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The kinetics of reactions between two nucleophiles and hydroxyl-

amine -0-sulfonate ion (H
2
NOSO3) have been studied spectrophoto-

metrically in 50% wt. methanol-water solvent to determine the rate-

laws and mechanisms.

The reaction between potassium thiosulfate and hydroxylamine-

0-sulfonate

Abstract approved:

-
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252032 H
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NOSO
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S4062- + S042- + NH3 + OH

is first order with respect to each reactant. The rate law determined

is rate = k
2

[ H
2
NOSO

3
] [S2032-] with the second-order rate constant

k
2

= 0. 795 (+ 0. 034) M-lsec 1 at p. = 0. 100M and at 20.40. The

activation parameters AFI* and ASt calculated from transition -state

theory are 11.1 (+ 0. 4)kcal/mole and -21.0 (+ 1.5) eu, respectively.



The mechanism proposed for this reaction involves a rate-

determining step in which the nucleophile, thiosulfate, attacks the

bridging oxygen in the hydroxylamine-O-sulfonate.

-OH

H 20r
S2032- + H

2
NOSO

3
--. 0

3
SS- - -0- - -NH

SO3

3-

0
3
SS-0-S0

3
+ NH3 + OH

5203 2- + 0
3 SS-0-SO 3-

fa!t S4062- + S042-

The reaction between triphenylphosphine and hydroxylamine-0-

sulfonate

(C
6

H5)3P + H NOSO
3

(C
6

H
5

)
3
PNH 2+ + SO42

is second order, with the rate law rate = k2 [ (C
6
H 5)3P] [ H2NOS03]

(The hydrogen-ion dependence has not been completely evaluated be-

cause of the uncertainty in the value of the dissociation constant of

H
2

NOSO
3H

in methanol-water. ) The rate constant k
2

is 1. 68M

at µ = 0. 100M and at 20.4°. The corresponding AE-I and AS1'

culated are 7.3 (+ 1. 0) kcal/mole and -32. 6 (+ 3.4) eu, respectively.

The mechanism proposed for this reaction involves a rate-

determining step in which the triphenylphosphine attacks the nitrogen

in the hydroxylamine -O- sulfonate.
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3
[(C6H5)3P---N---0S03]

H H
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3
PNH 2+ + S042-

Both thiosulfate and triphenylphosphine are similar in reactivity.

Since S2032- and (C
6

H5)3P are soft, polarizable bases, we can

conclude that the H2NOSO3 anion is especially reactive towards soft

bases nucleophiles. The nitrogen and oxygen in the hydroxylamine-0-

sulfonate anion are comparable in terms of soft acid character.
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A U. V. SPEC TROPHOTOMETRIC STUDY OF THE KINETICS
OF SOME NUCLEOPHILIC DISPLACEMENT REACTIONS

INVOLVING HYDROXYLAMINE-O-SULFONATE ION

I. INTRODUCTION

Nucleophilic Displacement Reactions

A nucleophile is a species which donates electrons to an atomic nu-

cleus in a reaction. It is also a Lewis base. A nucleophile displacment

reaction involves a bimolecular rate-determining-step in which one

nucleophile displaces another. It is usually denoted as an SN2 react-

ion.

(1) Y + M- X Y---M---X
nucleophile substrate activated complex products

The rate of this kind of reaction depends on [Y] and [MX]. The

species Y---M ---X is called an activated complex, i. e., the aggre-

gate of highest potential energy along the reaction coordinate.

Generally, nucleophilic reactivity depends largely on the basic-

ity of the nucleophile, its polarizability, redox potential, and its elec-

tronegativity. Edwards correlated these factors in terms of the follow-

ing equations (13, 14).

(2)

(3)

log(k/k) aP + pH

log(k/k0) = aEn + pH
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Here k is the rate constant which refers to the various nucleophiles

in a reaction and k refers to water as the nucleophile. The ratio
0

Vico is the rate relative to water. H is the proton-basicity which in

turn equals I. 74 + pKa: pKa is the basicity of the nucleophile. P is

the polarizability factor calculated primarily from molar refraction.

En is simply the redox factor which equals Eo + 2. 60. Eo is defin-

ed as the standard oxidation potential for the process 2Y = Y
2

+ 2e .

The constants a and p are to be determined.

It is defined that acids which have high positive charge density

(small size and high positive charge) are called hard acids. Soft acids

are ones which have low positive charge density and polarizable elec-

tron pairs. In the case of hard acids, p is larger than that of soft

acids. This is because hard acids are sensitive to the proton basicity,

H, of the attacking base. Soft acids which are sensitive to the redox

factor En or polarizability P usually have large a. For water,

and H are defined to be zero.

Secondary factors which affect nucleophilic reactivity are the

alpha effect, solvation effect, and steric hindrance (10, 23, 24, 48).

From the transition-state theory, it is possible to obtain some

information of the properties of the activated complex. This theory

gives the relationship among several activation parameters,

(4)
k

2
kb

Ali+ A

R
Sln(7) ln(h ) RT
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Here AS* is the entropy of activation and is a measure of the differ-

ence in entropy between the solvated activated complex in the transi-

tion state and the solvated reactants in the ground state. OH is the

enthalpy of activation in solution. Both the Arrhenius activation ener-

gy Ea and LS+ determine the rate. AI-I+ and Ea for reaction in

solution are related as below:

(5) LH+ RT

In Equation 4, k is the rate constant of the reaction, kb and

h are Boltzmann's constant and Planck's constant, respectively.

Hydroxylamine-O-Sulfonic Acid and its Properties

The preparation of hydroxylamine-O-sulfonic acid was first re-

ported by Sommer and Temp lin in 1914 (43). They prepared it by the

reaction between bis(hydroxylammonium) sulfate and fuming sulfuric

acid at room temperature. In 1925, Sommer and co-workers prepa

it another way (42).

(6) (NH
3

OH)
2

SO
4

2C1SO
3H

heat 2NH
2

OSO
3H

+ 2HC1 ± 14 SO
2 4

e

Smith and co-workers reported that a purity of 88-98.8% of this

acid was achieved by repeating the treatment of the product with chlorti-

sulfonic acid and then with dry ether (41). Recrystallization indicated

by Smith was achieved from cold, absolute alcohol.
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Hydroxylamine-O-sulfonic acid is a white, powdered, solid sub-

stance, hygroscopic, and soluble in water and alcohols (methanol,

ethanol) only (28, 41). The reported ionization constant is 1. 7 x 10

550 _850 (27) and 3. 3 x 10-2 at 45° (11). The acid-catalyzed

hydrolysis causes hydroxylamine-O-sulfonic acid to decompose slowly

to hydroxylammonium ion as indicated by Matsuguma and Audrieth

(27).

(7) NH2OSO
3H

+ H2O NH 30H+ + HSO
4

Their study also included the Cu(II)-catalyzed disproportionation re-

action in alkaline solution.

(8) 3H
2
NOSO

3H N2 + NH4+ + HSO
4

+ 2H 2SO4

The hydroxylamine-0-sulfonic acid crystal structure determined

by Baenziger and his co-workers from the Weissenberg and precession

single-crystal X-ray diffraction pattern shows four molecules of the

acid arranged in one unit cell (4, 7, 18). Each molecule contains a

distorted tetrahedron with four oxygen atoms at its corners around

the sulfur atom. The nitrogen atom links to the oxygen atom at the

position farthest from the sulfur atom. It is also known that this acid

exists as the zwitterion H
3
N

+
OS03 in the crystal state (18, 34).

Hydroxylamine-O-sulfonic acid has been used in the synthesis of

substituted hydrazones from amines (21), in the, formation of diimides
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(37), hydrazine (16), and in the stereospecific synthesis of alicyclic

and bicyclic amines (33). Sisler and co-workers used hydroxylamine-

0-sulfonic acid as an amination reagent for tertiary amines (39).

(9) NH2OSO
3H

R3 NNH
2

HSO
4

Appel and co-workers reacted it with triphenylphosphine to obtain the

triphenylphosphinimium-hydrogen-sulfate (3).

(10) ) P + NH OSO H (C H ) PNH HSO
6 5 3 2 3 6 5 3 2 4

A new hydroxylmethylation reaction has been recently studied by Pal-

mer and McIntyre (29).

Previous Kinetic Studies Involving
Hydroxylamine-O-Sulfonic Acid

Hydroxylamine-0-sulfonic acid and its N-alkyl derivatives have

been the subject of some kinetic studies. Candlin and Wilkins reported

the kinetics of the hydrolysis of NI-120S03 (Equation 11) and acid-

catalyzed hydrolysis of H
3
N

+ OS03 (Equations 12, 13).

NH
2

OSO
3

+ H2O NH20H + HSO 4-

(12) H
3N

OS03- + H+ slow NH3OH+ + SO3

(13) SO3 + H2O fast
H

2
SO4

By means of H 180, they found that O-S bond cleavage occurs in

acid hydrolysis, but N-0 breakage results in alkaline medium (11).
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Smith and co-workers showed that the aqueous hydrolysis of

hydroxylamine-O-sulfonic acid in acidic solution is first order in

NH
2

OSO
3H

and roughly first order in acidity (41). They studied the

kinetics of the reaction between the nucleophile, iodide, and the sub-

strate, hydroxylamine-O-sulfonic acid. The mechanism proposed is

(14) I + NH
2

OSO
3H

INH
2

+ HSO4

(15) NH
2
I + HI NH3 + 12

Reaction 14 is the rate-determining-step and the intermediate is

iodoamine. The reaction is a nucleophilic displacement process.

They showed that the reaction follows a second order rate law.

(16) d(I2)/dt = k[NH2OSO3H] [I]

Based on Jie above studies, other nucleophiles like (C6H5)3P

and 52032 - may also undergo a similar reaction with hydroxylamine-

0-sulfonic acid. It is the main object of this thesis work to study the

kinetics and mechanisms of the reactions involving this acid and these

two nucleophiles. From this, a relative reactivity of the nucleophiles,

(C H
5)

P and S2032, may be established.
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II. EXPERIMENTAL

Reagents

Hydroxylamine-O-sulfonic acid was prepared by the reaction of

chlorosulfonic acid (Matheson, Coleman, and Bell reagent) and hydrox-

ylammonium sulfate (Matheson, Coleman, and Bell reagent) as out-

lined by Sommer and co-workers (42).

(17) (NH
3

OH)
2
SO + 2 C1SO3H 2NH

2
OSO

3H
+ 2 HC1 + H2S0

4
100

4

The heated mixture was constantly stirred for about ten minutes

and then cooled down to room temperature in a vacuum desiccator

over phosphorus pentoxide. Ice-cooled ethyl ether (Mallinckrodt re-

agent) treated with anhydrous magnesium sulfate (B & A reagent) was

slowly added to the substance inside a flask. An ice-water bath was

used to remove the heat released during the addition. The substance

was filtered through a sintered glass (medium) filter. The solid was

further washed with two liters of fresh, cold ether and was dried in a

vacuum desiccator over phosphorus pentoxide. The product was about

80% pure.

A satisfactory purification procedure indicated by Smith and co-

workers (41) was to treat the dried, solid product again with fresh

chlorosulfonic acid and to extend the heating period. A standardized

sodium thiosulfate (B & A reagent) solution, together with 1 M sulfuric
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acid and potassium iodide (B & A reagent), was used to determine the

hydroxylamine-O-sulfonic acid content in the dried, solid product.

(18) NH
2

OSO
3H

+ 21 + 2H+ NH4+ + HSO
4

+ 12

Titration was terminated when no more iodine color remained in the

solution after about ten minutes. The purity determined was 95.2-

98. 5 %. The main impurities found were hydroxylammonium sulfate

and HCl.

Matheson, Coleman, and Bell purified triphenylphosphine was

re-crystallized from 50% methanol-water. Potassium thiosulfate (B

& A reagent) was purified from re-distilled water. Both were stored

in a vacuum desiccator over phosphorus pentoxide.

Tetramethylammonium chloride (Eastman, White Label) was

dissolved in 50% vol. methanol-ethanol solvent. White crystals of the

chloride were obtained when anhydrous ethyl ether was added to the

concentrated solution. The purified crystals were stored in a vacuum

desiccator over phosphorus pentoxide. In the reaction with silver

nitrate (Mallinckrodt reagent), the purity of tetramethylammonium

chloride determined was 99.9%. Fisher purified sodium perchlorate

was re-crystallized from water, then dried before use.

Potassium tetrathionate was obtained from the reaction indicated

by Martin and Metz (26).

(19) 2 K
2

S203 + 12 K
2

S406 + 2 KI
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It was purified in 50% wt. ethanol-water and stored in a vacuum desic-

cator over phosphorus pentoxide.

Purified nitrogen was used to de-oxygenate the methanol (B & A

reagent) and water for about 20 minutes, respectively. Magnesium

turnings used in the dehydration of methanol, sodium hydrogen phos-

phate Na HP0, potassium dihydrogen phosphate KH
2

PO4 (99%),

potassium acetate, iodine (re-sublimed), hydrochloric acid, and

perchloric acid were all B & A reagents.

Solvent and Solutions

The solvent used throughout the experiment was a 50% (wt. )

methanol-water mixture. B & A reagent methanol was used without

further purification and water was re-distilled. Based on the known

densities of the substances at room temperatures, calculated amounts

were mixed volumetrically. Both methanol and water were freshly

prepared and de-oxygenated.

The low solubility of triphenylphosphine had caused some diffi-

culty in dissolving it in the solvent directly. The solution was pre-

pared by dissolving a measured amount of triphenylphosphine in a cal-

culated volume of de-oxygenated methanol first and then the required

amount of water was added.

The water content in each acid reagent used in this experiment

had been estimated through its density and percentage of content. The
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needed amounts of water and methanol were then added in order to

maintain uniformity of solvent composition.

Equipment and Temperature Control

A Beckman Model DU spectrophotometer was used for taking the

kinetic data. The cell compartment was thermostated by means of

circulating water from a water bath. Carefully calibrated thermo-

regulators, heater, and copper cooling coils were used to maintain

the water bath at a specified temperature. The circulating pump de-

livered the water from the bath to the cell compartment. Well insulat-

ed walls surrounding both the cell compartment and the water bath kept

the temperature constant within 0. 1 0. At 10o, an additional ice-

water bath was connected to the above mentioned water bath in order

to achieve efficient low-temperature control.

In order to maintain stability of the temperature in the cell com-

partment and for stable absorption readings, the hydrogen lamp in the

spectrophotometer and the water bath apparatus had to be turned on at

least one hour ahead of time before any reading was actually taken.

The sample cells and the blank cell were placed inside the cell com-

partment about half an hour before any kinetic run was started.
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Kinetic Methods

Solutions for a particular reaction were prepared separately in

volumetric flasks and immersed in a separate constant temperature

bath for about one hour in order to allow the temperature of these solu-

tions to achieve equilibrium.

To start a kinetic run, the prepared solutions were quickly trans-

ferred to a clean, glass-stoppered Erlenmeyer flask by means of

pipettes. This flask had already been at that specified temperature.

The well stirred solution-mixture was transferred to the cell which

was then immediately re-placed into the cell compartment. An elec-

tric digital timer had been activated during the mixing. In this man-

ner, some 50 to 60 seconds were usually needed for the mixing.

Absorbance readings were taken at an appropriate time interval,

shorter for the first several hundred seconds and longer at a later

stage. A final reading was also taken at about ten half-lives and this

reading was regarded as the absorbance at infinite time.

Potassium Thiosulfate-Hydroxylamine-
0-Sulfonate Reaction

Stability of Thiosulfate in the Solvent

The micro-organism effect on thiosulfate is slow (45, 46, 47)

and is largely inhibited at a pH between 8 and 9 (51). While the
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potential of the 02 (gaseous)/H 20 couple is sufficient to oxidize

52032 - to 54062 - it is found that saturation with 02 does not

appreciably affect the thiosulfate solution. Acidification of thiosulfate

solution could cause decomposition to sulfurous acid and sulfur.

(20) 52032 - + 2H HZSO3 + S(s)

u.

Thiosulfate solutions are quite stable for kinetic studies. The

. absorption of an aqueous thiosulfate solution is different from

that in the water-methanol mixture. This kind of difference is be-

lieved to be a significant spectral shift as found in the work reported

by Thomas, Gimblett and Monk (17, 50). This particular behavior

will be discussed in detail later.

The absorbance readings of thiosulfate ion in 50% wt. methanol-

water solvent with the presence of sodium perchlorate showed no

change in a time longer than 9, 000 seconds. This indicates the re-

liable stability of the thiosulfate ion in the kinetic runs.

Preparation and Analysis of the Intermediate

The intermediate, thiohydroxylamine-S-sulfonate, was prepared

using the method of Gosl and Meuwsen (20) without modifications.

(21) H
2

NOSO
3

+ 52032 - H
2
NSSO

3
+ SO4

2-

The cooling effect for this reaction was achieved by means of dry ice-

carbon tetrachloride mixture and the solution inside the flask was
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constantly stirred.

Purification was needed. The solid substance obtained from the

above reaction was re-dissolved in 90% methanol and filtered. The

filtrate was added to the cold ether and left for coagulation for

about one hour . The solids were again filtered and washed with ice-

cold ether and then quickly transferred to a vacuum desiccator over

phosphorus pentoxide for drying.

The purified thiohydroxylamine-S-sulfonate was in a white,

powdered form. Its percent purity was determined without delay. A

weighed amount of this solid substance was dissolved in a solution

containing potassium iodide and 50% acetic acid. After about ten min-

utes, the iodine produced was titrated against a standardized thiosul-

fate solution until the characteristic iodine color did not return for a

time of about 15 minutes. The result showed a purity of 94. 9% of thio-

hydroxylamine-S-sulfonate in the solid. It was used to react with the

potassium thiosulfate as suggested (20).

(22) 52032 + NH
2

SSO
3

+ H2O -÷ S4062- + OH + NH3

When thiosulfate directly reacts with hydroxylamine-O-sulfonic

acid, the reaction was relatively faster than that in Equation 22.

(23) 2 S
2
0

3

2- + NH
2

OSO
3H

y 54062 - + S042- + NH3

The isolation of the products, tetrathionate and sulfate, involved some

difficulties due to their high solubilities. In methanol-water mixture,
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sulfate tended to come out first. The solids obtained from the filtrate

were analyzed by means of titration versus standardized iodate (30).

(24) 2H+ + 14 Cl + 2S 4062- + 7103- 85042 - + 71C1
2

+ H2O

and by direct combustion (30).

(25) 202 + K S406 K
2
SO4 + 3502

The combustion analysis of the solid obtained in the first portion

did not involve any loss of weight at all. The solution resulting from

the reaction 23 was basic and had an approximate pH=8. The absorb-

ance at infinite time gave a molar absorption coefficient which was in

good agreement with that of tetrathionate.

Both reactions 22 and 23 gave the same final product, tetra-

thionate. In terms of the observed data, reaction 23 was likely to be

the one actually observed in this kinetic study.

Kinetic Experiment

The wavelength selected for this reaction between hydroxylamine-

0-sulfonic acid and potassium thiosulfate was 250 mp,. The concen-

tration of the latter was adjusted to approximately 10-3M so that the

absorbance readings were within the optimum region on the absorbance

scale.

The concentration of sodium acetate was the same as that of

hydroxylamine-0-sulfonic acid in order to maintain a relatively
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uniform pH. Ionic strength was selected to be 0.100 M by adding

appropriate amounts of sodium perchlorate. The 50% wt. methanol-

water was the only solvent for all the above chemicals.

Triphenylphosphine-Hydroxylamine-0-
Sulfonate Reaction

Stability of Triphenylphosphine in the Solvent

Generally, triphenylphosphine is not reactive. But under certain

conditions, it becomes very active and is converted to triphenylphos-

phine oxide through autoxidation (9), or through the oxidation with

manganese dioxide (6). In the presence of ethyl ether, triphenylphos-

phine reacts with HI or HBr to form the corresponding triphenyl-

phosphonium halides (1).

A measured amount of triphenylphosphine was placed in a 200 ml

volumetric flask and de-oxygenated methanol was added through a

burette. After the triphenylphosphine was completely dissolved, the

required amount of distilled water was added slowly. Because of the

insolubility of triphenylphosphine in water, constant stirring was need-

ed.

At a specified temperature and wavelength,e. g. 20. 4o and

260 mil, absorbance readings were taken with respect to the reference,

50% wt. methanol-water. From the recorded absorbance data, the

triphenylphosphine was found to be quite stable. Its molar absorptivity
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at 260 Mil, remained at 11, 500 M
1cm1 for approximately 9, 000

seconds.

Preparation and Analysis of the Intermediate

The intermediate triphenylphosphinimium-hydrogen-sulfate was

prepared using the method indicated by Appel and co-workers (2, 3).

-
(26) (C6H5)3P + NH2OSO3H [(C6H5)3PNH2]+HSO4

Its absorbance (E
260mp,

= 1, 970) in 50% wt. methanol-water re-

mains constant without change for more than 23, 300 seconds. At

elevated temperature, it reacts with water and gives triphenylphos-

phine oxide (E 260 nap.
1, 420).

(27) [(C
6 5

)
3
PNH 2j+ HSO 4- + H2O (C

6
H

5
)

3
PO + NH4+ + HSO

4

Sisler and co-workers indicated that [(C6H5)3PNH2]
+ Cl re-

acts slowly with boiling water to form the corresponding phosphine

oxide and ammonium ion (40).

(28) [(C
6

H
5

)
3 PNH 2]

Cl + H2O (C
6

H
5

)
3
PO + NH4+ +

This is consistent with the above observations.

Quantitative analysis performed by Schwarzkopf Microanalytical

Laboratory (38) showed the percentages of the elements, C, N, H, con-

tained in the intermediate sample prepared in this experiment to be in

good agreement with those predicted for the substance

[(C6H5)3PNH2]
+HSO

4



Kinetic Experiment

The measured triphenylphosphine was first dissolved in de-o

17

7-

genated methanol. Freshly re-distilled water was later added through

burette with constant stirring to insure complete mixing. Hydroxyl-

amine-O-sulfonic acid could be dissolved directly into the 50% wt.

methanol-water solvent. Its concentration was adjusted to be many

times higher than that of triphenylphosphine. Perchloric acid of

known concentration was diluted by adding the appropriate amount of

methanol and water.

The buffer systems of Na2HPO4 - KH PO4 and CH
3
COONa -

CH
3COOH were prepared in a similar manner. Solid KH

2
PO4 had

to be dissolved in distilled water first and then the required amount of

methanol was added. This was due to its high insolubility in methanol.

Measurement of the Ionization Constant of the
Hydroxylamine-O-Sulfonic Acid in the

50 %® wt. Methanol-Water Solvent

A Heath pH Recording Electrometer and Beckman 39004 and refer-

ence electrodes were used in this measurement. Two buffer solutions,

H
2

C
2
0

4
- NH4HC 20

4
(pH=2.60) and CH

3
COOH - NaCH

3
COO (pH,5.73)

in the kinetic solvent, were used as the pH references (5). A measur-

ed amount of hydroxylamine-0-sulfonic acid was dissolved in the

kinetic solvent and the ionic strength was adjusted to be 0.100 M by
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adding an appropriate amount of sodium perchlorate. A standardized

NaOH solution in the kinetic solvent was used to titrate against this

prepared H
2
NOSO

3H
solution. The recorder was activated to record

the corresponding pH value on a chart as the NaOH solution was

added to the well-stirred NH2OSO
3H

solution.



III. RESULTS

Potassium Thiosulfate-Hydroxylamine-0-
Sulfonate Reaction

Stoichiometry

19

The direct reaction between 8. 31 x 10-2M potassium thiosulfate

and 4. 16 x 10-2M hydroxylamine-O-sulfonic acid in 25% methanol

(Equation 23) gave two different products. The yield of the first pro-

duct (K
2

SO
4

) was 1.87 g and that of the second one was 1. 33 g. The

latter was analyzed by means of Palmer's iodate and combustion

methods (30). The result of the titration method (Equation 24) showed

that the second product has a value of n =3. 96 as compared to n=4. 00

in the general formula of K2Sn06. The result of the combustion

method (Equation 25) for the same product showed a residual weight

in good agreement (+ 1%) with the theoretical value. Both results in-

dicated that the second product was potassium tetrathionate.

As shown in Table 1, the average molar absorptivity from the

A00 of the direct reaction was
E 250 m

= 1
'

108(+60)M 1cm1. The
y.

value is consistent with the expected value of tetrathionate (E 250mµ

1, 140M -1 cm1) in the 50% wt. methanol-water solvent. This observa-

tion indicates that the direct reaction (Equation 23) is the one actually

observed in this kinetic study.



Table 1. Kinetic data for the reaction of potassium thiosulfate and hydroxylamine-0-sulfonic acid at 20.4° in 504 wt, methanol-water solvent.

103 {NE
2

OSO
3
Hi 'M 10

3
[K2S203] M 10

3
[CH

3
COONa] M k2, M

1
sec

1

250 milat t

0. 100M 0,650 0,650 0.650 0.793 1,140
0,752 I. 00 0.750 0.813 1,060
0.752 1.00 1.00 0,813 1,070
0.752 1.00 1,50 0,813 1,074
0.759 1.01 0.752 0.827 1,064
0.995 1.00 1.00 0.784 1,120
0.995 1.00 2.00 0.772 1, 102

0.995 1.00 4.00 0.794 1,080
1.00 1.00 1.20 0.795 1,130
1.00 1.00 2.00 0,774 1,114
1.00 1.00 4.00 0,786 1,102
1.00 1.00 1.00 0.805 1,142
1.00 1.00 1.00 0.825 1,124
1.00 1.00 1.00 0.805 1,142
1.30 0.650 1.30 0.762 1,170
2.51 0.650 2.51 0,760 1,100

-1 -1
k

2
= 0.795 (± 0,034)M sec

250 = 1,108 (+ 60)

p, = 0.051 1.00 1.00 1.00 0.598 1,160
1.00 1.00 1.00 0.595 1,160

J. = 0.020 1.00 1.00 1.00 0.185 1,160
1.00 1,00 1,00 0.184 1,160

oo
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In the presence of 1.00 x 10 -3M CH
3
COO and ionic strength

= 0. 100M, the reaction between 5.00 x 10-4M potassium thiosulfate
-1and 2.05 x 10-3M thiohydroxylamine-S-sulfonate (s 250 mp,

=162M cm

in solvent) has a half-life of about ten hours. The product of this re-

action was analyzed by means of Palmer's iodate method (30) and was

found to be potassium tetrathionate with n =3. 94 in the formula K2Sn06.

Since reaction 22 is slow, a combination of reactions 21 and 22 cannot

be the ones observed in this kinetic study.

Determination of the Rate Law

The concentrations of hydroxylamine-O-sulfonic acid used were

close to those of potassium thiosulfate. This was the case because an

increase in the ratio of [NH2OSO3H] AK
2

S203] would simply cause

the reaction to go too fast for accurate data-recording. A reduction

of the concentration of potassium thiosulfate would switch the absorb-

ance readings out of the optimum region of the scale. The concentra-

tion of thiosulfate left after time t is equal to

[52032-] 0(A.00- At)/(Aco- A0). Ax is the absorbance at a time longer

than ten half-lives of the reaction. At is the absorbance of the solu-

tion taken at a particular time t. Usually the initial absorbance A
o

was not obtained experimentally. It was obtained from a plot of At

versus t as shown in Figure 1. A
0

is the intercept made by the

curve at the absorbance axis at time zero. The maximum and minimum
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Figure 1. Absorbance vs. time plot for potassium thiosulfate-hydroxylamine-O-sulfonic acid
oreaction at 20. 4 in 50% wt. methanol-water solvent.
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extrapolation in A0 values would lead to some uncertainty, but this

effect on the corresponding k
2

values was less than 5%.

When [NH2OSO3H] and [K2S203] were close to each other, a

plot of ln(1S2032- ltANH2OSO3H]t) versus time t showed a well

behaved linearity. This plot was based on the following equation.

(29)

[S
2
0

3

2-
t

] [NH2 OSO
3H] oIn

[NH2OSO
3H] t [S203 2-

]

-k
2
t (2[NH2OSO3H] - [S

2
0

3

2-]
o

)

(30) [S
2
0

3

2-
t

] = [S
2
0

3

2-
o

] - 2x

(31) [NH2OSO3H] = [NH2OSO3H] - x

x = concentration of NH
2

OSO
3H

consumed in the reaction

after time t

The plot of ln([ S20321 /[NH2OSO3H] t) versus time shown in Figure

2 gives the slope which in turn is equal to -k2(2[NH2OSO3H]

[S
2
0

3

2-
]

o)
The linearity indicates that the reaction is second order,

and k
2

is the rate constant of this reaction. The initial concentrations

of the reactants and the k
2

values are summarized in Table 1.
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Figure 2. ln[NH20S0311] t
vs. time plot for potassium

thiosulfate-hydroxylamine-0-sulfonic acid at
°20.4 in 50% wt. methanol-water solvent.
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Temperature Effect

Values of the activation parameters, AH+ and AS , were oh

tained from the kinetic study of the reaction at different temperatures.

The second-order rate constant k
2

shows a change of about 50% for

each 10° change in temperature. In the transition-state theory,
kb

RTC
AS+, 2\(32) In =

RT

AI-1+ is obtained from the slope of the ln(k 2/T) vs. (1/T) plot. AF-It

and AS are calculated to be 11.1(+ 0.4) kcal/mole and -21.0(+ 1.5)

eu, respectively from data in Tables 2 and 3.

The deviations shown above were due to the difference between

the maximum and minimum slopes derived from the error limits of

k
2

in the ln(k 2/T) vs. (1/T) plot shown in Figure 3.

Solvent Effect

The absorption of thiosulfate ion is different in water and in

methanol. For the purified potassium thiosulfate, molar absorptivities

at 250 mp, and 20° are 337 in water and 209 in 50% wt. methanol - water.

The molar absorptivity of S2032- is further decreased to 190 in

0. 10M NaC10
4

in 50% wt. methanol-water. The change of
c 250 mil

in water and in 50% wt. methanol-water is about 40%. The studies re-

ported by Gimblett and Monk (17), and by Thomas and Monk (50) were

related to thiosulfate ions in water and in 50% ethanol. They indicated
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Table 2. Kinetic data for the reaction of potassium thiosulfate and hydroxylamine-O-sulfonic acid
at p. = 0.100M and at 10.4° in 50% wt. methanol-water solvent.

10
3
rm

2
oso

3 -0
Hi M

L
10

3
[04

3
CDONa] ,A4 10

3
[K282031, M k 2'M

-1sec1

1.30 1.30 0.650 0.372

1.30 1.30 0.650 0.388

1.30 1.30 0.650 0.371

2.60 2.60 0.650 0.382

2.60 2.60 0.650 0.389

2.60 2.60 0.650 0.385

k
2

= 0.381 (± 0.009)M
-1sec- 1

Table 3. Kinetic data for the reaction of potassium thiosulfate and hydroxylamine-O-sulfonic acid
at p. = 0. 100M and at 29.7 in 50% wt. methanol-water solvent.

3
10 [NH 20803H] 10

3
rcH COONal , M
L 3

10
3
[K28203], M

1
k

2 '
M

1
sec

0.650 0.650 0.650 1.44

0.650 0.650 0.650 1.44

0.650 0.650 0.650 1.44

1.30 1.30 0.650 1.46

1.30 1.30 0.650 1.49

-1 -1
k
2

= 1.46 a- 0.02 )M sec
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that the shifts in the absorption spectra of the thiosulfate ions in differ-

ent water-ethanol solvent mixtures are due to the variation of the

dissociation constant, K, of these ions in the solvent mixtures. Their

reported data of the dissociation are listed below

K
(33) NaS2O3 Na+ +

52032 -

Solvent
Water 0.23
44% ethanol 0. 014
50% ethanol 0. 007

Their results are consistent with the observed solvent dependence of

250 mil in this kinetic study.

pH Effect

The data for the pH effect on the reaction system are summar-

ized in Table 4. The reaction rate constant k
2

decreased as the re-

action system became more acidic. The appearance of sulfur could

be justified from the higher absorbance reading at infinite time A.6

As shown in Table 4, in the last kinetic run, when [H+] = 4.42 x 102

M, sulfur becomes clearly observable.
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Table 4. Kinetic data for the reaction of thiosulfate and hydroxylamine -O- sulfonic acid at
0, 100M and at 20.4 in 50, wt. methanol-water solvent with perchloric acid present.

103[NH20503I-1], M 103[HC104] ,M 103[K2S203], M k2' M-lsec-
1

250 mp.

1.00 0 1.00 0. 685 1, 140
1.00 0 1.00 0. 674 1, 160

1.00 0. 500 1.00 0.616 1, 144

1.00 2. 50 1.00 0. 447 1, 156

1.00 5.00 1.00 0. 352 1, 160

1.00 44.2 1.00 sulfur formed 1, 300

Triphenylphosphine-Hydroxylamine-0-
Sulfonate Reaction

Stoichiometry

The product of the reaction between 4. 09 x 102M triphenylphos-

phine and 4. 67 x 10-
2M hydroxylamine-O-sulfonic acid in 100% meth-

anol (Equation 26) was analyzed for C, H, N by the Schwarzkopf Micro-

analytical Laboratory and found to have the percentage composition

shown below:

Element Actual percentage in Theoretical percentage in the
analyzed sample [ ( C 6H5 ) 3P NH2] +HSO4

C 57. 68 57. 59
H 4. 69 4. 83
N 3. 80 3.73

This result indicates that the product is undoubtedly the triphenylphos-

phinimium-hyrogen sulfate.

The reaction is carefully followed spectrophotometrically in the

u . v. region at X = 260 mp,. The absorbance of the product

[(C
6

H
5

)
3 PNH 2]

+
HSO

4
remains unchanged for as long as 23, 300
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seconds. This high stability indicates that reaction 27 does not occur

during the kinetic runs.

The observed molar absorptivities for (C6H5)3P, (C6H5)3P0,

and [(C6H5)3PNH2] in 50% wt. methanol-water and those re -

ported in various other solvents are listed below:

(C H ) P,E6 5 3 260 m
M.- 1 1

(C6H5)3P0,s
260 m

1
6 5 3 2 J

+ -
[(C H ) PNH HSO , Solvent Source

1 eln
-1

4,-
1

M 6
260 mil,

M cm

11, 500 1, 420 1, 970 50% wt. This
methanol study
water

11, 000 1, 260 50% wt. (25)
methanol -
water

2, 030 100% This
methanol study

9,900 1,400 Dioxane (19)

10,000 1,202 Ethanol (35)

1,585 Conc. (35)
HC1

7, 097 Cyclo- (35)
hexane-
hexane

6, 785 1, 605 Chloro- (52)
form
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Determination of the Rate Law

A In (At Aco) versus time t plot is shown in Figure 4. The

linear relationship indicates that the reaction is pseudo-first-order

(34) Rate = k1[(C6H5)313]

In Equation 34, ki is the pseudo-rate-constant, which in turn is equal

to k
2
[NH

2
0S03] n. Based on the observed data, the k2

value does

not change with [NH
2
OS031 when n=1 is assumed. Thus, the

overall rate law is

(3; Rate = k2[1\TH20S03][(C6H5)3P]

Temperature Effect

This reaction was studied kinetically at three different tempera-

tures, 29.70, 20. 40, and 10. 40. The temperature dependence of the

rate constant k
2

is summarized in Tables 5, 6, and 7.

From a plot of ln(k2/T) versus (1/T) shown in Figure 5, the

calculated AH+ and AS+ are 7. 3 (+ 1. 0)kcal/mole and -32. 6 (+3. 4)

eu, respectively. The maximum and minimum slopes resulting from

the rate constant k
2

values give the deviations found in Al-l$ and
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Figure 4. Pseudo-first-order plots for the triphenylphosphine-
hydroxylamine-0-sulfonic acid reaction at µ = 0. 100M
and at 20.4 in 50% wt. methanol-water solvent.



Table 5. Kinetic data for the reaction of triphenylphosphine and hydroxylamine-O-sulfonic acid at various p. and at 20. 4° in 50% wt. methanol-
water solvent.

10
5
[(C6H5 )31 M 104{NH2OSO3H ], M 1 OBSERVED E104[HC10

4
]

'
M k2' M isec

260m at A co
= 260mp., p. = 0. 100M 4.08 6, 70 5.00 1.66 1,910

4.09 6. 76 5, 00 1. 77
4. 12 6. 80 2. 50 1, 63 2, 160
4.09 10. 1 5.00 1, 69
4.03 10. 1 5.00 1. 66 2, 230
4.03 13. 5 5.00 1. 66 2,340
4.09 13. 5 5.00 1, 66
4.07 13. 5 5.00 1, 75
4.09 13. 6 5.00 1, 68 21; 392400

4.07 20. 3 5.00 1. 74 1, 920
4.09 20. 3 5.00 1. 67 29250
4. 12 20. 6 5, 00 1.67
4.07 27. 0 5.00 1. 72 1, 870
4.09 27. 1 5.00 1.68 2,250
4. 12 30. 9 5.00 1. 66
4. 12 41. 2 5.00 1.64

= 280m =0. 100M 5. 97 10. 2 10.0 1.67 193
5. 97 15. 3 10, 0 1. 67 140
5.97 20. 5 10.0 1. 67 126
Average k

2
= 1. 68M- lsec-1 Standard Deviation = 3, 6 x 10-2M" lsec-1

= 260mp, 1,1 = 0.001M 4. 12 6. 70 5.00 1.69 2,360
N., = 0.002M 4.03 6. 74 1. 16 1. 70 2,210

4.03 6. 78 0. 500 1.74 2,210
= 0. 020M 4. 12 6. 80 5.00 1. 72 2, 400

4. 12 6. 80 5.00 1,72 2, 540
= 0. 050M 4, 12 6. 80 5.00 1,73 2,380

4. 12 6. 80 5.00 1. 74 2, 500
1

the
soo ;this doesn't show up systematically in the k

2
values,

The c
oo

is consistent with that of (C
6

H
5

)
3 PNH 2+ but is higher than that expected for (C

6
H

5
)
3

PO.

1
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Figure 5. Temperature dependence plot of the second-order rate
constant for the triphenylphosphin.e-hydroxylamine-0-
sulfonate reaction.
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Table 6, Kinetic data for the reaction of triphenylphosphine and
hydroxylamine- O- sulfonic acid at p, = 0. 100M and at
10.4 in 50% wt, methanol-water solvent with 1.00 X
10-3M perchloric acid.

10
5
[(C6H5)3P], M 104 [NF120503H] , M k

2'
M

-1sec-1

4.12 15.1 0.995

4.09 15.1 0.994

6.17 15.2 1.03

4,12 22.7 0.987

4.09 22,7 0.989

6.17 22,8 1.01

4.09 30.2 0.994

6.17 30.4 1.03
-1 -1

k
2

= 1.00 ( + 0.03)M sec

Table 7. Kinetic data for the reaction of triphenyiphosphine and
hydroxylamine-O-sulfonic acid at 1.1 = 0. 100M and at
29. in 50% wt. methanol-water solvent with 1.00 x
10 M perchloric acid.

5
10 {(C6H5 )3P] M 10

4
INH20503H 1, M M1 sec1

4.09 6,32 2.34

4.06 6.47 2,40

4,06 6.78 2.68

4.09 9.48 2.30

4.06 9.71 2.35

4.06 10,2 2,68

4.09 12.6 2.30

4.06 12.9 2.34

4.06 13.6 2.63
-1-1

k2 = 2.45 ( + 0.20)M sec
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pH Effect

An effort has been made to study the relationship between the

second order rate constant k
2

and the acidity. Appropriate amounts

of perchloric acid, hydrochloric acid, or buffer systems like

CH
3
COOH-CH

3
COONa, and KH2PO4- Na2HPO4 have been added to

the reaction system. The buffer system of CH3COOH-CH3COONa

has a pli=5.73 and that of KH2PO4- Na2HPO4 has a pH =8. 28 in 50%

wt. methanol-water (estimated from data in ref. 5). Generally, k
2

is

independent of [H+] in the range 0.25-5.0 x 10-3M. A somewhat

higher value, 1.8, for k
2

is observed at pH higher than 5.6. Values

of k
2

at pH less than 2.5 decrease successively with decreasing pH.

Table 8 summarizes the observed data.

Oxidation of Triphenylphosphine

The 50% wt. methanol-water was de-oxygenated by means of

pre-purified nitrogen. This step serves to decrease the possibility of

oxidizing the triphenylphosphine in the reaction system.

Under certain conditions, triphenylphosphine is subject to oxida-

tion to triphenylphosphine oxide. Buckler converted triphenylphosphine

into triphenylphosphine oxide (9). He blew oxygen at 78o for three

hours through C6H6 in which triphenylphosphine and 2-methyl-

propionitrile had been dissolved. Belew and Chwang refluxed



Table 8. Acidity-dependence of the second order rate constant k2 1,;.) triphenylphosphine-hydroxylarnine-o-sulfonate reaction at p. o. 100M
and at 20. 40 in 50% wt. methanol-water solvent.

10
s
[(C

6
H

5)3P
i'M 10

4
[NH OSO Hi M

2 3
.74 k2' M-

lsec- 1
X 'nail

4.0o
4.0a
4.z2
4`12
4.(6

4.o2
4^04
4.o4
4.64
4. 61

0, 450
0, 342
0, 244
0. 147
0, 049

0' 10
b0.z

0' 22
b

0.34b
0.93

260

105[(C6H5 )311, M 10
41-NH

OSO
32

M 10
3
[H

+
M k

1\4-1
sec

-1
2' X. or: p.

4. 08
4.08
4.0o
5.97
5.p7
S. 97
4.0p
4.0*
4,0s
4. 12

6, 70
6. 70
0.79

10. 2
15. 3
20.S
6, 76

10. 1
13. 5
o.80

5.0O
2.s0
1. 25
1.O0
1. 00
z.00
0. 500
0. 500
0. 500
0. 250

I. 51
1, 62
z.64
1.67
1.67
1.0r
1.77
1.x9
1, 66
1.63

260

280

2 2
Msec-110

s[(C6H5)311
M 104f -1NH OSO H1 M 10 f CH COOH ],M

L 2 3 " L 3
10 rCH COONa },M

L 3

4. 12 13. 5 2, 45 2. 45
4.12 20.2 2.45

1, 85 260
2. 45 1. 88

Continued on page 38.



Table 8 continued.

105[(C6H5)311,M 10 NH2OSO 3H 10
3
[KH2PO4] ,M 10

3
[Na2H k2'M

1
sec

1
,

4.06
4.06
4.06

6.76
10.2
13.5

2. 75
2. 75
2.75

2.75
2.75
2.75

1. 82
1. 80
1. 82

260

-a
Calculated from Equation 35, assuming that [H

2
NOSO

3
= EH

2NOSO 3H.

b
Corresponding k

1
values have been corrected for the blank reaction of triphenylphosphine with 02'
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triphenylphosphine and manganese dioxide in ligroine to obtain

triphenylphosphine oxide (6). Akkar and Jellinek reacted triphenyl-

phosphine in (C
2

H
5

)
2
0 with HI to get (C

6
H

5
)
3
PHI (1). Horner and

Doerges performed the photolysis of triphenylphosphine (22). All

these are just some examples showing the oxidation of triphenylphos-

phine could occur under appropriate conditions.

It has been observed that triphenylphosphine alone in the 50% wt.

methanol-water solvent did not change appreciably in a time of about

ten half-lives (more than 9, 000 seconds). This observation indicates

that in this reaction system, triphenylphosphine is quite stable, and

that the oxidation reaction should not be a problem in this kinetic

study.

However, in strongly acidic solution, (C
6

H5)3P in 50% wt.

methanol-water showed a slow change in absorbance, indicating that

some kind of reaction was occurring. Approximate first-order rate

constants k, obtained from plots of In (At - A ) versus t, are listed
co

below:

-
10 5[(C6H5)313], M [ HC1] M 104k, sec

1
[(CH

3
)
4

NC1]' M

4. 06 0. 450 0 3. 0

4. 06 0. 342 O. 108 3.4

4.12 0.244 0.206 4. 0

4.12 0.147 0. 303 4 3

4. 06 0. 049 O. 401 4 2
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Determination of the Ionization Constant of Hydroxylamine-O-
Sulfonic Acid in 50% wt. Methanol-Water Solvent

The recorded pH curve of the reaction between 9.45 x 10-2M

NaOH and 1. 00 x 102M NH
2

OSO 3H at 25° was generally smooth. The

perpendicular projection of the inflection point to the volume axis in-

dicated the equivalent amount of NaOH needed. The pH value of the

half-neutralization-point, equal to 2.7, was used to determined the ion-

ization constant, Ka, of NH2OSO3H in the solvent. The determined

value is 2. 0 x 10-3M.
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IV. DISCUSSION

Potassium Thiosulfate-Hydroxylamine-0-
Sulfonate Reaction

It seems that there are several possible sites in the hydroxyl-

amine -0- s ulfonate H2NOSO3 anion for the nucleophile thiosulfate to

attack. The attack on the sulfur atom is firstly eliminated. This is

because the four oxygen atoms form a distorted tetrahedral structure

around the sulfur atom and make it almost inaccessible to the thiosul-

fate. Displacement reactions at S(VI) are generally very slow.

Secondly, the nucleophile may attack the nitrogen atom in the

substrate and the leaving group is S042- This mechanism is prob-

ably involved in the reaction in which Gosl and Meuwsen prepared the

thiohydroxylamine-S-sulfonate species (20)

--
S2032-

r-
+ H

2NOSO 3- 0
3
SS---N---OSO

3

3-
H

2
NSSO

3
+ S042

/
H H

(36)

They also suggested that this thiohydroxylamine-S-sulfonate reacts

with another S2032- to form tetrathionate.

(37) 52032 + H
2
NSSO

3
+ H2O S4062- + NH

3
+ OH

The mechanism shown in Equations 36 and 37 is not consistent

with the results observed in this kinetic study which is carried out in

dilute 10-3M solutions and at 200. In terms of reaction conditions,
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reaction 36 requires a very critical pH (3. 1 to 4. 4) control and a low
0temperature (0 200) operation. We have found that reaction 37

needs more than 24 hours to be complete. In contrast, the observed

half-life for the reaction between thiosulfate and hydroxylamine-0-

sulfonate in this kinetic study is about several hundred seconds.

(38) 2S
2
0

3

2-
+ H

2
NOSO

3
+ H2O 54062 - + SO

4
2 + NH3 + OH

This short half-life does not agree with the time required by Equation

37 at all.

In terms of absorbance, there is a big difference between

H2NSSO3 (empirical s 250mµ 160) and 54062 - (empirical E 250mµ

1, 150) in the 50% wt. methanol-water solvent. This means that any

54062 - formed in Equation 37 can be easily detected spectrophoto-

metrically. The slow reaction indicated in Equation 37 means that the

thiohydroxylamine-S-sulfonate species is relatively stable. In fact,

it is isolable and prepared as shown in Equation 36. Thus, it seems

necessary to assume that the 54062 - product cannot arise from 36

and 37. In this kinetic study, the end-point values are generally in

agreement with that expected of S406 2-
.

It is important to note that the reaction conditions are quite dif-

ferent from those required for the reaction shown in 36. Based on

this observation, the production of tetrathionate in the kinetic study

may not have to occur through formation of the thiohydroxylamine-S-
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sulfonate species. In other words, the assumption of nucleophilic

attack the nitrogen in the substrate is not justified under kinetic con-

ditions.

Thirdly, the thiosulfate may attack the oxygen in the substrate.

Oxygen becomes the only possible site after elimination of sites N

and S. In this case, there are two probable mechanisms, depending

on the leaving groups.

(39a)

(39b)

(40a)

S2032-
H2O

+ H
2 NOSO 3- 0

3
SS-- 0---N

SO3

0
3
SS-0-SO

3
+ NH3 + OH

-S2032 + 0
3SS-0-SO 3_

fl,s-t -
+ S042-

S2032- + H
2

NOSO
3

0
3
SS---0---S03

NH2

O3SS -O -NH2 + S032-

(40b) S2032- + 0
3
SS-0-NH

2
+ H2O S4062- + NH

2
OH + OH

In the rate-determining step shown in Equation 39a, the pro-

posed mechanism involves the separation of NH2 which is usually

a poor leaving group. With the water molecule transferring a proton
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to the NH2 to improve its leaving ability, this mechanism may be

better justified. Equation 39b is a fast step suggested by Sorum and

Edwards (44) in their study for the oxidation of thiosulfate ion by per-

oxydisulfate ion.

Another proposed mechanism shown in Equation 40a and 40b in-

volves -SO
z

3
as the leaving group. It is believed to be a better leav-

ing group than NH2. The molar absorptivity of sulfite and of hydrox-

ylamine at 250 mµ are too small to be quantitatively useful (8, 32).

However, the products S4062- and 5032- in this mechanism are

known to react with each other very rapidly (30).

(41) 54062 - + SO3
2- S3062- +

This reaction would cause the absorbance A to be completely differ-
oo

ent from the value expected for S4062- as a product. Further evi-

dence which may be used to rule out the mechanism in Equation 40 is

provided by chemical analysis of a product solution obtained by allow-

ing 0. 010M H2NOSO3H and 0.010M K2S203 to react for three hours.

BaSO4 precipitation confirms the presence of SO42 as a major

product and iodometric analysis shows that no S032- (or S2032-) is

present in the product solution.

Based on the observed data, the rate law proposed is rate

k2[NH2OSO3 [S2032-] . The value of AS = -21. 0 (+ 1. 5) eu is cal-_

culated for this reaction. Negative AS* values in the range -10 to
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-30 eu are expected for SNZ reactions (36). This calculated AS+

value is within this range. This also serves as additional evidence

that the thiosulfate-hydroxylamine-O-sulfonate reaction is an SNZ

reaction.

Ionic strength affects the rate of this reaction significantly. As

shown in Table 1, the value of k
2

increases from 0.184 M-lsec-1 at

0.020 M to 0. 795 M1 sec -1 at 0. 100 M. This significant dependence

is probably due to the thiosulfate ion which carries two negative

charges.

As indicated in Table 4, the rate constant k
2

decreases as the

concentration of acid added increases. This is believed to occur be-

cause the following reaction takes place (12).

(42) S2032- + H+ HS203- 1/K"
a

It produces S6, S8, Sx, SO2, H2S, and H2Sx06. From the listed H

value (13) and from the Edwards equation, H = 1.74 + pKa, the Ka"

is 1.4 x 10-2 For example, when [HI = 5. 00 x 10-3M, the ratio

[HS203 ] /E S2032- = 0. 25. Since the Ka" for reaction 42 refers to

aqueous solution, its value would become less in the specified 50% wt.

methanol-water solvent. It is reasonable to assume that the decrease

in k
2

in Table 4 arises from reaction 42.
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The Rate Law for the Triphenylphosphine-
Hydroxylamine-O-Sulfonate Reaction

in Acidic Solution

The kinetic data for this reaction in strongly acidic solution have

been shown in Table 8. It is found that absorbance of the solution con-

taining (C6H5)3P and H+ changes at a much slower rate than that

with the presence of H2NOSO3H The reason for this change is

not known, but it may be due to the reaction between the residual oxy-

gen in the solvent and the triphenylphosphine.

(43) (C
6

H
5

)
3
P + 0

2
(C

6
H5)3 -O -OH

fast j (C6H5)3P

(C
6

H
5

)
3
PO + (C

6
H

5
)

3
PO + H+

However, in the pH range 3-8, triphenylphosphine is very stable and

no change in the absorbance is found in the solution system.

In strongly acidic solutions, the rate constant k
2

varies with

pH as indicated in curve C in Figure 6. This is probably due to the

following reasons.

In the reaction system, (C6H5)3P and NH2OSO3H are involved

in the following equilibria.

(44) (C6H5)3PH+ = (C6H5)3P + H+ K'
a

(45) NH2OSO3H Z NH
2

OS03_ + H+ Ka
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The pKa' for Equation 44 is estimated to be 0.83 (49), and pKa for

Equation 45 is about 2.7 (this study). The presence of H+ will affect

these two equilibria. As shown in Figure 6 and from the data listed in

Table 9, the ratio [(C6H5)3P] /Z(C6H5)3P (curve B) increases as the

[H+] decreases. It reaches a maximum of 1. 0 at pH = 3.

The [NH20S03-]/ENH20S03H (curve A) has not yet reached a maxi-

mum value at pH = 3. Curve A corresponds to the free [NH
2

OSO
3

]

in solution. Assuming that only the anionic form, NH 2
OSO

3 '
reacts

with (C6H5)3P, one would expect values of k2 to parallel curve A.

Since both curves do not reach a maximum in the same pH range,

either the values of k2 are incorrect or the value of Ka = 2. 0 x 10 -3

for H
2

NOSO
3
H is incorrect. However, based on the repeated kinetic

data, k
2

is believed to be correct. Since the data in Curve A depend

on the Ka determined in this study in the specified kinetic solvent, no

other corresponding literature value is available for comparison. If

the true value of Ka were larger than the empirical value, 2. 0 x 103,

then curve A would be shifted toward the left, in closer agreement

with curve C. In this case, the rate constant k
2

becomes dependent

on both [(C6H5)313] /Z(C6H5)3P and [NH20S03] /ZNH2OSO3H.

It is possible that the assumption above that only NI-120S03-

and not NH OSO 3H can react with (C
6

H5)3P is incorrect. If it were

the case that both forms were of comparable reactivity toward

(C6H5)3P, the k2 values would be essentially independent of curve A.



Table 9. Kinetic data for pH dependence of k2, {NH20S03 ] /ENH2OSO3H, and {(C61-15)311 (C6H5 )P in the reaction system in 50% wt.
methanol-water solvent.

[H pH 104[
NH2°

5

'M [(C6H5 )311 M 102 [NH205031/ENH20503H
2

10 [(C6H5)311 jlE (C6H5 )3P
-1 1

slOM eck2'

0. 450 0. 347 46.2 4.06 0.434 25. 0 O. 10

0. 342 0. 466 46.2 4.06 0. 587 25, 6 0. 13
b

0. 244 0. 613 46.4 4. 12 0. 829 37. 9 0. 22
b

0. 147 0. 833 46. 4 4. 12 1.36 50.0 0. 34
b

0.049 1. 31 46. 1 4.06 4.07 76. 4 0. 93b

5.00 x 10
3

2.29d 4.70 4.08 27.9 96.6 1.51

1.00 x 103 2.80d 10.2 5.97 55.8 99.3 1.69

5.00 x 10-4 3.02d 6,70 4.09 67.8 99.4 1.77

5.73 13.5 4,12 100 100 1.81

8.28c 10.2 4.06 100 100 1.81

a
Calculated from Equation 35, assuming that {NH20503] =E NH2OS03H.

h
Corresponding k

1
values have been corrected for the blank reaction of triphenylphosphine with 02.

These pH values are based on the pH values of the buffer systems, CH
3

COOH-CH
3
COONa and KH

2
PO

4-Na
HP0

4'
in the specified

kinetic solvent (12).

d
These. pH values are based on the amount of acid added and the [H obtained from the ionization of the NH

20503H.

a
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However, it seems most unlikely that both forms have the same re-

activity. In the region from pH 5-8, the reaction clearly is occurring

via the H
2

NOSO
3

form only.

Mechanism of Triphenylphosphine -Hydroxylamine -
Sulfonate Reaction

The reaction between triphenylphosphine and hydroxylamine-0-

sulfonate is an S
N2

type reaction. The mechanism is proposed as

below :

(C6H5)3P + NH20S03-

(46)

(C6 5)3P-
1\1: -0S03 (C

6 5
)
3
PNH2 + SO2 -

14 1-1

As discussed in the previous section, the rate law adopted is

(47) Rate = 1(2[(C6H5)313] [H2NOS03

The nucleophile triphenylphosphine attacks the nitrogen atom in the

substrate hydroxylamine-O-sulfonate. This kind of mechanism is

similar to that proposed by Smith and co-workers (41). They studied

the reaction between nucleophile iodide and hydroxylamine-0-sulfonic

acid as shown in Equations 14 and 15. They found the rate law

d[I2] /dt = k[NH20S031-1] [I]

The reaction of triphenylphosphine and hydroxylamine -0- sulfon-

ate cannot be of the S N1 type in which the first step is a unimolecular

dissociation. In this case, it would be



(48) NH20S03- NH2+ + S042-

51

and followed by the coordination reaction of NH2+ with the (C
6

H5)3P.

(49) (C
6
H 5)3P + NH

2
(C

6
H

5
)

3 PNH 2+

The hydrolysis of H
2 NOSO 3- is a slow process (11, 27), compared

with the observed half -life of Equation 46. If hydrolysis proceeds via

the dissociative step, Equation 48, then step 48 must also be slow.

Thus, the combination of Equations 48 and 49 cannot be the mechanism

for formation of (C6H5)3PNH2 +. The triphenylphosphinimium ion

(C
6

H
5

)
3
PNH

2
is quite stable. It reacts with water to give triphenyl-

phosphine oxide only at elevated temperature as shown in Equation 27.

This observation is similar to that reported by Sisler and co-workers

(40).

A change in ionic strength in this reaction does not affect the

rate significantly. From Table 5, the rate constant k
2

remains rela-

tively constant at 1.68M1sec1 as the ionic strength changes from

0. 100M to 0. 001M. The results above were obtained in the pH range

near 3.0 where triphenylphosphine is present in molecular form. The

lack of dependence of the rate on ionic strength is expected for a react-

ion involving a neutral molecule.

The value of AS* calculated is -32. 6(+ 3.4) eu. This large

negative value is consistent with an SN2 mechanism.
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Relative Reactivities of the Nucleophiles

(C6 H5)3P and 52032

From the evaluation of the second order rate constant k2, rela-

tive reactivities of these two nucleophiles can be established. At 200

the rate constant k
2

for (C
6

H 5)3P
is 1.68 Mlsec1 and

0.795 Mlsec1 for S
2
0

3

2-
. In this way, the reactivity arrange-

ment toward hydroxylamine-O-sulfonate is (C
6

H 5)3P > S
2
0

3

2-
. The

actual value of k
2

for 52032 - may be somewhat lower than 0.795

if formation of NaS20 3
ion pairs affects the rate.

According to Edwards' Equations 2 and 3, reactivity relates to

the redox factor En' basicity H, and the polarizability P. The redox

factor for (C
6

H
5)3P

is not available, but its basicity H is 2.57

estimated from reference 49. The S20 32
- has En = 2. 52 (31) and

H = 1.9 (15). Phosphorus in (C6H5)3P and sulfur in 52032- are

comparable in polarizability. Although no quantitative comparison

can be made
2-

5
(C

6
H )3P and S

2
0

3
are similar soft bases and, in-

deed, the k
2

values for the reactions with hydroxylamine-O-sulfonic

acid are not very different.

Since (C
6

H
5)3P

attacks the nitrogen center and S 20 32
- appar-

ently attacks the oxygen center, we can conclude that nitrogen and

oxygen are comparable in soft acid character. Further studies on a

wider variety of nucleophiles is required for a more complete under-

standing of substitution at these centers.
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