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A STUDY OF SULFUR DYES
Part 1

Introduction

In 1861, Troost! performed the first experiments in
sulfur dye tinctorisl chemistry by reducing @ orude mix-
ture of 1:5 and 1:8 di-nitro-naphthalenes with sodium
sulphide and other reducing agents, and obtained coloured
products which gave red, violet, and blue shades on vege-
table fibres.

Croissent =nd BretomniereZ, in 1873, obtained a patent
in which it was shown that very heterogenous collections
of organic materials, when heated with alkali sulphides
and polysulphides, yielded dyes. These meterials, enumer=-
ated in the patent, are mostly products of animel and
vegetable life, waste products of manufacture, etc. Al-
though this pﬁteﬁﬁ‘ﬁfeuaeﬁ~geﬁeral interest at the time,
it was found that only one useful product, Cachon de Lavsl,
a brown dye, prepared by heating together sawdust, sodium
sulphide, and sulfur, wes produced.

In 1893, Vidal® found that certain aromatic nitrogen
compounds were capeble of yielding dyes when heated with
alkali polysulphides. Chiefly among these were the nitrat-
ed products of phenol snd its homologues. This discovery
led others into this field - to produce dyes from pure

1. Jahresbericht (1861); Fr. Pat. 244885
2. Zng. Pat. (1873) 1489

3. Vidal,HeR., DeReP. 84, 632 (1873);
3t. Dennis & Vidal, DeReP. 85330, etce.




coal-tar derivatives, rather than from thevill-defined
meterials outlined in Croissant's and Bretonniere's
patent twenty years before.

In 1897, acyl derivatives of aromatie nitro-amines and
diaminesl were found to give dyes, and this discovery wes
followed by the manufacture of Immedial black from nitro
derivatives of hydroxy-diphenyl-amine. |

The discovery of Immedial pure blue and its homologuses
from di-alkyl-p-amino-p—hydroxy-diphenyljaminesz oceurred
in the year 1900. Two years later, by thionating 2:4 di=-
amine and its acyl derivatives with sulfur slone, yellow,
orange, and brown sulphide dyes were obtained. These pro-
ducts were rendered soluble with soueous sodium sulphide?,
and resembled thiozole colouring matters since they were
formed from aromatic compounds containing methyl snd non-
aromatic substituents.

All colours have been produced with sulfur dyes, except
scarlet =nd bright red. However, it has been shown that
distinet red colours can be obtained by thionating certain
of the red dye stuffs with copper salt84i although thesé
colours are not as fast to light as are:the:brown, blue,
and black sulfur dyes. For this resson, the grestest de-
velopement of the sulphide dye industry has takem plszce
in the production of the latter shades.

1. DeRePe 88748 (1897)
2. DeRePs 134946 (1900)

3. DeR.P. 39430, 144762, 152595
4. DeRePs 126175, 152373, 161462, 177709, 181125




By a patent issued to Weyler and»xivinateinl in 19018,
accenaphthene was utilized and converted into a reddish-~
brown sulphide dye by heating with sulfur at 250 to
300 Centigrade.

The problem of ascertaining the constitution of the
sulphide dyes has been unusually difficult due to the
non-crystallizable nature of these products. A4lso, &
mutual absorption is éaused between the dye and the col-
loidal sulfur. Sulphide dyes, purified from colloidal
and thioxone sulfur, are soluble in agueous sodium sul-
phide but are not fine dyeing prcducts.2

Only with the simplest members of the series of the
sulphide dyes, has it been possible to obtain crystalline
derivatives and to establish a relationship between the
sulphide blues and the colours of the methylene blue
series,

Immedial pure blue® gives a bisulfite compound; while
the yellow and brown sulphide dyes resemble dehydrothio-
toluidine anérprimuline in that they contain the thiazole
groupfqzzii:iiﬁ**<iz:>> , characteristic of the latter
two, and therefore, they are produced in most cases from
compounds containing carbon in tﬁe side chain. The sulfur
of the thiazole ring is introduced by direct interaction

with the organic substance, producing an insoluble coloured

I. Eng. Pat. 124589 (1918)
2. Zanker Chem, 1919, 32, 39
3. D.R.P. 134947




product which becomes soluble by treating'with hot concen-
trated aqueous scdium sulphide. This is brought about by
the introduction of mercaptain groups, SH, into the mole-
cules of the insoluble product, with the result that true
sulphide dyes, soluble in alkali sulphide solution, are
produced.l

Vidal,g in 1905, went further to prove the existence
and function of these SH groups. He attributed the solu-
bility of sulfur dyes in Nay,S to the presence of these
SH groups.

Zeigler,g tried to obtain sulfur dyes with methyl or
methylene derivatives of benzene, but met with no success.
He concluded that the hydrogen atoms in the benzene ring
are very stable toward sulfur. Even mixtures of benzo-
phenone and azobenzene with sulfur are not acted upon by
boiling. Zeigler believed that the replacement of the
benzene hydrogen is due to the presence of a basic group.

Of special interest is the action of sulfur on tol-

4 of the

uidine, and Pfitzinger's and Gattermah*s views
constitution of dehydrothiotoluidine and the primuline
base appear to be correct. Gatterman found that upon
treating p~toluidine with sulfur at high temperatures,

the complex product (Clgﬁigﬁgs}, called dehydrothiox

1. The Chem, of the Sulphide Dyestufis,
Rowe, F. M., J. Soc. Dyers & Colourists, 1917,
2, 33, 3; J. Chem. Soc. Ind. (1905), &3
3. B. 23 2472 - DL
4, J.Soc.Chem, Ind. (1889)275; Gatterman B 22
122-426




tclnidine, and primuline were cbtalned. Gatterman finally
_— ﬂ""C”H

concluded that‘eﬂsﬁ 5— g //, ﬁﬂg(Nﬁg) was the formula

for dehydrothioteluidlne.

Unsaturated oils have been treated with sulfur.® It
was found that both substitution and addition took place,
forming non-dye substances, higher temperatures favoring
the former, and lower temperatures favoring the latter.
Above 440 C combination is prevented bécause of inverse
reaction. Below 215 C there is no combination. DBetween
215 C and 350 C combination is limited.

By 1902 the simplest dyez which had been discovered
was SgCly -N C, and this gave a yellow dye.

e
This was followed by other experiments, one of which was

the heating together of phenol and sulfur chloride to
200 € with the result that a dye was obtained. |

It appears that in all instances sulfur dyes were ob-
tained by heating or fusing various organic substances
with sulfur, alkali sulphides, or mixtures of both. Var-
ious modifications of the processes have been made, such
as boiling an aqueous solution of the organic substance
with alkali sulphides or polysulphides, using catalysts,
and varying temperatures. '

The practical temperature for the preparation of sulfur
dyes was conéluded to be from below 100 C to 300 C, with

the greatest number of reactions taking place below 200 C,.

1. J. Soc, Chem., Ind, XV, 1897, 282
2. D.R.P, 97285, 118701, 129495 198049




A few sulfur dyes have been produced by heating above 300 C. ,
Numerous other experiments were performed in the follow-

ing years in an endeavor to produce sulfur dyes in which -

simpler aromatic compounds could be used, with little success.,

It was found that the simplest aromatic compound which could

be used in the preparation of sulfur dyes Was‘one which

had two or more side chains attached to the benzene ring,

The simplest pure substances used in the preparation of

sulfur dyes appear to be : in the aromatic series, ortho-

arescl,l salicylic acid,z nitro-phenol, toluidines,

and amino-phenols; while in products of animal and veg-

etable origin, snbstances of the type of glucose, an&

waste products of manufacture, give sa?isfactary dyes.

According to theory, sulfur dyes are prepared from aromatic

nitrogen compounds, or compounds containing phenolic groups.
Vidal succeeded in preparing sulfur dyes from simple

pure substances such as p-amino-phenols. Weyler obtained

a sulfur dye from the aromatic hydrocarbon, acenaphthene,

as previously mentioned, by heating with sulfur at 250 C

to 300 C. Anthracene, when fused with sulfur at 300 C,

4

"yields a sulfur vat dye. Ellis™ prepared a sulfur dye

from an oxygenated aromatic hydrocarbon, napthol, by heat-

1. Bovin, ¥; Notiz, chim-ind & 688-90 (1927)
D.R.P, 102897 (1695) —

2. U. S, Pat. 909154 (Jan. 12, 1909)
3. DBadische Anilin Soda Fabrick, D.R.P. 182990 (1906)
4, Ellis, C; U. S. Pat. 1274351, (July 30, 1918)




ing with a solution of sodium sulphide and suifur. Retene,
when fused with sulfur, forms a dye. Binaphthalene~d1—oxide,l
fused with sulfur, also yields & sulfur dyee.

Thus, it appears, as previously mentioned, that«at least
two groups must be attached to the benzene ring for sulfur
dye formetion by all processes, with the above exceptions,
and that, even in the case of cellulose, aromatic substances
are formed. |

Numerous attempts have been made to prepare sulfur dyes
from simple organic substences in an endeavor to determine
the structure of the more complicated commercial dyes.
Eodgsonz has directly sulfonated aniline from 160 C to the
‘boiling point of aniline and obtained & small yield of a
green complex, insoluble in sodium sulphide. Similar re-
sults were obtained by him with o-,m-, and p-chloro-an-
ilines.5

However, by extensive research performed in the Chemis-
try Department of the University of Alabama,4 it was shown
that practically all organic eompounds containing hydrogen
react in the vapor phase with sulfur heated to its fusing
point to form sulfur dyes. 4

The following chapters are devoted to research carried
on by the author, in producing sulfur dyes by causing

benzene in the vapor phase to react with sulfur heated to

~1. Farbenind, L. G., Pr. 653753, {(July 30, 1918]
2, Hodgson, He H., J. SocC. %gers & Colourists
TG Loty

1917
3, Hodgson, H. H., J. Soc. Dyers & Colourists,
| 1z 88-%, 1926

4, Paper to be published.




above 360 C, z2nd also to sulfur snslyses with the Parr
Bomb of various dyes obtained by this process in an en-
deavor to lay the foundation upon which and through which
the formulas of sulfur dyes may be determined in the

fature.




APPARATUS AND PROCHEZDURE
Part 2, Section [

Benzene-Sulfur Dye Production

The apparatus used in performing these experimenﬁs, as
ghown in the aceompanying diagram, consisted of two &ide-
mouthed flasks, one containing 200 grams of sulfur (a),
and the other containing 300 grams of benzene (b), one
glass tube (c¢) of one inch in diameter and szbout three feet
long with a smaller tube (d) bent and fitted into it =nd in-
to the condenser (e), one distilling column (f) which fitted
into it and extended into the benzene flask to sbout one -
half inch from the bottom, one bent glass tube (g) of about
one-gquarter inch in diameter extending about one inch 1qtb
the necks of both flasks with a sm=ll length of tubing (h)
of slightly larger diameter over the end extending into the
sulfur flask and extending below the level of the sulfur; one
thermometer (1),fitted with a glass tube Jacket (J) as pro-
tection, and with its bulb submerged below the level of the
sulfur. v

The entire apparatus was tightly sealed with sodium silie-
ate, and the outlet of (f) was fitted with rubber tubing which
terminated into = thin bent glass tube (k) which ended in a
sealed empty flask (1) installed to asct as s protection a-
gainst hydrogen sulphide gas sucking back into the apparatus,
and from which another thin bent glass tube (m) extended into

a sealed flssk (n) containing lead scetate solution, which in



turn had another glass tube (o) as an outlet leading into a
1000 ce. beaker (p) containing more lead acetate solution.

The experiments were carried on as follows:

The sulfur flask was heated to over 260 Centigrade (above its
fusing point). Then the benzene flask was heated slowly until
vaperization began to take place, and heat was maintained at
that temperature thereafter. The benzene vapors passed through
(g) into the molten sulfur where the reaction took place. Ex-
cess of benzene vapors, together with the hydrogen sulphide
gas resulting from the reaction, passed upward through (c)

and into (d) where the benzene vapors recondensed and dropped
back into the benzene flask, while the hydrogen sulphide gas
passed through outlet of (f) and into the lead acetate solu-
tion, forming lead sulphide.

When no more hydrogen sulphide gas was evolved, the re-
action was considered complete and the material in flask (a)
was removed and pulverized., This was then washed with carbon
bisulphide to remove all free sulfur, and the resultant dye was
carefully dried and put away.

The lead sulphide solution was then filtered and the lead
sulphide carefully washed, dried and weighed. The correspond-
ing amount of hydrogen sulphide evolved during the experiment
was then calculated.

The Carbon bisulphide which was passed through the materi-
al, and containing free sulfur, was then distilled off; and the
residue was added to all free sulfur which had been gathered

from various parts of the apparatus. This was weighed in order
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to determine the exact amount which had entered the reaction.

The remaining benzene was then redistilled to determine
if any other by-products had been formed, with no success., It
was then weighed and deducted from the amount of benzene used
at the beginning, end thus determined the amount which had
either entered the reaction in the formation of the dye or
which had escaped as vapors.

From all these weights, the ratiod of sulfur in hydrogen
sulphide to sulfur in the dye, and the amount of organic sub—
stances used up in the formation of the dye were determined,
Six experiments were completed and the results as obtained
and as calculated are found in Part 111.

The dye samples, in addition to other sulfur dyes obtained
from other organic compounds, were later analyzed for sulfur by

means of the Parr Bomb.
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APPARATUS AND PROCHEEDURE
Part 2, Section 2

Sulfur inalysis

The sample of dye was carefully rewashed with carbon
bisulphide, and then allowed to dry in the electric oven
overnight. Two 0.2 grem portions were weighed snd to each
portion 0.3 gram of benzoic acid, 1.0 gram of potassium
chlorate, and fifteen grams of sodium peroxide were sdded.
These were then stirred and mixed, ground and crushed to
& fine powder, and each of these portions were placed in
fusion cups. |

The Parr Bomb top was then screwed on tightly to one of
the fusion cups, and the bomb with its contents of well
mixed dye end oxidizing agents wass heated over a bunsen
burner until the fusion cup glowed red with heat.

The bomb was then sllowed to cool, the top taken off,
and the fusion cup was placed on its side in a 400 cc.
beaker. A stream of hot water was then directed over the
bomb top, washing off any particles of the materiasl which
might be found thereon, and into the beaker contesining
the fusion cup. More hot water was then added until the
fusion cup wes completely covered. Tﬁis was allowed to
remain until the material had dissolved completely out,and
then washed with s wash bottle. Then the top was removed.

Thirty cc's of hydrochloric scid was then added to the
solution, followed by two more'cc's to make it slightly
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acidic. After the sclution sppeared clear, it was then
filtered in order to remove any foreign matter.

Hot barium chloride solution of about ten percent
strength was then added drop by drop to the acidified
solution, with constant stirring, and with the formation
of a milky precipitate of barium sulphate. An excess of
barium chloride solution was added to insure complete
transformation into barium sulphsate of all sulfur present.

This was then allowed to settle overnight, and then
filtered through ashless filter pesper. The barium sulphate,
left as the residue on the filter paper, was carefully
washed, burned in a crucible, and weighed.

From the molecular weight of barium sulphate, the
amount of sulfur in the barium sulphate obtained was
caleculated, and the percentage of sulfur in the originsl
gample was determined.

The fusion cup conteining the second portion of dye and
oxidizing agents was then put through the same proceedure
in order to offer a check of accuracy. If over 0.5 percent
difference was noted, these figures were discarded and two

new checks of the same sample were run over again.



14

RESULTS OF
BiANZENE SULFUR DYE EXPERIMENTS

Part 3, Section l

Experiment #1

Lenggh of run~------ e L LT 1 hour, 22 minutes.
Results:
Pure dye obtained~--wecca-aa--x —e—————— ~~15.5 grams.

Weight of benzene left and

redistilled free of sulfure-e--eceeeea 264.0 grams.
Weight of sulfur left in tubing=---eee--- 61.0 grams.
Weight of sulfur obtained from

benzene flogKewwme-mccccmanncncccaaaaa. 13.0 grams.
Sulfur obtained after redistilling carbon

bisulphide used to purify éye-—----~-—~95.@ granmns.

Weight of lecd sulphide-=wwwemcccaca mmmemeT4,9 grams.
Weight of lead in lead sulphide=-e=======G4.6 grams.
Weight of sulfur in lead sulphide=======-10,3 grams.

Total weight of sulfur left, plus sulfur

in hydrogen sulphide™®=-=eeec-ccaaeaa--187.% grams.
Sulfur unaccounted for - in dye or error-12.7 grems.
Sulfur at beginninge-e~e~ccmcmcmnvacccene=n 200.0 grams.
Sulfur used up (plue sulfur in PbS)-===--23.0 grams.

¥ --CTombine weights of sulfur left in tubes,
obtained from benzene after distillation,
obtained from dye with CS,, and calculated
in PbS.



15

Weight of redistilled benzene left----- wme=264,0 grams.
Weight of hydrogen evolved in HpSem==me-e==eae 0.603 "
Total weight of benzene sccounted for----=--264.603 "

Unaccounted for benzene ~ in dye, passed
in vapor, in error, or by-products~~=e-=--35,297 grams.
Hydrogen evolved in HpSe=weweencnrcaccccana - 0.603 grams.

Benzene used up =-=-=- e eemems————— wememew==Z6,0 grams.

Total weight of sulfur and benzene unaccounted
for, in dye, error, or by-productS==e=e-=-==48,097 grams.
Less weight of dye obtalnedewew-ececwewa cwem=e=]15.5 gramse.

Weight unaccounted for (Benzene snd sulfur)---32,597 grams.

Proéportion by weight used up for dye or lost in error:

Benzenge===-c===- 36 grams. Sulfur---=-«-=-12.7 grams.
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Experiment #2

Length of rup-~======ax —m—m e ———— ~--4 hours, 21 miputes.
Results:
Pure dye obtegined=-e-cecccccaccaaaa. ~-===-19.2 8rams.

Weight of benzene left and redistilled

free of SUlfuUr===-==-mmeeceeeecsecceaa-261.0 grams.
Wetght of sulfur left in tubing---------=-53,2 grams.
Weight of sulfur obtained from |

benzene flagke-ewecwaaaa-s - ————————— ~—===0,3 grams.
Sulfur obtained after redistilling carbon

bisulphide used to purify dye-~=~=we=-=112.6 grams.

Weight of lead sulphidge==ecemeccecccccca-«80.67 grams.
Weight of lead in lead sulphidee======-w~-<$9,87 grams.
Weight of sulfur in lead sulphidee=evee-- ~10.8 grams.

Total weight of sulfur left, plus sulfur

in hydrogen sulphidge~==ecceccncccecca185,9 grams.
Sulfur unszccounted for - in dye and error-l4.l grams.
Sulfur at beginning =-=-cecerccncmcvaccaa 200.0 grams,
Sulfur used up (plus sulfur in PbS)=e=====23.0 grams.
Weight of redistilled benzene left---««-«261,0 grams.
Weight of hydrogen evolved in HgS-~--------O.675 gramse.
Total weight of benzene sccounted for=---261.675 grams.
Unaccounted for benzene - in dye, passed

in vepor, in error, or by-products =----38.326 grams.

Hydrogen evolved in HgS~=-->=cmcemmececca-" 0.675 gramse
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Benzene used up-=---=- e e LT 39.00 grams.

Total weight of sulfur and benzene unaccounted
for, in dye, error, or by-product8==-==--52.425 grams.
Less weight of dye obteinee-w-wmececccncnens]l9,2 grams.

Weight unaccounted for (Benzene and sulfur)-33.325 grams.

Proportion by weight used up for dye or lost in error:

Benzeng~w=-mmn-wee-39 grams, Sulfur=------l4,l1 grams.
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Zxperiment #3

Length of run--F---------~-~--~—~--é hours, 27 minutes.

Results:
Pure dye obtained=-e-sece--cc-emccamecaccaoa- 17 grams.
Weight of benzene left and redistilled’
free from sulfur-e<----- ——————— “—mememeneas261.0 grams.
Weight of sulfur left in tubing—----- —————— 88340 grams.
Weight of sulfur obtained from
benzene flagkeeww=eceeee- ——————————— —— ~===-=9,1 grams.

Sulfur obteined after redistilling carbon

bisulphide used to purify dyee=w-cwsmccwax 84.5 grams.
Weight of lead sulphifdeeec=mmcccaccccccccaca 75.8 grams.
Weight of lesd in lead sulphide=eee~<-w-- ~-=6D5e2 grams.
Weight of sulfur in lead sulphidg==-~--- «===10.6 gramse.

Total weight of sulfur left, plus sulfur
in hydrogen sulphide==-~=--====--- ——————— 187.2 grams.

Sulfur unsccounted for - in dye or error---~=l12.8 grams.

Sulfur at beginning==--=-~e===- - wmew-w=200,0 grams.
Sulfur used up (plus sulfur in Ebs)~~ ----- -=23.4 grams.
Weight of redistilled benzene left---------261,2 grams.
Weight of hydrogen evolved in'ﬁés--~~‘ ~~~~~ -==0,612 "

Total weight of benzene accounted for-~----261.812 "
Benzene unaccounted for - in dye, passed

in vapor, in error, or by-products-==---- --38.188 "
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Hydrogen evolved in HoS=wewe-e—mwcceceea0,612 grams.

Benzene used up~=--=-===- e mmmmm—eee=38,8 grams.

Totel weight of benzene and sulfur unaccounted
for, in dye, error, or by-products----50.988 grams.
Less weight of dye obtainede-~-w~-ce-vaa 17.0 grams.

Weight unaccounted for (Benzene and sulfur)-32.988 "

Proportion by weight wsed up for dye or lost in error:

Bengenee==-=ww--~ ~=~=38.8 grams. Sulfur-=--~-~12.8 grams.
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Experiment #4

Length of rufi=--==--cemcae e -6 hours, 34 minutes.
Results:
Pure dye obtained~=---- R --23.0 grams.
Weight of benzene left and redistilled
free from sulfure----- - wemmea2B3,42 gramse.
Weight of sulfur left in tubing--------82.0 grams.
Weight of sulfur obtained from
benzene flagke--c~cccrccanancccana-a- -11.4 grams.
Sulfur obtained after redistilliug carbon
bisulphide used to purify dye==e===w-= 7761 grams.
Weight of lead sulphide==---=ew<ceeeaa -84.,4 grams.
Weight of lead in lead sulphide==~-==-= 7361 grams.
Weight of sulfur in lead snlphide~--f—-11.5 grams.

Totel weight of sulfur left, plus sulfur

in hydrogen sulphide~w=wcenceecax ~=-182,0 grams.

Sulfur
Sul fur
Sul fur
Weight
Weight

unaccounted for - in dye or error--18.0 grams.
at beginning-<--==~=ce-- ~==s====200.0 grams.
used up (plus sulfur in PbS)----29.4 grams.
of redistilled benzene left-----253.42 grams.
of hydrogen evolved in HgSew=www-= 0.70 grams.,

Total weight of benzene accounted for--254412 grams.

Unaccounted for benzene - in dye, passed

in vapor, error, or by-groducts-»---~-45.88 grams.

Hydrogen evolved in HpoS==-=ee-me===-- ~==w=0,70 grams.
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Benzene used upe=<-~-==-e-- ————————— --45.58 grams.

Total weight of sulfur and benzene accounted
for, in dye, error, or by-products—=~-- 63.88 grams.
Less weight of dye obteinede=-=ww-ne--a -=23.00 grams.

Weight unaceounted for (benzenme and sulfur)-40.88 "

Proportion by weight used up for dye or lost in error:

Benzene=-=-=== 46.58 grams. Sulfure<--<-- ~=18.0 grams.




Experiment #5

Length of rufte==-=-==--cecccaaa-a --12 hours, 23 minutes.
Resukts:
Pure dye obtained=---==--cmccccannccnana 2l.4 grams.

Weight of benzene left and redistilled
| free from sulfure~ee-c-e-s cemmmemeeew258,0 grams.
Weight of sulfur left in tubing~-é------64.0 grams.
Weight of sulfur obtained from

benzene flagkeewmwccnccccana cmmmmemew=12,0 grams.

Sulfur obtained after redistilling carbon

bisulphide used to purify dge----=--- -97.5 graﬁs.
Weight of lead sulphidge~==~-cecwcccc=a -==-87.0 grams.
Weight of lead in lead sulphide~weeccceca- 75.8 grams.
Weight of sulfur in lesd sulphide-=-~=~=w= 11.2 grams.

Total weight of sulfur left, plus sulfur

in hydrogen sulphide~eecccrccccancccaelBs.? grams.
Sulfur unaccounted for - in dye or error=-1l6.3 grams.
Sulfur a2t beginninge-=-==-- —memme - 200.0 grams.
Sulfur used up (plus Sulfur in PbS)e=----26.5 grams.
Weight of redistilled benzene left=------258.0 grams.
Weight of hydrogen evolved in HoS-=m===e-- ~0.65 grams.
Totel weight of benzene accounted for-¥~258.65 grams.
Benzene unaccounted for - in dye, passed

in vapor, error, or by-productg-------=41,35 grams.

Hydrogen evolved in HpSeemowommm-m-cmoa- --0.65 grams.
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Benzene usefd--====- o o o e - ~—--~-—----------;42.@0 grams.

Total weight of sulfur and benzene unaccounted

for, in dye, error, or by-products~===-====--57,65 grams.
Less weight of dye obtained-----=-mececocmemun 21.40 grams.
Weight unaccounted fOr----------c-e-eee——eowo-36,15 granms.,

Proportion by weight used up for dye or lost in error:

Benzene~-—===m==- 42,0 grams. Sulfure--—==w-=—- 26,5 grams.
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Experiment #6

Length of run=---=e=-cccomcmcccanan. ~e-===37 minutes.

The organic compounds used for this experiment ooheisted
of the benzene and sulfur left from Zxperiment #5. The
purpose of this experiment was to determine whether react-
ion in #5 hsd gone to completion during the length of the
rua, whether certain conditions hed caused the hydrogen
sulphide to cease coming off, or whether formation of dye
continues until either the sulfur or benzene is used up.

Hydrogen sulphide was evolved with the formation of a
further quantity of dye, although the experiment was dis-
continued after thirty-seven minutes, because the apparsatus
became stoppea up with sulfur.

The reaction seemed to progress as smoothly as during
other experiments, except that molten sulfur and vapors
foamed snd swirled madly within the sulfur flask. A rapid
evolution of hydrogen sulphide gas during the time involved
proved conclusively that more dye was being formeaj and
that some influence during HGxperiment #56 - either temper-
ature or pressure - had caused the hydrogen sulphide gas to
cease coming off.

The resultant dye was not considered of sufficient

guantity to purify.
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RZSULTS OF
SULFUR DYX ANALYSIS

Part 3, Section 2

Benzene-Sulfur Dyes.

Sample % Sulfur on % Sulfur on Average
first check second check

Flommmmmeeem - P e et T 63 ¢Pmmmmemmm—————— 63435

R ~===fBelmmmmmmnannfhBrmmmmn e “===-B5.25

HBwsmmm e 64+l mmmmmmmmmmfh s TOmmmm e mmmmmm -=64 .40

Fhmmmmmmm—m e 64 oBmmmmmm L T A 64450

#Dmmmmmmm—— ————— ~66¢Lmmmmmmnana 66e0mmmmmmnnmeea=f6,10

Toluene-8ulfur Dyes.

Flommemm e ~=fBeBmmmmmnmnanfl e ——————— -=63,80
R ~=Blolmmmcmmnn e 64 eDmmmmmmnmnme==fd 30
FEmmmmmm——— e m=nfB o fmmn e cmmmefE I mm e ———— -63.70
e “fRebmmmmmmnmmnnbB b mmmmmmmmm==53,00
#Dmmmmmmmmmc e e nwfl SEmmmmm e a bl (4 e 64450
FOlmmmmmnmmrmmcnneefE Bl mmmmmm e nnfF 9]l e ———mm=B3 .87
Flmmmm—- ————————— B4 Bmmmmmmmmemafl B mmmnmmmme=Bd 4 65
e 64 ¢ Gmmmmmmmm——— Bhobmmmnmmmmm—— ~=6446



Substance vaporized-Colour of

Table # 1

Percent sulfur~ Average

through sulfur solid dye #1
l. Benzene~=-===-- Brick red-=---- 64,60-~~=64,84~-=64,72
2. Nephthalene-==~=-Red~-==w=e-- 71.40~---71,10---71,25
3. Anthracene==——-—=—- Blackish purple-72.91-73.18-~~73,02
4, Dichlorobenzene---Qrange----- 734 90mm==74,11l===74,03
5. Monochlorobenzene-Reddish brown-73,52--72.90~~73.21
6. Furfurale----==-- Bluish black---80,20--80.37--80,28
7. Ethylene~-—-eewe- Bluish black---61,54~-61,15~--61,34
8. Carbolic Acid=-~---Bluish black=-=63,74~-=-64,25~-63.99
9. Benzaldehyde~=--- Bluish bleck---68,51--63.46~-63.48
10. Ethyl Alcohol-~-=(Gray--===-=-==- 10.13~~-9,86---9,84
11. Acetylene======- -Bluish black=-=--68,15--67,85~--68.0
12. Keroseng=e=====e- Bluish black---61.98--61.78--61.88
13. Turpentine----- Greenish black-=--62,64~-62,29~~62,46
14, Diethyl Aniline Bluish black---60,30--60,12--60.21
15, Acetic Acide====-- Bluish black===49.47~-49,61~--49,54
16, Tolueng-==-wew=- Greenish broWwn===63.58==63,99--63,78
17. Aniline---mm=-=-- Green-----m-—=n 58.6---58,0~-=58,3
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Substances Vaporized through Sulfur.

Benzene
Naphthalene
Anthracene
Dichloro-benzene
Monochlorobenzene
Furfural
Ethylene
Carbolie Acid
Benzaldehyde
By~-product Gas
Ethyl Alcohol
Acetylene
Kerosene
Turpentine
Diethyl Aniline
Acetic Acid
Diphenyl

Toluene

Aniline

Table # 2

Toward Redew=

=== Toward Green

Colour on Cotton
and Rayon.

Reddish Brown

2 ] "

W "
i} "
" "

1t "

Brown

Gray
Khaki

34

1

Guneen
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OBSERVATIONS AND DISCUSSION
Pert 4, Section 1

Benzene-Sulfur Dye Production

The best temperature for the reaction to take plaeé was
found to be between 385 to 3956 Centigrade. This was con~
cluded because of the rapid evolution of hydrogen sulphide
gas between these temperatures, and because this evolution
was constant and regular rather than spasmodic as at other
temperatures zbove 360 + No explanation can be offered for
this occurrence.

During the running of the experiments, when the’flame had
been applied to benzene flssks for several minutes, white
vapors were formed inside the flasks. These were concluded to
be benzene vepors. Several moments after these had disgappear-
ed, a heavy oily liguid layer also appeared on top of the ben=-
zene but vanished slowly &s higher temperatures were reached.
These features were especislly noticeable in the longest run,
and were unnoticeable in several of the others.

Sulfur in rhombohedrsl, crystslline form always appeared
in the benzene flasks, during any portion of the experiments
when runs had been temporarily discontinued snd the entire
apparatus and substances hzad been allowed to cool.

A cracking sound was always heard during the running of
the experiments/but had been concluded to be a sign of react-
ion. However, upon careful observation, it was found that

this cracking 1is due to the benzene vapors which have passed



out of the sulfur and into the connecting tube, where they
recondense into the liquid form, and upon dropping back on
the surface of the molten sulfur in beadlike formation, they
are hurled furiously against the sidés of the flasks causing
this peculiar sound. This phenomeha is probably due to the
colder temperature of the condensed benzene and this colder
liquid, upon falling in contact with molten sulfur, is hurled
about mueh the same as a liquid falling upon a red-hot metal.
Benzene must be heated very slowly and must be kept at
constant temperature when vaporization is reached, and the
flame beneath the flask must not be raised too high. The auth-
or has found that if the benzene vapors go into the sulfur
flask too rapidly, they will automatically lower the temper-
ature of the sulfur flask and slow down the reaction. MNore
heat applied to the sulfur flask will not re-establish normal
conditions although the temperature of the sulfur may be rais-
ed to the required point. Conclusions maey be reached that re-
action will take place only when the minimum amount of benzene
vapors possible to be obtained are passéd~through the highly
heated sulfur, and that an excess of these vapors at one tiume
somehow influences production even though equilibrium may be
established inasmuch as the temperatures are concerned. In
addition, a sudden and over-rapid passing of benzene vapors
into the sulfur causes the sulfur to foam and swirl madly and
to rise rapidly into the rest of the apparatus, thus causing
the apparatus to become stopped ﬁp, and a loss of time as well

as of accuracy in obtaining results.
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Immediately upon purification of the dye with carbon bi-
sulphide, observations during the various runs were checked
over and it was found thst the slower and more constant the
benzene vapors had pzssed over into the sulfur flask as
vapor, the redder in colour appeared the solid dye. No ex~
planation ecan be offered for this occurrence. ‘

In Zxperiment #4 a separate glass tube in the sulfur flask,
which fits over the outlét of the tube from the benzene flask,
had dropped off and this was not noticed until after about
thirty minutes. This left the benzene vapors free to fall di-
rectly upon the surface of the sulfur, instead of passing
through it as\ealled for by our prooe?dure. Hydrogen sulphide
gas came off unusuzlly fast during this period, with the
formation of the dye. The run was discontinued about five
minutes later due to =ccidental breskage in the apparatus.
However, I believe that some dye, if not all, forms on the
surface of the sulfur, and this should be a valuable point to
note for any further work to determine whether the dye forms
on the surface of the sulfur by 2 reaction with the sulfur
vapors, or whether the benzene vapors react within the molten
body of sulfur as expected according to our apparatus.

I found it to be an unususlly hard task to keep benzene
vapors coming over very slowly due to the low’boiling point
of this substance. As soon as the benzene vapors come in con-
tact with the sulfur, the sulfur clouds rise rapidly into the

apparatus and solidify against the sides, thus causing it to




32

become stopped up. 4 super heating in an endeavor to melt
this solidified portion avails nothing 2nd only causes s
more rapid clouding of the apperstus.

Experiments #1, #2, #3, and #4 had to be discontinued
because of this occurrence. Experiment #5 wes run until all
hydrogen appeared t0 have been evolved as hydrogen sulphide,
but after the liguid benzene had been redistilled snd the
unusual high amount left had been noted, I decided to at~
tempt a further run with the unused benzene and sulfur, with
favorable results as explained in Experiment #6.

In Experiment #5, a2 yellowish substance of about 0.2 grams
in weight was obtained after the benzene had been redistilled,
and this substance hed 211 the sppearances of sulfur. It was
crushed finely and did not dissolve in carbon bisulphide.
After carbon bisulphide had heen passed through it seversal
times, it appeared a darker colour. An attempt to ignite it
failed, so that its true constitution remsins a mystery be-
cause of the small amount of the product obtained. Further
attempts to obtain the ssme product failed.

During various stages in the running of the experiments,
large hilky semi-sa%id drops sppesred either on the inside of
the benzene flask or directly on the surface of the liguid.
These drops were observed to be formed in every experiment,
and sppeared to rise out of the licuid benzene. In Experi-
ments #1, #2, #3, and #4 an attempt to isolate these drops for

investigation and analysis failed, because the drops appesred




to have vanished by the time the run was discontinued. In
Experiment #5, several of these drops were noted to have
settled on the bottom of the benzene flask, and the benzene
was carefully drawn off and the semi-liguid milky dtops were
studied carefully. These corresponded in 2ll detailsAto the
drops which had been noted forming in other runs, and an
attempt was made to take their melting and freezing points.
The drops failed to flow or roll out of the flask snd rath-
er than to risk washing which might have caused them to &is-
solve, I cracked the flask and gathered each drop s&s care=-
fully as possible, but found, even then, not a sufficient
gquantity for =ny sort of examination, the total being less

than one-tenth of a ¢c.. I 2ssume that this product which was

formed was Diphenyl.
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OBEERV%TIONS AND DISCUSSSiON
Part 4, Section 2

Sulfur 4inslysis

In some of the darkest benzene-sulfur dyes analysed for
sulfur, which were believed to contain more carbon than the
benzene dyes of lighter shades, the slight difference in per=-
centage of sulfur involved was almost unnoticeable.

After carbon bisulphide was passed thraﬁgh~turpentine, di-
ethyl aniline, and furfursl, the last guantity filtered through
the substance sppeared as dark and oily a2s did the first ouant-
ity of carbon bisulphide. Probably a portion of the dye formed
with these substances was & sulfur vat dyé which is soluble in
carbon bisulphide. This would account for the regular dark
colouring of the carbon bisulphide which was filtered through
the substance. Each portion of cerbon bisulphide which was
filtered through these various dyes has been reserved for re-
distillation in an endeavor to determine whether the colouring
product which dissolved in the carbon bisulphide is & sulfur
vat dye or a by~product. At the date of this writing the author
finds himself limited in time and the results of the analysis
of these samples will not be obtained in time to appear in
this paper.

Barium sulphate, after burning, always appeared a slightly
darker shade, and no further amount of heating could cause
this formed precipitate to turn snow’white a8 expected in the
case of barium sulphste. Undoubtedly, this pale white colour

#
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of the precipitate was due to a slight amount of carbon pres-

ent which could not be isolated by ordinary methods.

All samples of dyes of any specific aromatic organic com=-
pound when analysed checked within 2%, which leads me to
conclude that thié slight difference in proportion might be
dwe to different smounts of free carbon, and that the dye
samples of one particular compound are rather constant in
molecular structure, having set percentages of elements.

The Perr Bomb with ignition by flame was found more ac-
curate than the one based on the electrolytiec method, al=~
though slower in proceedure. The Parr Bomb with electrolytie
ignition may gather small particles of the oxidized sample
in the "eyes" of the bomb cover, which hold the fuse wire.
In addition, fusion is not always complete by the electro=-
lytic method, whereas by the flame ignition method the cup
eventually turns red with heat, showing that the contents
have been completely fused. It was found that the fusion cup
becomes red with the reaction of the contents rather than
from the direct épplication of the flame as might be ex-
pected. The high temperature simply serves to ignite the
contents of the fusion cup.

Various formulss for these sulfur dyes are suggested by
their sulfur content. Working under the assumption that the
gulfur atoms assumed two two-chain groups, substituting for
hydrogen in ortho positions on the benzene ring, 2nd having

the formuls as follows: ——s —5 | , I have found that

— 5 X



36

the theoreticsl percentage of sulfur in the benzene-sulfur
dye would be about 62%, about 2% lower in content than de-
termined by the Parr Bomb. In a like manner, aniline with

an assumed formuls ///Nﬂg

would contain 58% sulfur
theoretically, also about 2% less than the dye sctuslly
contains according to the Parr Bomb. The toluene-sulfur dye

as ,//035

NSuSe ,ff
—8=§= | E

, however, would contain still less

than 58% of sulfur, almost 5% less than the sulfur analysis
revealed. The naphthalene-sulfur dye in & similzarly con-
structed formuls would show an unusually low percentage of
sulfur in comparison to the 71% determined with the Parr
Bomb. Assuming thzt four two-z2tom sulfur chsins attatched to
the naphthslene ring in this manner,

-5-8" S~S=-

‘-S~S\ /S-S-

| , bthe

theoretical formula would show’about 5% less than percent-
age actually obtained. If the anthracene-sulfur dye contains

the formula , the theoretical per-

-5-8"
-5=5
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centage of sulfur would appear stillfmnchylower than the
emount found to be therein by analysis. The phenol ~sulfur
dye, in a formuls similai to benzene, aniline, or teluene,
would also show less sulfur theoretically than alresdy de-
termined by the Parr Bomb. Para-dichlorobenzene would be
gtill lower in theoretical percentage. However, assuming
that five sulfur astoms are attached to the benzene ring,
thus:

SSeSe

/S-S-"S

, We find that the following theor-

etical percentages of sulfur in the dye samples would be

correct:
Sample Assumed % of Sulfur Theoretical
Formula (By Parr Bomb{
AN , :
8.3\
Benzene s 65% 67%
_G=8"
CHz
SN .
S‘s\
Toluene 5 64% 64%
_8-87
§H,
S=5~_ ~
Aniline S 60% 62%
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Sample Assumed % of Sulfur Theoretical
- Formula (By Parr Bomb)
—QCH
~§-5 |
Phenol | s 63% 63%
_8-8
3~$-3 S«8«5
Para- S  74% 75%
dichlorobenzene S-S-S . S=5«3
S«8 8-8
Naphthalene 8 8 71% 7 2%
S5-5 3-8
5
5«5
Anthracene 5 5 72% 2%
S-5

According to the above formulas five stoms of sulfur in
e ring attached to ortho position would bring the theoreticszl
percentages of sulfur very close to the actual determinat-
ions, excepte with para-dichlorobenzens where the rings of
sulfur must consist of seven 2toms in order to be consist-
ent with the actual results obtained.

These above formulas sre deducted with the sssumption
that all the elements in the side chain are still intact

and not substitued or having changed to someother position.
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This assumption is based on the fact that an aniline-
sulfur dye, analyzed for nitrogen, revealed a large cont-
ent of that element which proves conclusively that nitro=-
gen is still in the dye, although it might have changed
to some other position on the ringe. I do, nevertheless,
overlook this possible occurrence in order to furnish s
working basis for further research along this line.

Other dyes not mentioned in this discussion and found
listed on Page 26 have not been sn=lyzed up to the date
of the writing of this discussion due to breakasge ineurred
with the Parr Bomb which is csusing necessary delsy in
being replaced. The percentages of sulfur from analysis
have been introduced at a lster date, but due to limited
time in which to present this paper, it has been necessary
to complete this discussion before those results were ob-
tained.

Further attempts have been made in an effort to throw
light upon the actual strustural formula of the benzene-
sulfur dye. I have calculated the exact molecular weight
of the assumed formula for the benzene-sulfur dye,

8-5
S
S5-8 ,
which would contain 160 grams of sulfur, 4 grams of hydro-
gen, and 72 grams of carbon ~ a total weight of 236 grams.
Results of Experiment #4 show that 23 grams of dye were

ohtgined, or about 10% of the assumed formula in molecular
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weight. The sssumed structural formuls, [:J

» Shows

that two grams of hydrogen out of the molecular weight of

“5\
KS-S/

order to make room for the sulfur stoms on the benzene

of the formula were evolved as HpS, thus

\

ring. This shows that 2.016 grams of the moleculer weight
of benzene of 78 grams would be replaced = or about 2.6%
hydrogen would be evolved.‘Aeeording to the weight of dye
obtained Which is 23 grams, the amount of sulfur as deter-
mined by thé Parr Bomb would be 15.44 grams, leaving a bal-
ance of 7.56 grams which representsvthe benzene minus two

atoms of hydrogen for each molecule, thus:

5 “f*
H G~
\\\? « The

weight of the benzene which has entered the reaction:wauld,
therefore, be 7.76 grams. Of this, 2.6% of hydrogen has
been evolved with sulfur as st - or about 0.2 grams of
hydrogen. Results obtained in Experiment #4 show that hydro-
gen calculated to have been evolved in the experiment is
about 0.7 grams, or more than three times as muech as should
be evolved according to the theoretieal formula. Yet, since

setual results show more hydrogen evolved than do the theor-
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etical results we can safely assume that,thé formula shows
a replacement of at least two hydrogen atoms in the benzene
ring. We may reasonably conclude that some product is form-
ed which has been unaccounted for and which has caused an
additional evolﬁtion of hydrogen. In Section I of this
discussion, mention has been made that white oily liquid
drops have appeared during the reaction and that we believe
these to be diphenyl. If so, addition=l hydrogen would be
accounted for.

Furthermore, I conclude that this greater gquantity of
hydrogen evolve& is somewhat due to the eomplexity of the
dye itself, which I believe to exist in such a manner that
other phenyl groups are compelled to give off one or more
hydrogen atoms and sare drawn into the formuls in order to

seal is, as follows : AN
S-SQ-‘

SwBww
X « This would

undoubtedly account for part of the difference in weight

of the hydrogen.

If we assume that the benzene-sulfur dye would have the

following formula
S-S5~

S=5-

, we find that the
difference in the calculated evolution of hydrogen and the

sctual results obtained would be still closer since we
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would find that the caleulated evolution of hydregen for
hydrogen sulphide Qf this assumed formula would be 0.3 grams.

I believe, also, that the greater evolution of hydrogen
calculated from actual resulte is due to a breaking up of
some molecules of benzene during the reaction. This belief
is based on the faet that some samples df the benzene-sulfur
dye contain a greater carbon percentage than'others, the
hydrogen of which must have passed off with éulfur as hydro-
gen sulphide. This excess carbon content im some samples,
a8 previously mentioned, has been found to be due to rapid
heating during the experiment, and we may well assume that
rapid heating will break up some of the benzene rings and
probably cause the formation of some intermediate compound
or'compounds.

Another point to observe in this discussion, and by far
the most important, is that for each atom of sulfur which
is evolved for hydrogen sulphide, one atom enters the dye.
These results were calculated sccurately from the experi-
ments and the similar result which appeared throughout all
the experiments, lead me to believe that they are corrscte.

If we assume this to be so, then the following reaction

would appear correct: ,
+ 83-———"7~> S-S4~ 4HoS5.
S5-8
This brings on further confusion and complications since
eight hydrogen atoms must be evolved in order to combine

with the four sulfurs which are given off as the other four
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sulfur stoms attach to the ring in chain formation. Sincé
the benzene ring contains only six atoms of hydrogen and
since only two hydrogen atoms can be substituted in the
benzene molecule which enters the dye forﬁation, it must
be necessary to obtain this extrs hydrogen necessary from
enother benzene molecule which does not enter the reaction.
I conelude that only two hydrogen atoms can be replaced
because of the fact that other sromatic organic compounds
containing two side chains or groups of atoms, the two hydro-
gen s2toms on each side of the ring must be replaced by sul-
fur, thus: Ccl
5=-8 S-8
S=3 S5

c1 , in order that the sulfur cal-
culated theoreticelly in such 2 molecule would be equivalent‘
in weight to the weight determined by the Parr Bomb. Benzene,
then, would only have two hydrogens on one side of the ring
replaced since the weight of in its molecule is zbout one-
half the weight of the sulfur in the par-dichlorobenzene=-
sulfur dye me%agﬁle.

Therefore,zi’believe that one benzene ring breaks up
entirely, releasing all its hydrogen atoms, in order to furn-
ish the necessary hydrogens to combine with the sulfur‘atoms
which must come off, according to the results obtained, as

the equivalent number of sulfur atoms react with a second

benzene ringy as follows:
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S~8
Jes
‘ +  4HgS

+ 6C

This would =lso show that the total weight of hydrogen
evolved for the formation of 23 grams of‘dye would be 0.8
grams, which is more in =ccordance with sctual results
obtained.

Since I had alresdy stated aarlier‘in this discussion
that some benzene rings must bresk up, this latter theory
cannot be said to work in total opposition to the former.
The only difference would be that with the latter theory,
four atoms of sulfur attach to the ring, whereas the form-
er theory of five sulfur stoms a2ttaching to the Eenzene
ring would bear closer relationship to the actusl results
obtained.

© Yet, what has happened to the carbon ztoms evolved if
some of the benzene rings have’broken up? A slight percent-
age is noticeable in some dyes, but this weight would be
insignifiecant if compared with the weight of the carbous
which should be given off. By-produects might have been
formed which passed unobserved snd which must have been
evolved in a gaseous state through the lesd acetate solut-

ion. It appears that some earion bisulphide should have been
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formed since free carbon is sssumed t§ have been present
and since a great amount of sulfur was unaceounted for in
the experiments, but no trace of this could be found.

The simplicity of the benzene-sulfur dye may réadily be
appreciated since it is produced with the simplest‘aromatic
organic compound, and the element sulfur. Therefore, only
the elements carbon, hydrogen, and sulfur can exist in the
dye. Even though other‘elements, which can exist in the at-
mosPhére, might be present in the tubes or flasks of the
apparatus before sealing, their weight would be insigni-
ficant if it were possible for them to be present, snd
they could not enter the resction.

All research which I have carried on this year along this
line proves conclusively that the true structural formulas
of these dyes may be determined in the near future. The
complexity of the molecule itself might be due to the facet

that the structure exists in a polyméric gstate, as follows:

§-5-
SeS=b- | X

Dyes produced with the aliphatics as reactant substances
with sulfur have lent no 2id toward the solution of formulss,
and these have been ignored in this discussion because no
relationship was found to exist bétween the members of the
series, and thst the injection of even one sulfur in the |
lower members of this series would show a greater percent-

age theoretically than was determined by the Parr Bomb.
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Probably, two or more molecules combine with a sulfur atom,
but to discuss such a theory in this paper would be out of

order.
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CONCLUSION
Part 5

The Study of Sulfur Dyes presents a confused, yet int-
eresting field. Until the discovery that sulfur combines
with a1l organic compounds in the vapor phase to form dyes,
attempt after attempt has been made in an effort to produce
’sulfur dyes with simpler orgsnic substances but to no avail.
The only materials which could be used were waste products
of manufscture or arometie argania’substanéeszgontaining
at least two side chains or groups‘of atoms attached to the
benzene ring.

With this latest discovery & new field in Chemistry has
- been opened. The simplest aromatic and the simplest ali-
phatic organic compounds in the vapor phase are‘feund to
give dyes when caused to rezct with molten sulfur.

The greatest necessity in producing these dyes on & com-
meréial scale must be the construction of an apparatus which
will prevent the sulfur from clouding in the tubes, since
‘:ﬁhis clouding stops up the spparstus and hinders true pro-
duction.

We find, also, that dyes’produced by this process are
mostly of darker shades as noted on Page 27, and that dyes
produced from organic compounds which have gsimpler formulas
ghow a dull finish, whereas more complex crganic compounds
reveal 2 lustre.

Many intermediste products are being produced by this
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process. Even in the czse of the benzéne-sulfur dye; I
have found that certain indications point strongly to the
formation of intermediate compounds which probably might
be drawn off with the proper apparatus. These prodﬁets will
help to facilitate an understanding of just how these dyes
are formed.

The economy with which these dyes may be produced, =nd
the constant colour obtainea, sre two important factors to
be considered. Heretofore, most sulfur dyes have been pro-
duced by heating together sulfur end weste products of man-
ufecture with the result thet an exsct shade or colour
could never be depended upon. Most dyee which are being
produced, where colour is regular, are expensive. The dyes
produced by this vapor phase method are regular in éolour,
economical, and adhere satisfactorily to fabries.

I have discussed in a very generalvmanner all possible
formations for these dyes. Many of the formulas which I
have assumed and presented seem irregular, and some theories
‘might be found to conflict with others. However, since it
\will be noted that one theory,wiil fit'in with some actual
results obtained, while another will fir in with other re-
sults, I e¢an reach no definite conclusion. All the material
presented herein has been done with the hope of enlightening
others in this field, which must be explored carefully, but

which will not be without its rewards.

THS END
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