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ABSTRACT

Stable complexes are formed between 8=guinolinol-5-sulfonic
acid and praseodymium (III) and neodymium (III). There is no
conclusive evidence for the existence, in solution,of complexes
between that acid and praseodymium and neodymium in higher
oxidation states than three,

Dry solid potassium nitrosyl disulfonate is stable indefinitely,
but the moist solid decomposes quite rapidly. In acid solution,
nitrosyl disulfonate ion undergoes autocatalytic decomposition,
In the investigation of this decomposition it was discovered that
the reachbion belween nitrosyl disulfonate and hydroxylamine
monosulfonate ions is catalyzed by iron, The investigation of
these two reactions, and particularly the kinetics of the latter

reaction are described.
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I, PRASECDYMIUM AND NEODYHIUM COMPLEXTS WITH

8=QUINOLINCL-5=-SULFONIC ACID,

INTRODUCTION

(1)

In a recent paper by Nakatsuka and Chang' 7, evidence is
presented for the existence in agueous solution of higher
oxidation states than three for praseodymium and neodymium,.

They also present a method for separating these neighboring

rare earth elements. Because their findings would be of interest
and significance, it was deemed important to repeat some of

their experiments, Althouzh it has not been possiole to confirm
either the higher oxidation states or the separation method,
there are constructive aspects of the chemistry involved which
justify a deseription of our experiments.

Nakatsuka and Chang subjected ammoniacal solutions containing
§~-gquinolinol-S—sulfonic acid and nitrates of praseodymium and
neodymium to oxidation by air and especially to anodic oxidation
in a porous cup at a platinum electode, The solutions became a
dark reddish-brown color; in the case of more complete anodic
oxidation, the solutions became opaque, For the separation,
the oxidized mixtures were treated with sodium carbonate and
clucose (reducing agent) and then heated, whereupon, they reported,

praseodymium (ITI) carbonate precipitated, while the neodymiun



remained in solution.
In our own experiments, an effort was made to confirm the
separation method and to prepare, in solid form, the complex

compounds that appear to exist in the mixtures indicated above,



EXPERIMENTAL

Heagents:

Semples of the light blue Nd203 and the jet black 7r 0,,,
each labeled 99% pure, were obtained from Hesearch Chemicals,
Incorporated, sSurbank, California. Eastman Kodak Company
"white label" 8~-guinolinol-5-sulfonic acid, recrystalized from

5% hydrochloric acid, was used throughout. 411 other chemicals

were of Reagzent Crade,

Tests for Higher Oxidation States:

To 100 ce. of 0.5 vE (formla weights per liter of solution)
ammonium hydroxide containing 1.5 g, of 8=-quinolinol-S-sulfonic
acid was added 20 ml, of a solution containing 0,08 g. of
praseodymium as the nitrate; no precipitate formed, A similar
blank solution containing no praseodymium was also prepared.

On standing over night exposed to air, both solutions became
reddish-brown in color to about the same degree. Anodic
oxidation for twenty minutes in a porous cup at © volts, 0.2
ampere and 25 milliamperes per square centimeter of the platinum
anode caused both mixtures to become darkened to the extent of
being opaque, HNo precipitate formed in either the blank or

test solution.

Tests of Separation Procedure:

Solutions containing praseodymium ion, neodymium ion, and



mixtures of the two were prepared and treated as described
above, To each such opaguc solution were added 10 g. of seodium
carbonate and 3 gz, of glucose, and the resulbing solution was
heated for one and one half hours on a steam ovath,

In the case of praseodymium alone, it was found that
praseodymium (ITI) carbonate would not precipitate gquantitatively
as claimed; in different experiments from 10 to 50% of the
praseodymium remained in solution., The amount which precipitated
was debermined by converting the carbonate to the oxalate, by
igniting the oxalate in a muffle furnace to the black oxide, and
by weighing this black oxide, Also it was not necessary to add
gluense in order to precipitate a part of the praseodymium as
the carbonate, In the case of neodymium alone, it partially
precipitated as the carbonate under those conditions under which
praseodymium was supposed to precipitate quantitetively., The
neodymium was determined by the same method as that of Hakatsuka
and Chang, After the treatment of the solution to remove
praseodymium, il is made slightly acid, and a large cxceos of
oxalic acid is added, The resulting precipitate of neodymium
oxalate is filtered and washed, and ignited to the light blue
sesquioxide., In the case of the mixture of praséodymium and
neodymium, no even semi-quantitative separation was observed,
The oxides obtained, which should have been the jet black
PT6011 and the light blue Nd,0,, where both the same shade of

273

rust brown.



A9n 3

Preparation of Complex:

Lfforts to prepare solid samples of the praseodymium (111)
derivative of 8-quinolinol=S-sulfonic acid were fruitless.
The attempt to prepare this substance was made by adding a
concentrated solution of PrCl3 to a concentrated solution of
the ammonium salt of the sulfonic acid in an excess of ammonium
hydroxide, and by further concentrating the resulting solutiocn
by evaporation with gentle heating in an atmosphere of nitrogen,
The solid obtained, when analyzed for praseodymium, nitrogen,

and sulfur, gave a composition which corresponded to no simple

compound,



ULBCUB5LON

It is evident that the color changes which take place
during the oxidation of the above sclutions do not depend upcn
the presence of praseodymium and, therefore, no positive proof
is provided that the praseodymium (I7I) was oxidized, Indeed
it is well known that when compounds of the type of {-quinolinol
~Sesulfoniec acid are oxidized, the products are highly colored
substances. The reported procedure for the separabion of
neodymiun and praseodymium is impracticable and, therefore, also
constitutes no evidence for the existence, in solution, of higher
oxidation states of these elements, Indeed in view of recent

(2)

work by Popov and Glockler on solic neodymium oxides, it
appears that no stable compounds of necdymium in a higher oxidalion
state than three exist,

It is likely that the trouble encountersed in the preparation
of the solid praseodymium derivative of 8-guinolinol-S-sulfonic
acid is the same as that encountered by Jackson at the University
of Illinois{3> in his successful attempts to prepare the lanthanum
derivate of 8~-quinolinol, La(C9H6HC)3. This difficuliy was
the partial hydrolysis and decomposition of the desired derivative
gither in concentrated solutions or by heating in the presence
of water,

From the above chbservations it seemg clear that Nakatsuka



and Chang have found interesting complexes of praseodymium (III
and neodymium (IIT) which are sbable in ammoniacal solutions
without the precipitation of the hydroxides. However, their
provosal of the existence, in solution, of oxidation states
of prasecdyrmium and neodymium greater than three does noit
appear Lenable,
Yery recently Hakatsuka and Fucdo have published a paper(h)
in which they state that they have prepared the 8-guinalinnl
derivative of neodymium (IV). Their procedure for this prep-
aration is much the same as that described by Hakatsuka and Change
An ammoniacal solution containing neodymium (III) and in this
case, 8-quinolinol-7-sulfonic acid is suojected to anodic
oxidation., The solution obtained is then heated with 8-quinolinol
in a sealed tube. The analysis of the resuliing solid product
agreed, within a few percent, with that calculated for a compound
with the formula, NA(C.H NO),*H,0O.
9T T2

o further attempt has been made to repeat these later
experiments, but work by 3lock, Bailar, and Pearce(g) may
¢ive & clue a5 to the nature of this neodymium compound, These
investigators worked with a compound oi silver reported by
Nakatsuka(é) to e the 8-quinolinol derivative of silver (II),
and they reported that, on the basis of the compound's chemical
and magnetic oroperties, it was a derivative of silver (1),

Ag(CQHéﬁO)(C9H7NO). Therefore, there remains reasonable doubt



about the existence of a stable compound of neodymium (IV).
This doubt quite probably could be removed by a magnetic in-

vestigation of Hakatsuka's neodymium compound,



T L £OIRCT T MY

Lle LA TOND Ul
) , D ad e e areyarr ok B2 e e - . ~
mere exists a verw LYL\;GI’@S@JAH{D Lam T On COmpunas oL

sullug, alurvpen, and vsyen waose properties have peen oiscussed
(7,5)
(7,5)
3

in two seneral texts on btne suoject 4iso, the kinebics

.

of some of the reactions of these compounds has been studied®
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Ihis fanily of compounds consisis or the sulionate derivatives

of amwnia and hylroxylamine, Howover, one shoula include

in this family the salts of nitrosyl disulionic acid, OH{SOBH)Q,
vecause Lt is so closely related oy its rosctions to the other
members of the ramily,

fitrosyl disulionate ion is a noderately strong oxidizing
arent, vein; capavle of oxidizin; iodide ion Lo icdine and

Ferrous ion to lerric ion under vroper concditions, The principadl
nrocuct of the reduction of nitrosyl cisulionate ion is hycro-
wylamine digulionate lon, ’:’E{)?E(SOB);, and hyouroxylanine cisulionate
ion rey e oxidized to nitrosyl disulionate ion o such strong

criaizing ajenis as lead cioxide, ozone, anc pobassiuvm perman-

(1o
Sana@e\qb)'

Potassium nitrosyl disulfonate is a solden orange solid
vinich woen dissolved in water prouuces a pursle solution out of

which mayr e recrystallized the orange solla., The solutions

(5,70,11)
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310
(1”1u’, wnile the solid is

have been shown 10 be paramagnetic
diomaznetic, Further, the anion in solution has been shown to
. (15) . . .
have a minus two charge . These facts lead Lo the conclusion
that the anion is of the form OE‘?(SOB):, and that in the solid
L

cltate this ien is at least dimerized,

It is known that ary solid potassium nitrosyl disulfonate
is indefinitely stable, while the moist solid decomposes very

(16),

rapidly In acid agucous solubion, nitrosyl disulfonate
ion undergoes autocatalytic decomposition. On the basis of
work carried out both in this laboratory and at the University

(17

of Washington s, it is known that the principal products of
the autodecomposition of nitresyl disulfonate ion are initially
hydroxylamine disulfonate ion, nitrous oxide, hydrogen ion, and
sulfate ion:

L 03«;(303); +3HO > HD +2 HOH(SCB); + U SOZ’ + bt

Since the above reaction 1s autocatalytic, it was deemed
desirable to investigate the reactions between nitrosyl disulfonate
ion and the products of its own decomposition,

The reaction between nitrosyl disulfonate ion and hydroxylamine
disulfonate ion in acid solution proved to be zero order with

respect to nibrosyl disulfonate ion concentration when the

hydroxylamine disullonate ion was present in larpe excess, This



"

indicated that the rate determining step in this particular
rezction ¢id not involve nitrosyl disulfonate ion. Also, the
rate of disappearance of nitrosyl disulfonate ion corresponded
to twice the rate of hydrolysis of the hydroxylamine disulfonate
ion present., This latier rate was determined by using the value
of the rate constant found by Haiditeh and Yost(1o> for the

reaction:

-

HO2( 30 )g + 1.0 Hormso; + H30] . (2)

3 2

Thus it seemed that the reaction vetween nitrosyl disulionate
ion and hydroxylamine monosulfonate ion might be a relatively
fast one.

In ocur investigetion of the reaction between nitrasyl
disulfonate lon and hydroxylamine monosulfonabte ion, we found
that the reaction was catalyzed by very small amounts of irom,
and, in fact, would not take place in acid solution in the absence
of iron, The details of these investigations and the conclusions

drawn from them are given below,
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Potasgivm nitrosyl dianlfonswe was preparec oy the nethod
f’j(:!>
3 R R b2 My e P o s -
of Daschiz* Y. To 102 wml, of 5 VW (formula wel~-his .er liter

ol solution) sodiun nitrite were aaded 200 s, ol ice, znd with
stirring 100 ml. of U VF sodium odouliite and 20 ml, o jlacial
acetic acic. The reaction amixbture was continuously stirred,
Svery mirute or so, a one wmilliliter test sample was witharawn
and ciluted witihh & ml. of starch solution. ~hen ovine 1irst «roo
of a ¢ilute ilouine solution coloreu a vest saugsle olue, <0 ml.

TrTR

of 15 VI amaoning hydroxice wWas auGel.

the reucval or oisunliite ifon and therefore ihe compietion or the
reaction,

11,04 (3)

To the reaction mixture was “hen added LOC ml, of 0.2 ¥F wotassium
nermencenate, .anganese dloxide orecipbitatec quickly and was
removed rrom the reaction mixture oy filtration, The filtrate

haa the desp purple color of nitrosyl disulionate Lo the

filtrate was acdec to 1,6 liters oi ice cold, saturaved potassium

chlorice solution. Tne precipitatec potassium nitrosyl uisullonate
was filtered, waohed with threc portions of aobgsolule alcohol anc

then with three portions of aosolute ether, and uried anu stored
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in a vacuun aesiceator.
The potassiuvm nivrasyl disulfonate was Durbther purtfied by

2 PO Faver YA Taamya Y4 A . vy Tt I ER
tridce recrystaliizing it from 0,1 VI potassium hydroxide.  About

150 2o of the solic salt were dlssolved in 400 nl, ol 0,1 VR

potassium nydroxide at 407C. The solution was filtered and cooled

0 - - . ; o
Cs The precipitated sait was Jiltered, wasned with
absolute alecohol and toen with avsolute ether, sand dried in 2
vacuunm uesiccator. The purity of the salt presared in this way
- N P i3 ‘3

is greater than 99% R

Anhydrous wotassium hywroxyiamine disulfonnte was prepared

oo bhe metinoo of aollefson and Oldershaw(19> as wmoulfed oy
eioiteh anc Yostd .« To 200 ml. or ice water were added 3% =,
of potassiuvm nitrite, 110 o, of potassium acetate, ana 1500

o Linely crusheda ice. “hile the mixbture was rapidly stirred,
sulfur dioxidewas vuobled throush until its odor was just
detectavie acove the mixiure., Juring the aadition of sulfur

P N

dioxide, potassium ! Zisullonate precivitated,

ite

]
<
e}
0
[
g:
5
P
e
Q

oi suldur cloxide, bne precigliated potassiun
ayoroxvlamine disulionate wes Iiltered and successively washed
with three vortions ol ice water, three portions of avsolute
alcohol, and three portions of absolute etner, The preparation
was aried and stored in a vacwum desiccator, Arayarous sotassium

hydroxylamine ulsulionate prepared in this

99410,

a3 parity of

MY‘LQCLT tnan
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1

arcd oy the

Sodiunm nydroxylamine monosulionate was prep
. . (20 - » IR .
method of faschiz’ /. To 150G g, ol I'inely crushea ice were

added 200 mi. of 5 V7 sodium bisuliite and 200 ul. of 5 v/

sodiva nitrite. Sulfur dioxdide was vadpled throush the mixture,

9]
fd

The bunbling was stooped when wie ocor of sullur dioxide was jus

L

wiC

detectable above The r esulting solution wras allowed

ht and then was made nsutral with sodium hydroxide,

The neutral solulion was evaporated by ooiling until crystals of
sodium oulfate opueared. [he solution was cooled and after a shor
time a cuantity of hydrasted sodium sulfate crystallized out,
e sodium suliate crystals were removed by filtration, This
cvaporation, cooling, precipitation, and filiration procedure was
repeated until & sirupy solution was obtained. The concentrated
solution was placed in a desiccalor and alter avoul a week vecame
a solid mass of crystals of sodium nydroxylamine monosulionate,
The crysbals were dried by filtration and placed in a vacuum
desiccator,

he sodiwn hydroxyiamine monoasulfonate prepared 0y this
method was found by iodometric titration to be only adout 750
sare; the priacipsal lmpurity was sodium sullate, surther
surification was octained by eqiiliorating the impure material
with a -0-50 weirht percent mixture of methanol and water. rhe

excess solic material was filtered o, and the

wroduet was wrecipitated oy

wo the filtrate, L-ain the mair impurity vas sodium



sulfate, as indicated by ftesting with barium chloride solutiocn.

The purity of the sodium hydroxylamine moncsulfonate pre-
paration was cetermined by wne following procedure: Ten zrams
of sodiun acetate trinydrate were aaded to 25 ml, of distilled
bwater. Into the resulting solution were pipetted exactly 25 ul.
of standard triiodide solution., Then enourh socium hydroxylarine
monosulfonate was weighted into the triiodice solution almost to
decolorize it. The excess triiodice was hack titrated with
standard thiosulfate solution to a starch end point. The standard
gsodium thiosulfate solution was prepared and standardized against
potassivm dichronate, and the standara triiodide solution was
prepared and standardized against the thiosullate solution a.l
by the methods of SWift(ZTj.

Sodium perchlorate made by the G, Fredrick Smith Chemical
Corvany was used to adjust ilonic strengths until it was found
that this reargent contained relatively larze anounts of iron.
Iron Iree sotassium perchlorate was prepared in the following
way:s A ten osrcent exesis of concentrated perchloric acid was
added to a saturated solution of potassium chloride in water.

The resultin. grecipitate was filtered, and washed several
times with ice vwater. The well crystallized potassium perchlorate
thus ootaiasd was recrystallized from water.

Shanderd 0.0107 VF lanthanum perchorate was prepared oy

weighin: oub Seu3 il ol lanthanum sesquioxide, just dissolving
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and neutralizing tiis solid with standard 0,100 VF perchloric
acid, and dlluting the solution obtained to 1.00 liter. Inhe
lanthanum sesquioxide used was labeled 99,95 pure, and was
obtained ifrom lesearch Uhemlicals, Incorporatea, survank,
California,

The water used in preparing all solutions was the tap
distilied water redistilled from allaline permanganate in an
all-pyrex still, The water thus purified had a specilic con-
ductance of about & x ’IO"5 mho, and a pl value of about 6,5,
The water was stored in a bottle f{itied with a soda lime tube,

Solutions of ferric perchlorate were prepared in the
following way: Reagent grade ferric chloride was twice resublimed,
To the resulting solid was added a twenty percent excess of
concentrated perchloric acid, and this mixbture was fumed almost
to dryness. Hore concentrated perchloric acid was added and
the mixture azain fumed almost to drymess, ZHxcess perchloric
acid was then filtered off., The precipitate was welighed, and

dissolved in enough 0.1 VF perchloric acid to make the resulbing

solution 0.1 VF in ferric perchlorate. The stoci solution gave
a nepative test for chloride when silver nitrate was added to
a sample of it,
A dilute solution of ferric perchlorate was vrepared
by addingz about one milliliter of the concentrated stock solution

bo a liter of 1,0 x 1073 VP porchloric acid, The author is
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rreatiy ivceoted L0 Lre Jeo . covley who standardized the dilute
stock solution wy 2 coulomebric uroceuure, (i3 proceuur

1

involves the acultion o) iowlae and excess stancarc bniosullste

and the coulouwetric vack titration of the excess thiosullate,

An amperometric end point is used., The cetzails of thads urocedure

are Ho be puvlished, The dilute stock solution uuderwenl no
physical or cherical change in three months as indicated by
the constarcy of rate measurenents at the seginning and end
0if bhat perliod.

Stendard solutions 0,0100 VF in percnloric acid were prepared

e g R I . e T R |
centrated, vacuwun distiiles perenloric acid
Ly Y m G T eses v . ey S R A
with reclisiiiled water, These soiubions were standirdized

:

tinst recrystalilzed vorax, Using a decdcnan ioael U oH meter to

a

seternine tie egulvalence point, wy the following orocecure:
A sampre of recrystallized vorax (approximately 0.10 zram) was
accurately weighec into a 250 cc, veaker into windlch nas veen

vipettea 0,00 mi, ol the perchloric acia 1o se stanuardized,

vorax swnnle was completely dissolvea. Thile the solution was

invously stirrew, small vortions ol the acld o ve stancardized

i

were 2 ouret, anc the pH oi bhe solution was cetermined
alftor ezecn adaition. The wata ovtaineu were plotites Lo ive a

curve o0 o V8. milliliters ol acic auced, 2nu the indlection

201nt on the eguivalence point of the

titration.,  lesulis ontained ow ere resroducisle

withlin one half a oercent,
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Iron was testec Jor vy the methos ol 3ppleman(22 T e
soiution Lo we bested was acidilicd witn suliuric aciu. 4L I'ew
Grops of crowine water were addec, ang Lhe excess prouine vas

iond ol an ethyl acetate solution
i Liilocyansbe vwers auded
Just aspearcu.
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of Versene Fe-3 Specific o adjust the pH to a desired value,
Second, it gave an indication of the nature of the compounc
responsible for the complexing, The equivalent weight of this
compound calculated from the data given above is 167 grams.
So-called Regular Versene made by the sane company is the
"disodium salt of ethylene diamine tetra acetic acid", and it
is of interest 1to note that the equivalent weights of the
trisodinm salts of 1, 2, 3, tris- [ di{carboxymethyl) amino]
propane and of tris- [:di(carboxymethyl) aminomethyl] methane
are 168 and 173 respectively, Thus, allowing for impurity in
the original preparation, the complexing compound may well be

one of these two "hexa aceltic! acids,

Apparatus:

All rate runs were carried out in a Deckman :odel JU
spectrophotometer, in ten centimeter cells. The solutions to
be used in arny rate run were thermostated in a water bath whose
temperature was controlied to within i—O.OBOC. The cell com-
partment of Lhe spectrophotometer was Lherwoslaled by atlaciing
to it brass plates to which had peen soldered copper tubing,
and by passing thermostated water through this tubing, The
temverature control obtained in this way was within j-O.OSOG.
provided that the temperature of the room was not more than a
few degrees from the thermostating temperature.

The %ten centimeter spectrophotometer cells themselves
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were constructed of pieces of twenty-two millimeter pyrex tuning,
to each of which was attached a side arm, and to the ends of
which optically flat gquaritz windows were atvached by means of
thermally aged glyptal, The two cells used were optically matched
4o the extent that when filled with water, their optical densities
compared o alr agreed within three tenths of a percent at a
wave length of 2u5zntL o

411 glass ware, such as volumelric [lasks, pipets, reaction
vessels, etc., was cleaned in the following way: first, the
object was rinsed with chromic acid cleaning solution, then with
several portions of tap distiiled water, then with concentrated
hydrochloric acid, then with acidified Versene Fe-3 3Specific,
then with more tap distilled water, and finally with several
portions of redistilled water, ihen working at very small iron
concentrations, it was found desirable to rinse the reaction
vessels with a solution of tne same iron concentration as that
to oe used in a rate run before running that rate, Ihis pro-
cedure largely eliminated any eifects which may have been due

to surface adsorbed iron,

Optical Properties of Solutions of Potassium Hitrosyl Uisulionate,

Determinations of the extinction coefficient of solutions
of potassium nitrosyl disulfonate were carried cut in the
following way: A sample of the salt was weighed into a

dry one liter volumetric flask, The sample was dissolved



JI' sodium hydroxide solution, and the resulting

solution was diluted to the mark with the same sodium hydroxide
solution, Samples of this stock solution were diluted with

the 1,00 x 107 V7 sodium hydroxide solution to an appropriate

volume to give readily measurable optical densities,

D)

In one group of experiments, the concentration of nitrosyl
dsullonate 1on was kept constant while the wave length of the
adsorbed lisht was varied, The values obtained for the extincuion
coefficient as a function of wave length are shown graphically
in Pigzure 1. There exists a maximum in the curve of extinction
cocfficient vs, wave length at about EL50 3, where the extinciion

s s , , A -1 -1 .
coefficient has the value 20,2 + 0,2 lt,°mole e+cm. , and there
exists a minimum in this same curve at 2450 &, vwhere the

N PO , . -1 -
exbinction coefficient haa the value 1690 1 15 lt, mwolec “cre o

In another group of experiments, it was determined that
4
the extinction coefficient at a wave length of 2450 2 of solutions
containing nitrosyl disulfonatle ion ls lndependent of the con=
centration of that ion in the range of concentrations between
-5

2 and 6 x 10~ VF.

Since even in dilute sodium hydroxide, solutlons ol potassiwa
nitrosyl disulfonate decompose slowly, checks were run at the
begiming end end of each group of experiments to insure that the

stock solution had not changed sipgniflicanlly during the course

of the experiments.
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The above two groups ol experiments show that the spectro-
photometric method is applicavle to the aceurate determination

of concentrations of nitrosyl disuvlfonzte ion on the order

-5
of 1077 V¥

Procedure for Hazte auns:

In rumning any particular rate, all of the solutions to
be used Lo establish the conditions of the run exclusive of
that containins the potassium nitrosyl disulfonate were nixed
in a reaction vessel, and the vessel was placed in the thermostat,
The solution contalning the potassium nitrogyl disulfonatce
was prepared separately and placed in the thermostat, A blank
solution was prepared which was identlcal to the reaction mixture
except thal the quantity of potassium nitrosyl disulfonate
solution to be used was replaced by redistilled water. The blank
solution was placed in one of the ten centimeter cells, The
same cell was always used for the blank solution, The cell
vhich was to contaln the reaction mixture was placed in the
thermostated cell compartment for seversl minutes. 4n appropriate
guantity of the potassium nitrosyl disulfonate solution was
added to the rest of the reaction mixture, and the clock was
started, The reaction mixture was rapidly stirred, and a sample
of 1t was placed in the reaction cell. The first measurement
of optical density was usually obtained one anc one half minutes

fter the addition of the potessium nitrosyl disulfonate solution,
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Readings of optical density were then made periodically, and
the dark current and '"zeroing? of the spectrophotometer were
checked at appropriate intervals,

During tne period of preparing for a run, and during the
run itself, room temperaturs was kept within 2%, of
tenperature at which the run was to be carried out.

S5olutions of potassium hydroxylamine disulfonate and
potassium nitrosyl disulfonate are unslable willi resvect to
reaction with water, Therefore, solutions cf these compounds

were used within one hour after their ovreparation,

The Autocatalytic Decomposition of Hitrosyl Uisulfonate Ion:

When potassium nitrosyl disulfonate at moderate concentrabions
decomposes indilute acid a gas is liberated which is a white
solid at liguid air teuperatures. The gas licerated from
approximately 0.1 VF solutions contained small but undetermined
amounts of sulfur dloxide and nitrogen dioxide, as detected by
the odor and color of the gas, anc had an average molecular
weight of LL.9. The average molecnlar weight was determined by
measuring the vapor density of the dry gas, The samples of gas
obtained from more dilute solutions were colorless and odorless
and had 2 molecular weight of LL,1 + 0.2, This figure coupled
with the physical properties of the zas prove it to be nitrous
:

oxide,

The number oi moles of nitrous oxide liberated per mole of
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nitrosyl disulfoneste ion decomposin: etermined by the

o
€2

following procedure: 4 sample of potassium nitrosyl disulfonate
weighing 46,5 mg, was rinsed into tne reaction ghamber of a
Van 5lyke apparatus with just [ive milliliters of redistilled
water, After about twenty minutes the color had disappeared Irom
the sclution, and after about forty more minutes the reaction
had appearently reached completion, The oressure necessary
1o compress the evolved zas bo a volume of 2 ce. was neasured,
L blank was run on the redistilled water alone, The amount
of nitrous oxide liberated amounted to 0,250 + 0,010 moles per
mole of nitrosyl disulfonate lon decomposing,

That hydroxylamine disulfonate ion is one of the producis
of the decomposition of nitrosyl disulfonate ion is proved
by the fact that the products of the decomposition are oxidized
by small amounts of alkaline permanganate to give the charac—
teristic purple color of nitrosyl disulfonate ion, The color
of nitrosyl disulfonate lon is easily distingulsned from that
of dilute permanganate solutions, The only known ilon walch
can be oxidized to form nitrosyl disulfonate ion is hydroxylamine
disulfonate ion, “urther, an iodometric titration of the products
of the hydrolysis showed that one half mole of hydroxylamine
monosulfonate ion was ultimately Zormed per mole of nitrosyl
disulionate ion decomposing. &nd since hydroxylamine disulfonate

(10)

ion is known readily to hydrolyze to form hydroxylamine
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o
nonosulionate ion, one nall mole of hydroxylemine disulifonate ion
mst ve initially produced by the decomposition of one wole of

wer wmole of

ion fornec

nitrosyl cisulfonate ion,
The muaver of moles of hydrogen
nivrosyl disullionzte lon decomposing was zounc to se 1,5
e ultimate procuc of the uecomposition
1olphthalein

’f’ O. 03 b:}r ti‘t)ful«u j3ts
with standard sodium hrdroxide solution to a p

sis of nitrosyl disulfonate

end polnte
If the products of the hydroly
over nisht, and Lae resulving solubion
T.60 + 0,01

ron were allowed to stand

trofold ess ol barium chloride,
¢ per initi

wwhs of the

sitate were forme
Droduc

treated with a
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of sulfate
.
tr Ile

nitrosyl disulfonate ion. If, however,
hydrolysis were boiled with dilute hydrochloric acild, and the
treatsd with a twolold excess of varium chloride,
sullate precivitate were foracd per uole
experiments

solution then
These

2.00 + 0.02 moles of
of cecorposed nitrosyl disulionate ion,
which were initially approxe

Ty e
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were carried oub upon solutio
inately 0. 7P in potassium nitrosyl disulionate,
ents can be intverpresed Lo mean that
acid,

The above experin
ws5ig were not voiled with

when whe procucts of the hydrols
1.50 moles of sulfate were oroduced per mole of deconposed
salt, whereas, in the case of voiling with acid, the hydroxylamine
n formed in bhe decorposition reaction is lurther
i and sulfate lons, The

aonosulionate 1

Esd o " e oy 3y o e
Torming hydrorylarmonivy

hrdrolyzed



somewhat high value of 1,60 obtained in the first group of
exveriments may be said to be due to the coprecipitabion of
appreciable quantities of barium hydroxylamine monosulfonate,

Thus the stoichiometry of the decomposition of nitrosyl
disulfonaste ion in dilute acid solutions may be represented
by the following three sross steps:

N 02:1{503)3 +3 U0 = H0 + 2 E;OI‘Q(;’;‘OB); + L4 S0 +h gt (1)

~ = I T TN T - +
’,%OT'»?(:;OB:)Z + 1,0 = ziOI‘T&;oOS +50), +1
&

g

~~
AV

"

};0}&1305 +ED = ?zozz}zg‘ + uui . ‘ ()
Reaction (2) was studied in detail by Maiditeh and Yost!'®,

and further, these workers found that reaction (L4) took place
only in hot =zcid solutions,

That nitrosyl disulfonic acid is a strong acid was proved
by the following exveriment: The electrodes of a pll meter were
irmersed in 50 ml., of a fresnly prepared 0,70 VE solntion of
pobassium nitrosyl disulfonate. The pH of this solution was
neasured at intervals as one milliliter portions of 0.0100 v
perchloric acid were successively added, The pH of the solution
decreased rapidly upon the addition of the first few portions of

acid, and then decreased more slowly as more acid was added,
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A4t no point in the curve of pH vs, milliliters of acid added
was there any suggestion of an inflection point, The pH of
the solution before the addition of any acid was 8.0, This
is not to be taken to suggest that nitrosyl disulfonic acid is
a weak acid; rather one would expect a small amount of basic
impurity because the potassium nitrosyl disulfonate was recrys-—
tallized from potassium hydroxide solution, In fact, the pH
valus obiained indicates an impurity of potassium hydroxide
onn the order of only one part per million,

Ho complete investigation of the kinetics of the auio-
omp on of nitrogyl disulfonste ion in acld
solutions was carried oul because after the stoichiometry of
the reaction had been determined and some of the physical and
chemical properties of solutions of that ion had been investigated,
the author's attention was drawm to the thesis of J. Hamoodi Murib
in which the kinetics of the decomposition reaction had been

(7).

worked out

The Reaction between Nitresyl Disulfonate and Hydroxylamine

Dsulfonate Ions:

The first experiments carried out in order to establish
the mechanism of the sutocatalytic decompesition of nitrosyl
disulfonate ion were measurements of the rate of reaction
between nitrosyl disulfonate and hydroxylamine disulfonate

ions, Freshly prepared anhydrous potassinm hydroxylamine
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‘nto a one liter volumetric Ilasi,
and redistilled water was added to the mark, Approximately
seventy millirrams of potassium nitrosyl disulionste were
dissolveC in one liter of redistilled water. The water and
vessels for these solutions had been thermostated at 3OOC.,
and the solutions were plaoced in the thermostat. Samples of

these two solutions were pipetted into & thensostated solution

containing sodium perchlorate and perchloric acid in such con-

centrations that the conditicns after the addition of the sarples

were as follows: Eyarogen ion concentration, 2.00 or L.L5

-3

x 10 7 vF; sodium perchlorate concentration, 1,00 VI3 sotassium

———
).’
+

e
i)

hydroxylamine disulfonate concentration, 10.9 or 2.60 x 107
e

potassium nitrosyl disulfonate concentration, 2,53 x 10~ vr,
(determined spectrophotonetrically).

The mixed solution was »laced Zn a ten centineter cell,
and the cell was placed in the spectrophotometer, ileadings of
the optical density of the solution were taken periodically,
The data obltained were plotted in such a way that the con-
cenbration of nitrosyl disulfonate lon was represented as a funcbion
of vime., The curves thus obtained were linear, within the linits
ol emperimental error, up to the point where as much us sixty
percent of nitrosyl disulfonate ilon had disapueared, This

inaicated that the rate determining step in the reaction

between nitrosyl disulionate and hydroxylamine disulfonate



ilons did not involve nitrosyl disulionate ion, #lso, the
rate of disappearance ol nitrosyl disulfonate ion was equal,
within a few percent, to twice the rate of hydrolysis of

. vy 3 33 1 4 a £ P T3 A% bl . (10}
hydroxylamine disullonate as found by laiditch and Yost o

Therefore, it seemed reasonable that the rate determininc step

in the reaction between nitrosyl «lsulfonaie and hydroxylamine

disulionate ions was the hydrolysis of the hydvonylanine
disulfonate ion, which in turn vwes followed by a relatively

-

rapid reaction between the hydroxylamine monosulfonate ion
produced and nitrosyl disulfonate ion,
It must be noted that in the experiments described in

the above section, no particular precavtions were taken to

remove small traces of iron from the reaction mixtures.

The Heaction between Hitrosyl Jisulfonate and Hydroxylamine

lionosulionate Ions:

It was of interest to investizate the kinetics of the
reaction vebtween nitrosyl disulfonate and hydroxylamine mono-
sulfonate ilons., The rate of disappearance of nitrosyl disulionate
ion was measured under the following conditionss: Sodium

verchlorate, 0,250 Vi'; perchloric acid in the range vetween

0,50 and 2.00 x 10 3 V73 souiua hydroxylanine monosullonate in

range pebween le2 znd 5.0 % 10'}4 Vi'; oobassium adorosyl disulionate
2 A s P

on the order of 2,5 x ?O"S V. The concentrations of hyaroxylamine

P——
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monosulionate ion and of hydrogen ion were varied independently
in the hope of determining the dependence of the rate of
disappearance of nitrosyl disulfonate ion upon these two
variables,

However, two facts came to light in this »part of the
investigation, rirst, the rate of disappearance of nitrosyl
disulfonate ion wid not depend on its concentration as indicated
by the fact that plots of concentretion of nitrosyl disulfonate
ion vs. time had the same linear character as those in the case
of the reaction between nitrosyl disulfonate ion and hydroxylamine
disalfonate ion, Second, rates measured under as nearly identical
conditions as possible were highly irreproducible., These two
facts indicated that the rate deteruining stey 1n the reactlon
between nitrosyl disulfonate and hydroxylamine monosulfcnate
ions does not involve nitrosyl disulfonate ion.

Since the rate debermining step in the reaction between
miitrosyl disulfonate and hydroxylamine moncsulfonate ions
does not involve nitrosyl disulionate Lon, one must consider
the reacblons widch hydroxylamine monosulfonate ion may undergo.
That the rate debtermining step i1s not the hydrolysis of the

monosulfonate ion is proved by the fact thal the only known

N

-
2
wyérolysis of this ion tekes place slowly in hot, acid solutions' 3.

Tt is possible that the rate determining step mizht ve a

tautomeric change like that which takes place when hypophosphorous
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acid is oxidized, However, this mechanism is ruled out because

of +the irrveproducibllity of resulis obtained under nearly
identical conditions, The last probable mechanism, which will
be shown to account well for the ooservations, is that in which
the hydroxylamine monosulfonate is oxidized vy a small amount
of a catalyst at a measurable rate, the reduced state of the
catalyst, in turn, being rapidly oxidized oy the nitrosyl
disullonate lon. The catalyst will ve shown to be 1ron,

If a 0.1 VF solution of nitrosyl disulfonate ion 1s added
to a just acid, 0.1 V¥ solution of ferrous lon, decoloration
of the nitrosyi disulfomnte ion btakes place as rapicly as the

solutions mix,

Fe' ' 4 OM(SOB)T; + Hyo > Fe(on) ™ + zzum(zs%):;. (5

The products of the reaction are ferric ion and hydroxylemine
disulfonate ion.
If a 0.1 ¥F solution of hydroxylemine monosulfonate ion

s sdded to a solution 0.1 VF in ferric ammonium sulfate and

".Jn
s

0.1 VF in perchloric acid, decoloration of the ferric color

takes nlace within a winute or so, the reaction velng:

L we(om)”

Ty mmsog =10 + L ret 4 2 H30) + 3 H0s (



Reaction {&) is guite similar to the reaction used for the
cuantitative volumetric determination of hydroxylamine(?h).

It was suspected that the source of iron contamination
in the above rate measurements was Lhe 1.00 VF sodium
percnlorate used ©o adjust the ionic strength, 4 liter of this
solution was [iltered through 2 sintered gzlass filter of fine
porcsity, wnd though there was no turbidity in the orizinal
solution, a small amount of blackish precipitate was detected.
This precipitate dissolved in a few milliliters of 6 VP hydro-
chloric acid to give a yellowish solution, which in turn gave
a narkedly positive test for iron upon tiae addition of potassium
thiocyanate,

A rate run was carried out under conditions iike those

descrived on page 29 with the exception that a small amount

*IJ

=3 ecific was added to the reaction

(_f‘

of acidified Versene !
mixture. The resull was that the initial rate of disappearance
of mitrosyl disulfonate ion was very nearly zero,

inother rate run was carried out under condbions like those
gescribed on page 29 with the exception that the reaction
mixture was made avproximately 1 x 10- VF in ferric iron.
The nitrosyl disulfonzte ion had disappeared before a measurement
could be made.

These experiments snow that indeed it was iron that catalyzed

the reaction tebween nitrosyl disuifonate and hydroxylanine
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ronosifonate ions, anad therefore, it remained %o dnvestigate
systematically the dependence of the rate of reaction uetween
these tmo dlons upon the amount of iron present,

Lthe rate oi disappearance ol nitrosyl disulfonats lon
was neasurcd uncer the following conditions: Perchloric acid

)
concentration, between 2.5 x 107" and 2.5 x 1072 VF; ferric
percalorate concentration, as high as 1,46 x 10-6 VF; sodiun
hydroxylamine monosulfonate concentration, vetween 1,03 and L.59
X 10'5 TF; potassium nitrosyl disulfonate concentration, between
o

47 and T.h x 1077 V7, {determined spectrophotometrically);
various concenbrations of potassium perchlorate and lanthanum
perchlorate to adjust the ionic strength; and the theruwostating
temperature of the bath and the cell compartment, 20,00 j'O.OBOC.
or 30,00 + 0.0300. In Table 1 are presented the time-concentration
data for two Typical experiments,

A discussion of the results ovtained from rate runs carried
out under the above conditions, and an interpretation of those

resulis apvear below,



Representative Time-Concentration Data for

. o
Rate lieasurements at 20°C,

Fxperiment Ho. 56 ixperiment Ho. 68
Initial Conditions Initial Conditions
(H*)::S.o:c1o4*gg (1) = 5.0 x 1077 vF
»
(HO&H;OE) = 150 x 10‘5 VF (Honﬁsog) = 1.58 x 1077 L5
(5 ve™) = Tl x 1077 vr (£ Fe®) =3,6. x 1077 77
a. — [-3 2 Raad
(Kﬂlﬂu) = 2.80 % 10—2 K& (KCth) = 2,50 x 10~2 e
= ¢ —5 Tria ATl o = . -5 S
(ox(soB)z} =1.,83 x 1077 W (93(303)2) = 2,21 x 1077 V¥

S

time(min, ) <OH(SOB)§) x 107 VP time(min.) (ON(SQB)E x 107 VF
1.50 1.7 1.50 1.85
2,00 1,65 2,00 Ta72
2.50 1.60 2.50 1.60
3.00 1.5 3.00 1.49
3.50 1.49 3450 1.37
L. 00 1.13 11,00 1.26
tre 50 Te37 4e 50 114
5.00 1.32 5,00 1.05
5,50 | 1,26 5.50 0093
6,00 1,20 6.00 0.52
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The 4sutocatalytic Decomposition of Hitrosyl bLisulfonate Ion:

As has been mentioned, the kinetics of the autocatalytic
decomposition of nitrosgyl disulfonate has been investigated in
e e we s . s (a7

some detall by Linrib at the University of Jdashington .
Yarib carried out his measurements in tulifered solutions,
and thus during any rate run, the hydrogen ion concentration

remained essentially constant., Fe fitted his data to the

following eguation:

z, = Néﬂt (7
where I and §} are ipdependenb oi time and t is the time. The
guantity X, is determined as follows, The logarithm of the
concentration of nitrosyl disulfonate ion is plotted as a function
of time. In the early stages of the reaction this plot is
linear, while at later stages it deviates considerably from
linearity. The quantity X, is the deviation from linearity.
“hen the logarithm of X, is plotted against time, a straight

ine is obtained., The slope of this line is {i, and the intercept
R

larib interpreted the above facts to mean that two reactions

take place simultaneously, a reaction first order with respect

tc nitrosyl disulfonate ion concentration, and a chain reaction,
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Because the chaln reaction is inhibited by amine mono-
sulfonate ilon, oecause of the rale of appearance of hydrogen
ion as compared to the rate of disappearance of nitrosyl
disulfonate ion, and because nitrous acid reacts rapidly with
mitrosyl disulfonate, kurib conciuded that the species responsible
for the chain reaction is nitrous acid,

in any investigation of the kinetics of an autocatalytic
reaction, the possiovility of the final products of The reaciion
being responsible for the catalysis must be recognized, Hurib
did not study the reactilons between nitrosyl disulfonate ion
and hydroxylamine disulfonate ion or hydroxylamine monosulfonate
ion,

The studies carried out in this laboratory on the reactions
between nitrosyl disulfonate ilon and hydroxylamine disulfonate
ion and between nitrosyl disulfonate ion and hydroxylamine
monosulfonate ion are described below, It should be statec
here that in acid solution no measurable reaction takes place
between either hydroxylamine disulionate ion or hydroxylamine
monosulionate ion and nitrosyl disulfonate ion in the absence
of iron, Iron is removed from reaction solutions by adding

10‘5

equivalents per liter of Versene TFe-3 Specilic.
That the iron catalyzed reactions between the hydroxylamine
sulfonate ions and nitrosyl disulfonate ion oiay no part in the

auntocatalytic decomposition of the latter is proved uy the

Tollowing fact. If, while nitrosvl disulfonate ion alone is
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repidly decomposins, one adds 107~ equivalents per liter of

i

Versene "e=-3 Jpecllic ab the same pil as the reaction mixiure,

there is no echance in the course of the reaction,

Tor the avove reasons, 'urib's conclusions regarding the
Izinetics of the autocatalytic decomposition of nitresyl
disulfonnite ion are not challenced, bubl ratier are made less
osen o uwounb,

The :lenction bebween Hitrosyl visulfonate arnd lydroxylamine

o s e — s e s —— ———— 1y

Disulfonabe Ions:

Rate measurements were carried out on reaction nisxtures
in which the ratio of the concentrations ol nitrosyl cisiifonate

lon o hydroxyiamine disulfonate ion was large., The hydroxgylaaine

-

disulfonzte ion concentration was about 1 x 10_3 VP, In these

1

reaction mixtures, the hydrogen ion concentration was on the
order of 10 3 Vi and the ilonic strengtih was one., The lonic
strength was adjusted with 3 VP sodium perchlorate which, it

’ 3 1 4 1 FEP 3 s -6 b} e
was then later determined, contained about 10 ~ moles per liter
of iron,

“Tnen the nitrosyl disulforate ion concentration was
vlotted azainst tine, the curve was linear until at least

-

half oI that ion had disappeared, The slope of the linear
7

- 1 3 " -0
portion of the curve corresponded to about 10 7 moles per

liter of nitrosyl disullonate decomposing per sinute,
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Since the curve of nitrosyl disulfonate ion concentration

s, time was linesr, until hall of that lon had decomposed,
the rate determining step in the reaction could not involve
that ion, Iurther the rate of disappearance of nitrosyl disuvlfonate
depended linearly upon the concentrations of hydrogen and
hydroxylamine disulfonate ions,

In one experiment, the initial conditions were as {ollows:
sodiuwm percnlorate concentrations, 1,00 ¥ perchloric acid
-
concentration 4.45 x 10 7 VF3 potassium hydroxylamine disulfonate

———

concentration, 1,09 x 10"3 VF; potassium nitrosyl disulfonate

I
concentration, 2,50 x 107° VF, (determined spectrophotometrically).
The temperature was 3008. Until half of the nitrogyl disulionate
ion had reacted, iits rate of disappearance vas 1,06 x 10-6
moles per liter per minute,

How,if it is assumed that the rate determining step
in the reaction beitween nitrosyl disulfonate and hydroxylamine
disulfonate ions is the hydrolysis cf the latter ion, at least
qualitative agreement would be expected between the rate of
disappearance of nitrosyl disulfonate ion ana the rate of
hydrolysis of hydroxylamine disulionate ion. Naiditch and
Yost(qo) in their investigation of the kinetics of the hydrolysis
of hydroxylamine disulfonate ion,

HoN{30, )

32 + 50 - JIOIHS +v3,g, (2)
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did not work with ionic strengths as zreat as one, However,
if their valves of the rate constant at various iormdc strengths
are exirapolated Lo unit ionic strength, the value oblained

o . o O
for the rate constant, k, is about 0.1C lt.emole -min, abt 307C.:

<

A AN prreprfan VS
- =2 = k() (mon(s0,)3) (2)

The extrapolated value is only qualitative since extrapolations
to ionic strengths on the order of unity from ionic strengths
on the orcer of one tenth may only be made on the basis of a
smooth curve of k vs. 1/;: , the sguare root of the ionic
strength,

£s will be shown later, nitrosyl disulfonate ion in acia
solution reacts with hydroxylamine monosulfonate when small

amounts of iron are present according to the equation:

I 01;(303):2:

(9)
Therefore, in the case of the reaction between nitrosyl disulfonete
and hydroxylamine disulfonate ions, the rate of disappearance
of the former ilon should be twice that of the latvber, when, as
in these experiments, small amounts of iron are present.
Using the extrapolated value obtained for the k of equation (&},

and the concentrations of hydrogen and hydroxylemine disulfonate
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ions, LW U% = 1077 =nd 1,09 = 107 VF, ressectively, the caleulated

rate of deconposition of nycroxylesdne disud onzie lon 1s
-7 -1 - v . , .-
¥ 107" moleseli, smin, . This value is very neariy hal

of the opserved rate of «isappearsnce ol nitrosyl ulsulionule

ops the reachlon in acid solutlon

between nitrosvl disulionate and nydroxylamine monosulionsate

1005 oy rennvins the catelyst, Lrorn.

isullonste and nitrosyl disulionnte

betrcen ool

-

iong Ln the presence o4 Yersene e~3 specill

=)
(2]
-

The apove facts show that in aclid solutlion and in the

oresence of small amounts of iron, the rate of tne reaction

3

vetween hycroxylamine disulionate and nitrosyl disulionate
icons 1s detervcined Ty the rate of hyarolysis of the lormer lon.
The hydroxylamine monosulfonate ion, formed oy the nydrolysis,

reacts relatively rapicly with nitrosyl alsulionate ion

according ©o eguation (9).

Tne Iron Catalyzed deactlon vetween Hitrosyl Lisullonate

)
e
ot
<

Hyoroxylauine conosulfonate Lons:

ihen a preliminary investigastion ol the resction veltween
nitrosyl disullonate and nyuroxylomine moncsullionate Long was

b H - 2 A o - PR I - - 1. P O A SR A
undertaken, 1t cecame cvident that tnhe reactlon was cateliysed

vy - . ] S S JRE TR S T - :
iron, <+t was ol interest o invesil-ale this iren catasyzed

reaction,
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The dependence of the rate of disappearsnce of nitrosyl
disulfonate ion upon hydrogen ion concentration, hydroxylamine
menosulfonate ion concentration, nitrosyl disulfonate ion
concentration, total iron concentration, ionic strength, and
temperature was investigated,

In the majority of experiments, the initial rate of dis-
appearance of nitrosyl disulicnate ion was measured. The
value of the initial rate was determined by one of two methods,.
“hen the hydroxylamine monosulfonate ion concentration was
greater than the nitrosyl disulfonate ion concentration the rate
of disappearance was very nearly constant for the first three
mimites of the reaction. Therefore, since spectrophotometric
determinations of nitrosyl disulfonate ion concentration were
made every half minute, the average amount decomposing in a
half minute determined the rate, ‘then the hycroxylamine
monosulfonate concentration was not greater than the nitrosyl
disulfonate ion concentration, a plot of concentration of nitrosyl
disulfonate ion vs. time was constructed. The curve was
extrapolated to zero time, and the slope at zero time was
taken as the initial rate of the reaction, ‘The svmbol K
denotes bthe initial rate of disappearance of nitrosyl disulionate
ion.

As long as the concentration of nitrosyl disulfonate ion

was the same order of magnitude as that of hydroxylamine mono-



sulfonate lon, the quantity X was independent of the former
concentration. The first five and the twenty-sixth through
the twenty-ninth entries in Table 2 demonstrate that inde-

pendence,

The quantity R was found to se directly proportional Lo
the initial hydroxylamine monosulfonate ilon concentration,

The initial concentration of that ion was deterined by sub-
vracting the amount of it oxidized according to equation (&)
by the added ferric perchlorate from the amount added {rom
the stock solution,

A new quantity R' is defined as R divided by the initial
concentration of hydroxylismine monosulionate ion.

The value of R' was determined for reaction iixtures of
six different hydrogen ion concentrations, and four, or sometimes
five, differert total concentrations of acded iron., The quantity
(EE Fe+3)a is defined as the total concentration of iron added,
ie&s, 1t is the formula weights of ferric percnlorate added
per liter of reaction mixture, while (Z Fe+3) represents the
total concentration of iron in the reaction mixture. The
conditions under which the values of ! were obtained, and
those values themselves are summarized in Table 2,

4t each of the lower hydrogen ion concentrations, 2.5 and
5.0 x 10"h VI, the values of R' are directly proportional to

the total iron concentrations, as shown for the latter case in



Values of 2' at Various Concentrations of deactants,

(Temperature 20°C.; Solutions 0,025 VF in KClOb.)

Initial Concentrations (VF)

Txperiment (07) x 10° (£ Fe*3z_ (FOWESOZ)  (01(30,)7) <! x 10
lumber x 102 x 10° x10°  (mins})
1 2, LK T.L6 7,08 2,68 The?

2 2,45 1.46 1.08 3. 41 1he5
3 20145 T.16 1.08 3.0L The2
Iy 2,45 1.46 2.21 2.55 1.C
5 2,45 Tolb 2.21 3.70 1he?
L0=43 2,15 0.73 1,15 3.l 9.5

912 2. L5 0.73 2.27 1.8 9.2
13-16 2,15 0.365 2,28 2.96 5.12
36-39 2,15 0.36g .58 3.78 5.CL
17-19 245 0.1k 2430 1.93 2432
28-31 2,45 o.1h6 L. €0 2.88 2,26
20~-23 2ol 0,00 2631 1.42 Ue 24

194-195 1.9l Tob 2,21 3.9h 15,0
192-193 1.9k 0.73 2,27 Ll 1l GeT
181-187 1.94 0.365 L, 58 3.32 Selily
180-183 ool o.1h6 11e 60 2,07 2.30
188-191 1.9L 0.00 L€ 3.L3 0. 2L
162-163 1.5 1.46 2,21 3.31 Eob
160~161 1.55 0.73 2.27 237 1C.5
163-171 1.55 0.36S 1. 58 2.20 5.76
164167 1.55 0. 1L, L 60 2.07 236



L

TABLE 2 (comt'd)

Initial Concentrations (VF)

Zxperiment (II7) x 100 (Z we™ a ('%?OETHSO;) (O’ﬁ(SOB)?) R x 10°
Jumber x ’306 % 105 % ’105 (m:x.nfl )
1LhO=T43 0,99 1,16 Lo ? L. 6C 18.6
136-139 0.99 0.73 2,27 3,02 10.3
132-135 0.99 0.26. 1,58 3.22 5460

=51 0,99 01k, L.éo 2,06 2.l
96~95 0,050 146 2,21 L. 65 18.6
99 0.50 T.46 2o 21 4.02 18.%
116-119 0,50 e 73 2. 27 1.82 9.8
92-95 0.50 0.72 2.27 Zobi 9.8
88-a1 0.50 0.365 L.58 2021 5612
56~59 0.0 Qullig L €0 1.83 2.4
100~103 0,50 0. 00 e 61 3014 0,18
128-131 025 1,46 2.21 2,82 17.7
120-123 0.25 0,73 2.27 2.07 2.4
112-115 0. 25 0.36.- L.58 1.52 14e 96
104111 0.25 o.1h; L.6é0 2.3L 2.58

" ‘here a series of experiments is indicabed, the initial conditions
wvere the same for the series, and the value of 2! is the average
for the series,
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rigure 2, At higher hvdrogen ion concentrations, plots of KR!
o3 . . .

vs. (2 Fe )a are not linear. At low total iron concentrations

the plot is nearly linear, out at higher total iron concentrations

it deviates considerably from linearity. 4n exanple of this

4

pehavior is shown in Figure 3, At these higher hydrogen .oun

- . . L F
concentrations, the slope of the curve of R!' vs. (% Fe 3>a

7

is measured at (Z Fe+3)a equal to zero., This slope is defined
to be equal o ko. In the case of the linear plots of X' vs.
(S Pe+3)a, obtained at the lower hydrogen ion concentrations,
the slope of the line is ko‘

The intercept of the extrapolated curve of R' vs. (& ret )a
on the ordinate axis is numerically equal to the amount of iron
present in the reagents. That amount was, on the average,

3 x10 -0 vF,

That the rate determining step in the iron catalyzed
reactlon bebween nitrosyl disulfonate ion and hydroxylamine
monosulfonate ion is the reaction between iron (III) and hydroxylamine
monosallunabe ion is proved by iue following facls. rthe rabe
is independent of nitrosyl disulionate ion concentration,

t is directly proportional to hydroxylamine monosulionate
ion concentration, nd at small concentrations of added iron,
it is directly proportional to those concentrations. Thus
at a given hydrogen ion concentration, temperature, and ionic

strength, and at total iron concentrations less than 3.5 x 10 T



VA
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the rate of disappearance of nitrosyl disulfonate ion 1s well

represented by the equation:

a(on(s0

o

I
3/2/
dt

Ay
) . (1o

1w (S peT) fuomusoT
ko\ Z Pe ) UAUL“-JOB

4

The dependence of ko in equation (10) upon hydrogen ion

concentration, shown graphically in Figure i, indicates that

predominantly one of the hydrolyzed species of ferric iron Is

responsible for the catalysis, Since ko has a maximum value
- 1

at a pd value of about three, ve(om) Tt

must be the principal
catalytic species,

The problem of the dependence of ko upon hydrogen ion
concentration may be treated mathematically in the [ollowing
way: Leb the three species He+3, Ee{Dh)+?, and Fe(oﬁ); react
with hydroxylamine monosulfonate ion with specific rate constantus
kq, k2’ and k3

equilibrium constants, respectively, for the two reactions:

, respectively, iurther let h1 and h2 ne the

i 2
7™ 4 D = fe(on) ™ +xt (1)

and

N
Fe(OH) ~ + H

Under the conditions of these experiments,
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(Z re®) = (re™™h) + (Fe(0m)™?) 4+ (re(om)}) . (13)

Making use of the equilibrium constants, and assuming that
enough acid 1s present so that the hydrolysis of the iron
does not change the hydrogen ion concentration significantly,
the following are oblained for the concentrations of the

various iron (III) species:

(e = (11?2 (Z 7e™) L)
mhH? 4 h,‘(H+) + hyh,
(ro(on)*?) o n (1) (2 7e®) -
@whH? . hy(57) + hyh, ’
I nny(Z Fe)
(Fe(OH),) = . (16)

Z
(ED" +n (Y + hyh,

As shown above, the rate determining step in the iron
catalyzed reaction between nitrosyl disulfonate and hydroxylamine
monosulfonate iong is the reaction between the various iron (III)
species and hydroxylamine monosulflonate ion. Also, according
to the stoichiometry of the over all reaction (equation (9)),

two moles of nitrosyl disulfonate lon are reduced per mole of
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the monosulfonate reacting with iron (IIT), Therefore, the
rate of disappearance of nitrosyl disulfonate ion will be twice
the rate of reaction between iron (III) and hydroxylamine

monosulfonate ion, and

%ko(z re®3) = k]{Fe'B} + kZ(Fe(OH)+2) + K (Fe(@};)’g‘) .7

3
By substitubing equations (14), (15), and (16) into
equation (17), and simplifying, k is related to the hydrogen

ion concentrations by the following expression:

4y 2
% . k(B + kzh?(ﬂ+) + kg, ‘ (9
© mh? +<h1(H+) + by,

If it is assumed that both ky and k, are zero, k, will

3
have a maximum value when (H+) is equal to 41%*%? The

maximm value of k o oecurs when (H+} equals 1.5 x ’!O"‘B VE,

Although there is general disagreement about the value of

L (25)

, a value of about 3 x 10”3 is reasonable for a temperature

£

- ) 3 . . o . .
of 20°C., and an ionic strength of 0.025, Therefore, if ky

L

and k. are zero, h, has the value, 7 x 10,

3 2

Using the values determined above for h, and h2’ and the

experimental values of ku, a series of values of k2 at various



hydrogen ion concentrations may ve calculated, These values
are shovm in the third columof Table 3,

-

The fouvrth, [ifth and sixth coiumns of Table 3 show the

1.

cffect of assuming that Fe(OH;, enters into the catalysis to a

"

R - + :
significant extent., Thatl be(OH)2 does enter into the catalysis
to a significant extent is incicated first by the variation
in the values of k, at low hydrogen ion concentrations when

[

k, is assumed to oe equal to zero, and second vy the constancy

of the values of ke when a small bult measurable value of 33
is assumed, The most nearly constant valuves of k, are obtained

L

if a value of 1.5 + 0,2 x 10 lt.'mole'q-min:'1 is assumed for

k,. The average value of k2 is then 13.9 + 1.4 x 1OLL ]_t.'moi}_em1

3

. =] .
emin., » Thus k, is only one tenth as large as kz.

3

The values of k2 anc k3 ootained by the above calculations
depend critieally upon the value chosen for h,’ « The value
chosen for h1 is taken [rom the work of Siddall and Vosburgh<25>,
and 1s the most recent value available, lowever, since there
does exist disagreesent about the value for h1, the values of
k2 and k3 must remain tentative. [Further, in an equation with
2s many parameters as equation (18), it is difficult to determine
some of those parameters accurately,

The choice of a value other than zero for the constant
kj’ would be expected to change the value obtained for h1h2,

and, therefore, change the value of k,. However, when k, is

3
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not zero the maximun of ko oceurs at

3
2.2
k. h h,]L k.h
(rh) = 22+ Ll (ky -k =22 (9
k K 3 k
2 2 2

Using the values determined above for k,, Kas By, and Nos

k_o will have a maximun value when the hydrogen lon concentration
is 14b x ‘IO—'B Vi' which agrees with the experimental value,
within the limits of experimental error,

The following mechanism is in accord with the experimental

datas

k

Fe(OH)+2 + _1413.?}5}150.3' +2  resctive products + pet? (20)

o+ k} +2
Fe(OH)2 + HONHSDB -~ reactive products + Fe (213
ive ; - ON(S0,)5 - N,0 + HON(S0,)5 22
reactive products + ON( 03)2-—7 20 + IIJT(au3)2 (22)
reactive products + Fe(III) - .0 + Fe+2 (23)
7ot 4+ B0 + 0N(50.)T - Te(0E) T 4 mon(s0,)3 (2L)

A & 2 ~i'\ 3 2 L ANAAN 3 2 L

Equation (23) summarizes the reactions which may take place
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between the various specles of iron (III; and the reactive
vroducts of the initial oxidation of hydroxylamine monosulionate
tion, The reactions represented by equations (24) and either
(22), (23), or bobth must be fast compared to those represented
oy equations {20) end (21), The rate of reaction between
nitrosyl disulfonate and hydroxylamine monosulfonate ions in
acid solutions, at total iron concentrations less than

3.5 x 10‘7 V7, and at constant temperature and ionic strength

is represented by the eguation:

dim?(fv‘@j}f) f k,,_,ha‘{zz'*”) + khyh, +3
- e S = D = - ! » TOMHS -—\.
dt a2 T (ETe Y(Fw .riDOB)
()7 + 0y (27) +yh,
(25)

There is at present no cerbain explanation of the curvature
of the plots of ' vs, (X Fe+3)a for values of (X Fe+3)a
greater than 3.5 x 10’7 V¥, The curvature is not due to any
slowness of the reaction between ferrous ion and nitrosyl
disulfonate ion because the rate of the disappearance of the
latter ion is independent of its own concentration., &Also tae
curvature is not due to complex formailon velbween ivon (1311)
species and hydroxylamine monosulfonate ion because the values
of R' were indepenuent of the concentration of the latter iom,

The curvature would seem to be due to the removal of ferric



hea)
o

ion, Fe+3, because the eurvature increases with increasing
nydrogen ion concentration, ond indgeed, vanisines at Llow hyurogen
ion econcentrations,

The deviations from linearity of the plots of it vs,

(X Fs+3)a are, at a gilven hydrogen lon concentration,
approximately oroportional io (:E Fe*a}i .« There are two

ways ov which this dependence of the deviations could be
explained., The iirst, and least probavle, is that a binuclear
complex between ferric ion and one of the species present in

the reaction mixture is formed, The second depends upon the

fact that iron was added to the reacllon mixbures as ilron (IIT)
which in turn reacted almost completely with the large excess

of hydroxylamine monosulionate ion before the solution containing
nmitrosyl disulfonate ion was added., Thus if an unreactive
complex of the form Fe(III)X could form, and if X were a procuct
of the reaction between hydroxylamine monosulfonate ion and

iron (III), then at a given hydrogen ion concentration the amount
of iron removed from the catalytic reaction would depend upon
( ?i?e+3)§ .

The effect of ionic strength upon the rate of the iron
catalyzed reaction bebween nitrosyl disulfonate and hydroxylamine
nonosulionate ions would be expected to be complex because of
the nature of ko’ Further, there is disagreement about the

quantitative effect of added "inert" electrolytes upon the
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aydrolysis of ferric ion("’“ ©) and vpon ionic reactions in

(1)

~enoral . herefore, the experimental results, summarized
in Table u, are useful primarily in cetermining the magnitude
of any errors resulting from small changes in ionic strengtin
from the values showm, it is evident that a change in ionic
strength of ten percent would cause at most a one percent
change in the value of ko'

On the basis of the data shovm in Tcble L, the following
two qualitative statements may be made, irst, a plot of log
ko Xg,‘fzz. for either of the two hydrogen ilon concentrations
has e slope oi about mimus one and one half, and therefore,
changes in ionic strength effect the rate determining reactions
more than the hydrolysis constants, Second, there is no change

the value of ko if lanthanum percnleorate is subdbstituted for
potassium perchlorate to {ix the ionic strenzih,

The effect of changes in teswperature upon the rate of the
iron cabalyzed reaction between hydroxylamine monosullonate
and nitrosyl disulfonate ions would be expected to be coupiex
zain because oi the nature of ko. The effect of a ten degree
change in temperature upon the values of k obtained a2t hydrogen
ion concentrations of 1,%L and C.50 x 1C™ 3 Vi, are shown in

Table 5, Also, an apparent activation energy, A Ea, has been

calculated by use of the equation:
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vhere T io the absolute temperature and 2 the gas constant,

o

g

ihat AlEa has the same vaiue for the two hydrogen ion concentrations
is guite probably fortuitous.
An approximate value of Lhe aclivablon energy of the
reaction with speciiic rate constant k2 may be calculated
if the following assumptions are made, The reaction with
specific rate constant k

3

that with specific rete constant ke. The value of the constant

has the same activation energy as

h2 changes with temperature in the same way as that of hq.
laking the above assumptions, and using the value L.6 kcal.(zg)
for the A¥X aof the firat hydrolysis of ferric ion, the value
calculated for the activation energy is 20,6 kcal,

An estimate of the possible error due to incomplete
control of the temperature shows that a O.OBOC. ryror in

temperature gives rise to an error of one percent in the value

of k o
o]
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? 0.5 1.0
e
(s Fe+3)a = 100
Figure 2: Rt vs. (EFe'B)a, slepe equels k:)"

((H+) = (0,50 % 10‘3 _V:Yi; <KC:LDZ},) = 0.0250 E5 % = 50
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Rt (min:q) % 10°

l

> ‘!J.‘é"'

0.5 1
(Z i?e+3)a x 10

+3

Tigure 3: R vs. (Z Fe J g9 slope of dashed line eguals ko.

O

((#") = 250 x 107 vry (:010,) = 0.0250; = 20°C.)
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N ; (V) . .-
Nakatsuita anc Auao( ) clai:n to have prepared a stable

compouna of neodymium (IV) and $-quinoiinol, work by <lock,
(2) : N (3)
Jaller, and Pearce' a compound claimed oy Hakatosuka®

to e one of silver (II) and 8-guinolinocl showed it to be a

A

compound of silver (I). An investization of the magnetic

oroparties of Wakatsukals neogyium compound is recomuended,

The reaction vetween ferrous and nitrosyl disulionste

ions probadbly proceeds according to the equation,

o N I
Tell 12) 4 Og(b03)2a+ Fe(UH) ' + HOU(3 3)2.

Only the transier of a hydrogen atoa Irom one of the waber

)

molecules in the sphere of aydration of the lerrous lo

Lo the nitrosyl disuifonate ion is involved.

I¢ the reaction vetween nitrosyl disulfonate and lerrous

ions 1s a second order one, the rate constant is greater

‘ 6 44 ,
thar or ecual to 2 x 107 li.emole "emin. at 2¢%¢. and an

. . ” -2
ionic strength of 2,5 x 10 7,

Usinz a Jifty centinetor optical cell concentralbions
= 5 s b}

. oo =b
of nmitrosyl disulionate ion on the order of 10 Vi can

ve determined svecbrophotometrically. Coacentrations of
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ferrous iron on the order of 1077 ¥F may oo actermined

ecoulonetrically, Therefore, an atbempt shouvld be made
+0 measure the rate of reaction between nitrosyl disuilonate

and lerrous ions at these low concentrations, at an ionic

.. A0
strength of cone, and at 0°C,

sualitative measurements show thabt the rate of
ydrolysis of iodine in basic solutions ey ve neasured
el \ o s . iy .
amperometrically ™. A quantitative investization of
the nvdrolysis of iodine should ve undertaken using

coulometrically generated, and an;

o

.,

The reaction vetween amronia and Lodine a.so may
be investipated ab Llow concerntrations oy the acvove

methode

The "ieast squares” metnoc of fitting a straight
iine to a group of data is sometimes used where a metiod
of minimizing the absolute valve ol the relative error
would ve more sound.

If the srouo of data consists of values of Vs ana
treir associated values of x., the values of m and ©

in the equation ¥ = mx + » which minimize the relative

error in ¥ are,



i Y1 1 J 1 71 1 75
o= 3 5 Py
i, 1 be
§ E a1
'rrzg v ¢ B Z ~r [
i Yi i ¢ i ‘i

has proposed mechanisms Zor several

wnich depend upon the eguillbrium,

In cemonstrating the validity of his mschanisms, an
incepencently measured value ol the equiliprium constant
Tor that resction would Le desiravle, 1 propose that
steh a value ve obbtained Jron paranagnetic resonance

measuraients.

O The possivility of carrying ouat coulounelric titrations
in 1licuid amnonia should e investizated with sarticular

L

atbtention to the possibility of deteraining metal Lons,
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1

Varny pronsosals have oveen put forth Tor the production

of oure wabter lrom ocean walter Ly evaporatvion. I propose

thal an econonical orocess would utilize a Yueat pump';

L, oo .
shie Torns ol dce and

sure wober woulc we obtainsd in

by

Inere exists a class of autocatalytic reactions o

the penercl Tipe,

v

- C

L+ B

e

+ unreactlve products,

X

LaB 40 -°

:

20 + unreactive procducis,

Juch a reaction is the nydrolysis of nvdroxylamine
disalionzte ion' 6), in which case 4 1s water, 3 .Ls
ydrozylamine disulfonate ion, and C is hydrosen ion,

If it is assuaned that {C)O = 0, g) Iy )) k, and
A)O>> (;3)0, where the suoscript, o, refers to initial

concentrations, then,

(E{H G, %) v °

-\

The concentration of T at time t is represented uy (2).
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[we)

‘he rate constants, k1 and kz, can be determined
in the Tollowing ways Two times %;1 ant t,,, are chosen
such tnat tq is twice t,. Let X and x, oe the values

o~ 2

gt the times t1 ang t_, respectively. The

quantity, 4, is defined by the egquation,
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1 G =2z, + 1

2

M@ E, e T .

[V

ihe value of k, is simply,

These llnetic eguations are appylicavle to the Lydrolysis
of any compounc which liberates aydrozen ilon, which tokes

sdace in neutral solution, and which 1s catalyzed oy hydrogen

10N,



Do I propose that She kinetics of the reaction vetween
nitrosyl isullonate and louide ions be investicated
because the reaction is rapid in neutral or just acic
solutlions, vecause concentrations of the reactants on

. gD :
the order ol 10 VP may se debermined gquantitatively

(77

o7 coulometric and spectrophotometric neans, and

secause the reactlon is belween two negatively charged

>

ions. Therefore, a cneck on the conclusions of Olson and

e {3) e . o . PR
Sinongson concerning reaction vetween lons of 1ik

charce nay be nmade,

10, Some inorsanic preparsiions siould ve incluced in

the second year chemistry course at this Insbtitute.

. I pronose that an attenpt be made to prepare a soluble
salt of the acid O SeOﬁH)2, oecause this salt and its
2
solutions micht ve even more veauntiful than those of

potassiun nitrosyl disulfonate,
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(5)
(6)
(7

70

¥, Halkatsuka and I, fndo . Inat, Polytech., Osaka City

<

Univ,, Zer, G, 2, o, 1, 5 (1951)s C, As, U6, Lo2h 7 (1952).

B, Ye Block, J. C, 2ailer, Jr.,, and J, s Pearce, J, An.

Chem, 3Soc, s 73} !1‘-9?1 (1 951 )o
el LIRS W

¥, Nakatsuka, Bull, Chnem., Soc, Japan, 11, L5 (193¢).

1

4. J. Zamsey, P. J. Farrington and B, H, Swift, Anal,
Cher. , 22, 332 (1950).

He 3. Johnston, J. Am. Chem, Soc., 73, L5h2 (1951),

3. Neiditeh and v, H. Yost, ioid., 63, 2123 (19L1).

We 5, Wooster, P. 5. Farrington, and =, H. Swift, hnal,
Chem., 21, 1457 (19L9).
A. &, Olson and T. &Z. 3imonson, J, Chems Phys., 17,

1167 (1949).



