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ONIUM - TYPE COMPOUNDS AS ANALYTICAL
REAGENTS FOR ORGANIC ACIDS

CHAPTER I
INTRODUCTION

The greater number of the organlc reagents which are
used in quaﬁtitative analysis are anions and are commonly
used to extract or precipltate various cations. Oniy a few
organic cations have been used, most of which .are nitrogen-
cohtaining compounds. Recently, onlum-type compounds, which
contain as the central atom an element other than nitrogen,
have been used a8 preciplitation reagents. -The purpose of
this research is to develop an organic onium-type compdund
which will determine water soluble organic and inorganic aé—
ids by precipitation, selective extraction, direct titration,
or a combination of these techﬁiques.

Tetraphenylarsonium chloride, triphenyltelluronium
chloride, tetraphenylphosphonium c¢hloride, triphenyltin ghlo-
ride, triphenylgermanium chloride, triphenylsulfonium chlo-
rid;{ friphenylselenonium chloride, diphenyl mercury, tri-
phenyliead chloride or tetraphenyllead, and tetraphenylsti-
bonium sulfate are the organic onium-type compounds, other

1
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than the nitrogen-containing compounds, which have been re-
ported for the determination of various inorganic anions.
Some triarylsilicon and tri-, tetra-, and pentaphenylchro-
mium compounds have been synthesized but have not been usef
as analytical reagents. Only tetraphenylstibonium sulfate
(1) has been used for the qualitative determination of var-
ious organic anions. In general, most of the inorganic
salts of the onium type cations'mentioned above are too s0I-
uble to permit the determination of most inorganic anions
by gravimetric analysis. For example, Matsuo and Shinagawa
(37) state that triphenyltelluronium chloride 1is not suit-
able for use as an analytical reagent since the precliplitates
obtained with metal complex ions are too soluble.

The first onlum-type compound used as an analyti-
cal reagent, howgver, was tetraphenylarsonium chloride.
Although other onium-type compounds have been synthesized,
tetraphenylarsonium chloride 1is probabiy the most widely
used of all onium-type compounds whlch contains a2 metal as
the central atom. This reagent was first prepared as the
bromide salt by Blicke and Monroe (9) using the Grignard
reaction. The starting materlials were triphenylarsine oxide
and phenylmagnesium bromide., Triphenylarsine has been pre-
pared by the action of arsenic trichloride on phenylmagnes-
ium bromide (51' and by the action of sodium and arsenic

trichloride on chlorobenzene (54) or bromobenzene (40},



3

Willard and Smith (74) have shown that tetraphenyl-
arsonium solutlons can be standardized against triiodide sol-
ution by potentiometric titrations. The reaction was shown
to be (C6H5)4As++ Ig = (CGHS)MAS I3 and when an equivalent
guantity of triiodide has been added to the tetraphenylar-
sonium chloride solution there 18 a sudden larege increase in
the oxidation potential. The presence of free acld, except
HN03, in moderate amounts does not interfere.

Lamprey (32) in 1935 showed that tetraphenylarson-
ium chloride could be used for the gravimetric determination
of perchlorate, periodate, and the chloride complexes of
gold and platinum. Willard and Smith (74) in 1939 reported
the potentiometrilic titration of mefcurye tin, cadmium, and
zinc, all as the chloride complexes. |

Potratz (56) used tetraphenylarsonium chloride for
the spectrophotometric determination of cobalt and bismuth
in uranium using an extraction technique. The spectrophoto-
metric determination of cobalt as tetraphenylarsonium cobalt-
thiocyanate has been reported by Affsprung, Barnes, and Po-
tratz (2). The method has been evaluated by Pepkowitz and
Marley (50) and highly recommended not only for the deter-
wmination of cobalt in steel but for the inconels, nickel,
chromium, and boron carbilde as well. Cobalt 18 separated
from an aqueous solution by chloroform extraction of tetra-

phenylarsoniuvm cobaltthlocyanate. In the pH range from 1.9
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to 6.9 over 90% of the cobalt is removed in a single extrac-

+++, Cu+2, Mo+5, Mo+6

tion. All interferences such as Fe
which form colored extractable thiocyanate complexes can be
removed by fluoride complexation. Neeb (45) has reported

the spectrophotometric determination of osmium with tetra-
phenylarsonlum chloride. 0.5 micrograms of osmium can be
detected 1in the presence of a 300 fold excess of ruthenium.
Os+u forms a yellow preclpltate wifh tetraphenylarsonium
chloride in concentrated HC1l solution and can be extracted
with chloroform and determined spectrophotometrically. The
procedure has also been extended to the determination or PFd,
Pt, and Ir. Smith (66) has reported that thallium can be
determined gravimetrically by precipiltation with tetraphenyl-
arsonium chloride from a hydrochloric acld solution contain-
_ing the elément in the trivalent‘state. Ducret and Seguin
(22) have reported the use of tétraphenylarsonium chloride

to precipitate traces of fluoborate lon and the subsequent
Jetermination of these traces by a spectrophoctometric method
after extraction by an organic solﬁgnt. Coursier, Hure, and
‘Platzer (17) developed a'chlgroform extraction method for
fluoborate ion. Beeston and Lewis (7) have reported the
spectrophotomctric determination of rhenium with tetraphenyl-
arsonium chloride. The perrhenate precipltate is extracted
from an aqueous solution at a pH of 8-9 with chloroform while

any molybdenum present remains in the aqueous phase. Andrew‘
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and Gentry (5) have reported the spectrophotometric deter-
mination of rhenium in W-Re and Mo-Re alloys.. The perrhenate
was extracted and the optical density of the chloroform ex-
tract was measured directly at 255 millimlcrons with chloro-
form as the reference liquid. Ellis and Gibson (23) have
reported the use of triphenylmethylarsonium thlocyanate in
the microestimation of copper. The copper complex was twice
extracted with o;diohlorobenéene, the combined extracts made
up to 25 ml., and the absorption measured. Very few materi-
als interfere.

Kolthoff and Johnson (31) reported the amperometric
titrations of Sn(IV) and Hg(II) with tetraphenylarsonium
chloride. For best results the chloride ion concentration
should be maintained at approximately 3-4 M. The best range
of acidity is between 2-4 N. The acidity can be lowered to
1N without seriously affecting the results, at a total chlo-
ride ion concentration of 2—3 N. The interfering substances
are (a) those which give polarographic currents at'—0.3 volts,
(b) those which react with tetraphenylarsonium ion, and (c¢)
those that complex tin to form iona which are not precipitat-
ed by the reagent. Menis, Ball, and Manning (39) have re-
ported a method for the determination of mercuric ion in mil-
ligram or microgram quantities. ‘ H

Gibson and White (26) have reported the use of tri-
phenylmethylarsonium chloride as an indicator in the titra-

tion of ferrous ions with 0.1 N K20r207. At the end point
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((06H5)3CH3A8)2Cr207 is formed which imparts a yellow color
to a layer of ethylene dichloride with which the solution
is shaken. By this procedure ferrous ion can be titrated
in the presence of such colored ions as Cu(II), Co(II),
Ni(II), Cr(III), and Mn(II).

The only salt of tetratolylarsonium ion which has
been reported is the iodide. This compound was prepared by
Mann and Watsoﬂ (36) by the Friedel-Crafts reaction. The
starting materials were tri-p-tolylarsine and p-bromotolu-~
ene. Tarbell and Vaughan (69) prepared tri-p-tolylarsine
from arsen1§ trichloride and p-tolylmagnesium bromide in
46% yield. Sachs and Kantorowicz (60) prepared tri-p-tolyl-
arsine from p-tolylmagnesium bromide and arsenious acid, and
Michaelis (41) prepared the compound from p-bromotoluene,
arsenic trichloride, and sodium with ether as solvent. Car-
son and Wong (13) prepared tri-p-tolylarsine oxide from tri-
p-tolylarsine and phenyl benzenethlolsulfinate but observed
that on exposure to alr the product became stlicky and appar-
ently recrystallized as needles to give the hydrate. They
:also,observed that triphenylarsine oxlde does not form a hy-
drate unless the oxide is bolled with water. No explanation
was given aé to why the tri-p-tolylarsine oxide forms a hy-
drate readily but the triphenylarsine oxide does not.

Tetraphenylphosphonium chloride or bromide has
been prepared by Willard, Perkins, and Blicke (73), Gilman
and Brown (27), Lyon and Mann (35), and Chatt and Mann (16).
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In general the tetraphenylphosphonium salts are more water
soluble than tetraphenylarsonium salts. Willard, Perkins,
and Blicke (73) used tetraphenylphosphonium chloride for the
gravimetric determination of perrhenate, permanganate, per-
chlorate, and cadmium as the chloride complex. Shinagawa,
Matsuo, and Nezu (63) reported the amperometric titration of
bismuth as the iodide complex with tetraphenylphosphonlum
chloride. Medoka and Eferova (38) used the reagentAfor‘the
microtitration of zinc, cadmlum, and permanganate and report-
ed upon possible interferences. ‘

Neeb (46), (47), (48), (49) has used tetraphenyl-
phosphonium chloride in the determlination of such platinum
metals as iridium, palladium, platinum, and osmium.

The synthesls of triphenylselenonium chloride is

described in Organic Syntheses by Leicester (34). Shinagawa,

Matsuo, and Isshiki (61) have studied the polarographic be-
havior of triphenylselenonium chloride with bismuth. Very
1ittle use of the reagent has been made in analytical chem-
istry since the triphenylselenonium salts are somewhat more
s8oluble than the triphen&ltelluronium salts.
Triphenyltelluronium chloride was first prepared
by Lederer (33). Matsuo and Shinagawa (37) investigated the
| pblarographic behavior of the reagent and reported its use
in the qualitvative determination of several inorganic lons.
However, the precipiltates obtained with metal complex ions

are too soluble to permlt the direct use of the reagent in



quantitative analysis.

Triphenyltin chloride has been synthesized by Cham-
bers and Scherer (15) and by Nad and Kocheshkov (44) (some
abstractors spell it NadJ] and Kozeschkow). Tri-p-tolyltin
chloride has also been synthesized by Nad and Kocheshkov.
Perhaps the most sensational work done with triaryltin com-
pounds has been in the use of these compounds to determine
fluoride ion. Ballczo and Schiffner (6) treated an aqueous
solution containing fluoride ion at a pH from 4 to 9 with a
saturated solution of triphenyltin chloride in chloroform.
The two layers were stirred and then the aqueous and chloro-
form layers were poured through a filter. The precipitate
was washed with a.little water and a saturated solution of
triphenyltin chloride in chloroform. The precipltate is ob-
tained free of reagent, and interferences by phosphate, bor-
ate, ferric, alumlnum, and zirconlum lons are avoided. The
accuracy 1is within 0.5%. Horton (30) claims that this pro-
cedure 1is the best method available at the present time for
the determination of fluoride. Allen and Furman (3) have al-
so‘developed a procedure for the determination of fluofide
with triphenyltin chloride.

A few volumetric methods for the determination of
}flhoride have Been developed but most of these methods are
not accurate and are not specific for fluoride. Brandt and
Duswalt (11) determined fluoride by a turbidimetric'titration'

with calcium lon as titrant. They clailmed that concentrations
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of 0.01 to 0.09M fluoride ion could be determined with an
average relative error of 2%; Thorium ion could also be used
as the titrant to determine fluoride ion from 0.04 to 1.0 M
with an average relative error of 2%. Interferences were ob-
served from a large number of cations and anions but no in-
terferences were observed from borate, chloride, bromide, ac-
etate, nitrate, or zino.

Powell and Menis (57) reported that macro and mic-
ro quantities of fluoride could be separated from inorganic
‘wmaterials by a pyrolytlic method. The pyrolysls was carried
- out in a stream of molist oxygen in a fused silica reactor
fube. The fluoride, which was volatilized, was absorbed in
a small volume of dilute sodium hydroxlide, and then deter-
mined by eifher an acidlmetric or spectrophotometric titra-
tion.

Simons, Wagner, and Muller (65) prepared tetra-p-
tolylgermanium and tri-p-tolylgermanium bromide. Brook and
Maﬁris (12) prepared triphenylsilicon chloride (triphenyl-
chlorosilane). Appsrently the triarylgermanium and triaryl-
Silicon chlorides are not stable in water but Steele and
Kipping (67) readily prepared tri-p-tolylsilicol ((C7H7)3S‘l
OH) .

Triphenyllead chloride has been prepared by Foster,
Dix, and Gruntfest (25) by a slight modification of the meth-
od of Gilman and Robinson (28). Gilman and Robinson (28)
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have also prepared tetraphenylleado The lead compounds have
not found extensive use as an analytical reagent, although
Ford (24) used tetraphenyllead to form salt derivatives with
some high molecular welght fatty acids.

Triphenylsulfonium chloride has been synthesized
by Pitt (54). Shinagawa, Matsuo and Maki (62) reported the
polarographlc behavior of triphenylsulfonium chloride towards
several metal lons. The reagent was used in the amperometric
titration of rercury and bismuth hallde complexes since the
preciplitates obtained with these complexes were insoluble.

More good derivetlves are needed for identification
of the low molecular welght aliphatic acids, sulfonlc acids,
and substituted aliphatic acids. The most common derivatives
of organic acids are the smides, anilides, toluides, esters,
. and complex organlc salts. Commonly the acld chloride is
first prepared and subsequently it reacts with ammonia or
the appropriate amine to form the amide or the N-substituted
amlde. The acid chloride of an organlic acld is ordinarily
prepared by tThe reaction of another acld chloride with the
organic acid. Any acid chloride used to prepare an organic
aclid chloride will react with water in preference to the 6r-
ganic acid, which means the acid must be very nearly dry.
It 1s generally not difficult to isolate and dry 2 solid ac-
1d; however, 1t 1s difficult to 1sqlape and dry some liquid
aclds, especlally the low molecular weight water soluble ac-

ids. This difficulty is especlally true when it becomes
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necessary to identify an ester of a low molecular weight 1lig-
uid acid. The ester is usually saponified with a strong base.
The mixture 1s then acidified with a minerzl acid and the or-
ganic acid 1is steam distllled from the mixture. In such cases
it would be deslrable to make the derivatives from aqueoﬁs
solutions.

Reid (58) was able to prepare the p-nitrobenzyl es-
ters from the sodium salts of organic acids. However, the
melting polnts of many of the esters of the low molecular
welght aliphatic aclds are too low for convenient use. Also,
most of the derivatives had to be prepared in alcoholic solu- -
tion. The phenacyl esters and the para halogenated phenac&l
esters were also lnvestlgated by Hann, Reld, and Jamieson
(29). Drake and Sweeny (21) prepared a series of p-phenyl-
phenacyl esters and at present are probably the best organic
derivatives that can be made in the presence of water. How-
ever, many of the melting polints of the derivatives mentioned
above are too close together, lower than desired, and the pro-
cedures for preparing the esters are long and tedious.

Attempts have been made o use salts as organlc ac-
id derilvatives. Ambler and Wherry (4) prepared salts of some
napthalenesulfonic aclids using amines. These s8alts have no
definite melting points. Chambers and Scherer (14) and later
Donleavy'(QO) reported the preparation of S-benzylthiouronium
salts which give sharp melting polnts. However, the melting
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points of the homologous series are too close together. Al-
80, hydrolysis of the salts readily occurs so Donleavy (20)
suggests the use of non-aqueous solvents since benzyl mercap-
tan produced in the hydrolysis reactions possesses a disagree-
able odor. Dewey and coworkers (18), (19) prepared similar
salts using S~p-bromobenzylthiouronium halidles as the rea-
gents Ilnstead of S-benzylthiourea. The results were very
much the same as those obtained by Chambers and Scherer (14).
Pollard, Adelson, and Bain (53) prepared piperazonium salts
by the action of plperazine hexahydrate on the acid, but the
derivatives were water soluble and hligh concentrations of
piperazine hexahydrate and the organic acid were required to
obtain a precipitate. Stempel and Schaffel (68) prepared some
phenylhydrazonium salts. Many halogen-substituted aliphatic
aclds such as alphabromopropionic, bromoacetic, and betabromo-
propionic aclids wmerely split off hydrogen halide to yileld a
precipitate 61‘ the correspondineg phenylhydrazine hydrohalide.
Several aclds, including crotonic, salicylic, and halogen-
substituted benzoic acids, failed to preclpitate. It 1is not
certain whether the piperazonlum and phenylhydrazonium salts
can be prepared in aqueous solution. Ford (24) prepared some
8alt derivatives of the high molecular welght fatty acids.
The.salts prepared were those of triphenyllead, p-tolylmer-
curic, and phenylmercuric ions. Ford also prepared other de-
rivatlves of some high molecular welght fatty acids. The fol-

lowing derivatives of lauric, myristic, palmitic, and stearic
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aclds were prepared: (1) N-acylcarbazoles, (2) N-acylpheno;
thiazines, (3) N-acyl-p-toluenesulfonamides, (4) p-phenyl-
phenacyl esters, (5) p-nitroanilides, (6) N-acylsaccharins,
(7) 2,4-dinitrophenylhydrazides, (8) N-acyl-2-nitro-p-tolui-
dines, (9) p-tolylmercuric salts, (10) phenylmercuric salts,
(11) triphenyllead salts, (12) monoureides, (13) monothio-
ureides, (14) p-xenylamides, (15) p-diphenyl ketones, (16)
2,8 diacyl carbazole, (17) p-acylaminobenzoilc acids, and
(18) diacylvbenzidines. The derivatives of 1,2,3,5,8 and 14
were prepared by heating the acld chlorides wilth the‘appro-
priate compound to 100-160 degrees without a solvent. Deriv-
atives of 4 were prepared from p-phenylphenacyl bromide and
the sodium salts. Derivatives of 6 were prepared by reflux-
ing the Na salt of saccharin and the acid chlorides in dry
chloroform. Derivatives of 7 were prepared by refluxing the
bagse and the chlorlide in dry benzene. Derivatives of 9,10,
and 1l were prepared by refluxing diphenylmercury, di-p-tolyl-
mercury, and tetraphenyllead with the acids in xyiene. De-
rivatives of 12 and 13 were prepared by refluxing the acids
with urea or thiourea in anhydrous pyridine. Derivatives of
15 and 16 were preparéd by the Friedel-Crafts reaction in
dry carbon disulfide and dry nitrobenzene, respectively.
Derivatives of 17 and 18 were prepared by refluxing acid
chlorides 1in anhydrous pyridine with p-aminobenzolc acid and
benzldine, respectively, wlth two equlvalents of acid chlo-~-

rlide in the latter case.
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In summarizing, one may say that 1f water 1is pre-
sent in an organic acid the preparation of an amlde 1is imprac-
tical. The esters have some merit as derivatives which can
be prepared in water, but in many cases the melting points
are too close together or too low to be desirable derivatives.
Also, the prbcedures for preparing esters are long and tedi-
ous. Of the salt derivatives that have been prepared, those
of phenylhydrazine and plperazine hexahydrate are the best
as far as the melting polnts are concerned, but the authors
report no uée of water in the preparation of these salts.

The first tetraarylstibonium salts were prepared
in 1940 when Chatt and Mann (16) prepared tetraphenylstibon-
ium bromide and iodide by the Friedel-Crafts reaction. The
starting materials were triphenylstibline and bromobenzene.
Michaelis and Reese (42) were the first to prepare triphenyl-
stibine, and Morgan and Vining (43) improved the techﬁique.
A method by which triphenylstibine 1s prepared by the reac-
tion between antimony trichloride and phenylmagnesium bromilde

is glven in Organic Syntheses, Collective Volume One, page

551. Willard, Perkins, and Blicke (73) prepared tetraphenyl-
stibonium chloride and'reported it To have a low solubility
but used it for the determination of perchlorate and perman-
ganate. Willard and Perkins (72) reported the use of tetra-
phenylstibonium chloride for the determination of permangan-
ate, perrhenaﬁe, pertechnetate, perchlorate, periodate, fluo-

borate, and some complex metal chlorides. Potratz (55)
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reported a method for the determination of fluoride by car-
bon tetrachloride solvent extraction from aqueous medla. He
states that tetraphenylstibonlum sulfate has a high water
solubllity but the tetraphenylstibonium ion forms an insol-
uble preclpltate with fluoridé and offers the advantage over
other fluorlde preclplitants in that 1t can be used in solu-
tions containing sulfate, Since tetraphenylstibonium sulfate
is insoluble in carbcn tetrachloride. Chloride and bromide
ions are also extracted, but 99.2% of the fluoride can be
recovered 1f the chloride lon 1s first removed by precipilta-
tion wilth excess silver ion.

Shinagawa, Matsuo, and Okashita (64) ;ynthesized
tetrgpheénylstibonium chloride and ﬁéde a polarographic study
of the reagent. A polarogram of the tetraphenylstibonium
chloride solution showed a two-step wave with maxima at -0.8
and -1.2 volts vs. the saturated calomel electrode using O.1
N KC1 as the supporting electrolyte. The maxima were con-
trolled by 0.01% Triton X-100 and the half-wave potentials
were found to be -0.72 and -1.11 volts vs. the S, C, E. when
the maxima suppressor was present. Bismuth and mercury were
determlined a2as the 1lodlde complexes by amperometric titration
with tetraphenylstibonium chloride at -0.85 volts vs. the
S. Co E. The titration error was claimed to be not greater
than 3%.

Affsprung and May (1) used tetraphenylstibonium

sulfate as a qualitative reagent for organic acids. None of
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the onium type compounds have been used for the determination
of organic anilons, and only a few of the cation complexes
which could form a precilpitate with onium type compounds have
been reported. Affsprung and May (1) say that tetraphenyl-
stibonlum sulfate 18 of lnterest because of 1its high water
solubllity and relatively low s8olubllity in organic solvents,
such as carbon tetrachloride. These propertlies were advan-
tageous in the use of tetraphenylstlbonium sulfate as an an-
alytlcal reagent. They prepared tetraphenylstibonium hydrox-
1de and found equivalent weights of 450, 453, and 451 com-
pared to the actual value of 447. Tetraphenylstibonium sul-
fate solutlon was prepared by dissolving a welghed amount of
tetraphenylstibonium hydroxide in an exsct volume of stand-
ard sulfuric acid and %hen diluting in a volumetrlc flask,
The concentration was caleculated from the weight of the hy-
droxlde and the volume of the solutlon. They conclude that
8 new reagent has been found for fhe preclpltation and sub-
sequent ldentification of a number of organic aclids. Some
of the advantages of these derilvatives are: (a) The deriva-
tives are easily prepared and purified, (b) The derivatives
ére prepared from aqueous solution, whereas the majority ofl
the known organic ac¢id derivatives cannot be prepared from
aqueous solution, (c) Of the salts prepared, the melting
points are sufficiently far enough apart for identification,
(d) Only very simple equipmetit 1s required, (e) The reactions

are instantaneous, (f) The organic acid can be easlly recovered
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by dissolving the stibonium salt in water, making the solu-
tion basic, filtering off the tetraphenylstibonium hydroxide,
and evaporating the solution to dryness. Two disadvantages
are: (a) The reagent cannot be purchased at the present, al-
though triphenylstibine dichloride can be, thus leaving one
Grignard reaction to be performed, and (b) The closeness of
the melting points of the acetate and proplonate derivatives.

Considerable interest in organometalllc compounds
by a number of well-known chemists has been shown in the past.
Horton (30) in a recent book has 1ssued challenges for future
investlgation. For example, better methods are needed for
the determination of fluoride ion. Fluoride is most commonly
determined as CaF, or as PbFCl, and the precipitates are gel-
atinous;, difficult to filter, and easily form colloids. Tri-
phenyltin chloride has been used for the gravimetric deter-
mination of fluorlide. The precipltate has a good gravimetric
factor, filters well and washes easiiyz Horton (30) says that
all present quéntitative methods for fluoride depend ons'(a)_
Precipitation of an insoluble fluoride which is weighed, (v)
Excess metal ion estimated by gravimetric methods, (c¢) Volu-
metric, or (d) Colorimetric methods. Many difficulties are
involved in preclpltation of inorganic fluorides since numer-
ous other anions also form insoluble salts with the same met-
al ion. No future 1is seen for the discovery of more selective~

ly precipltated inorganic fluoride salts, but investigation
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cof other organometallic compounds might lead to the discovery
of a 8till more desirable precipitant than triphenyltin chlo-

ride.



OBJECTIVES

The obJjectives of this research were:

1.

To synthesize 2 new organic onium-type compound which
Wwill qualitatively identify organic acids. The deriva-
tives formed by the reagent should be stable, have sharp
melting points, and‘be easy tdirecrystallize. The melt-
ing points should be far enough apart so that the deriv-
atlives can be easily distinguished.

To investigate the polarographic behavior of the onium-
type compound and develop a polarographic method for the
equlvalent weight determinations of the derivatives.
Polarography would be especlally sultable for the deter-
mination of the percent tetra-p-tolylstibonium of the
tetra-p;tolylstibonium organic acid derivatives, since
only small amounts of material are needed in polarogra-
phic analyses. |

To examine the solublility characteristics of the various
derlvatives and find which derivatives were extremely in-
soluble. The tetra-p-tolylstibonlum ion would be useful
for the quantitative determination of those organic an-
ions with which it formed extremely insolublé preclpi-

tates., :
19
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To consider other onlum-type compounds with different
properties so that comparisons could be made as to which

onilum-type compound was most suitable for a particulsr

analysis.



APPARATUS

All wmelting points were taken in capillaries using
the melting point apparatus in Figure 1 unless otherwilse
stated.

The apparatus was fllled with silicone oil. The
oll was heated by means of a resistance wire coll in conjunc-
tion with a powerstat, and stirred by meéns of an electric
stirrer. The stirring served a twofold purpose. First, 1t
gave a uniform temperature between the stirrer and the wire
coll, thus removing the temperature differentlal that might
be in the liquid in that area. Second,it circulated the oil
In a counter-clockwise motion. Using a good powerstat with
this apparatus, 1t was not difflcult to fix the rate of tem-
perature rise at 0.5 degreé per minute or lower when deslired.

Potentlometric tiltrations were made with a Beckman
Zeromatic pH meter.

The solubllities of the tetratolylstibonium salts
were determined using the thermostated water bath shown in
Figure 20.

The water was stirred vigorously by means of a

large electrically powered stirrer. Two thermometers were

2l
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used to adjust the thermostat control box to the proper set-
ting. One of the thermometers was calibrated in hundredths
of a degree. The water in the bath was heated by an electric
heater and cooled by means of a coil through which cool water
could be circulated. At twenty degrees this apparatus kept
the temperature at 20 + 0.1 degrees. A micro set thermoreg-
ulator was used.

Current-voltage curves were obtained by means of
the Sargent Model XXI Recording Polarograph shown in Figure
2. An H-cell was used to make the polarograms with a satu-
rated calomel electrode in one-half of the cell. The other
half of the cell was used to hold the solution to be analyz-
ed. The S. C. E, half cell was separated from the solution
to be analyzed by & porous sintered-glass disk. A diagram

of the cell is shown in Figure 2.



REAGENTS USED

Eastwman Kodak - white label grade

Formic acid

Acetlc acigd

Propionic acid

n-Butyric acid

Isobutyric acid

n-Valeric acld

Isovaleric acid
alpha-Bromopropionic acid
beta-Bromopropionic acid
m-Hydroxybenzoic acid
p-Hydroxybenzolc acid
m-Iodobenzolic acid
p-Iodobenzoic acld
m-Nitrobenzenesulfonic acid

o-Bromobenzolc acid

Eastman Kodak - yellow label

Fumaric acid

Matheson Co. - reagent grade

m-Nitrobenzolic acid

23

m-Bromobenzoic acid
.péBromobenzoic acild
Dichloroacetic acid
o-Chlorobenzolc acid
m-Chlorobenzolc acid
p-Chlorobenzolc acid
o-Toluilc acid

m-Toluic acid

p-Toluic acid
p-Toluenesulfonic acid
alpha-Chloropropionic acid
beta-Chloropropionic acid
Furoic acid (2-Furoic)

Sodium 5-nitro-6-chloro-
Toluene-3-sulfonate
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Mallinckrodt - analytical reagent
Chloroacetic acid Oxalic acid
Potassium fluoride Sodium bromide

Merck - reagent grade
Sulfosalicylic acid

J. T. Baker Co, - analyzed reagent
Trichloroacetlc acid

Eimer and Amend Co. - reagent grade
Dichloroacetic acid

Baker and Adams - A, C. S. reagent
Sodium chloride

Fisher Scientific Co. - certified reagent
Potassium nitrate

Coleman and Bell Co. - reagent

Potassium Biphthalate
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FIGURE 1

Melting Point Apparatus
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FIGURE 2

The Polarographic Assembly, Made Up of a Tank of Nitrogen, .
H-Cell, Thermostated Water Bath, and Sargent Model XXI
Polarograph.




CHAPTER II

EXPERIMENTAL

Preparation of p-Bromotertiarybutylbenzene

A mixture of 98 grams (0.73 mole) of t-butylbenzene
and 1 gram of lodine was placed in a flask with stirrer and
reflux condenser and 120 grams (0.75 mole) of bromine was
added dropwise. The reaction was cooled with icewater. The
reaction between the t-butylbenzene and the bromine proceeds
vigorously and HBr fumes are given off. After all of the
bromine was added, the reaction mixture was heated on & steam
bath and then with an electric heater to remove bromine'va-
pors. The oily product was washed with dllute sodium carbon-
ate until the oll became a light yellow in color, and then
was washed twlce with distilled water. The oll was dried
overnight over anhydrous calcium chloride, filtered, and dis-
tilled. The fraction distilling from 229-233 degrees wes
kept. Yield was 106 grams (68% yield).

Preparation of Tri-p-tertlarybutyl-
benzenestibine Dichioride

A Grignard reagent was prepared by dropping 106

a7
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grams (0.52 mole) of p-bromotertiarybutylbenzene dissolved
in 250 wl. ether into a flask contalning 11.4 grams (0.47
mole) of magnesium in 75 wl, of dry ether. The reaction was
initiated by grinding the magnesium with a stirring rod. Af-
ter the reaction had subsided, 25 grams (0.109 mole) of anti-
mony trichloride dissolved in 250 ml. of ether was added drop-
wise and a tan precipitate which gradually darkened was form-
ed. After all of the antimony ftrichloride had been added,
the mixture was refluxed on a steam bath for 4 hours. The
reaction mixture was decomposed by pouring the mixture into
100 ml. of cold 1:10 hydrochloric acid. The aqueous layer
was separated and extracted with two 100 ml. portiéns of e-
ther. The combined ether extracts were evapcrated on a sfeam
bath and the viscous oll was dissolved in 250 ml. of carbon
tetrachloride and oxidized with chlor;ne gas. No attempt was
made to ¢ool the reaction mixf&re'which became hot dufing<the
reaction but in future preparations an attempt should be made
to keep the reaction mixture cool to prevent side reactioms
from occurring. The reaction mixture changed colors from a
cream to an orange to a light brown during the oxidatlon and
became a dark brown when the volume of the solution was evap-
orated to 100 ml. A precipitate formed on coolling and turned
white when washed with a little carbon tetrachloride. The

compound was recrystallized from benzene-ether. Yield of
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pure tri-p-tertiarybutylbenzenestibine dichloride was 25.1
grams (37%). It is believed that the yleld could be increas-
ed if the carbon tetrachloride solution is kept cool at all
times. It is suggested that the carbon tetrachloride solvent
be removed by a stream of air when concentrating the solution.
The melting polnt of the recrystallized product was 308-309
degrees. The calculated percentages of carbon and hydrogen
in the cémpound are 60.83% and 6.64%, respectively. The per-
centages of carbon and hydrogen found by experiment were
60.59% and 6.80%, respectively.

Preparation of Tetra-p-tertiarybutyl-
benzenestibonium sulfate

During the effort to develop a reagent which would
form extremely insoluble precipitates with the organic acids,
the synthesls of tetra-p-tertiarybutylbenzenestibonium sul-
fate was attempted. This reagent would have & molecular
welght of 1405 compared to a molecular welght of 956 for
tetraphenylstibonium sulfate, and therefore could be expect-
"ed to form more insoluble precipitates with the organic acids.

Tri-p-tertiarybutylbenzenestibine dichloride is
very 1nsoluble in ether so0o that it is difficult to perform
the last reaction step in which the compound 18 reacted with
excess QGrignard reagenk. 23.6 grams of tri-p-tertiafybutyl-
benzenestibine dichloride was finally dissolved in 120 ml.

benzene, 300 ml. tetrahydrofuran, and 250 ml. ether, and this
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mixture was reacted with an excess of the Grignard reagent

of p-bromotertiarybutylbenzene. The resction mixture was re-
fluxed for 4 hours and allowed to stand for 1} days. The re-
action mixture was decomposed in 500 ml, of cold 1:20 sulfuric
acid. The aqueous lsyer was separated and extracted with two
100 ml. portions of ether and the combined ether extracts
evaporated until an oll remained. The oil was extracted with
two 125 ml. portions of hot dilute (1:20) sulfuric acid but

no preciplitate was obtained when the extracts were made basic
with ammonium hydroxide. The tet%a-p-tertiarybutylbenzene—
stibonium sulfate was so insoluble in water that a soluble
8alt could not be found and as a consequence the c¢ompound

could not be used as an organic reagent.

Preparation of TribtphenylstibinelDichloride

Activated magnesiu@ was prepared by adding 5 ml.
of dry ether dropwise to a well-stirred mixture of 5 grams
30-80 mesh Mg powder, 100 ml. of dry benzene, and 2.5 grams
of iodine. When the color of the lodine had completely dis-
appeared, the solvent was distlilled with the ald of an oil
bath, the solid residue being maintained at 150-160 degrees
for about 10 minutes. The activated Mg was transferred to
a dry rubber-stoppered bottle. Reactivation before use 1s
recommended and may be effected by heating in 8 test tube un-
t1il gas evolution ceases and the color of iodine appears.
About 0.2 gram of activator was sufficient to initiate a re-

action.
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A Grignard reagent was prepared by refluxing 2.5
grams of activated Mg, 19 grams of p-bromoblphenyl, and 40
ml. dry ether for 12 hours. The p-biphenylmagnesium bromlde
(0.0815 mole) was reacted with 5.24 grams (0.023 mole) of
antimony trichloride in 150 ml. ether for 5 hours under re-
flux. The reaction mixture was decomposed in distilled water
and a white flocculent precipitate was formed. The precipi-
tate was extracted with HCl to remove any Sb(OH)3 present
and the undissolved precipitate was removed by filltration.
The residue was dissolved in carbon tetrachloride and chlo-
rinated with 012° Some crystals formed and the solvent was
removed on a steam bath. The dark residue was dissolved in
benzene and reprecipitated wlith alcohol. A yellowish white
flocculent precipltate formed and was removed by filtration.
The precipitate was dried and yellowlsh white crystals form-
ed which melted at'136-143 degrees.

An unsuccessful attempt was made to prepare tetra-
biphenyistibonium sulfate but there was very little reaction
between tribiphenylstibine dichloride and p-biphenylmagnesium
brbmide. Tribiphenylstibine dichloride is oniy'slightly soi-
uble in benzene and 1is almost completely insoluble 1in ether
80 that the last step of the synthesis of tetrabiphenylsti-
bonium sulfate is difficult to perform. Also, p-bromobiphen-
y1 1is 8o unreactive that it 1is difficult to form the Grignard

reagent.
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Preparation of p-Bromotoluene

p-Bromotoluene was prepared by a slight modifica-

tion of the method described in Organic Syntheses, Collective
Volume 1, p. 136. A mixture of 63 grams (0.25 mole) of cop;
per sulfate pentahydrate, 20 grams (0.31 gram atom) of cop-
per turnings, 114 grams (1.1 moles) sodium bromide, 30 grams
(16.3 cc, 0.28 mole) of concentrated sulfuric acid, and one
liter of water was refluxed over a flame for 3 to 4 hours
until the color became yellowish.

When the hydrobromic acid-cuprous bromide solution
was prepared, a solution of 107 grams (1 mols) of p-toluidine
and 196 grams (107 cc, 1.9 moles) of concentrated sulfuric
acid in one liter of water was cooled below 20 degrees and
diazotized with a solution of 7O grams (1 mole) of sodium
nitrite in 125 cc of water. The sodium nitrite solution was
added in small portions with stirring. The mixture was al-
lowéd to stand for 30 minutes while the temperature was main-
tained between 15 and 2C degrees by means of an ice bath.

A 5 liter round-bottomed flask containing the hy-
drobromic acid-cuprous bromide solution was arranged for
steam distillation. After the copper solution was heated to
bolling, the diazonium solution was gradually added from a
separatory funnel and a vigorous current of steém was passed
through the reaction mixture at the same time. This proce-

dure‘required about 2 hours.
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The aqueous distillate was made alkaline with sod-
lum hydroxlde solution and the p-bromotoluene was sepafated
from the water layer. The c¢rude product was washed once with
concentrated sulfurlc acid, and then with water. The product
was drled over calclum chloride or anhydrous sodium sulfate,
filtered, and distilled. The yleld of pure product was about
110 grams (about 60% yleld) and was distilled at 183-185 de-

grees.

Preparation of Tetra-p-tolylstibonium Sulfate

Tetra-p-tolylstibonium salts have not been report-
ed upon and salts of the tetra-p-tolylstibonlium ion must be
prepared. To prepare tetra-p-tolylstibonium sulfate 343
grams of p-bromotoluene was dissolved in 900 ml. of ether
and added dropwise to 48.64 grams of magnesium in 400 wl.
of ether. After the resulting Grignard reagent was prepared
114.1 grams antimony trichloride was dissolved in 400 ml.
ether and added slowly with stirring over a 40 minute period.
Two hundred ml., of ether was added and the mixture was re-
fluxed and stlrred for a period of 1% hours., TPhe mixture
was allowed to stand overnight and the additlon compound was
decomposed with 1 liter of cold water and 40 ml. of hydro-
chloric acld. The aqueous layer was separated and washed
with two 200 ml. portions of ether. The ether was evapor-
ated on a steam bath and the resldue was repeatedly extract-

ed with carbon tetrachloride. The tri-p-tolylstiblne was
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oxidized in the carbon tetrachloride solution with chlorine.
A gummy residue which floated was removed and the carbon te-
trachloride was evaporated with a stream of alr. The carbon
| tetrachloride solutlon must be cooled during the oxidation
and evaporation to prevent slde reactlons from occurring.
The tri-p-tolylstibine dichloride was recrystallized from
benzene-hexane mixtures. The melting point was 156.0-157.5
degrees. The yleld was 154 grams, or 66% based on the anti-
mony trichloride. One hundred and thirty-six grams (0.29
mole) of tri-p-tolylstibine dichloride was dissolved in 220
ml, benzene and 950 ml. ether. This solution was added to a
solution of a Grignard reagént prepared from 21.6 grams of
magnesium and 152 grams p-bromotoluene in 600 ml. of ether.
The m;xture was stirred and refluxed for 4 hours and allowed
to stand for 3 days. The addition compound was decomposed
with 1:10 sulfuric acid. The aquequs portion was separated
and extracted with three 100 wml. portions of ether. The or-
ganlc layer was evaporated to 200 ml. and extracted 3 times
with hot dilute (1:75) sulfuric acid. The extracts were com-
bined and excess ammonium carbonate was added. A voluminous
precipitate, apparently the carbonate, appeared. This was
filtered and washed with water. The precipitate was then
dissolved in dillute sulfurlc acld, treated with Norite and
filtered. The hydroxlde of tetra-p-tolylstibonlum 1on was
then precipitated by the slow addition of 0.2N ammonium hy-
droxide. The first gummy particles of precipitaﬁe were
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removed and discarded. Very pure tetra-p-tolylstibonium hy-
droxide could be obtained if the precipltation was carried
out slowly and carefully with stirring. The particles of
preciplitate which formed as the orecipltation with ammonlium
hydroiide was contlinued were continually removed and discard-
ed untll a very white, powdery preclpltate was obtained. The
hydroxide was washed with water and dried in a vacuum desic-
cator for 1% days. The equivalent weight of the hydroxide
was determined by dlssolving a known amount in an excess of
standard sulfuric acid and back-titrating with standard sod-
ium hydroxide. A pH wmeter was used to determine the equiva-
lence point. The equlvalent weight was_found to be 507, as
compared to the theoretical value of 503, Methyl red was
shown to be a sultaeble indicator for the titration. A 1list
of the antimony compounds.prepared, along with their melting

points and carbon-hydrogen analyses 1s shown in Table 1.

Preparation of Tetra-p-tolyvlstibonium Derivatives

- All of the derlvatives of the tetra-p-tolylstibon-
lum lon obtalned from organic acids were prepared in a sim-
ilar wmanner. About 20-30 wml. of a solution of the salt of
the organlc acid were ad justed to a pH slightly less than 7
- with dilute ammonium hydroxide and sulfuric acild, and treated
with 8-10 ml. of 0.05 M tetra-p-tolylstibonium sulfate. A
preclipltate usually fbrmed immediately. If a precipitate did

not appear at room temperature, it appeared when the solution
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was cooled in an ice bath. In eaéh case the precipitate was
filtered and washed.with a llttle cold water. In the case
of the acetate, formate, propilonate, and some of the sulifonic
aclds, 25 ml., of 0.2 N acid was treated with dilute ammonium
hydroxide until a pH of 5.8-6.2 was reached., Fifteen milli-
liters of the reagent, approximately 0.05 molar, was added
and the volume reduced to 25-30 ml. with a stream of clean
air. Diamond;shaped crystals were formed whose melting points
weresshafp and which did not change after recrystallization
of the salt from n-hexane. The acetate, formate, and pro-
plonate derlvatives were recrystallized from n-hexane by dis-
8olving the derivative in the hot solvent and allowing the
solution to cool to room temperature. Derivatives other than
the low wmolecular weight aliphatic aclds can be recrystalliz-
ed from benzene-hexane or from ethyl alcohol and water. Us-
ually.better looking, more crystalline derivatives with sharp-
er melting points can be obtained by regrystallization from
benzene-hexane. The derivative salts were dissolved in the
minimum amount of benzene, filtered, and treated with n-hex-
ane until the solution became qlohdy. The solutlion was heat-
ed until the cloudiness disappeared and then chilled in an
ice bath or in a refrigerator. The derivative salts were
filtered on paper with suction and allowed to dry at a tem-
perature of about 60 degrees, and the melting points ﬁere

taken in capillaries. Each salt was recrystallized until a
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constant melting point was obtained. Usually two recrystal-
lizations were adequate. Each salt was prepared independent-
ly at least two times. The heating rate of the bath averaged
0.5 degrees C. per winute at the melting point. A list of
the derivatives and their melting points are shown in Table
2.

Although tetra~-p-tolylstibonium sulfate is quilte
soluble in water, the reagent is insoluble in hexane and if
a derlvative is to be recrystallized from hexane or from ben-
zene and hexane, then flltering is recommended as soon as the
derlvative 18 dissolved in hot hexane or benzeﬂe and before
the solution is allowed to cool.

Some difficulty was encountered in the preparation
of the derivatives when the organlc acids were not éure.
Some of the halogen-substituted organic c=zids ﬁere impure
and purification of the organic acidshwag required before
sharp melting derivatives could be obtalned. The 1liguid ac-
1ds and some of the solid aclds were distilled to achleve
purification unless the bolling polnts were so high that de-
composition occurred. Most of the solid water-insoluble aro-
matle acids were recrystallized from sulfuric acld and ammon-
ium hydroxide. Some of the acids were recrystallized from
ethanol aﬁd water.

The solubilities of the tetratolylstibonlum salts
of formice, acetle, propioqic, and benzoic acilds were deter-

mined. In each case a concentrated solution of the salt wés



TABLE 1
The Melting Polints and Analyses of Some Organic Antimony Compounds

Organic Melting Point Theory Found ¥

Sb Compound % C % H % C % H
Tri-p-tolylstibine _12500-126.0

Trl-p-tolylstibine 155.5-157.0 54,07 4,52 53.87 4,58
dichloride 54,09 4,53
Tetra-p-tolylstibonium 227.0-228.5 64 .46 5.41 64 .21 5.50
chloride**®

Tri-p-tertiarybutyl- 308.0-309.0%%% 60,83 6.6k 60 .59 6 .80
benzenestibine

dichloride**

Tri-p-biphenyl- 163.0~166 .0

stibline dichloride**

Tetra-p-tertiarybutyl- varied 69.61 7.60 66 .61 7.71
benzenestibonlium

chloride

* Analyses by Galbraith Microénalytical Laboratories, Knoxville, Tenn.

-

*#¥ New Compounds

*#%#% Taken on melting polint block
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TABLE 2

Melting Polints of Some Tetra-p-tolylstibonium

Organic Acid Salts

Salt

Melting Polnt

Formate

Acetate

Proplionate

n-Butyrate

Isobutyrate

n-Valerate

Isovalerate
Chloroacetate
Dichloroacetate
Trichloroacetate
beta-Bromo Proplonate
beta-Chloro Prbpionate
aipha—Chloro Propilonate
alpha-Bromo Proplonate

Lactate

~ Furoate

Hydrogen Mesaconate
Hydrogen Maleate
Picrate

Hydrogen Fumarate

110.5-111.0
157.0-158,1
119.1-120.6
127.7-129.0
123.5-125.0
107.0-108.7
125.0-126.5
120.8-122.0
153.5-154.9
209.5-211.0
217.5-219.0
225.5-227.0
136.5-138.3
130.0-131.0
137.2-139.2
167.0-168.5
194.,0-195,8
162.8-164 .0
128.5-130.0
223.5-224 .0
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2
Salt | | Melting Point
Hydrogen Oxalate 235.0-236.1
Hydrogen phthalate 177.7-178.8
2,5 Dichloro Benzene Sulfonate 151,8-153.0
Sulfosalicylate 143.0-145.0
p-Toluene Sulfonate 159.0-160.0
m-Nitrobenzene Sulfonate 132,7-134.0
Benzene Sulfonate 167.0-168.5
5-Nitro-6-Chloro-Toluene-3-Sulfonate 139.0-141.0
Salicylate | 193.6-195.0
o-Toluate 129,5-131.0
m-Toluate. 180.5-182.0
p~Toluate . - ) 191.8-193.3
Acetyl Salicylate 193.0-194.3
m-Hydroxy Benzoate 182.5-184.0
p-Hydroxy Benzoate : 218.0-219.5
o-Bromo Benzoate 194.5-196.0
m-Bromo Benzoate 178.0-179.8
p~-Bromo Benzoate 150.5-152.0
3,4,5, Trimethoxy Benzoate | 189.5-191.0
Anisate \ 191.0-192.7

o-Chloro Benzoate ) 195.2-196.7
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TABLE 2
(Continued)

Salt

Melting Point

m-Chloro Benzoate
p~-Chloro Benzoate
m-Iodo Benzoate
p-Iodo Benzoate
m-Niltro Eenzoate
o-Methoxy Cinnamate
m-Methoxy Clnnamate
p-Methoxy Cinnamate
Benzoate
Perchlorate
Hydroxide

Chloride

Bromide

Fluoride

Nitrate

181.5-183.0
172.2-174.0
165.2-167.0
232.0-233.0
192.5-193.5
154.0-156.0
151.5-152.8
178.6-180.2
169.5-171.1
214 .5-216.0 -
90 (initial)

.227.0—228.5

228.5-230.0
153.5-155.4
172.0-173.0
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FIGURE 3

Plot of Ml. 0.1251 N NaOH vs. pH in the Eguivalent Weight
Determination of 0.8859 gm. Tetra-p-tolylstibonium Hy-

droxide Dissolved in 50.00 Ml. of 0.1282 N Hesou.

T

6.5

@)

pH
5:5

e,

N
51

42

™39 , 40
Volume NaOH, Ml.
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prepared 1in hot water and then cooled and thermostated at
20,0 + 0.1 degrees overnlght. Aliquots were taken and evap-
orated, at temperatures not exceeding 60 degrees C., until
all excess water was removed. Finally the residues were
drled to constant weight in a vacuum desiccator and the sol-
ubllities calculated. A few samples were then placed in an
oven at 110 to 115 degrees C. for several hours with no fur-
ther lcss 1n welght being observed ;n any case, indicating |
that no slmple hydrates were formed and that the'desiccator
drying was adequate. A 1list of the sglubilities of some
tetra~p-tolylstibonium salts, along wlth thelr meltlng polnts

and carbon-hydrogen analyses, are shown in Table 3.

Polarographic Behavior of Tetra-p-
tolglsffsonium Compounds

As can be seen from the survey of previous work on

onlum-type compounds, considerable success has been achleved
In the use of these compounds in polarography and amperomet-
rie titrations. |

As a brief introduction we may say that voltamme-
try 18 an electrochemical type of analysis which depends up-
on the relation between the current in amperes flowing through
the electrolysis cell and the potential in volts across the
cell; Voltammetry with a dropping-mercury electrode is gen-
erally called polarography, and the instruments employed are
called polarographs.

Some advantages of the dropping-mercury electrode



TABLE 3

Solubilities and Analyses of Some Tetra-p-tolylstibonium Derivatives

Tetra-p-tolylsti- Theory Found # Solubility g. Salt

bonlum Salt . per 100 g, Water at
% C % H % C % H 20.0 + 0.1 Deg. C.

Formate 65.56 5.50 65.T4 5.51 1.29, 1.35

Acetate 66.08 5.73 66 .24 5.92 0.46, 0.34

Propionate 66.57 5.95 66 .60 5.74 0.392, 0.386

Chloride 64.46  5.41 64.21  5.50

Benzene Sulfonate 63.47 5.17 4.96

63.62

* Analyses by Galbraith Microanalytical Laboratories, Knoxville, Tenn.

frtr
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are: (a) Hydrogen has a very high overvoltage on a mercury
surface, which means that 1t is possible to exceed the de-
composition potentlals of many active metals which could not
be studied at a platinum cathode. (b) The metal surface con-
tinually renews 1itself and therefore cannot become fouled or
polsoned.

The mathematical theory of the polarograph has been
worked out and the equation resulting from the theory 1s known
as the Ilkovic equation: Iy equals 607 nDl/2 Cm2/3 ’t:l/6 where
I35 1s the average current in microamperes during the life of
the drop, n is the number of faradays of electricity required
per mole of the electrode reaction, D is the diffusion cur-
rent of the reducible or oxidizable substance in the units
em?/sec, C is the concentration in millimoles per liter, m
is the rate of flow of mercury from the dropping electrode
capillary expressed in he units mg/sec, and ¢t 1s the drop
time 1ﬁ seconds and 1is usually-meaeured’at the half-wave po-
tential. The temperature is not mentioned in the Ilkoviec e-
quation, but each term 1s temperature-dependent to some ex-
tent, and D 18 a function of the temperature. The diffusion
current Id increases at the rate of 1 or 2 % per degree in
the vicinity of room temperature. The temperature of the
electrolysis cell should therefore be controlled to at least
+ 0.5 degrees,

Many factors which are difficult to handle in a
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polarographlc analysis may be avolded by making only relative
measurements., To do this 1t is necessary to prepare a stand-
ard solution of the desired ion and determine its cqrrent—
voltage curve under the same condltlons as the unknown. Then
the Ilkovic equatlion can be applied in the simplified form
Id equals KC. The proportlionality constant can be evaluated
graphically and need not be resolved into its theoretical e-
quivalent. ‘

Ions can be ldentifled by their half-wave poten-
tials. The half-wave potential E% is determined by the in-
tersection of the curve by a horizontal line drawn midway be-
tween the two horizontal portions of a current-voltage curve.
The value of E} 1s characteristic of a particular ion in a
particular supporting electrolyte. The value of E% has no
relation to the quantitative determlnation of the metal.

The limitlng current is the sum of three components:
the residual current, the migration current, and the diffus-
ion current. The residual current is8 the small current which
wlll flow even in the absence of a reducible ion. The resi-
dual current curve shown in Figure 4 1s typical. The migra-
tion current 18 due to the reduction of reducible ions, such
as the tetra-p-tolylstibonium lons, which are attracted to
the cathode by electrostatic forces and is eliminated in prac-
tical work by the addltion of a relatively high concentration

of a supporting electrolyte such as potassium sulfate whose
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FIGURE 4

Supporting

-100.

Bk

Residual Current Curve of 0.1 N
Electrolyte Made Up 0.01% in Tri




48
lons are neither reduced or oxldized at the microelectrode
within the potentlal range being studied.
A, Polarogram of the supporting electrolyte.

The Sargent Model XXI Polarograph was
used to obtain all polarograms. The Sargent Model XXI was
set at 2 volts on SPAN, O volts on INITIAL, 3 volts span on
DC EMF, the INITIAL EMF was set at OFF, the DAMPING was set
at 1, the DME at minus, and UPSCALE and DOWNSCALE at O. The
first polarogram was the residual current curve shown in Fig-
ure 4., A potassium sulfate solution 0.1 N in potassium ion
was made.0°01% Triton X-100. The solution was deaerated with
a stream of nltrogen for 15 mlnutes and the current-voltage
curve was obtained with the saturated calomel electrode. A
diagram of the assembly used to obtaln polarograwms 1s shown
in Figure 2.

B. Polarograms of_tetra-p-tolylstibonium sulfate.

A 5‘x 10‘“M‘tetra-p-tolylstibonium sul-
fate solutlon containing a supporting electrolyte of potass-
ium sulfate which was O0.1M in potassium ion was deaerated
with nitrogen and current-vbltage curves were obtained with
the S. C. E. as reference electrode. A two-stepped reduction
wave was obtained with the first half-wave potential at -0.66
V and the second hélf-wave potential occurred at -1.11 V.,

The first wave had a maximum, which was suppressed by making

the solution 0.01% in Triton X-100. Maxima eccurring with
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stibonlum concentrations of 1 to 2 x 10'“ M can be suppressed
by making the solution 0.005% in Triton X-100, but are ob-
served for higher stibonium concentrations unless the Triton
X-100 concentration is raised to 0.01%. The current-voltage
curve of tetra-p-tolylstibonium sulfate is shown in Figure 5.

C. Relation between the half-wave~potent1a1 of te-
tra-p-tolylstibonium sulfate and pH.

As can be seen 1n Figure 6 the half-wave
potential of the first wave remained constant at -0.66 volts
vs. the S, C, E. at pH values between 2 and 6, whereas the
half-wave potential of the second wave shifted to more nega-
tive potentials with increasing pH. A Backman Zeromatic pH
meter with a glass-calomel electrode assembly was used for
the determination of the pH values of the standard tetra-p-
tolylstibonium sulfate solution. An attempt was made to use
KHSO; as supporting electrolyte instead of potassium sulfate,
but in the relatively strong acld solutions a large~hydr0gen
wave developed at a potentlal of about -0.9 volts va. the S,
C. E. and interfered with the determination of the height of
the first wave of the tetra-p-tolylstibonium sulfate. The
solution became turbid at pH values above 6.5 unless‘very
pure tetra-p-tolylstibonium hydroxide was used in preparing
the standard solutions. If pure hydroxide 1s used, the solu-
tions do not become turbid until the pH exceeds 7. As can
be seen from Figure 3, tetra-p-tolylstibonium ion forms the

insoluble hydroxide when the pH exceeds 7.
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FIGURE 5
Current-Voltage Curve for © x IO"Ll M Tetra-p-Tolyl-

stibonium Sulfate Made up 0.1 N in K' as K,S0, and
0.01% in Triton X-100 and Ad justed to a pH of 3.7.
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FIGURE 6

Plot of Half-wave Potential vs. pH for 5 x 10'“ M Tetra-

-p~tolylstibonium Sulfate. Solution is 0.1 N in K as
Kesou and 0.01% in Triton X-100,.
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D. The dependence of wave-helghts on the concentra-
tions of tetra-p-tolylstibonium sulfate.

The polarograms of tetra-p-tolylstibonium
sulfate solutions were obtained at concentrations between
1.0 x 1O-ll to 1.0 x 10.-3 M. A plot of wave heilght vs. con-
centration was made for s series of standard solutions and
a straight line was obtalned for the first wave. The plot
for the second wave did not show a linear relation. The
plot for the first wave 18 shown in Figure 7. Since the wave
height is proporfional to the concentration for the first
wave, 1t is possible to use polarography for the quantitative
determination of tetra-p-tolylstibonium lon or its salts.

E. The relation between the wave height of tetra-
p-tolylstibonlum sulfate and the height of the mercury col-
umn,

Because the diffusioﬁ current is propor-
tional to the guantity m2/3t1/6, any .variations of m or ¢
will cause corresponding changes of the diffusion current.

2/3.1/6 , -
/3t_/ (and therefore the

Numerous authors have shown that m
diffusion currént) 1s proportional to the square root of the
effective pressure of mercury. This is the basis of a simple
and frequently used method of ascertaining whether the height
of a wave is diffusion-controlled: 1if Id/hgff. 18 not con-

stant within experimental error over a wide range of mercury

pressures, the current must be partlally or wholly governed
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FIGURE 7
Plot of Wave Height vs. Concentration for Tetraig—
as

tolylstibonium Sulfate Solutions Made 0.1 N in
K,S0y and 0.01% in Triton X-100,.
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by the rate of some process other than diffusion to the elec-
trode surface. A solution was made 5 x 207" M 1n tetra-p-
tolylstibonium sulfate, 0.1 M in K+ as KQSOM, 0.01% in Triton
X~100, and ad justed to pH 3.7 with dilute ammonium hydroxide
and sulfuric acid. The solution was deaserated with nitrogen
as usual, snd polarograms were obtained at a number of dif-
ferent mercury column heights., A plot of the square root of
the heights of the mercury column vs. the corresponding dif-
fusion currents at those heights yielded a straight 1line.
The data are shown in Figure 8. This experiment demonstrates
that the current is diffusion-controlled.

F. Analysis of tetra-p-tolylstibonium organic acid
salts by polarography. | '

Although the melting points listed for
the various organic acid derivatives serve as a good method
of identification, an analysis of a given derivative would
be highly desirable. A simple method for the determination
of the percent tetra-p-tolylstibonium of a number of deriva-
tives was developed. Standard tetra-p-tolylstibonium sulfate
solutions of concentrations of 2,4,5,6, and 8 x 10"4 M were
made 0.1 M in K' as K,S0, and adJjusted to pH's between 3.5
and 4.0 by means of sulfuric acid and ammonium hydroxide.

The tetra-p-tolylstibonium organic acid derivatives were care-
fully weighed on an analytical balance, dissolved in the min-
imum amount of sulfuric acid, made 0.1 M in K" as Késou,‘and
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FIGURE 8
Plot of Wave Height vs. thﬁ Square Root of the Height of

‘Mercury Column gor 5 x 107" M Tetra-p-tolylstibonium Sulfate
Made 0.1 N in K' as KpSOy and 0.01% in Triton X-100. pH=3.7.
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also ad justed to pH's between 3.5 and 4.0 with sulfuric acid
and ammonium hydfoxide, Polarograms of the standérd solutions
and the tetratolylstlibonlum organic acid solutions were made,
and the wave helghts of the flrst waves were determined. A
standard curve was made by plotting the wave heights vs. the
concentrations of the different standard solutions. The con-
centrations of the tetratolylstibonlum organic acid solutions
were determined from their positlons on the standard curve.
The concentrations of the tetratolylstibonium organic acid
solutions determined by polarography are compared with the
concentrations determined from the welght of the organic acid
derivatlive in solution, and the results are shown in Table 4.

Solubllity Characteristics of the Organic Salts
of Tetra-p-tolylstibonlum Ion

In general the organic salts are soluble in chlo-
roform, acetone, alcohol, and benzene. The aliphatic: acid
derivatives are more easily soluble in hexane than are the
aromatic acild derivatives.

The best method found, in general, for the recry-
stallization of an unknown orgahic acld derivative was to
dissoclve the s8alt in the minimum amount of benzene, filter,
add hexane untll the solution became cloudy, warm the solu-
tioﬁ until the cloudiness disappeared, and then cover the
solution and c¢ool, Usually beautiful diamond-shaped crystals
formed whose melting polnts did not change when recrystallfé-

ed a second time. A fgw of the acid derivatives formed needle



TABLE 4

Polarographic Analysis of Some Tetra-p-folyl

Derivatives by Polarography

Derivative % Tetra-p-tolylstibonium ~ ¢ Carbon

Theory Found Theory Found
Run 1 Run 2 Run 1 Run 2
Formate 91.53 90.41 .90.24 65 .56 64 .76 64 .64
Acetate 89.17 91.85 88.20 66.08 68.07 65.36
Propionate 86.94 85.03 86.27 66.57 65.11 66.06
Benzene Sulfonate 75.57 75.57 75.80 63.47 63.47 63.66
p-Toluene Sulfonate 73.97 .75.15 T71.00 63.94 64.96 61.37
Butyrate 84.81 88.20 85.69 67.03 69.71 67.73
Isobutyrate 84.81 84.00 82.41 67.03 66.39 65.13
Valerate 82.79 82.79 82.79 67.48 67.48 67.48
Isovalerate 82.79 84.78 85.20 67.48 69.10 69.44
Chloroacetate 83.87 83.54 84.65 62.15 61.91 62.73
2-Furoate 81.41 78.76 80.65 66.35 64,19 65.73

LG



TABLE 4

(Continued)

Derivative ~gTetra-p-tolylstibonium ~ 9 Carbon

Theory Found Theory Found
Run 1 Run 2 Run 1 Run 2
Hydrogen Mesaconate  79.02 78.50 79.68 64.41  63.99 64.95
Lactate 84,52 83.00 82.10 64.71  63.55 62.86
Alphachloropropionic 81.89 80.42 82.47 62.70 61.57 63.25
Alphabromopropionic 76.19 75.21 78.62 58.34 57.59 60.20
Betabromopropionic  76.19 75.58  78.34 58,38  57.87 59.99
Hydrogen Phthalate T4.65 TH.35 T75.00 66.38 66.11 66.69
Hydrogen Maleate 80.87 80.22 80.22 63.91 63.40 63.40
o-Toluic 78.25 74.89 78.54 ' 69.58 66.59 69.84
m-Tolule 78.25 T77.12 78.28 69.58 68.58 69.61
p-Toluia 78.25 75.91 T7.10 69.58 67.50 68.56

Benzoate 80.06 81.18 81.18 69,21 70.18 70.18

8¢
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like crystals and some of the derivatives formed leaflets.
Some of the low molecular welght aliphatic acld derivatives
Were 80 sSoluble in benzene and 1n hexane that 1t was usually
best to dissolve such a derivative in the minimum amount of
hexane, filter, remove gsome of the solvent with a stream of
air until the solution became cloudy, warm the solution until
the cloudiness disappeared, and then cover the solution and
chill, The acetate, formate, and proplonate derivatives were
recrystali;zed in this manner. Better results were usually
obtalned when the benzene and hexane solutions were flltered
to remove any lmpurities present which were not soluble in
benzene or hexane.

Water was a poor recrystalllizing solvent for the
organlc salts when used alone. The large majority of the
salts were too insoluble in water to permit 1ts use as a re-
crystailizing solvent. Most of the organlc salts were too
solublé in alcohol to permit its use as a recrystallizing
solvent. A combination of alecohol and water was used suc-
cessfully in the purification of some of the derivatives,
but quite often the derivatives formed were powdery or slight-
ly olly. In all cases, the organic acid derivatives could
elther be recrystallized from benzene and hexane, hexane, or
from alcohol andbwater. No organlic or inorganic acid dériv-
atlve has been prepared which cannot be recrystellized from

at least one of the solvent combinations mentioned above.
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If the derivative did not recrystallize well from benzene and
hexane, the solvents were removed by a stream of air or by a
combinatlon of heat and a stream of air. The residue was
then recrystallized from hexane and if the recrystallization
was unsatisfactory, the hexane was removed by a stream of air
and the residue would be recrystallized from alcohol and wa-
ter. Best results in the use of alcohol and water as a re-
crystallizing solvent combination were obtained when as 1lit-
tie water was used as possible.

The organic aclds salts are too soluble in acetone
to make it useful as a recrystallizing solvent. (A little
work has been done with the use of carbon tetrachloride or
cyclohexane as recrystallizing solvents but these compounds
offer noc advantage over the solvents used). |

The Determination of the Water Solubilities of Some
Organic Salts of Tetra-p-tolylstibonlum Ion

The water solubilities of tetra-p-tolylstibonium
formate, acetate, proplonate, fluoride, and benzoate were de-
termined. Each solubllity was determined according to the
following general procedure: An eicess of the pure salt was
added to about 10 ml. of distilled water in a 25 ml. Erlen-
meyer flask. The mixture was heated 30-40 degrees above room
temperature with shaking. Thé sample was permitted to stand
several hours at températures above 25 degrees., In each case

there was s80lid tetra-p-tolylstibonium salt in equilibrium
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with the solution. The flask was then placed in a thermo-
stated water bath which had been previously ad justed to 20.0
+ 0.1 degrees. See Flgure 2. The salt solutlion was placed
in the thermostated bath for 3 to 5 hours and was frequently
shaken. A plece of fillter paper was wrapped tightly around
the end of a clean pipette and kept 1In place with a rubber
band. While the solution remained in the bath a sample of
the salt solutlon was pilpetted through the filter paper and
transferred to a welghed 25 ml.'Erlenpeyer flask. The sam-
ple was welghed and the water was evaporated slowly by means
of heat and a stream of clean alr. When nearly dry, 1t was
removed from the heat and evaporated to dryness in a vacuum
desliccator. The solubllity was calculated on the basis of
grams of salt 1n 100 grams of water. A sample of tetra-p-
tolylstibonium acetate was heated 1in an oven at 105 degrees
for 3 hours after drylng in a vacuum,desiccator,>and the ad-
dltional welght loss was 0.25 wmg. per 100 mg, of salt. The
small loss of welght shows that no hydrate of tetra-p-tolyl-

gtibonium acetate was formed.

Preparatlon of Tri-p-tolylarsine

Sixty-five grams (2.83 gram atoms) of smail chunks
of sodium was placed in a 2 liter, 3 necked,round—bottomed»
flask and covered with 450 ml. of benzene made 2% in ethyl
acetate. The benzene-ethyl acetate mixture was stirred with

the sodlium for at 1east 30 minutes In order to activate the
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8odium. The flask was fitted with a condenser, mechanical
stirrer, and a 500 ml. dropping funnel containing a mi%ture

of 85 grams (0.47 mole) of arsenic trichloride and 153.1
grams (1.21 moles) of p-chlorotoluene. About 15 ml. of the
arsenic trichloride and p-chlorotoluene wmixture was dropped
into the flask, and the reaction wmixture was heated and stir-
red on a steam bath until it darkened and boiled spontane-
ously. The remainder of the arsenic trichloride and p-chlo-
rotoluene mixture was added dropwise, with stirring and heat-
ing, over'a period of 1-1.5 hours at such a rate that gentle
bolling was maintained. When the addition was complete, the
mixture was stlrred and heated under reflux on a steam bath
for 4 hours and allowed to stand overnight.

. The next day the hot reaction mixture was filltered
through a large Buchner funnel into a 2 liter flask. The
residue was washed with two 100 ml. portions of hot benzene,
and then transferred to a 1 liter beaker, bolled with 300
ml. of benzene, and filtered, the same funnel and flask being
used. This extraction process was repeated 3 times.

The comblined benzene filtrates were placed in a
beaker and evaporated until a thermometer placed in the lig-
uld registered 230 degrees C. The resldue solidified on cool-
ing to a crystalline mass, and was almost pure tri-p-tolyl-
arsine. The tri-p-tolylarsine was recrystallized by dissolv-

ing the compound in the minimum amount of benzene and adding
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an equal volume of ethyl alcohol. The mixture was allowed
to stand in a refrigerator overnight. Small light-yellow
diamond-ghaped crystals formed which melted at 147.0-148.5
degrees. Seventy grams of crystals were obtained. The fil-
trate was‘cbncentrated by bolling and & second crop of crys-
tals was obtained. Total yleld was 82 grams, or 59% yileld
based on the p-chlorotoluene.

An attempt was wmade to prepare tri-p-tolylarsine
by substituting toluene for benzene as solvent with no ethyl
acetate. An attempt was also made to prepare tri-p-tolyl-
arsine by using benzene as solvent with no ethyl acetate pre-
sent. Very boor yields were obtained in the last two cases,
indicating that the presence of ethyl acetate is essential
to activate the sodium metal and allow the reaction to go to
completion. In order to obtain better yields, it is also
suggested that the combined benzene filtrates be evaporated
from an open beaker until the temperature of thelliquid
reaches 230 degrees rather than distill the mixture at a
lower temperature undef reduced pressure, since some tri-p-
tolylarsine may be distilled under reduced pressure if the
temperature 18 not carefully controlled.

The residue from the benzene extractions should be
treated with ethanol to destroy the unreacted sodium before

being discarded.
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Preparation of Tri-p-tolylarsine Qxide

A 2 liter, 3 necked, round-bottomed flask was e-
guipped with a stirrer, thermometer, and a 60 ml., dropping
funnel. 71.5 grams (0.205 mole) of tri-p-tolylarsine dis-
solved in about 1 liter of acetone was added to the flask.
Tri-p-tolylarsine 1s quite insoluble in cold acetone and care
must be taken to prevent repreciplitation when the solution 1s
cooled. Twenty-nine grams (0.255 mole) of 30% hydrogen per-
oxlde was added dropwise with stirring over a period of 30
minutes. Any tri-p-tolylarsine which was preclpltated when
the acetone solution was cooled to room temperature dissolved
as the hydrogen peroxide was added. Therefore, it may be pos-
8lble to use less acetone 1n future preparations. Care must
be taken to prevent the reaction wmixture from becoming too
hot when the hydrogen peroxide is added. When the addition
of hydrogen peroxide was complete, stirring was continued for
30 minutes, and the acetone was removed by distillation.

The flask contalning the residual yellow o0ll was
fittéd with a water trap and condenser, and 125 ml. of ben-
zene was added. The water was then removed by azeotropic
distillation. This process was repeated twice. The flask
containing the tri-p-tolylarsine oxlde was stoppered and al-
lowed to stand for 2 hours, and when the flask was shaken the

o1l quickly crystallized to a white solid._
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Preparation of Tetra-p-tolylarsonium Chloride

The tri-p-tolylarsine oxlde was dissolved in 1400
ml. of hot benzene. Care was taken to prevent contéct of
the tri-p-tolylarsine oxlde with the air. To this solution
was added dropwise wilth stirring a solution of p-tolylmagnes-
ium bromide which was prepared from 8.26 grams (0.34 mole)
magnesium, 52.8 grams (0,309 mole) p-bromotoluene, and 250
ml. dry ether. A brown viscous solid sepafated and care was
taken that the Grignard solution was not added too fast to
prevent.the solld from forming a large viscous ball. The
mixture was stirred for 15 winutes and then stirred and re-
fluxed for 1 hour. The heating was discontinued when the
viscous precipitate became more wéxy and very difflcult to
stir. The solution was allowed to stand for 3 hours and the
brown precipltate became considerably more viscous and waxy.
The mixture was stirred and refluxed for 30 minutes but this
procedure was discontinued when the precipitate became ex-
tremely waxy. The mixture was flltered hot through a Buch-
nér funnel. It was observed that the filtrate became cloudy
on the surface when exposed to the éir, possibly indicating
that not all of the Grignard reagent had been used up. The
precipitate was washed with two 100 ml. portions of benzene
and then heated and étirred with about 500 ml. water. A
flocculent white precipltate formed which dissolved when
treated with a little concentrated HCl, and formed a red-

brown olil. A total of 250 ml. of concentrated HCl was added
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to the solution and the wmlxture was stirred and placed in
the refrigerator overnight. A small amount of benzene was
removed the next day with a separatory funnel and the sblu-
tion again placed in the refrigerator. No crystals formed
and the acid was removed and the oil dissolved in chloroform.
The solution was filtered and the chloroform was removed by
evaporation. Concentrated HCl was again added to the oil
and the mixture was allowed to stand for a few days. A few
needles formed, but not enough of the material was obtained
to allow extensive investigation of the materlal. A few nee-
dles were also formed when the oll was extracted with bolling
water and the water treated with s0olid sodium chloride until
the solutlion became saturated.

A list of the arsenlc compounds prepared and theilr

melting points is shown in Table 5.

Preparation of Tellurlum Tetrachloride

Fifty grams of tellurium (0.392 mole) was placed
in a dry 250 ml., flask fitted with a sidearm containing a

number of ampoules. A slow stream of chlorine was introduced

into the flask and heat was applied to the flask to initiate
the reaction between the elements. After the reaction had
started, heat was no longer necessary in the early stages of
the reaction. Thevpresence of tellurium (II) chloride is in-
dicated by the wmurky blackwliquid that first forms..'As soon

as an excess of chlorine had been added to complete the
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TABLE 5

Meltlng Polnts of Some Organic Arsenic
and Tellurium Compounds

Coumpound Melting Point
#Tpi-p-cumylav3dine 140.8-142.8
#Tpi-p-cumylarsine oxide 168-169(decomposes)
(may be tri-p-cumylarsine
dihydroxide)
Tri-p-tolylarsine 147.0-148.5

Tri-p-tolylarsine oxide

Tri-p-tolylarsine dihydroxide

Diphenyltellurium dichloride 163-166
Triphenyltelluronium iodide 248.2-249,5
Tetra-p-tolylarsonium iodide 253-255

* New Compounds
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conversion of the tellurium to tellurium (IV) chloride, the
liquid changed to dark-red color and became clear. A yellow
vapor was produced by heating the red liguid. This condensed
as a yellowish-white crystalline material»on Ythe cool part of
the sidearm and gradually filled the ampoules. By careful
heating the tellurium (IV) chloride was distilled into the
ampoules and the ampoules were sealed off with an oxygen torch.
The slow stream of chlorine was continued throughout the dis- .
tillation and sesling operations. With care in distillation
fairly good ylields were obtained.

Tellurium tetrachloride was also prepared by anoth-
er method. 25.5 grams of téllurium metal was ground to a
powder in a mortar and treated with 100 ml. of sulfur chlo-
ride (practical) with stirring. The reaction was stirred for
6-8 hours and the excess sulfur chloride was poured off. The
crude tellurlium tetrachloride was recovered by extraction of
the impurities with carbon disulfide. The yellowish-green
preciplitate was dissolved 1n ether and filtered to remove any
tellurium metal present. The ether was removed by an oill vac-
uum pump. Yield of crude'tellurium (IV) chloride was about
45 grams (BU% yield).

Preparation of Triphenyltelluronium Iodide

A solution of phenylmagnesium bromide was prepared
from the reaction of 30 grams of bromobenzene and 4.6 grams

“of magnesium in 150 wml. ether. The reaction mixture was
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refluxed for 1 hour, then cooled in an ice bsth and 10 grams
of tellurium tetrachloride dissolved in 150 ml. of ether was
added rapidly with stirring. A black precipitate was formed
lmmedlately. The regction mixture was decomposed in 100 ml.
of e¢old 1:10 hydrochloric acid. The black solid was separat-
ed from the ether and water layers by filtation, washed with
cold ether, and extracted with hot 95% ethanol. The solvent
was evaporated on a steam bath and the residual solid obtain-
ed was extracted with boiling water and filtered. A solution
of potassium lodlde was added to the filtrate and a yellowish-
orange preclipitate formed upon cooling. The precipltate was
recrystallized from water and a small yield of yellowish-
white needles was obtained. The needles melted aé 248.2-
249.5 degrees C., which corresponds to the melting point of
triphenyltelluronium iodide as reported by Lederer (33).

An attempt was made to convert the triphenyltellur-
onium iodide to the chloride By boiling the triphenyltelluron-
ium iodide with silver chloride for 1 hour. The precipitates
turned lime green. When the filtrate from the reaction was
evaporated very few crystals were obtained. Some of the o-
riginal triphenyltelluronium bromide-chloride solution was
used to make quallitative tests with various anion solutions.‘
Precipitates were obtained with periodate, permanganate, di-
chromate, iodide, SnClEa, and HgClEa. No precipitates were

obtained with acetate, proplonate, and several other solutions
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of organic anions.

Very poor ylelds were obtained for the synthesis
of triphenyltelluronium chloride by the method discussed a-
bove, 80 an alternative method of preparation was sought.
Although very 1little work has been reported on triaryltel-
luronium and trilarylselenonium compounds, it appears that
these compounds are quite similar in nature. Leicester (34)
reported the préparation of triphenylseledonium chloride from
selenium tetrachloride was too complex in all cases, and pro-
posed that triphenylselenonium chloride be prepared from di-
phenylselenonium dichloride. An attempt was made to prepare
diphenyltelluronium dichloride by a method simllar to that

used by Lelcester to prepare diphenylselenonium dichloride.

Preparation of Diphenyltellurium

One hundred and elghty grams of powdered potassium
hydroxide (3.205 mcles) and 1S4 grams (1.52 moles) of powder-
ed tellurium were thoroughly mixed and heated on an oil bath
to 140 degrees, at which temperature they fused together to
form a purple mass. An ice cold solution of diazotized ani-
line hydrochloride prepared from 69 grams (0.74 mole) of ani-
line was added sSlowly and in swmall portions at a time to a
solution of the fused mass in 400 ml. of ice water. To com-
plete the reaction, the solution was separated from the vis-

cous tellurium-containing black mass in the bottom of the re-

.action vessel and heated to bolling. While still hot this
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was poured back through the viscous black mass, which was
then stirred wlth the liquid. The precipitate of tellurlum
was filtered off, and the lower liquid layer of the filtrate
containing the diphenyltellurium separated. The tellurium
was washed wlith ether and the washings combined with the di-
phenyl telluride. The combined liquids were placed in a
flask connected to a water aspirator and heated to 120 degrees

in an 01l bath. A ed 01l remained.

Preparation of Diphenyltellurium Dichloride

The red oll was dissolved in an excess of concen-
trated nitric acid and treated with concentrated hydrochlo-
ric acid. A large amount of gas was evolved and no precipi-
tate was obtained. This method was used in the preparation
of diphenylselenlum dichloride from diphenylselenium, but
evidently 18 not applicable in the preparation of diphenyl-
tellurium dichloride from diphenyltellurium. Rheinboldt and
Petragnani (59) suggested that diphenyltellurium dichloride
be prepared by the chlorination of diphenyltellurium.'

Phenylmagnesium bromide was prepared from 14.6 grams
of magnesium and 94.2 grams (0.6 mole) of bromobenzene in 200
ml. ether. The reagent was diluted with 300 ml. of dry ben-
zene and added dropwise (within 30 minutes) to an ice wéter
cooled and vigorously stirred solution of 27.0 grams (0.1
mole) of tellurium tetrachloride in 300 ml. ether and the re-

action mixture was refluxed and stirred for 2 hours. The
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reactlon mixture was decomposed»in a ¢o0ld dilute ammonlum
chloride solution. The aqueous layer was separated from the
organlic layer by means of a separatory funnel and the organic
layer was washed 3 times with 50 ml. portions of distilled
water. The organic layer was dried over anhydrous magnesium
sulfate and evaporated by low heat to a small volume. The
remainder of the organic solvent was removed with an oll vac-
uum pump. The red-orange oll was dissolved in 100 ml. of
carbon tetrachloride and treated with chlorine gas untll the
color of the solution turned dark green. A white precipiltate
formed when some of the solvent was evaporated and petroleum
eﬁher was added to complete the precipitation. Some of the
precipitate was recrystalllzed with benzepe-petroleum ether.
The melting point was 163-166 degrees, and the yield was 10.5
grams (about 30% yield). Rheinboldt and Petragnani (59) re-
ported a melting puint of 162-163 degrees.

An attempt wos made to prepare diphenyltellurium
dichloride 1n'a separate experiment by dissolving the dark
red-orange oll obtained in the above experiment in the mini-
mum amount of carbon tetrachloride and treating the solution
with excess sulfuryl chloride. However, no precipitation of
white needles occurred, nor did any precipitation occur when
petroleum ether was added.

A 1ist of the tellurium compounds prepared and

their melting points is shown in Table 5.
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Preparation of p-Bromocumene

339 grams of cumene and 16 grams of lodine were
placed in a 2 liter flask and 1 pound of bromine was added
dropwise wlth stirring. The solutlon was cooled in an ice
bath during the reaction. It is necessary to run tﬁe reac-
tion in the hood since considerable HBr fumes are glven off
during the reaction. The reaction mixture was extracted with
dilute sodium carbonate solution until the 01l turned light
yellow. The oll was washed twice with water, dissolved in
ether, and dried over anhydrous sodium sulfate. The oil was
then heated to 170 degrees with a water asplrator and violet
fumes were given off. The oll was then distilled at atmos-
pheric pressure and the fraction which boiled at 214-217 de-
grees was kept. The ?1e1d of pure p-bromocumene was about
417 grams. (T4.3% yield).

Preparation of Tri-p-cumylarsine
by the Grignard Reaction

36.0 grams of Mg and 700 ml. ether were placed in
a flask and 299 grams of p-bromocumene dissolved in 300 ml.
ether wés added slowly. After the Grignard reagent was pre-
pared, 72.0 grams of AsCl3 was dissolved in 200 ml. dry ben-
zene and added slowly to the Grignard reagent. Near the end
of the addlition of the AsCl3 solution a red-brown precipitafe
formed. The mixture was refluxed for 2 hours and then de-
composed in a solution made up of 700 ml. cold water and 50

ml. HCl. A large amount of odorless gas was evolved. The
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organlic portion was separated from the aqueous portion by
means of a separatory funnel and the organic portion was e;
vaporated to about 200 ml. on a hot plate. The residual red-
dish-brown oll was extracted several times with hot ethyl al-
cohol. The alcohollc extracts were combined, bolled to a
lower volume, &nd cooled. An oil éeparated which hardened
when left in the refrigerator for several hours. The solid
yellowlsh precipitate was dissolved in hexane and filtered.
Some of the hexane was removed by heating and & white precip-
itate was obtained which melted at 136-140 degrees C. A sec-
ond recrystallization from ethyl alcohol gave a melting point
of 137.5-140.5 degrees C. About 1 liter of hot alcohol is
necessary to dissolve 20 grams‘of tri-p-cumylarsine. A third
reocrystallization from acetone gave a compound which melted
at 140.8-142.8 degrees C. Yield of tri-p-cumylarsine (pure)
"was 20 grams (11.7% yleld).

Preparation of Tri-E-cumxlarsine
by the wurtz- .2 Reactlon

130 grams (5.65 grem atoms) of small sliced sodium

chunks were placed in a 2 llter, 3 necked flask and covered
with 900 ml. of dry benzene. The flaék was fltted with a
stirrer and a oondenser, and 8 500 ml. dropping funnel which
contained 170 grams (0.94 mole) of AsCl3 and 482 grams (2.42
moles) of p-bromocumene was placed in the third neck of the
flask. About 20 ml. of the AsCl3-p-bromocumene mixture was

dropped into the flask and the reaction mixture was stirred
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and heated on a steam bath until it darkened and bolled spon-
taneously. The steam bath was removed and the remainder of
the AsCl3 mixture was added dropwlse with stirring over a
period of 1-1.5 hours at such a rate that gentle bolling was
maintained. When thé addition was complete the mixture was
s8tirred and heated on a steam bath for 12 hours.

The reaction mixture was filtered while hot through
a large Buchner funnel and the filtrate was combined with the
flltrates obtalned from the extractions of the residue wilth
several 200 ml. portions of bolling benzene. The combilned
filtrates were heated on a steam bath to remove most of the
benzene. The flask containing the residual red oil was con-
nected to a water aspirator and heated under reduced pressure
in an oll bath for 2 hours at 120-130 degrees C. to remove
unreacted starting materlials. When cooled,vthe crude tri-
p-cumylarsine solidified to a light yellow solid which melted
at 139-142 degrees C. The crude product was washed with 50
ml. of hot alecohol to remove yellowlsh-orange iwmpurities.
The residue was dried and then dissolved in the minimum a-
mount of hot acetone, filtered, and allowed to cool in the
refrigerator overnight. Pure white tri-p-cumylarsine wes

obtained which melted at 140-142 degrees C.

Preparation of Tri-p-cumylarsine Oxide

80 grams (0.191 mole) of pure tri-p-cumylarsine .

was dissolved in 650 ml. of acetone and placed in a 2 liter,
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3 necked flask with stirrer and condenser. 30 grams (0.26
mole) of 30% hydrogen peroxide was added with stirring over
a period of 20-30 minutes. An ice bath was used to keep the
temperature of the solution at 30-35 degrees C. during the
reaction. After the hydrogen peroxide was added the solution
was stirred for 30 minutes and the acetone removed by distil-
lation. The flask containing the residual yellow oil was fit-
ted with a condenser and trap and treated with 100 ml. of ben-
zene. The water was then removed by azeotropic distillation.
The process was repeated and white needles of tri-p-cumyl-
arsine oxide began to form upon cooling. The crystals were
collected on a Buchner funnel, washed twilce with 25 ml. por-
tions of cold benzene, and recrystallized from benzene-hex-
ane. The melting point of the pure tri-p-cumylarsine oxide
waé 168-169 degrees C. with decomposition. The yileld of pure
tri-p-cumylarsine oxide was 65 grams (78.3%) from tri-p-cumyl-
arsine. |

55.7 grams (0.124 mole) of tri-p-cumylarsine oxide
was dissdlved in 500 ml. benzene and added to a Grignard solu-
tion prepared from 6 grams (0.25 gram atom) of Mg, 44 grams
(0.22 mole) of p-bromocumene, and 200 ml. of dry ether. No
precipitate formed and the wmixture was stirred for 15 minutes
and then refluied and stirred on a steam bath for 30 minutes.
The mixture was allowed to stand overnight and the next day
200 ml. of ether was added and a white preéipitate formed.
The addition product was hydrolyzed with 100 ml. HoO0 and 5
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ml, concentrated HC1l and the hydrolysis mixture was trans-
ferred to a8 1 liter, round-bottomed flask with condenser and
treated with 500 ml. concentrated HCl. No precipitate was
obtained. The tri-p-cumylarsine oxlde was apparently reduced

to tri-p-cumylarsine by the Grignard reagent.



CHAPTER TIII
CONCLUSIONS

" Affsprung and May (1) said that two factors are
important in the use of onlum-type compounds as analytical
reagents for organic anions, namely the melting polnts of
the derivatives and the solubilities of the salts in water
and organic solvents. They also thought that it was possi-
ble to change the organic groups attached to the ecentral an-
timony ion and obtain derivatives with the organic anilomns
that would possess more favorable solubllity characteristics
and a better range of melting points. If the onium ion is
symmetrical the derivaﬁives haie higher melting poilnts, and
para-substituted phenyl groups in onlum-type compounds have
been shown to form derivatives with higher melting polnts
than compounds with meta-substituted phenyl groups (36).

From the position of tellurium in the periodic ta-
ble it was predicted that triaryltelluronium chloride would
be a sultable reagent for the determination of organic and
1norgan19 ions. During early experimentatioh with this com-
pound, however, an article by Matsuo and Shinagawa (37) ap-

peared which revealed that the derivatives of triphenyltel-
78
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luronium ion were too soluble to permit the direct use of
the reagent as an analytical reagent.

It was next thought that from the poslition of bis-
muth in the periodic table tetraarylbismuthonium compounds
migcht be suitable as analytical reagents for organic and in-
organic anions. An attempt was made to prepare tetraphenyl-
bismuthonium chloride from triphenylbismuthine dichloride
and phenylmagnesium bromide but & purple color was observed
and no tetraphenylbismuthonium halide was obtained. The
purple color observed in this reaction is interesting and
suggeéta that a kinetles study might prove frultful. Wittig
and Clauss (75) prepared tetraphenylbismuthonium chloride by
the decomposition of pentaphenylbismuth and 6bserved that 1t
decomposed at room temperature to triphenylbismuth and chlo-
robenzene.

Since the increase in molecular welght of the cen-
tral metal ion did not produce the desired solubility behav-
ior, the molecular weights of the groups around the central
ion were increased in the hopes of obtaining a reagent with
the desired solubility characteristics. In the effort to
develop a stibonium reagent which would form extremely in-
soluble precipitates with the organic acids, the synthesis
of tetra-p-tertiarybutylbenzenestibonium sulfate was attempt-
ed. This reagent would have a molecular weight of 1405 com-
pared to a molecular welght of 956 for tetraphenylstibonium

sulfate, and therefore might form very}insoluble preclpitates
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with the organic acids. Tri-p-tertiarybutylbenzenestibine
diehloride was reacted with p-tertiarybutylbenzenemagnesium
bromlide but the addition product was insoluble in all acids,
water, benzene, and ether. An attempt was also made to pre-
pare tetra-p~b1pheﬁylstibonium sulfate, but it is believed
that compounds with such high molecular weight as the two
mentioned above wlll be too insoluble to use as analytical
reagents. |

Tetraphenylarsonium chloride has been used for the
determination of a number of inorganic anions and metal com-
plex ions, but the large maJjority of the derivatives of this
reagent are too soluble to permit the use of the reagent for
the qualitative or guantitative analysis of these derivatives;
Tetraphenylarsonium ion does not form the insoluble hydroxide
in basic solutlion, so 1t was thought that perhaps a higher
molecular weight arsonium ion would form more insoluble pre-
cipitates with certain anions. An attempt was made to pre-
pare tetra-p-cumylarsonium chloride and tetra-p-tolylarsonium
chloride, but only very small yields were obtained. The para-
substituted phenyl groups cause a considerable change in the
prpperties of the arsenoorganic compound. For instance, tri-
phenylarsine oxide, which is one of the startihg materials
for the prepafatibn of tetraphenylarsonium chloride, does not
fofm a8 hydrate when exposed to the atmosphere. However, Car-
son and Wong (13) report that tri-p-tolylarsine oxide is very

hygroscopic and quickly becomes sticky when exposed to the
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atmosphere. This behavior has been observed for both tri-p-
cumylarsine oxide and tri-p-tolylarsine oxide in this lab-
oratory. No explanation has been offered'by Carson and Wong
as to why tri-p-tolylarsine oxide férms the hydroxide or hy-
drate and triphenylarsine oxlde does not. Blicke and Cata-
line (8) prepared a number of tetraarylarsonium compounds by
the reaction of triarylarsine oxlde with arylmagnesium bro-
midé, aﬁd reported that in many cases only gummy products
were obtained. Small ylelds of tetra-p-tolylarsonium iodide
~ were obtalned by reacting tri-p-tolylarsine with p-bromotol-
uene and anhydrous aluminum chloride, boiling the mixture
with Norite, flltering, and treating the filtrate with potas-
sium lodide according to the method of Mann and Watson (36).

A new reagent, tetra-p-tolylstibonium sulfate, was
synthesized and found to be very good for the qualitative
identification of a large numbef of organlic aclids and a num-
 ber of inorganic anions. The derivatlves are easily prepar-
ed and purified. Some of the advantages of these derivatives
are: They are prepared from & water solution, whereas a ma-
Jority of the organic acld derlvatives cannot be made from
water solutions (2U4). Of the salts prepared, the melting
pbints are sufficiently far apart for identification. Very
simple equipment may be used. The reactions are instantan-
eous. As may be seen &8 large number of different types of
salts may be prepared, including those of the aromatic sul-

fonic acids, all of which give good melting points. The
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formate, oxalate, and fumarate salts decompose at their melt-
ing points wilith the evolution of a gas; however, the decom-
position apparently takes place after the compound has melted,
8ince the melting points are qulte sharp.-

It was not consldered necessary to analyze all of
the salts since the precipltates formed rapidly, which indi-
cates an lonlc reaction, and there are practlcally no other
products possible from the reactants. In general, the melt-
ing poilnts of the tetra-p-tolylstibonium derivatives are
s8lightly higher and the solubilities are lower than those of
the tetraphenylstibonium ion. Also, tetra-p-tolylstibornium
sulfate 1s effective 1in the preparation of derlivatives from
water solutidn of ﬁhe low molecular welght ar0matic sulfonic
acids. A comparison of the melting pocints and solubilities
of the same organic acld derivatives of tetra-p-tolylstibon-
lum and tetraphenylstibonium lons 1s given 1n Table 6.

One of the outstanding advantages of the tetra-p-
tolylstibonium derivatives 1s the desirable range of melting
points reported for the large number of derlvatives. None
of the derivatives melt at less than 100 degrees C. and yet
none of the derivatives melt higher than 240 degrees C. As
can be seen in Table 7, many'of the amide and ester derilva-
tives melt at temperatures less than 100 degrees C. which
means that 1t 1s difficult to dry these derlvatives, partic-

ularly when the derivatives are recrystallized from water or.
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TABLE 6

Comparison of Melting Points and Solubllitles of Some Tetra-
phenylstibonium and Tetra-p-tolylstibonium Derivatives

Salt Melting Points Solubilities

1 2 1 2
Formate 121 111 0.85 1.32
Acetate 133 | 158 1.10 0.40
Propionate 135 120 0.55 0.39
Benzoate 162 171 0.09 0.036
Hydrogen Oxalate  229-233 236
Chloroacetate 135-137 122
n-Butyrate 106 128
Isobutyrate _ 112 124
n-Valerate 94 108
Isovalerate - 121 - 126
Hydrogen Phthalate 181 178
Salicylate 175 195
o-Toluate 165 131
m-Toluate 154 182
p-Toluate 187 193

1. Tetraphenylstibonium salts
2. Tetra-p-tolylstibonium salts



TABLE 7

Melting Polnts of Derivatives of Organic Acids

Acids Amides¥® Esters Saltsa¥

1 2 3 I 5 ) N
Formic 53 50 31 T4 135 121 111
Acetic 147 114 78 111 85 133 158
Propionic 124 106 31 102 63 135 120
n-Butyric 75 96 35 89 63 106 128
Isobutyric 109 105 - 89 77 112 124
n-Valeric T4 63 - 69 75 ol 108
Isovaleric 107 110 - 76 68 121 126

1. p-Toluidide 2. Anilide 3. p-Nitrobenzyl ester 4. p-Phenylphen-
acyl ester 5. p-Bromophenacyl ester 6. Tetraphenylstibonium salt
T. Tetra-p-tolylstibonium salt

# Cannot be made in water solutions

#% Melting Points given in round numbers

8
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from ethanol and water. Some derivatives of the tetraaryl-
arsonlum, tetraarylphosphonium, and trilaryltin ions melt at
high temperatures, whilch usually means that sharp, accurate
melting points cannot be obtained. Also, 1t is 1inconvenient
to take melting polints at high temperatures.

~ Although all of the tetra-p-tolylstibonium deriva-
tives melt within the 100-240 degree range, the melting points
are not "bunched together" like those of the salt derivatives
shown in Table 8 but are spread over a wide range so that very
little confusion will occur concerning identity of the deriva-
tive. As might be expected, most of the aromatic acid deriva-
tives melt at higher temperatures than those of the aliphatic
series.

Some of the dlsadvantages in the use of tetra-p-
tolylstibonium sulfate in the qualitative 1dent1ficétion of
organic aclds are: The reagent cannot be purchasgd at the
present time and must be prepared, Tetraphenylarsonium chlo-
ride may now be bought commercially; therefore it is probable
that when there 18 more demand for tetra-p-tolylstibonium sul-
fate it will also be prepared commercially. The reagent'is
not difficult to prepare and falrly good yields are obtain-
able in all steps of the syntheses, Another disadvantage is
the fact that the reagent forms the insoluble hydroxide at
pH's higher than 7.0. Some of the higher molecular weight
aromatlic aclids are qulte 1insoluble in acld solution so that

it was difficult in some cases to avold precipltation of both



TABLE 8

Melting Polnts of Salt Type Derivatives of Organic Acids

Salt Benzyl Phenyl Piperazonium Tetraphenyl Tetra-p-tolyl

Thiouronlum Hydrazonium Stibonium Stibonium
 Formate 146 143 _— 121 111
Acetate 134 129 209 133 158
Propionate 148 157 124 135 : 120
n-Butyrate 146 102 121 106 . 128
Isobutyrate 148 140 90 112 124
n-Valerate  --- 109 113 oM 108

Isovalerate 153 —— 139 121 126

98
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the tetra-p-tolylstibonium reagent as the hydroxide and the
organlic acld. However, 1f a very‘pure reagent 1is used, no
precipitation of the reagent will occur at a pH of less than
7.

A polarographic method was develobea for the equiv-
alent welght determinations of the water-soluble organic ac-
ids, and this method serves with the reported melting point
of the organic acid as a double check on the identity of the
acid. As mentioned above, some of the high molecular weight
aromatic aclids were insoluble in sulfuric acid solution, so
that some of the equivalent welghts of these derivatives
could not be obtained by the polarographic method. However,
it was qulte simple to obtain fhe s80lld aromatic acid from
the ‘original organic acid solution, and the melting point of
the so0lid organic acid served with the melting point of the
tetra-p-tolylstibonium derivative as a double check on the
identity of the organic acid. |

The precision obtained in the polarographic deter-
mination of the tetra-p-tolylstibonlum derivatives as calcu-
lated in Table 4 compares favorably with the precision re-

. ported by other workers for the polarographic determination
of other materials. The factors Iinfluencing the varisbles

of the Ilkovlec equation were analyzed by Taylor and Buckley
(70). They concluded that with reasonable control of the
experimental éonditions values of the diffusion current con- -

stant can be determined with a precislon of i_2%, The use
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of this constant in the Ilkovic equation permlits, under a
8imilar control of conditions, the calculation of the con-
centration to the same precision.

The precision obtalned in our work 1s satisfactory
when 1t is taken into account that only ten mi}ligrams of the
tetra-p-tolylstibonium derivative 18 necessary for an analy-
sis. One of the advantages in using polarography for the
equivalent welght determination of the tetrs-u-tolylstibon-
ium derivatives 18 that only small amounts of material are
required for analysis. Considerably larger amounts of mater-
ial would be required if it were necessary to obtain better
precision in the analysis of the derivatives by another meth-
od.

The polarographic method 1s consldered to be supe-
rior t0 carbon-hydrogen analyses for the determination of
tetra-p-tolylstibonlium derivatives, since carbon-hydrozen
analyses do not quéiitatively ldentify the derivatives. The
tetra-p-tolylstibonium ion can be qualitatively idéntified
in polarographic analyses by 1ts half-wave potential which
occurs at -0.66 volts vs. the saturated calomel electrode.

Commerclal microanalytical laboratories achieve a
precision of about + 0.5% in carbon analyses. As can be seen
in Table 3, several of the theoretical carbon percentages of
the tetra-p-tolylstibonium derivatives are so close together
as to be within the margin of experimental error for a car-

bon analysis. For example, the theoretical carbon percentage
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for tetra-p-tolylstibonium acetate 1s within 0.52% of the
theoretical carbon percentage for tetra-p-tolylstibonium for-
mate and within 0.49% of the theoretical carbon percentage
for the proplonate. The theoretical percentage of tetra-p-
tolylstibonium in tetra-p-tolylstibonlum acetate 1s within
2.36% of the theoretical tetra-p-tolylstibonium percentage
of the formate and within 2.,23% of the theoretical tetra-p-
tolylstibonium percentage of the propionate, so the polaro-
graphic method is considered t0 be as good or better than
carbon analyses for the identification of tetra-p-tolylsti-
boniﬁm derivatives.

The precision obtained by commercial laboratories
for hydrogen analyses 18 about + 5%, which means that hydro-
gen analyses are practically useless for the identification
of tetra-p-tolylstibonium derivatives.

Buckley and Taylor (70) state that the normal pre-
cision of a polarographic analysis 1s + 2%. The precision
in weighing ten milligrams of derivative 18 no better than
1%, since materials cannot be welghed on the analytical bal-
ance more precisely than + 0.1 milligrem. Therefore the min-
imum experimental error for polarographic analyses 1is 1_3%.
'If conslderation is made of the pipetting errors in prepar-
ing solutions of the derivatives, the minimum error is slight-
ly more than 1.3%. The pfecision for our analyses 18 some-

what less than + 3%.
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Tetra-p-tolylstibonium sulfate has all of the ad-
vantages that tetraphenylstibonium sulfate has for the qual-
itative analysis of orgenic acids plus a wider application.
It also appears that the reagent can be used for the quanti-
tative analysis of some of the acids which glve the more in-
scluble salts. Finally it may be said that the salts of the
organic acid and tetra-p-tolylstibonlium ion preclpitate from
dilute solutions with a minimum of preliminary preparations.
The derivatives are stable, insoluble in water, and easy to
recrystallize.

In conclusion, 1t may be said that tetra-p-tolyl-
stlbonlium sulfate 18 the best reagent for the qualitative
determination of orzganic acids at the present time. No other
reagent for the determination of organic acids can compare
with the advantages of this reagent for the qualitative i-
dentification of organic acids.

The polarographic method developed 18 considered
to be.Superior to C-H analysés for the determinetion of tetra-
p~-tolylstibonium derivatives., A polarographic analysis, along
with the melting point data, serves 88 a double check on the
identity of an organic acid. In nearly all cases the melt-
ing or decomposition points obtalned are suffioientiy sharp
and far encugh apart for the identification of many orgahic

aclds.
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