University of the Pacific

Scholarly Commons

University of the Pacific Theses and

Dissertations Graduate School

1961

Identification of the products and mechanism of the
disproportionation of DI(p-sulfonic acid)phenylthiocarbazide

Ralph Lee Riggs
University of the Pacific

Follow this and additional works at: https://scholarlycommons.pacific.edu/uop_etds

6‘ Part of the Chemistry Commons

Recommended Citation

Riggs, Ralph Lee. (1961). Identification of the products and mechanism of the disproportionation of DI(p-
sulfonic acid)phenylthiocarbazide. University of the Pacific, Thesis.
https://scholarlycommons.pacific.edu/uop_etds/373

This Thesis is brought to you for free and open access by the Graduate School at Scholarly Commons. It has been
accepted for inclusion in University of the Pacific Theses and Dissertations by an authorized administrator of
Scholarly Commons. For more information, please contact mgibney@pacific.edu.


https://scholarlycommons.pacific.edu/
https://scholarlycommons.pacific.edu/uop_etds
https://scholarlycommons.pacific.edu/uop_etds
https://scholarlycommons.pacific.edu/graduate-school
https://scholarlycommons.pacific.edu/uop_etds?utm_source=scholarlycommons.pacific.edu%2Fuop_etds%2F373&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/131?utm_source=scholarlycommons.pacific.edu%2Fuop_etds%2F373&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarlycommons.pacific.edu/uop_etds/373?utm_source=scholarlycommons.pacific.edu%2Fuop_etds%2F373&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:mgibney@pacific.edu

e, et

IDENTIFICATICON OF THE PRODUCTS AND MECHANISM OF
‘ THE DISPROPOBTIONATION OF
DI{D-SULFONIC ACID)PHENILEHIOCABBAZIQE

‘A Thesis
Presented to
the Faculty of the Department of Chemistry
University of the Pacific

In Partial Fulfillment
of the Requirements for the Degree

rﬂaster of Science

by
Ralph Lee Biggs
August 1961




ACKNOWLEDGMERT

The author wishes to express his appreciation to the
faculty of the Department of Chemistry of the University
of the Pacific for their criticism and encouragement.. He
is especially grateful to Dr,‘HerSGhel.FryG, who directed
the research, and to the American Philosophlcal Society, -
which sponsored it. The author is also indebted to Hr;
Jack C. Hileman, Unlversity of California, Los ﬁngeleé, for
his help In obtaining the infrared spectra, and to Mr. Paul

Williams, University of California, Davis, for providing the

reference spectra.




TABLE OF CONTENTS

CHAPTER

T« INTRODUCTION & o = o 5 o & & 5 5 % % % # & = @

II. HISTORY OF CHROMATOGRAPHIC METHODS , . . . . .

ITI. EXPERIMENTAL PROCEDURE AND RESULTS , , « o « &

Synthesis of Di(p-sulfonic acid)phenyl-

thiocarbazifdl . « « « o « s o o o & & &

Thermal Stabllity and Structure . . . . . .

Disproportionzation of Di{p-sulfonic acld)

phenylthiccarbazide to Di(p*sulfpnic

phenylthiocarbazone . . « « « & -«
ChromatOgraphic Analysis . ¢« « o o o

Job's Method of Continuous Variation

IV. INFRARED SPECTROPHOTOMETRY , . & & « «
V. CONCLUSIONS ., o o % o o & .0 8 6 & o =
BIBLIOGRAPHY . . < o % o2 « » o » # & % & »

L - P i A

acid)

13

15
18
26
28
30
37




LIST OF TABLES

TABLE : ‘PAGE
I. Compounds Identified by Chromatographic - - - -

Precedu!‘es » _Q. . d » .- > & & &« B8 ® & & & B e ® 22

II, Chromatographic Comparison-of CompoundS: , » . » 23
II1, Bp Values of Sulfanilic Acid and Band II1I. ., . . 24

Lm‘__m.&.;_._.,._._ iy et +




FIGURE

1, Welght Loss as a Functlon of Temperature -
2, Absorbance as a Function of Temperature
3. Position of Bands on the Column . . + .
k4, Stoichiometric Ratio Reagent to/Zimc Ion
5. Di(p-Sulfenic Acld)Phenylthiocé.rbaziae &
6.BandI..-................
Po BAOE XX ., . oo s % 5 3 s P w2 » Ew
B BB TIX 4 v b0 £ % € wov w & § ¥ % % &
9e Ban& IV 4 v 4 4 v e ke e e e e e e

LIST OF FIGURES

ST

PAGE
16
17
20
27
32
33
34
35
16




CHAPTER I
INTRODUCTION

Diphenylcarbazide, diphenylcarbazone, diphenylthlo-
carbazide, and diphenylthiocarbazone are compounds that have
proved to be extremely valuaﬁle analytical reagents for the
determination of trace amounts of numerous heavy metal ions
by colorimetric methods. Diphenylthiocarbazone, commonly
known as dithizone, 18 the most wi&ely used of the above
compounds, It was first synthesized by Emil ?1schar in 1878
as a part of his study of phenylhydrazine derivatives,
Fischer observed that metal ions produced colors with
diphenylthiocarbazide but made no attempt to use it as an
analytical reagent. In 1925, Hellmut Fischer began his

studies using dithizone as an aralytical reagent, Since

then, dithizone has been the subjeét of numerous papers,
and it has come into widespread use in colorimetric analysis,
However, as 1is the case with many colorimetriec reagents, the
structure of the complexes formed by dithizone with the
heavy metal ions is still not clearly understood, Numerous
boocks, such as Iwantscheff (1958), include more than adequate
references to the uses of dithizone as a colorimetric
reagent.

The original method of preparation bylEmillFischer

has been modified, although these modifications are based




mainly on the solvent used in the coupling step of the -
synthesis. The solvent is usually benzene or diethyl ether,
The methed of preparation 1s shown below: _

2 PNHNH, + CSpew—p mﬂcsz.ﬂmmzﬁ(ﬁmﬂm)zcs
and i . _

KCH
{#NHNH) 5CS =P dithizone
 MeCH

Even thﬁﬁgﬁ it is extremely valuable as a reagent for
heavy metal analysis, dithlzone presents one serious problem;
it ié not soluble in dqueocus solutions, Since metal analysis
almost invariably involves agueous solutions, &8 time con- |
suming extraction with an organic solvent such as carbon
tetrachloride or chloroform must be performed. In addition
to the time and work involved, these procedures often intro-
duce errors dﬁe to the partitioning of the complex between
the orgaﬁic and aqueous phases, The solution to the problem
is obviously to solubilize the dithlzone; for example, the
addition of sulfonic acid or carboxyl group to the rings
would socomplish this. Corwin, Jackson, and Webb {(1945)
patented a synthesis, to be described later, for this .
sulfonation, but their interest was in the use of this com-
pound as an antidote for heavy metal poisoning. They made
no use of it as an analytical reagent. Herzog (1951) used
their method to prepare a sulfonzted dithizone which she was

unable to isolate in a pure form. The product she obtained
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did possess some complexing properties with the heavy metal
ions and she included substantiating analytical data,

Frye (1958) approached the apparent impossibility of
separating and purifylng the sulfonated dithizone from the
point of view of using the sulfonated diphenylthiocarbrzide
as the reagent., This compound can be prepared, as shall be
indicated later, in relatively pure form, and in the presence
of strong base gives colors with several of the heavy metal
ions,

By analogy with Emil Fischer's reactions for the pro-
duction of dithizone in the presence of base, it was thought
that the reaction involved was a disproportiomation of the

Cannizzaro type.
KOH

2 (HO4SPNHNH),CS o HO,SPNHNHCSN:N@SO4H +
Me

H03S¢NHNHGSNH2 + HOBSﬂﬂﬂa

Frye thought that a sulfonated diphenylthiocarbazide could
be prepared by the method of Corwin and Herzog, and that on
treatment with strong base, this compound would dlspropor-
tionate to yleld di{p-sulfonic acid)phenylthiocarbazone,
phenyl (p-sulfonic acid)thiocsemicarbazide, and sulfanilic
acia,

It 1s the purpose of this vaper to separate and

identify the products resulting from treatment of this com-

pound with strong base., This will be dome using both column




: and paper chromatography, and through interpretation of
' infrared spectra, In addition, a discussion of the structure
! of the complexes of heavy metals with di1{p-sulfonic acia)
phenylthiccarbazide in basio solution will be presented.




CHAPTER -II-

HISTORY OF CHROMATOGRAPHIC METHODS

L

The classical methods used for separating substances
from each other have been based upon the clumsy and waste-
ful operations such as crystallization, distillation, pre-
cipitation, and extraction by solvents, -In chromatography
we have both an analytical and preparative method based on
the counter-current principle, |
\ The name “chromatography" has been given to those
processes which permit the resolution of mixtures by effect-
ing the separation of some or all of their components in
zones or phases other than those in which they are origin-
ally present, regardless of the nature of the process by
which the substances are moved from one phase to another.

The anclient Grecks left records of purifying water
with filters of sand,.and Pliny mentions the use of papyrus
in the determination of ferrous sulfate. There is no doubt,
however, that M, Tswett (1906), the Russizan blologist,

should be given credit for discovering the principle - of

preferential adsorption. He studled the effect of a large

variety of adsorbants and solvents on the separation of plant

pigments;
The great popularity of present-day paper chroma-

tography is due to A, J. P, Martin and his assoclates A, H,

Gordon, R, Consden, and R, L, Synge.

tr - l—.._‘__:;x.-.-..mm,

e
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Martin and Synge (1941), to .effect the separation of
acetylated amino acids, utilized the diffarencé of partition
coefficients with a,series of solvent-solvent extractors. ‘
They fnund 2 much more efficient fractional solvent-solvenx
extraction was attained:by packing.columns with silica gel
holding about 50 per cent water, A sclution of the acid -
mixtures was placed on the column and developed with sultable
solvents., Other materials capable of retaining wéter.as.a;L
statlionary phase include glass powder, Kieselguhr, starch,
and cellulose, Martin and Synge, in this,c%assical work,
termed this "partition chromatography." . . .. ..

- In order to avold preparing silica gel, and to reduce
the bulk of material used, Consden, Gordon,_.and. Martin
{1944) replaced silica gel with filter paper as the inert
support. - This technique, called "“paper chrqmatography,“:;g
probably the most adaptable and widely used method employed
for the separation of micrc quantities of substances.,

The theory developed by Martin and Synge (1941} con-
siders partition chromatography to be analogpus‘to:f?actiqnal
distillation. Assuming that diffusion in the column, or |
paper, 1s negligible, and that the partition of solute
between the two phases is independent of the concentration,
they derived and defined the By value, in which the movement
of the‘zons i1s relative to that of the mobile phase: |

Rr = A
A+3ah]

oA T B A AL, N ST P Ly




where & = partition coefficlent (co : )
(conc, in mobile phase )

A = cross section area occupied by the stationary phasé
A1 = cross section area occupled by the mobile phase '

Be = 8 le 8 _Zo o‘ <
distance traveled by the solvent front

" The measurement of the Ry value 1s relatively easy:
the center of the original spot is marked &s the origin and
the distance to the center of the developed spot and that to
the front of the mobile phase are measured. The R, value is
dependent upon many variables: temperature, the grade of
paper, the nature of the solvent, and the nature of the
mixture being separated, are but & few, The procedures
employed in developing 6hromatograms will be discussed in &'
later chapter.

Partition, or paper, chromatography i1s thus & method
of separating substances by distributing them between two
1iquid phases, one of which 1s mobile and the other essen-
tially fixed by sorption to a support. It is now generally
recognized, however, tha:t although paper chromatography may
function in some cases purely by partition, it more frequently
combines partition, adsorption, and ion exchange. In paper
chromatography the immobile phase 1s considered to be the

water molecules bond to the cellulose flbers of the paper,

The mobile phase may be any one of & number of pure or mixed

solvents, Distribution of the solute between the aqueous and

mobile phases results in movement of the solute,
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‘Two methods of partition chromatography may be used:
the column method, and that using sheets or strips of filter
paper in elther one- or two-dimensiomal runs. Block, Durrum,
and Zwelg (1957), and Lederer and Lederer (1958) provide a
ready source of references to the innumerable studies con- -
: cerning and employing paper chromatography. No mention is
i made in the literature 6£ the separation of the present
i mixture, although lLedérer and Lederer (1958) cite several
i references to the identification of one of the supposed
| components--sulfanilic acid., It is the purpose of this
study then, to employ both column and paper partition chroma-
' tography in an attempt to separate and identify the dispropor-
| tionation products of di(p-sulfonic acid)phenylthioccarbazide.




CHAPTER IIX . 'iv %7 :

EXPBRII‘IENTAL PB@CEDUBE AND BESULTS b w

Synthesis of Di(p-sulfonic acidlvhenylthiccarbazide -

The most logical solution to the problem of the solu-
bilization of dithizone, or a similar cempound, in water would
be to sulfonate the compound. Herzog (1951) has shown this
to be impractical because of possible: cleavage":nr:oxidation
to the carbadiazone, Therefore the phenyl  group must be -
sulfonated before preparation of the carbazide., - .

Several methods for this procedure are possible, -,
either by analogy with the dithizone synthesis or by similar
coupling reactions. Corwin, Jackson, and Webb. {1945)  nave
prepared this compound by coupling two moles of- phenyl-
hydrazinesulfonic @acid with one mole of carbon dlsulfide in
1iquid ammonia, ' . Ty

This method of, synthesis is valuable in that a fairly
pure product of good yleld is obtained with a minimum of side
reactions if conditions are controlled accurately, Opg-" :.
eritlical step involves the sulfonation of phenylhydrazine,: -
The procedure followed is essentially that of Acree (190?)’
as modified by Frye (2958). . . = :.‘___l._,..,.,z_,i.;.__

"

‘et

One hundred milliliters.of concentrateq reagent grade
sulfuric acid contained in a 250 milliliter beaker wag-

cooled in an ice bath to a temperature of-10-15° ¢, .

e
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Twenty-seven milliliters of reagent grade phenylhydrazine
was added from a dropping funmel with constant adequate
mechanical stirring. The temperature was never allowed to
rise above 5d°C.; the addition required from thirty to forty
minutes, When all the phenylhydrazine had been added, the
mixture, which was black with white cumuli, wag placed on &
steam bath and allowed to warm to 80° C, After heating for
fifteen minutes at & temperature -between 80 and 85° C., the
mixture, which now contained no white sclid, was poured into
200 miliiliters of cold distilled water. The temperaturs
was lowered to 10° C. in an ice bath, upon which treatment
erystals of phenylhydrazinesulfonic acid separated and were
collected on a Buchner fumnel with the aid of arvacuum; The
filtrate was discarded and the crystals were washed spafingly
with cold water,

The crystals of the sulfonic acild were di%ébl#ed_in a
clear solﬁtion of reagent grade sodium carbonzte, which was
used sparingly to avoild excessive additlon of acld for
neutralization later in the synthesis. The yellowish solu-
tion was heated to 85° C., four or five grams of decolorizing
carbon were added with stirring, and the whole was filtered
immediately with the ald of vacuum. The carbon was washed
with a little dilute sodium carbonata'solution.r'The filtrate

was cooled, made just acid with 6N sulfurlc acld, and again

cooled to a temperature of 10° C. The crystals were filtered

. S B e i i 7 T B A e
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with & Buchner funnel and washed with small smounts of dis-
tilled watar;.the filtrate was discarded., Decolorization
with the activated carbon was repeated once, or twice when
necessary, and the white crystals were air dried in the dark.
The yield was 37 grams or 79 per cent of the theoretical
based on phenylhydrazine. 7The melting point was sharp at
288° ¢, |

" It was found that fallure to adhere to the temperature
limits set forth sabove gave a product which was over-
sulfonated. The reagent resulting from this over-sulfonated
compound tended to be less stable than that produced accord-.
ing to the instructions giveni. :

The acid is both light and air sensitive and should
be used as soon as possible after preparation or should be
preserved in a dark, air-tight bottle kept in a cool, dark
piace. - Recrystallization ylelded slender needles which .
turned yellow on standing 1in air,

Thirteen grams of the phenylhydrazine sulfonic acid
added with continuous stirring to sixty grams of liquid

ammonia in & 250 milliliter Dewar flask; the resulting solu-

tion was orange-red in color. Ten milliliters of purified

carbon disulfide was added slowly over & pariod of about
fifteen minutes, and the solution was stirred for one hour.
Departure from the method of Corwin, Jackson, and Webb

occurred here. . The resulting scarlet solution was poured
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into several large porcelain evaporating dishes (about 50-60
milliltiters of solution per dish), and the contents were
swirled while the liquid ammonia was being evaporated in
order te form a thin film of the yellow compound ‘over the
entire iInterior of the dish, The dishes were allowed to
stand for three days, at which time no odor of hydrogen
sulfide was apparent; this material had little activity with
zinc ion. The dishes and contents were then heated for one
hour on a steam bath at & temperature mot in excess of 95° Cey
and the tenasciously adhering yellow material was scraped into
the center of the dish with & porcelain spatula. This yellow

powder was then heated for an additional four hours with

oceasional working with the‘spatuia and pulverization of the :
larger flakes. The powder was then collected and stored in 5
an amber bottle. This material showed good activity with
zinc ion, The yleld was 32 grams, or 88 per cent of the

theoretical based on phenylhydrazine sulfonic acid. The

melting point was 322-324° C. Elemental analysis of the com-

pound showed the following:

Calculated: _ o F ol sew : ‘
¢ %H ... &N % s % Asn
27,92 879 16,71 27.36
Found:1 - ‘
1. 313 B350 17054 25.93
2, 27.s0 © LBl 16.53 27,68 ,

% 27.91 4.38 ' 22.58 33.69  0.71
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- The analytical data for sample three above was for a

sample of the compound which had been prevared using Tifteen
milliliters of carbon disulfide rather than the ten previously
used. This compocund appeared to be, and in its reactions
with zinc ion was, identical with the compound formsd as
stated in ths original synthesis. The only two explanations
that can be offered are that (1) the compound was over-
sulfonated, and (2) that the analyses for nitrogen and sulfur
are grossly inaccurate--this would appear to be borne out by
the additionally inexplicable presence of ash in the sample.

The reactions involved in the synthesis are shown
below: - :
PNHNH,, + H,SOy===PHO;SENHNH, + Hp0 -
in which the substitution of the sulfonic acid group 18 para
If the femperature limits are not
The coupling

to the hydrazino group.
observed, some disulfonic acid is formed.

step may be wrltten:

| 2 HOSPNHNH, + CSy= HO;SPNHNHCS JH . § (NHNH, ) SO4H

and, upon heating to 95° C.:

H038¢NHNHCSZH‘p(ﬂﬂﬂﬁzjsoaﬁ-un-)(HO3S¢NHNH)ZCS + HpS

or, in this case, the ammonium salt.

Enszmél.§§§hll;£x.§n§.§&zug§ux§

The analytical data indicate that there is a molecule

of hydrogen sulfide present for eacnvmolecule of di(p-

sulfonic acid)phenylthiocarbazide. There 18 doubt as to the
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placement of this extra molecule in the structure. Two pPosS~
sibllitles exist which would account for this hydrogen’ .

sulfide. It might possibly be & “hydrogen sulfide of
crystallization® similar to a8 monohydrated compound. Due to

the lack of analogous examples and the nature of the com-

pound this view seems unlikely, but because of the slm;larity
of hydrogen sulfide and — it cannot be totally 1gnoned;
The secand:exﬁianation which presents itself lies in
the phenylhyarazine salt orﬁ-phenyldithiocarbazic acid,
which 13 an 1ntermediate in the analogous &ithizone synthesl&.
QNHNHCSzﬁ H,NHNf@
This compound becomes dithizone through loss of hydrogen
sulfide when heated to 95 C. The adding qfasu;fonic ac;d

groups to the para positions of-the benzene rings should
stablilize the xanthate structure. The ammonium salt of the
sulfonated compound conforms closely to the analytical data

for such a compound. The 1ncreased stab;lity 1s.shown by
reference to the fol;owxng: the unsulfcnated‘compound
decomposes &t 950 C; while the sulfonated compound is fairly

stable up to about 165° C. Figure 1 shows welght loss as a

function of temperature for the sulfonated compound, Cone
stant weight was achieved at each temperature, The loss of
hydrogen sulfide appears to be complete at about 1659 c

Figure 2 shows the relation of weight_ioss to the optical

activity of the compound. Samples of the carbazlide heated
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to 120° C.! for several hours retained activity fairly ‘well,

v l

Samples he&ted to higher temperatures were less active but
retained a greater degree of activlty than indicated by
FTye.(lQﬂ%), thus suppor;ing the second of the abhove hypo-

£

theses. ' : J
| 'I t 5

__.E..mz.umn_nnis ro of .M&J& acid)phenylthiocarbezide
to Jiua.lmmz acid)phenvithiocarbazone | 5
f

Emil Fischer (1878) postulated the formation 0{

dithizone from dtphenylthioéarbazide in bvaslic solubio@ as
s k) q
follows: f !

2 (PNHNH)ch-—-bFNHNHéSN-N;z + @NHNHCSNH, + @NHS -
One mole of the carbazide is oxidized to the carbazons and

the secon& mole is cleaved thrcugh reduction to pnenylthlo-

semicarbazide eand aniline, He substantiated this postulate
mainly through 1dent1f1catlon of ‘the aniline produced.
Corwin and Jackson (1949) also have identified &nilinﬁ and
phgnylthlosemicarbazide-as the reduction products.

It appears logical to assume that the disproportiona-
tion of the sulfonated carbazide should proceed in the same
manner, the products in this case being a1 (p-sulfonle acid}

phEnylthiocarbazone, {p-sulfonic acidlphenylthiesemicarbazide,

and sulfanilie acid. The sulfanilic acld shoula be 1dent1-

fiable by chrcmatographic means to be discussad later.
Samples of the &1(p-sulfonic acid)phenylthiocarbazide

were oxidized in both methanollc and agueous potassium
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hydroxide solutions of various pH's. The resulting yellow
to orange solutions were then analyzed chromatographicsally.

Solutions of the carbazide made basic with potassium hydroxids

do not keep well, To prevent oxidation, all sclutlons used

i1n the research were prepared by first dissolving the needed
amount of sodium bisulfite in water'or methanol and then add-
ing the carbazide, Even when protected with 1 X 10'3 molar

bisulfite ion, the solutions lost their complexing abllity

in four teo five days. Attempte at recovery of the carbazone

from basic solution yielded a purple compound which showed no

complexing ability., The fact that, apparently, only strongly
basic solutions of the carbazide complex with metallic lons

supports the postulated oxidation,

Chromatographic Analysis

The mixture obtalned thﬁough treatment wrtb base,
sulfanilic acid, phenylhydrazinesulfonic acid, and other
reagent blanks were spotte& on pieces of Whatman No, 1
washed filter paper four by twenty inches. The papers were
hungz in a suitable ehromatograﬁhic chamber in a manner B0 &8
to proauceldescen&ing chromatograms., The papers were
equilibrafed for one hour by exposure to the vapors of a
solvent preﬁared by saturating normal butanol with an aqueous
buffer solution whiéh was lﬂS:N_inAboth-gmmonigm:parbonate

and ammonium hydroxide., After equilibration, 100 milliliters
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of the solvent was poured into the trough and the chroma-
tograms were 2llowed to run for 24 hours. The resulting

chromatograms were air dried, heated at 110° C, for a few

minutes, and developed with suitable colorimetric reagents;
The identification of the various comﬁbnents of the resolved
mixture left much to be deg;rgé; Eyidéntly the amount of
sulfanilic acid present w@s¥§££aﬁ:§;§;hinute‘tb detect,
Better results were obtained with the'}ollowing procedure
and much practice, A column of powdef?d Whatman Nét l

t
filter paper was prepared!by pouring a slurry of the powdered

cellulose and the solvent?into & column 4 em, in dlameter
and 100 cm. long, The botitom of the column was supported
wlth a sintered glass filéer and fitted with & stopcock,

The column was gently tamped and slight suction was applied
to pack 1t. Four to five milliliters of the mixture were
introduced to the column énékgswphg paferial descended more
eluent was added as needed., The bandg_which were zeparated
on the column were eluted zZnd the solv;nt evaporated. The
residues were then dissolved in aqueous and methanolic solu-

tions and subjected to strip chromatography with accompany-

ing reagent blanks as above. Figure 3 shows the positions

of the bands on the columm. Band No, IV was usually, but

rot always, prasent;
Table I indicates the reagent blanks and mixture

components which were run, and agssigns them a reference
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FIGURE 3
POSITION OF BANDS ON THE COLUMN:
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number for ease of identification in the following pages,

Table II shows the colorimetric test, the color of the spot,

and the By value obtalned for each of the various com_pounds;

The following spot tests were used in developing thes chroma-

tograms

1.

Methyl red was prepared by diluting one part of a
0.1 per cent methanolic solution of indicator

with two parts of a potassium dihydrogen phosphate-
dipotasgium hydrogen phosphate buffer at pH 7.0.
Sulfanilic acid was developed a8 a pink spot ona
yellow background.

Diszotization with 0.2 per cent ice cold sodium
nitrite-~-0.1 N hydrochloric acid and coupling with
0.2 per cent beta naphthol or 0.2 per cent alpha
naphthylamine in ethanol produced red to purple
spots on & brown background with sulfanilic acid.
An aqueous solution of 0.2 per cent ferric chlorids
solution produced reddish-brown spote on & yellow
background with sulfanilie acld.

The semicarbazides were identified by thelr reaction
with a 0.1 N hydrochloric acid solution of selenlous
acid, followed by coupling with an acetic acld

solution of alpha naphthylamine. The various semi-

‘carbazides appear as red to purple spdts.
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TABLE I
COMPOUNDS IDENTIFIED BY CHROMATOGRAPHIC PROCEDURES
compounr ) * mggfaré_nc;g 'N:.:nbe.r
Dithizone 1
155 diphe‘nyi 3 thiocarbahydrazide ' 2
1,4 diphenylsemicarbazide 3
1 phenylsemicarbazide 4
4,4 diphenylsemicarbazide 7?7 &
1, 5 diphenylcarbohydrazide - 6
Diphenylcarbazone 7
Phenylhydrazinesulfonic Acid 8
Sulfanilic Acid 9.
Band 1 10
Band II k5
Band III 1z .
Band IV 13
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; TABLE 1I
;' CHROMATOGRAPHIC COMPARISON OF COMPOUNDS
| Solvent: n-Butanol saﬁui-ateq with 1.5 N NH;OH and 1,5 N~ _
| - (wy)p coy s s o -y :
i Conmpound No, Developing ?esp . Color Bf"Valua
' L zinc ion % pink ‘ 0.65
! 2 base: zinc ion -  pink .- 0.70
; 5 selenious acid . purple . 0,68
& gelenlous acid. , = O.74
i — selenious acid - Y 0.64
6 i e e 1k, pink, 0.55
7 ,J--: . - --+ orange . 0.50
B methyl red. o pink v 0,07
© 9y . ¢ oomethyl red . pink : 0.12
10 - - .. . lt. orange - 0.53
_ zine ion .- . R 0.53
LAY, et am met RE g olmves .40
' aime fod *' ¢ pink 0,40
12 methyl red = pink 0.12
13 methyl red’  pink 0.07

e

— —
II

et et i = e




TABLE III

£

Rf VALUES OF SULFANILIC ACID AND BAND IIX

24

Compound Solvent” Developing Test Color By Value
Sulfanilic Acid A methyl red pink 0,12
o | a-naphthylamine red 0.12
Band IIT A methyl red . pink 0.12
' a<naphthylamine r,ed 0;12
Sulfanilic Acid methyl red ‘pink 0.13
Band IITI methyl red pink 0,13
Sulfanilic Acid C  methyl red 1t, pink 0,54
e a-naphthylamine  dk. red 0,53
Band ITI e methyl red 1t. pink 0.53
a-naphthylamine purple 0,54

Sulfanilic Acid® D  methyl red -
a-naphthylamine purple C.2%
Band III D  a-naphthylamine  purple 0.23

*
Solvents:

U Q W

n-Butanol, 1.5 N NHyOH, and 1.5 N (Niz},C04

n-Sutanol, 1.5 N NHyOH

o e 21 e

Ethanol, 1.5 N NH,OH
‘n-Butanol, 1.5 N HAc
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.5, Dithizone and diphenylthiocarbazide were identified
by thelr reaction with strong base, followed by

zinec 1cn,

Several of the reagent blanks produced colored solutions and

colored spota on the paper; For example, the dithizone solu-

tion was'green and the semicarbazide solutions were various
shades of yellow. The colorimetric tests in these cases
served as the second identification test. Table III compares
the R, values of sulfanilic acld and the residue from Band
III in ééveral solvents. Thé Ry vaiuesjﬁﬁtéiﬁed‘éxperimentally
were in close agreement with those given by Lederer and
Ledere} {1958) for these solvehts.' It is evidsnt from the
experimental data that sulfanilic acid was present in the
mixture, It follows that the thiocyanate suggested by
Williams (1961), which he 1dent1f1ed by spraying with ferric
chloride solution, WAS not thiocyanats but sulfanilic aci@,
It also appears from the éhromatographia evidence that the
residue from Band Iv; ﬁheﬁ present, was nnreacted phenjl-

hydrazinesulfonic acid. There is no record of any previous

chromatographic analyses of'phenylhydrazineﬁﬁlfcnic acid,
di(p-sulfonic acid)phenylthiocarbazone, or {p-sulfonic acid)
phenylthiosemicarbazide. A sample of (p-sulfonic acid)phenyl-
thiosemicarbazide synthesized by Frye (1958) was run as a
blank in the puffered n-butanol solvent and was found to

have an By value of 0.49. This was not run simultaneously

D,
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with the mixture, however, so a more precise éorrelation can-
not be aséumed, although the values are within the resson-
able 1limits of error (10 per cent); It was hope@'fhat
infrared analyses of the residues from the culuﬁn, wéen
compared with reference samples run by Williams (1961),
would aid in the identification of the disprcportionétion

products;;
. & K
Job's Method of Continuous Vardation :

The stolchiometric ratio of reagent to zinc ion was
investigated using the continuous ;ariation'method of;Job
(1928)., The volume of zinc ion tl X 1072 M) was varied
from zgrofto ten milliliters:per ten miliiliter sampié. The

concentraﬁion of the reagent, which was protected by bisulfite

ion, was also 1 X 1077 M, The reagent solution was adjusted
to pH 10.0 with NaOH, The absorbance of the reagent-gzing
complex was measured ét 550 mu on a Beckmen {model DU)

spectrcphdtometer. The maximum composition in equimo;ar

solution was found to be 2:1 {reagent: zinc)}, Flgure 4

shows @absorbance as a function of the composition,

& E
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. . Ml, 1X 10~ Zine Ion Per 10 M1, Solution
u i t: ?‘? | 9 Q_'ﬁ 3 0. ﬁqs? zqﬂ &'_Q Q._O_ 10'.0
o ‘ ' . 550 mu
. pH 10,04
O.G" 3 1 A ¢ i 2 ¢ Y
FIGURE 4
STOICHIOMSTRIC RATIO REAGENT TO ZINC ION 3




CHAPTER IV
INFRAEED SPECTROPHOTOMETRY

The infrared curves, Figures 5 through 9, were run on
a Perkin-Elmer Model 121 Infrared Spectrophotemeter, The -
samples were run at a concentration of approximately 1 per -
cent in a 1.5 mm. potassium bromide peliet. The curves were
run at a speed of 2,0 microns per minute using alr as a
reference. The following compounds were run in the hope of
finding correlations between their spectra and those of known

substances run by Williams (1961):

; Flgure

f . Di(p-sulfonic acid)phenylthiccarbazide 5

? Band I . 6

i . Bang II 7

| Band III 8
Band IV e

The curves of the infrared spectra 8re shown in
Figures 5 through 9; The peaks of the curves of di{p-
sulfonic acid)phenylthiocarbazide, Band III and Band 1V

appear to be almost identical with the respective curves for
"thiazate," sulfanilic acid, and phenylhydrazinesulfonie
acid obtained by Williams. The curve of Band I appears to
be representative of the curves of several of the varlious

semicarbazides. The curve of Band II shows little

s gk iy
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correlation with those of dithizone and diphenylcarbazone,

The peaks of Band II appear to be representative of those
obtained for the di{p-sulfonic acid)phenylthiocarbazide,

' The fine structure seen in the dithfzone and diphenylcarba-
zone curves in the region from 1300 to 2000 cm'; is lacking
entirely. Although evidence for a sulfonmated phenylthiocarba-
zone resembling dithizone irn resonance 1s lacking, it 1is
apparent that sulfanil;c acid and a compound having a curve
very similar to tﬁe semicarbazides are present., Due to the
similarity betneen.Band IT and the di{p-sulfonic acid)phenyl-
thiccarbazide, it 1s assumed that the compound obtained from
the residue of Band II is di{p-sulfonic acid)phenylthlocarba-

zone,

P *
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CHAPTER V
CONCLUSIONS

Although the stolchiometric ratioc. of the zinc complsx
has been established, the structure oréthe complex is still
in doubt. Two forms of dithizone, enol (I) and keto (II),

seem to exist, The enol form has been found to exist in

| ) R.,ﬂ_ o el
(1) HS--P(N 3 II) S = |

basle solutions, w&ile.the keto form exists in both acid and
neutral solutions. Irving and Bell "(1952.) have shown that
metal keto dithlzonates are derived by replacement of the
hydrogen of the ﬁercapto group rather thanfthai of the imido
group. Irving and Cox (1961) belleve that more likely
structures involve metal-sulfur tonds., In the formazan
structure (I) below, the-rihg system is formed by hydrogen
bonding and each dithizone molecule would occupy only one

co-ordination position. In ancther structure (II), the

g
o b{ Sl = N.H}!ﬁ
(1) mil -sw{“ N'H (1) sl L
N - =
\ﬂ_z g 2

five-membered chelate ring would occupy two cis co-ordination
positions, Irving and Cox, basing their argument on the
complexes of Sn(II), Pb(II) and Hg(II), believe that dithizone

s

VAT ~ . Wl
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3l
acys as 2 bidentate ligand and also predict this type of
chelation for Zn(II) ion., By analogy with dithizone, 1%t is
possible that the zinc complexes with di{p-sulfonic acid)

phenylthioccarbazone as shown below.

| ~C=N. NupSO5H|
ZnI ;

N=N

g

SGBH J2

The results of the paper chromatography and 1ﬁfrared
spectrophotometry indlcate that the disproportionation of
di{p-sulfonic acid)phenylthioccarbazide proceeds in & manner
analogous to that of dithizone, yieldlng the corresponding
thiloccarbazone, semicarbazide, and sulfanilic acid as follows?

(HO5S@NHNH) 203& HO4S@NHNHCSN : NFSO5H
MeOH
+ HO3SPNHNHCSNH, + HO4S@NH,

It appears cbvlious that the—disproportionation

products resemble in no way whatsoever the decomposition

products reported by Willlams (1961). It is also obvious

that further work should be directed toward the purification

and isolation of the sulfonated thiocarbazide and the respec-

tive thiocarbazone.
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