Brigham Young University

BYU ScholarsArchive

Theses and Dissertations

1937-01-01

The preparation and properties of diphenylthiocarbazone

Floyd C. Mclntire
Brigham Young University - Provo

Follow this and additional works at: https://scholarsarchive.byu.edu/etd

b Part of the Chemistry Commons

BYU ScholarsArchive Citation

Mclntire, Floyd C., "The preparation and properties of diphenylthiocarbazone" (1937). Theses and
Dissertations. 8308.

https://scholarsarchive.byu.edu/etd/8308

This Thesis is brought to you for free and open access by BYU ScholarsArchive. It has been accepted for inclusion
in Theses and Dlssertatlons by an authorized administrator of BYU ScholarsArchive. For more information, please
c@ ellen_amatangelo@byu.edu.

www.manharaa.com


http://home.byu.edu/home/
http://home.byu.edu/home/
https://scholarsarchive.byu.edu/
https://scholarsarchive.byu.edu/etd
https://scholarsarchive.byu.edu/etd?utm_source=scholarsarchive.byu.edu%2Fetd%2F8308&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/131?utm_source=scholarsarchive.byu.edu%2Fetd%2F8308&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsarchive.byu.edu/etd/8308?utm_source=scholarsarchive.byu.edu%2Fetd%2F8308&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsarchive@byu.edu,%20ellen_amatangelo@byu.edu

& D
.02

N
(4%]

THE PREPARATION ARD PROPEHTIES
or

DIPHENYLTHUIOCARBAZONE

A THESIS SUBMITTED TO
THE DEPARTMENT OF CHYLIBTRY
or
BRIGHAM YOUNC UNRIVERSITY
IN PARTIAL FPUISXILLOST OF THE REQUINMAMENTS FOR
THE DEGRER OF

KASTER OF ARTS

BY

FLOYD C. MCINTIRE

1937



8 §

This Thesis by Floyd C. ¥cIntire is acgepted in its present
form by the Dspa tment of Chemistry as satisfying the Theails

requirement for the degres of kHaster of arta.

Date 3 ° &Hmﬂd

Ma jor ITofeasor

“Theais Committee



TABLE CF CONTENTS

Survey of Literature o« « o ¢ ¢ ¢ o &

L ] [ ] ] L] ® L] L ]

Fistorical . .+ ® . » * e e @ ¢« a . o e« e

Properties and danctiona of Dithizone s+ & 8 ® & 8 o

Dithizcone as an Analytic Reagent .« . e o o ®

Published lsaterial on the Freparation of Mthiamo « e o

Experimentel Freparation of mph-nylthlocarbuma « o o & »
Equipment s a = t e & ¢ @ e e & .

L ] L ]
Ireparation of Diyhonylthiocumuda a & 8 ¢ & W e =
Proportiong of Carbon Disulfide end

Phenylhydragine . o+ o s 8 s @
Coneentration of Phnnylhydnzine in tho Ether Bolwm
Evolution of Hydraogen Sulfide . . s 8 o
Addition of Water to Crystellize Dlphﬁnylthio-
carbaside From the Alcoholie Solution e« a .

Oxidatiocn of Diphenylihioearbazide to D!phunylthiocarbazono
jurifiostion of the Crude rredust e & & e e« ¥+ & a
Purity of the Froduet « « o« ¢ » & o s s o =« o =
Sumnary ¢ 2 & & ® ® & e @& = & & & » & & =

Bibliography « o « « * & = s s & o s o & s o & =

iv



1I3T OF TABLES

Table Page

I Belation Between Froportiom of Carbom Disuvifide
and Yield of Dithizon® . + ¢ o o s ¢ ¢ o o ¢ o o 18

II Inoresse in Yield of Dithizmse by Addition of llater to
Crystellize Diphenylthiocoarbazide from Alcodo)l . + o « « 17

III Relation Hetween Amount of ‘ater Used and Yield of
DIthiZON@® o ¢ o 4 ¢ » o & o s o s o & o » .o 18

Iv ZEffeoct of Oxidation Method on Yield of Dithizone e = o o 20

¥ Relative Melting Foints of Purified Samples and of
Eagtman’es Froduoct ¢ 8 8 8 ® s * 8 % e 8 e s e 23



PREFACK

At present tha chemical litersture offers no pemthod for the
preparation of dipheaylthicearbazone, or dithizone, sufficiently detalled
to guide the aversge lsborstory technician in an economicel end suscess~-
ful preparaticn of this compound. The high price of 4ithiaone and the
limited number of dispensers of it smphasize the need of such a method.

The original researeh reported in this thesis was done primerily
in an attenpt to formulate & setisfsotory detailed method for the
praparation of dithigzone, The suggestions of Bmil Fizcher were followed
and an sttempt was smde to improve his cautline and % note the poszsible
orrora 20 that they might be brought to the attention of the maders
of this work. The resssrch work included, in addition, a brief study
of the nature of the melting point of dithizone. An sttempt was mde
to compare the ooat of producing it by this method with the commereciasl
price of the gompound,

The firat part of this thesis is devoied 0 a survey of the
literature which oconaists of the history, uses, sudwactions of
dithinone, a summary of the anasl ytioal methods in which 4t 1s used,
and a summary of the svailable literaturs on the prepsration of it,

The remaining part is a report of the ressarsh done.

May 1 express appresiation to Dxe C. %, Kaw and to the entire

gtaff of the Chemistry Department of the Brigham Young University for

their kind {ntsrest and advice.

Ployd C. Nolntire
114



THE PREPARATION AND PRCPERTIES
of

DIFHEN YLTHI COARBAZONE

SURVEY OF LITERATURE

BISTORICAL

Diphenylthiocarbamzone, or dithisone, is a weak orpanic acid, the
strustural formula of which is Or-mm?xzeﬂ—c o Emil Fischer (1)
is acoredited as being the first man to inpm and atudy dithizone. Fe
made it in 1876 ms a part of his study of the structure and reagtions
of phenylhydrazine, ile noted that dithizmone had acid properties and
that its zine salt had a bright red coler. Until 1925, however, dithizone
was not used as an analytic resgent, In thst ysar Hellmut Fischer began
to atudy the reactions of dithizone and the possibilitiecs of using 1t
as & resgent in qualitative analysis. In 1933 and 1934 he and leopoldi
(2A, 28) snnounced colorimetric methods for using it to determine small
amounta of lead end copper quantitatively. 3ince 1933 dithizone has
become increasingly popular as a reagent in quantitative analysis; it
is used moat extensively in determining small amounts of lesd partiou-
larly in apray residues, N¥ethods have been developed by H, Fisoher (3)
for the qualitetive separation of b, Aw, Hg, ig, Cu, Zan, Co, Ni, Cd4,
OR~, n{ous), Tl{ous), and 81, using 4ithizone as the resgent and oon-

trolling the pH wvalue. Dithizone is now used to determine small quantities

1



of lead and zine in biologioal produsts. It {2 reported that quantities
of 2ino and lead as small as 0.001 mg. may be determined by the use of

this reasgent.

PROFPERTIES AND REACTIONS3

Fure dithizone will form small, sometimes microscopic, blue=black
oryastals when a solution of it in chloroform or carbon tetrachloride is
evaporated to dryness at about 50° 0, preferably under reduced pressure
(Fige 1}. Wheu a few of these orystals are dissolved in a drop of chloro-
form or carbon tetrachloride on a microscope alide and the golvent ia
allowed to sveporate, microscopic orystals of dithizone areforawd {(Fig. 2).
The mslting point of these corystals has thus far not been recorded in the
literature. The author has done some work on the melting point which is
discussed with the other experimental work.

Dithizcne is wery soluble in ghloroform and carbon tetrachloride
giving eclors from blus-green to deep red, depending upon the goncen-
tration of the solute and upon the depth of the columm of liquid observed.
The deep red color is observed when the concentration is high or when a
long column of the solution is observed. Dithizone is insoluble in water,
It is slightly soluble in alcochol giving a deep red color, soluble in
alkaline solutiona both aqueous and alooholis, inscluble i{n acids, and
slightly soluble in ether. 5ince dithizone is a weak organic acid, it
usually forms a salt when it dismolves in slkaline solutions. The salt
is soludble in either water or chloroform as & rule. #hen a ghloroform
or cardon tetrachloride solution of dithizone is extracted with dilute
ammonium hydroxide {1:100) s red-brown colored salt is formed which is

soluble in water and insoluble in ei ther schloroform or carbon tstrachloride.

This fect furnishes a wmeans of purification of impure dithisone, The



Fig. 1. Crystals of dithisons ohtained by -xa;:orating a chloro-
form solution of dithizone in & smnll cenker at 50 ¢, Fhotographie
data: one-half_second exposure, red color filter, magnificetion 500 x.

Fig. 8 COrystals of dithizcne obtained by evaporating a solution
of dithizone on a microscore slide at room temperature. rhotographie
data: two"se®®nd exposurs, green color filter, magnification 940 x.



solubility of dithizone in 4ilute smmonium hydroxide is deoreased by
the presencs of asmonium citrate in the solution.

Acocoxding to E. Pischer (4) dithizome forma salts with the alkalies
and slkaline earths. The salts of tho alialies are very soluble in water
and exhibit various shades of colars The zino salt will form fine red-
violet aoclored prisms insoluble in water. The lead aalt ie brown-red,
soluble in alkalies and chloroform; the silver salt is a brown-vioclet,
lees soluble in alkali and chloroform than in water; the mercury salt is
a dbrown-red, more asoludble in ghloroform than in water,

Agoording to H, 7olbling and B. Steiger (8):

*Dithizone in carbon tetracjloride yields oharscteristic color
{d) Cu; {®) Au and the Pt metals, =sd (f) Hg. In acid solutions group
(a) gives no reaction with dithisone., dhen the metals of group (b) are
oxidized and are in an escid solution they do not react with dithizone,
The addition of tartaric acid prevents the metals of group (¢) from
reaoting with dithizone. VFormic sold prevents the reaction between
dithizone and copper. Group (@) can de remcoved by redustion to metals,
Oss, DYy shaking with sctivated garbon, Hezce ths resotion eun be mmade
specific for mercury; sensitivity 0,01 mg. In s mixed solution the
meroury and precious metals csn be precipitated with copper end the
moroury extracted from the precipitatewith nitric scid before making
the test.”

H. Fiacher (6) made the following comments upon the reactions of

dithizcne as stated by Wolbling and Stelger:

*l. It was not mentioned that oxidizing materisl with the dithizone
reagent will give an orange color very similar to that of the ssroury-
dithizone reaction. Therefore, oxidizing materials must be avoided, It
is possible, however, to distinguish the mercury color from that csused
by oxidation by treating the colored material with one per cent potassium
oysnide. ahan the meroury-dithizone complex in chloroform solution is
shaken with agueous potassium cyanide, the complex is broken down and
the green color of dithizone appears.

2. The report thst silver will not react with dithizome in the
preasnce of small amounts of acid is not trus. Under these conditions
silver does not resct to give a violet flaky precipitats, however, the
green reagent is suddenly changed to yellow, a fact which the author
used to deteat ammll truces of aflver, then mercury md silver are to-
gether in solution the mercury-dithizcne color resction takes place,
even in the presence of an excess of silver. shen s very dilute solution



of the dithizone reagent is used a confusion of the two colors ie possible
80 that the silver reaction msy be misconstrued to indicate the presence
of Hg. JAseording to published experiments of the author (H. Fischer)

the mercury and silver colors may be distinguished as follows: Carry
through the reaoction using about 1 eg. Of the dithizone reagent; separate
the yellow cerbon tetrachloride lsyer; wash it twice with dilute sulfurie
acid (1%) and shake well with weakly acidified KCN3 (1%), The mercury
color will remain and the silvsr color will imwdietely change to gresn.
iihen mercury and silver are present, lg:igs}:9000, the mercury e¢an be
distinguished,

"3, Contrsry to the report of %8lhling and 3teiger it has been
found that mercury can be deteocted in the pressnes of platinum in acid
solution. By carrying out the resction in test tubes the orange solor
of mercury is detectabls in the presence of s 500-fold excess of platinum,

"4, The above mentionsd authors report that with the addition of
potassium oyanide the copper-dithizone resction i» not sufficiently masked,
This is not the case., If ths reaction is carried out in s neutral or
weakly alkeline golution and a sufficient amount of potassius ayanide is
used, the masking is s0 complete that one can deteot 0,01 to C.CO0l% of
lead in the presenae of copper colorimstrically with dithizone,

»ghen dithizone in carbon tetrachloride {(as stated by azlbnng and
Steiger) gives a red-brown color upon being shaken with potassium gyanide

golution, either the dithizone solution or the potassium ocyanide solution
is impure.

"By using pure solutiona the copper-dithizone solution will de
decolorized upon being shaken with potassium cyanids. Neroury in neutral
or weakly alkaline solutione is as aomplestely masked as copper is by
potassiuxm ayanide. In scid solutions the mercury color appears in the
presenge of potassium cyanide, s0 with the gopper c¢olor, This makes a
distinction between the two impossible.*

Dithizone mey be reduced to diphenylthiocarbamzide in a cold caustic
sode solution treated with ginc dust; by werming the solution further
reduction is accomplished and the products ars aniline and phenylthio-
semicarbazide,.

Cenerslly spesking, there ars four fscts connected with the proper-
ties of dithizons which are to be considered in using it as an analytie
reagent; (A) Upon the pB of the solution depend ths stability and type
of complexes formed, 1,e., 2 dithizonate formed in an aocid sclution would

probsbly decompose in & basic sclution and conversely a dithizonate formed

in an alkaline solution would probably decowmpose in an moid solution. For



example: The lead-dithizcne complex which is formed in a slightly bdasie
solution is decomposed by acid to give the lead selt of the acid and free
dithigone, The same is true with ammonius dithisonate. (B) The dithi-
zone molecules usually mots as a monobasic acid and metallic dithizonates
are tomd when a metallic cation replaces ocne of the hydrogens in the
group H—g-. ror example:

¢y i ¥ A
8 M-B-g-lllld’h + b — m—u—n—q-uzu-m 4+ 8B
S

|
o= Q m&sﬁ-g—n-s-m

{C) In some cases the dithizone redical may have a valence of two., (D)
#ith those metallio ions which are easily reduced--Hg(ic), Auf{ic)--
oxidation of the dithizone may preceed or scoompany the dithizonate

formation,

DITHIZORE AS AN ANALYTIC REAQGENT

The use of dithizone as an analytic reagent depends upon the formation
of oolored dithizonates which are usually soluble in chloroform. A8 a
ruls those complexes, or dithizonates, which are soluble in ghloroform
are insoluble in water and conversely those which are soluble in water
are insoluble in ohloroform 30 that the whole of the dithizonate in any
particular analysis may be concentrated in one liquid phase, For example,
ammonium dithizonate is insoludle in chloroform and soluble in water. The
dithizone may be completely removed from a chloroform solution by extraction
with aqueous ammonia. lead-dithizonate is insoluble in water sand soluble
in chloroform. lead gan be completely removed from aa agueous solution
by extreoting with a chloroforam solution of dithizone. The coloras of the

dithizonates range from vioclet to red and orange. The sensitivity of



any test depends upon (A) the pii of the aqueous solution, (B) the relative
volumes Of the two liquid phases present, {(C) the congentration of the
dithizone reagemt, and (D) the thoroughness with which the two liquid
phases, water and either chloroform or carben tetrachloride, are shaken
together, 7rom this it is obvious that the sepsitivity of & teat could
not be estimated socurately unless the sonditions wnder which the test
was made were well known. Fith ardinary technique and precautions the
sensitivity of the reagent is ons to five miorogrames. #ith micromethods
the sensitivity for zinc is as small as 0,025 microgram.

Hes Fisoher (3) outlined a group separation which might be used for
efither qualitative or quantitative analysis of the metals ineluded. This
group sepsration might be summarized as follows: (A) P4, Au, Bg, Ag, and
Cu react with dithizons in en mcid solution; (B) in a solution of pH
about 6 zinc is most sensitive to dithizone, however, large amounts of
Co, Hi{, Pb, and (Od might give interfering colorations; () sn(ous)
Tl(ous)}, Fb, and Bi react in a slightly alkelins soclution oontsining
CN”3 (D) ia & stroogly elkaline solution oantaining tartrate Co, Ri,
and C4 react. Fischer gives methods of separating and identifying the
metals within the groups making & complete scheme for the separation and
enalysis of the metals named,

In quantitatiw malysis di thizone may bDs used in either of two
ways: (A) for the preliminary extraction of the metal from impurities
or from an oxcess of solvent, (B) for the actual determination of the
quantity of a metal.

when dithizons reagent is weod as in {A) the group and sub=group
separations as outlined by Fisoher (3) may be mede quantitative as well
as qualitative and the walue of dithizsons in separsting & metal from

impurities is obvious, All the lead or zino in 100 ¢c. Of an aqusous



golution may be goncentrated into B oo, of a chloroform solution of
dithizone (provided that thore 1s asufficient dithizone in the § eg.of
chloroform)s By extracting this O oc. of chloroform solution with a
small volume of acid the metal mey be taken beck fanto an egueous solution,.
This 1llustrates that dithizone iz valusble as a concentrating agent.
Two types of methoeds sre used in deteraining the actual gquantity
of a matal by the use of dithizone: (A) colorimetric, (B) titrimetrio,
Of the colorimetric method there are three forms, Frobebly the
first colorimetric method was ennounced by H., Fisobher snd §. Leopoldi
{28) for lead snd coppar md may bde summarised as follows:

*Dithizone is purified by extraction from carbon tetrashloride
with dilute aqueous smmonia {1:200), and reprecipitated into fresh
garbon tetrachloride with dilute sul furie acid. This resultant solution

should gontain about B0 mg, of dithizone per 100 co. mmd is diluted to
sontain 6 mg. per 100 oc. for use; it is stored in a dark bottle under
2 layer of sulfurous scid, In lsad determination, a solution containing
0008 to 0,12 mg, of lsad 1s made alkaline with df{lute equeous somonia,
Other metals are held inactive to dithizone by the presense of scdium-
potassium tartrate, The solubtion is shaken with several sugoessive
portions of the remgent until no further red csclor is produced., Ths
separated chloroform solution of the lead-dithizone complex is shaken
with 5 ces of 1f aqueous potessium oysnide and 11200 smmonium hydroxide
to remove excess dithizone, It is washed with water, and shaken with
dilute hydrochloric scid. This degompumes the lead dithizonate snd
leaves the green color of dithizone whioh is corpaved with standerda
made up using kuown smounts of lsed. Many metals intorfere. For the
determination of copper, the metal content must not exceed the limits
0004 and 0,050 mg. The copper is extragted dy the dithiizcne reagent
from a 4ilute sulfuric scid solution. The eopper-dithizone complex is
e vioclet gclor., The exgesz dithizone iz removed by dilute ammonia,

end the resultant solution compared with ntandards, Only ssroury, silver,
and zold interfere with the copper determination, but excess of terrie
iron oxidizes the reagent.”

A firet modification of the method of Fiacher and Lscopoldi is
illustrated by ths method of ¥inter end co-workers (7). This method
shortens the Fischer-lsopoldi method by one step. Both methode are funda-
mentally the sams ®wn to and ineluding the exiraetion of the exceas
dithizone from the shloroform solution of the red lead complex, At this

point Finter and eo=workers took s measurement of the intensity of the



red golor of the chloroform solution {measured in a colorimeter agsinst
a standard of known lead content) as an indieation of the quentity of
lead present, They found that the intensity of the red color is not a
linear fungtion of the amount of lead present. rischer and leopoldi
found that the intensity of the gresn color, after the lead had been
extracted from the red-solored complex with agid, was a linsar funetion
of the gquantity of lead present, In using this =modifieation of the
Fischer~leopoldi method it was found, too, that the commercial grade of
dithizone gave just ug accurate results as that whiech hed been repurified,
Thie same modification is applied to the determination of zine by Midbard
(8).

The second modification of the Fischerelscpoldi colorimetric method
is generslly used in sprayeresidus analysis. ®ith this method the
solution containing sn unknown quantity of lead is ireated with an excess
of the standard dithizone reageant, The same wvolume of resgent is used
for eseh sazple. This excess dithisone gives s color tint varying from
blue to red depending upon the amount of excess. By comparing tis golor
tint of & sample of unknown lead gontent with a series of samples cone
taining the same amount of dithizone and known gquantities of leed, the
unknown quantity of lead can be closely eatimated., This method eliminates
the use of & colorimeter end is rupid. The color sorparisons may be made
with the unsided eye against a white backgrouad with ordinery lighting
facilitiea,

& possible simplification of the metlod used in spray-residue
analysis is based upon the faot that dithizcme in the presence of smmonla
will react with solid lead, lead sulfate, lead arsenate, or leed ursolate.
(It 1a possible that some of the lead from the lead arsenate sprays is

held on the fruits as lead ursolate,) This fact provides the possibility
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that ammoniacal dithizone solution may be used as the solvent to remove
the lead from the fruit, thus eliminating some stepa in the uaval pro-
cedure,

Dithizone produges s coloration in the presence of hesnted milk,
It does not produce a coloration with unbented milk, This fact makes
it posaible to determine when hected milk hag been added to unhested
milk in proporticns as low ss 2 to 3%, The colomtion iz dus to the
fast that heated milk oxidizes dithizone while unheated milk does not.

Briefly, the titrimetric method involves the sddition of swmall
portions of dithizone reagent of known titeyr to the lead eolution,
buffered to a suiteble pli, in & separatory funnel, The additionof
eagh portion is followed by a complete shaking to mix the two liguid
phagses, The chloroform layer is then dreawn off. Uhen it ias notioced
that the lead ia nearly all extracted from ths sgusous solution (This is
indicated by a less rapid and less complete enlor c¢hange of the dithile
sone reagent,) the portions of dithizone added sre made very amall. The
end point s reached when the c¢olor of a very small portien of the
dithizone roagent remains green ulter belng shaken with the agueous
solution. The emount of dithizone resgent used iz a measure of the
quant ity of lead determined. This method is aensitive 1o one microgram
of lwad,

The following i# a review by H, Fischer {3} of the gconditions for
the use of dithizone ns an snalytio resgent for the verious metela:

“*Cadmium mmy be deteated in the presence of copper by precipitating
oopper with H.P0,; bismuth in an smmonium chioride~buffersd potassium
eyanide ao}.ntgmeln the sbssunce of Pb, Sn{oua), and T1j 4Au, in dilute
acid solutiocn, silver being removed with emmoniun chloride snd =» voury
with potaseium iodide. ialladium forms preferestielly s flocculent
precipitate in acid solution. A group ssperation may be affeoted with

dithizone, utilizing the varyihg colubility of the precipitates in
solutions of controlled pH, Metallio Pb, iIn, end Cu react with dithizons
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and may be so dstected in metaelas end alloye; 50144 salts also react,
Zinc may be determined colorimstrioally as for lead; the reactiom ia
oarried ocut in sodium agstate-buffered soluticn, Gold may elsg de
determined colorimetrically, using the change ia ¢olor of & garbton
tetrechloride golution of the silver-dithizone complex when shaken with
gold, DRy sxtrustion-titrationm with dithizone, (0.5 to 100) x 1076 g,
of silver may de determined in soid sclution in the presence of all
other metals exoept Au, Bz, and Pd; also ¢admium and zine in neutral
solutions. Zn, Fb, apd B may bes titrated indirectly, prooceeding as
for the colorimestric determination, but determining the liberated
dithizone by asddition oOf excess silver then titreting deoks. Alternatively,
& msasured exgess of dithizone may be added to the acid solution,
followed by exgeas of silver end back titrmtion., (10 to 100) x 1078 He
of Gl, Br, I, and 3 mey ale¢ be determined by edding excess of ig, than
titrating with dithizone,*

Speaial methods have been daveloped for use of dithisocne in

analysis of bdiological produsts for lead and mine {8) and (%)

PUBLIIHED MATERIAL ON THX PRZPARATION OF DITMIZORE

The author has been unable to learn of any detailed methods
published for the preparation of dithizone, The work of K. Pischer (1)
oa the preparation of this compound is apperently the only sugt work
published, This work consists of a mere ocutliine with details lacking,
The preparation of dithizone eonsists of preparing diphenylthiocarvazide
and oxidieing it to dithizone.

Be Fischer's ocutlins for the preparmution of 4 ithizone may be stated
as follows: Prepare the diphenylthiocarbazide from phenylhydrasine in
ons of two ways. {(A) Add carbon disulfide to a solution of phenylhydrazine
in ether. i#at the product of the ensuing reaction at sbout 90° (or 100~
1100--ﬁo fndicated the two different temperature ranges in different papers.)
until the evolution of bydrogen sulfide oeases and the evolution of ammonia
begins. Dissolve the blus-groen wmass in Rot slcoodol and allow it %o cool,
The diphenylthiocervaszide will erystallize out since it {s insoludble in
cold esleohol, (B) Add an ether solution of thiophosgene to sn ether
solution of phenylhydrazine. Purify the product by orystallizing from

aloohol. Uissolve the carbazide in moderately stronz alecholie potsssium



18

hydroxide; boil for about fiftesn minutes. Cool; sdd dilute sulfurie
acid until precipitation is complete, The presipitate of dithizme may
be purified by dissolving 1t ino a2 dilute alkeli and mprescipitating it
with en soid (HC1l or n'so‘). It may be further purified by dissolving
io chloroform, evaporating off most of the chloaroform, and adding alcohol
to precipitate the dithizone.

The informaticn to be found in ths literature on the prepsration
of dithizone is obviously not sufficiently detailed to guide the average
laboratory teohnisien to a suceessful preparation of the gompound., This

is emphaaized by the high price of dithizone which is s0ld only by a few

dealers. A detailed guide to the preparation of 4 thizone is needed,



SLERRIWINTAL
FREPARATIGY OF DIPHENYLTHIOCARSAZONK

EQUIPNENT

The apparatus reguired is relatively siwmple. The author used an
oil bath with an electric stirrer, arranged to sscommodate ten 185 eo.
Erlenmeyer flasks. The bath was heated with a bunsen burner. It was
possible to gontrol the temperature of the bath within 0.50 Ce Al
operations of tha preparation oxecspt the last were sarried out in the
same flask; 600 ml, bdeakera were uesd for the preeipitation of the
dithizone, 500 ml., separstory funnels and 600 ml. bsekers were used in
the purification process. 150 ml. pear-shapsd separatory funnels and a
golorimster were used in the progeas of determining the purity of the
product colorimstrically, A round-bottomed melting-point flask and a
thermometer enlibratad to tenths of a degres wers used to determine the
melting pointss All sszples were prepared uaing 5 ml., or B5.458 gn.
of pheaylhydrazine as a standard swount, A technioanl zrade of ohemicals
was used throughout, “herever the use of chloroform is meationed

cardon totrachloride could be used ss well,

PREPARATION OF DIPRENYLTHIOCARBAZIDE
Diphenylthiocarbazide was prepared from phenylhydrazine and
carbon disulfide ascording to ths following reasctions: Ph = O

t
2 PhNENH, + C3z—> (PHRINa )g.CSg ':%3? wm + A

The carbaside was purified by orystallizing from an sleohol-water solution.

As rezards this preparation four main points were atudied.

13
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{A) Proportions of Carbon Disulfide and FPhenylhydrazine

Singe the first reaotion sbove is spontaneous and results ia the
formation of a solid and the evolution of hNeat, it was found that the
carbon disulfide rmust be added very slowly and in excess., 7han the
theoretically required quantity of carbon dieulfide ia added guickly to
a given quantity of phenylhydrazine in sther and the mixture stirred
well, the ensuing resotion {which takes sbhout 5 seccnds to start) is so
spontanecus thet un apprecistle loss of the product results. The beat
results were obtained when the cardon disulfide was added a drop et a
time until some of the solid produst formed, From then on the carbon
disulfide could be edded more rapidly.

For the data of Table I sach seampls econtained 10 ml. of sther to
$ ml. of phenylhydrazine, To insure the strength of the phenylhydrazine-
ether solution, § ml, of phenylhydrasine was added to 1C ml., of ether
just before the sample was used, Table I shows that an exgess of gerbon
disulfide is required to give the best yield of dithizone., Beyond a
oertain excess additional cerbon disulfide does not inorease the yield,
1.93 go or 1,528 ml. of carbon disulfide should reset with 5.4%8 g. or
8.al, of phenylhyirazine, The followiny table shows that 4 ml, or
5.052 ge carbon disulfide per 6 ml. or 5,458 g. phenylhydrazine gave

the maximum yield of dithizone,.



TABLE I

dslation Between iToportion of Carbon Disulfide
and Yield of Dithizons

80, O3, 1.78 3.00 4.00 5.00 6.00
Ee GBB 2,188 3,789 8.0528 8315 7.978
Crams of dithizone prodused
3ample No,
1 1.167 1.941 2.281 2,091 2.233
g 1.383 1.6881 2,115 2,094 2,386
3 1.833 2,085 2.349 2308 2,498
& 1.594 2,203 2,308 1.194 1,233
5 1181 1,052 1.779 1.996 1.824
6 0.940 1.817 1,939 1.789 1,781
? 1,959 £.878 B.437 2,516 2.528
8 1,08 2.408
Averege 1.377 1.954 2,168 1.994 1.9019

{B) Concentration of Fhenylhydrszine in the Zther jolution

There sesms & rosaidility that the first resction might de
slowed down by making the soluticn of phenylhydrmzine in ether more
dilute, thus giving a better yield of dithisone. This, however, is not
the case. 4 series of samples was run. iart of the semples ocontalined
EO ml, other per 5 ml, phenylhydrazine, the remaining part contained
10 ml, ether per B ml, phenylhyirazine. Ho appreciable differenee in

yleld waz caused by ths dilation,

(C) Ewolution of liydrogen Fulfide
Some references give 100-110° as the temperature at which the

hydrogen sulfide should be evolved; others give 90°. Ysnples were heated
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at 90, 95, and 100-110°, Best results were obtained when the tempera-
ture was kept at 90° during the evolution of hydrogen sulfide.
Es Fischer said;

*"Heat until hydrogen sulfide is all svolved and evolution of
emnonia dbegins.”

The author found that using lead scetate paper to test for
hydrogen gulfidesnd red litmus to test for ammonies there was no definite
point where the hydrogen sulfide ceased to be evolved and evolution of
ammonia dbegan. As & matter of faot, ammonia was libderated at times
while the evolution of hylrogen sulfide was atill strong. If one
watches the color of the solid material during the heating, be will
notice that it changes from a yellow to dull green, The best results
were obtained when the heating was stopped just sas som as the last

trace of yellow color had disappeared.

(D) aAddition of Water to Crystalliaze Diphenylthiocarbazide From the
Aleoholie 3olution

To purify the diphenylthiocarbazide the green mass whigh remains
after the avolution of hydrogen sulfide ia dissolved in hot alaeohol.
25 ml, alcohol was required for the size sample used, X, Fischer states
that the carbamide will orystallize ocut whea the alechol eools. The
author found, however, that the orystallization from 95% alecohol is
very slow and ingomplete, The oarbazide iz slightly soluble in the
aloohol. The addition of water hastened the crystallization and in-
areased the yield., This i{s probably due to a lcwering of the golubility
of diphenylthiocarbazide in the aloohol due to the addition of water,
Table II shows how much the yield waas increassed when 20 ml. of water
was added to the solution of the garbazide in 25 ml. of 95% alechol.

In obtaining the date for Table II, the green mass was dissolved in
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25 ml. of hot aleohol, The oarbazide was allowed to crystallize out
for ten hours. The supernstent liquid was thendescanted and 2C ml. of
water was added to it. The diphenylthi ocarbazide was allowed to
orystallize from the water-algohol mixture for sbout five hours. Column
(a) represents the weight of dithizone produced from the first crystal-
lization. Column (b) shows the yield of dithizone produced from the
additional orystals obtained after iho water had been added. The irregu=
larity of the results of Tebls II is probably due to the fact that the
first crystallization in some samples was slower than in others. If
this were true the orystallisation at the end of ths ten hours would

not be as gomplete in some samples as in others, Table II shows that
the average increase in yield due to the addition of water is 26.3¢.

The important fact ias that the orystallization of the carbazide is
hastened and the yield is definitely increased by the use of water at

this point,

TABLE IIX

Inerease in Yield of Dithizone by iddition of Zater to
Crystallize Diphenylthiocarbazide

from Alcohol
Sample Ko. (a) (v)
1 1,506 g. 0,785 g
2 1,488 0.629
3 1,724 0.628
4 1.644 0,461
5 1,238 0,543
6 1,788 C.814
4 1.549 0,172
8 2,033 0.074

Average 1.,6376 0,4304
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There should be a relation between the concentration of water in
the water-aloohol mixture and the yield of dithizone., Table IIX shows
in a rouwgh way the relation dbetween the amount of water added end the
total yield obtained. Xagh sample emtained 25 ml, of aleohol.

TABLE III
Relation Between Amount of iater Used

end Yield of Dithizone

Weight of Dithizone Produced

Sample [NO. 5 ml, HgO 10 ml, g0 20 ml. Hgo

1 2,082 g. 1,831 g. 1,832 g.

2 1.924 1,925 1,918

3 1,992 1,924 1.996

& 2,171 2,087 2,133

5 1.899 8.096 1,888

8 1.897 2,081 1,643

7 1,850 2.157 1,942

8 1.896 1.999 1.788
Average 1.964 8.010 1.854

This tadle shows that 10 ml. of water to 25 ml., of alaechol will
produse the maximum yield, It should be mentioned that the data for
Teble I was obtained using 20 ml. of water to complete the orystal-

lization of the diphenylthiocarbazide.

CXIDATION OF DIPHENYLTNIOCAREBAZIDE TO DIPHENYLTEIOCARBAZONT
Accordingz to Fischer's cutline the dithizone was produced by an
auto~oxidation process in which two molecules of diphenylthiocarbazide

partieipated. One molecule was oxidized to dithizone, the othsr
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reduced to aniline and phenylthiosemicarbazide according to the follow=-
ing equatiaon:

mddedbin s mddgamm i oo

8
This auto-oxidation was accomplished by boiling the carbazide in aleoholic
potassium bydroxide for fifteen minutes. The author used a saturated
solution of alocoholie potassium hydroxide.

Another sohems was tried which consisted of dissolving the carba-
zide in cold alcoholic potagsium hydroxide and adding the calculated
amount of hydrogen peroxide which would be required to oxidize all of
the carbazide to dithizone., If this were feasible the yield of dithi-
zone should be twice as great as that produced by the auto-oxidation.
This oxidation method produced a greater amount of crude dithizme,
but purification showed that the auto-oxidation method produced a
greater amount of pure dithizone. Time did not permit further work
on this point., The author is of the opinion, however, that oxidation
by hydrogen peroxide or soms other oxidizing agent offers a fruitful
field for further investigation, especislly oxidation by hydrogen
peroxide in dilute ammoniacsl solutions. Table IV shows the quantity
of crude and purified dithizme cbtained when each msthod of oxidation

was used,
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TABIR IV
Effeot of Oxidation ¥ethod on

Yield of Dithizone

seight of Dithizone I'rodugsed

Auto-oxidetion H O_ oxidation
crude purified orude purified
1 1.899 g, 1.34 g. 2.63 g. 1.215 g.
£ 1.85 1.408 2,279 0.888
3 2,087 1,27 2.201 0.88
4 2,081 1.38 2,887 0.647
5 1.999 1.32 2.967 1.100
Average 1.963 1.339 2.597 O 94

PURIFICATICN OF THE CRUDE FRCDUCT

Purification by preeipitating dithizone from chloroform by the
edditian of aloohol was found to be inefficient ohiefly becauss
dithizone is slightly soluble in aleohol and appreciably soludble in a
chloroform-alecohol mixture.

The best method of purification is that zZiven by W, Fischer (2B).
The erude dithizone is dissolved in chloroform, the soluticn extracted
with 1:99 or 1:200 ammonium hydroxide, and the ammonia extract
aoidified with either hydrochloric ascid or sulfuric acid., The dithi-
sone is either filtered off or extractsd back into fresh chlaroform.
Fure dithizone may be preserved in a derk bottle diassolved in ohloro-
form, under an aqueous layer of sulfurous scid. The sulfurous acid

prevenis oxidation of the dithizane,

PURITY OF THE PRODUCT
Two msthods of determining the rslative purity of the product

were attempted--melting point and a ¢olorimstriec method.
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Colorimetria method: A sample of dithizoms wsas purified three
times snd teken as arbditrarily 100% pure, From this a standard solution
was made, 25 mg., per liter of chloroform. Chloroform solutions were
made containing 90, 80, 70, 60, 40, and 20 per cent as much pure
dithizone per unit volume as the atandard. An mliquot of each solution
was extracted with an excess of lsad solution in the resence of a
potessium ayanids-zmmonium gitmte solution, The intensity of the
resulting red oclor of the standard solution was measured in a colorimeter
against the intensity of the red eolor of easgh of the mors dilute
solutions. From the data thus obteined a graph wes plotted to show
the relation between the consentration of dithizone i{n the ghloroform
solution and the reading of ths oclorimeter. The curve obtained was
not a linear functien,

An attempt to determine the mlative purity of a erude sample
of dithizone was made as follows: A solution wes made containing 83
mge. of the sampls per liter of chlorofom; an aliguot was extraoted
with exceas leed sclution in the presence of potazsium oysnide-ammonium
citrate solution; the intensity of the red color thus obtmined waa
measured against trat of the standard in the colorimeter; the colori-
meter reading was referred to the graph to determine the per cent of
pure dithizone in the sample.

This method was not applicable to the determinstion of the
purity of samples of crude 4ithizone, There was an interfering color
which prevented socurate msaasurement of the intemeity of the red color
of the load-dithizone complex in chlorofom. The interfering color
was rather yollow and was obtserved also in the green dithizone solution
before tle leed extrasction. This interfering oolor was asswesd to be

dus to soms impurity in the c¢rude dithizcne, 1t was found that if the



crude samples were purified as were those of Tadle IV the interfering
color was removad., This purification was as followas: Dissolve 0.5 g.
impure dithizone in 80 ml. chloroform; extreot with six auccesasive

100 ml. portions of 1:99 ammonium hydroxide; aeidify the ammonium
extraot with dilute hydroohlorie acid (1:4); filter off the precipitated
dithizone, and dry it et 80° C. This purification gave a product which
was suitable for the analytic msthod of dinter and co-workers (7) and
which should be suitable for use in smy method of analysis.

Melting point: Dithizmme was found to have a very psculiar
melting point, when pure, it melts sharply if the temperature is raised
slowly. The temparature at which the melting osours depends upon the
rate at which the tempsrature is rsised as well as upoa the degree of
purity of the compound. PYor example, n sample which melted at 143° when
the temperature was raised one degree in two minutes, beginning three
degrees below the melting point, meltad at 148° when the tonperature
wes reised one degree per minute. Another sample which melted at 141°
when the temperature was mised cune degree in two minutes, trginning
three degrees bslow the melting point, melted at 138° when the temperature
was kept at 130° for about ten minutes end then raised st the rate of
one degree in two minutes, JSamplee which melted at 128°--130° bdefore
purification melted at 144°--146" after they hed been purified once.

All those melting points were taken at the sa=ze rate of heating--one
degree rise in temperature in two minutes. A sample purified three
times nmelited at about 151° at the same rate of heating. Anothor fact
to be noted is that dithizone seeme to deco & pose upon further hsating
after it has melted., A gas iz liderated in the decompoasition.

Samples which were purified as were those of Table IV were

gompared to the product eold by Zastman kodsk Company by taking their



melting points when all were heated at the scme rete {(one degree rise
in tempersture in two minutes}., The results of Table V were thus

obteined,

TABLE ¥
Relative llelting Points of
Purified Samples and of
Eastman's iroduct
Jample No. delting Foint °c

) § 148.1
146.1
144.68
144.9
144.9
143.6
144.8

148

N 0 «w &6 o b u 0

144.8
10 142.6

Eastman's 143

It might be gonoluded that the purified samples listed in Table

V are of a slightly higher grede than the produst sold by Zsstman.

SUMMARY

The experimental work may de summerized as follows:

1. In preparing diphenylthiocarbazide from phenylhydrazine and
ocarbon disulfide, an excess of earbon disulfide is required for best
results. 4 ml. carbon disulfide to 8 ml. phenylhydirazine will givo the

meximum yield.
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2. Best results are obtained when the carbon disulfide is added
very slowly to the ether solution of phenylhydrazine,

3. The yield of dithizone is not incressed by diluting the ether
solution more than 8§ ml. phenylhydrazine to 1C ml. ether,

4. In heating the produsct of the resgtion detween phenylhydrazine

and garbon disulfide to evolve hydrogen sulfide, the best point at
whick to stop the heating i{s the point at which the entire molid masa
becomes a dull green color.

8. In purifying the diphenylthiocarbazide by erystallization
from alcohol, the orystal lization can be hastened and mede more complete
by adding water to the sclution. 10 ml. water for every 25 ml. alcohol
gives the maximum yield of dithizone.

6., The euto=oxidation msthod of oxidizing the diphenylthiccarbdbazide
to dithizone gnve the best yield, Oxidation by soms oxident sush as
hydrogen peroxide offers svery fruitful fleld for further inveatigation,
especially oxidation in elightly emmoniacal solutions with hydrogen
pesroxide.

7. The melting point of dithizone depends greatly upon the rate
of heating as well as upon the purity of the gompound.

8., From 85.488 g. of phenylhydreszine, 1.34 g« of pure dithizone
ocan be prepared. Thie is & 804 yield. This product is shown by melting
point measurements to be of a slightly higher quality than the produst
8014 by the Eastman Xodek Company. The cost of chemisals for the
preparaticn ia approximately $38.00 per pound of dithizome produced.

In calculating this cost it was assumed that 754 of the chloroform used

oould be regovered.
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