE MINIMUM ERROR IS \SMIN 
320 END 
400 K1=SN:K2=SL:G0T0 120 
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