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IETROTUCTION

Tor the past two years, the Ingineering Experiment Ststion of
DHklehoms Agriculbural sznd Hechanical {ollege has sponsored s project
on the identificntiorn of peiroleum compounds by mezns of their ultra-
violet absorption spsctra, Hesearch has mlresdy been completed by
Cole (6), on the ultra-violet ebsorption of erude snd topped petrole
euns, snd Fitacek (30), on some aromstic comstituents comsonly pProge-
ent in crude oil, These studies have revealed the possibilities of
thiz method of snmelysis for determining origin and composition of
erude oil and ths warious products which are yroduced from it. The
results obtained seemed slsc to incicate the posszibility of using
ultra-viclet absorption &s & tool in determining the efiicisncey of
tha wvarious raefining and treating processes used in the manufecture
of these preducts,

Since the ocourrence of sulfur in wveriocus forms in cruds and
rafined petroleums iz & vroblem of mejor eoncern $o the refiner and
user of petroleun products, methods of snalysis for elemental sulfur
and its compounde in petroleum must bs had which are simple and ne-
curate. Although there are many inclusive tests for sulfur compounds
{the "doctortest, copper strip test, snd others) no practicable
method éf analysis for the specific compounds exists.

It was, acecordingly, decided to study some of the more commonly
occurring sulfur compounis ifrom the stendpoint of thelr ultra-violet
absorption spectra in an attempt to work out & method by which indie

viduel sullur compounds could be identified gunlitetively, and, if



posgible, guantitatively.

The presence of both elemental sulfur and hydrogen sulfide has
been confirmed by a number ol workers. The followlng compounds have
been definitely identified as oceurring in varicus crudes: isce
propyl, isobutyl, ethyl, and isosmyl mercaptans (2), methyl mercap-
tan {25), nethyl, ethyl, ethyleamyl, n-propyl, n~butyl, isobutyl,
amyl, sné hexyl sulfides (26), methyl-ethyl, methyl-propyl, end di-
phenylens sulfides (24)., Amy} mercaptan and secondary-hexyl mercap=-
tan have been identified in a 113-155° eut from a Jupanese shale oil
{21), while methyl sulfide =nd ethyl mereaptan ars found in e out
boiling below 40°. There kes slso been found oyelic sulfides (26),
tetra~ and penta-methylene sulifides (40}, and, smong heterocyelic
compounds, thlophens and substituted thiophenes (5, 7, 14, 32, 34,
38). ¥llis (12) also stetes that most of the simpler organic sul-
far sonpounds have been found in petroleums. In addition to the
types mentioned above, he adds the disulfides and other'palysulfidea.

Merceptans, sccording to Halisoff (27), are pressnt in petrol-
sum in sueh proportions that if all of them were recoversd, 150 to
200 %ons per day of this class of compound alons would be availeble
for chemical purposes, Host "sweetening" processes change the mere
captans to disulfides, which sre less oifensive in odor and much
less corrosive then the corresponding mercaptans. Some treating
processss also producs sulfides (thio-sthers) and nixtures of
nolysulfides, which are found in the products. %The thermml decom-
zesition, during crecking or distillation, of sulfur compounds
also acecunts Yer the presence of some polysulfides and sulfides.

Thage elasses of sulfur ecompounds make up a major portion of the



sulfur content of any finished yefinery nroducts.

Bince the lower aliphatic mercaptans, sulfides, snd 4i- aud poly-
sulfides nre cormonly found in erudes nmd distillates, and ars easy
fo synthesize, thev were chosan as the first to be studied in this
research. It was decided thet ss wany as possible of the first five
normal-alkyl sulfur compounds (methyl, ethyl, n-propyl, a~-butyl, and
r~amyl moreuptans, sulfides, snd disulfides) would be synthesized
and studied. This selected list was later narrowed down to the
ethyl and nebutyl compounds.

Thir research wes aimed tc secure ultrs-viclet absorpticn specw
tra of the selected compounds from st least two samples esch, made
if possibtle by entirely different methods, so that fulse bands due
to possible impurities in the samples examined could be detected Ly
the proecess of sliminction. Appropriate synthetie methods were o
be selected, and the equipment for purifieation designed where not

available.



APPARATUS

To reduce the chances of contaminetion of the samples prepared
for spectroscoplo smalysis, it wes decided that, whersver possible,
81l resotions end purifications would bs done in all-glass apparat-
ug, and thet, wherever rubber eonuections had to be m=ade, they would
be made with tubing or stoppers which had been thoroughly boiled in
strong sodium hydroxide solution and washed with distilled water.
Ho lubricant was used on the ground joints; on the stopcocks, where
seme lubrication wes necessary to insure smooth operation, powdered
graphite was used as a lubricating medium,.

The following units of apparatus were assembled for this works

I. Reaction apparabtus for synthesis,

II. Rough distillation apparatus.

I1iX. Precision fractionator,

I¥. Absorption cells,

V. Spectrograph snd aceessories,

Vi. Comparator,

I. Reaction apparstus,

The resction apparsbus first used was mede up of a 1 liter
round bottom Pyrex flask to which had been sealed a #19/38 Pyrex
ground jointe This flesk was coonectsd with a 60 ems plain reflux
condsnser with a ground joint at the top, %o whiech wes connected a
fume line ruwrming bo the hood. Vihen the nesd for stirring of the re-

action mixture became apparant through low yislds and the occurrence



of violent bumping of the liquid when refluxing, an all-glass Grignard
apparatus was converted to this use. It consisted of a 1 liter three-
necked Pyrex flask provided with ground joints. One side joint was
occupied by a dropping fummel with sealed-in fume outlet, controlled
by a stopeoeck; the other carried a 30 om., five bulb Allihn type re-
flux condenser, The Allihn condenser was later replaced with a 40
om. West condenser with #19/858 ground joints. The West condenser was
connected by means of a U-tube and ground joints to a trap cooled in
dry ice-acetone, and thence to the hood, The center joint was
provided with an all glass, mercury sealed motor stirrer. This

was made in the usual manner by sealing an imner tube into the male
joint to make the mercury trough necessary for the mercury seal.

The stirrer was made by sealing a piece of Pyrex capillary tubing
through the bottom of & test tube which dipped into the mercury and
sealed the vessel from the air. The stirrer was bent at the

bottom at an obtuse angle which would just pass in through the ground
joint; its length was so adjusted that the bent portion of the
stirrer was always submerged. The stirrer was connected by means

of a flexible rubber tube to a reduction pulley drivem by a 220

volt, fractional horsepower electric motor. In case of an obstrue-
tion in the path of the stirrer, the flexible rubber tube would

give first, saving the stirrer from breakage and giving notice

that something was wrong. The outer cup of the stirrer was

comented in the closely fitting inner race of a ball-bearing which
was held in e universal jaw clamp. This held the stirrer so that

it ran true and without vibration even at its highest speeds.



The reducticn pulleys available made the speed of the stirrer
slighily over 100 r. p. me Although alle-;lass stirring apperatuses
are notatly frapile, thie one wae usad for over g year and a half
without breskaje. It was only necessary to line the stirrer up
carefully at the beginrning of a& run.

As an accessory to the resction apparatus, it was necessory to

set up & train for the purifieation of the hydrogen sulfide used in
the preparstien of sodium acid sulfide. AL first, hydrogen sul ide
vine wmde by the intersection of hydrochloric acid and sodium sulfide;
whan thisr method oroved too expsnsive and incorrenient, hydrogen
sulfide from & tank was used and passed through s train containing
the following waits: tube contmining iodine suspended on {ilter
agtestos, %o rewove phosphine snd ersine ( 9, 10, 11, 28, 268 ) ;
a frechsel gae washing bottle coutaining saturated agueous sodium
sulfide solution to rewove euntreained iodine; snother ftube conteine
ing ealeiwn chloride or Irierils; and finally s safety Lottle to
pusrd ag&ins% iack Llow of the resction mizture. Connections were
mwade of glass Lubing luvsofar as possille, any necessery ruiter

hydroxide be.ore use. “he

lodize and hydrocen suliflde in the systen evidently reacted

with the stopporsy for, aiter & short time, ihey tecame kard

snd oracked. Yo aveid thisg, the spparatug was ressserbled,

substituting bigh-{orm irecheel pas washing %“ottles with ground

oints Tor the drying tubes previously used, and making comec-—

.
“t
ut

tiens by sleeving Lutb-jointed glass bubes with rubbeor tubing.

Ye trouble was ezperienced with lsakege from this apparatus,
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It was provided with Pyrex stopcocks between units so that the
system could be completely closed when net in use. In this
manner, once the system was flushed with gas, no contamination was
possible. Ey means of the needle valve on the tank, the pressure
of the gas was regulated until 2 or 3 bubbles per second flowed

through the sodium sulfide solution.

II. Rough Distillation Apparatus.

The apparatus is shown in Figure 7. It included the dis-~
tilling flask, of which three sizes were used-- a l-liter, a
500 ml., and a 125 ml. Pyrex flask, each provided with a #19/58
ground joint, The small flask was provided with a #14/35 side
joint for refilling. The stillhead was a plain Pyrex tube 16 em.
long, to which a side arm was sealed at a downward angle. A
ground joint connected the sidearm to an ordinary water-cooled
condenser, and another joint connected the bottom of the condenser
to the receiver, The receiver was made of a 125 ml. distilling
flask which was provided with a three-way, 2mm. Pyrex stopcock
sealed on as shown, One of the outer arms led to & fume line;
the other was left unoccupied for emptying the flask. When it
was desired to take a fraction, the receiver was rotated on its
Joint until the stopcock pointed downward, and the stopcock plug
was turned so that the contents drained into a sample bottle
through the open arm; the receiver was then returned to its
normal position as shown and the stopcock plug turned so that

the receiver was connected with the fume line, It was found
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unnevessary to interrupt distilleticn while a fraction was beling
repcved; indesd, the pressure of the system served to force the
liguid out. The tep of the stillhead was provided with a senledw
in mercory well for the thermometer, as shovm. Althoush thie
spneratus was intended for rough 2istilletion, 1t gave s surprising
dagree of {rectionstion whem run slowly. The vse of a olosed
system wags nede necessary both by the offensive odor of the come
pounds beling studied, and by the desire to sxclude as ruch ajr

as poeaible from the system. Piseos of porous clay plate wers
veed to reduee Lumping in this spparatus. The flnsk was heeted

with & gos burner.

11T. Precision Fractionator.

The column (Fig. §) and stillpot of this spparatus were the
seme as used by Yitacek (30). Owing to the unsatisfactory performe
ance of the old stillhead in several respecte, the column w's
completely rabullt from the top of the packed section. 7The old
stillhend provided no opportunity for operation at totel reflux
and no way to eontrol the reflux ratic obther than by the cold
Yinger arrangenent formerly used. Tests hed shown the desirability
of operating under complete reilux wntil the column had come to
egquilibriw:, in order that the naxinum enrichrment end seperation
could be secured; for the same rsa&scn, and to give more flexi-
Lility in operation, it was found desirable to bte able to contrel
the withdrawal of the product sccurately. A search of the

litercture (4, 8, 18, 18, 25, 29, 37, 89) failing to produce any



one stillhead which completely fulfilled these requirements and
was simple of operation, the stillhn.d shown in deteil in Fig. ¢
and Fig. 6 was designed and built, The stillheads shown in the
literature which permitted veriable tekeoff of product all seemed
to give an objectiomably high holdup of 1liguid and consequent lag
in composition change. This was reduced to & minimum in this case
by making the side arm slant up and by making the downward bend in
the side arm on the outside of the stopcock close to the barrel so
as to provide & minimum space for entrapped liquid. The ideal
arrengement, of course, would be to have the cutside arm sealed on
to the stopcock barrel at an angle below the horiszontal, so that
no space at all existed to cateh liquid. This was impossible,
since the apparatus was assembled from standard parts, The stillhead
was connected to the top of the column and the side arm lesding to
the condenser end receiver with ground joints, as shown in Fig. 4.
The column was filled with glass helices as in Mitacek's work. Its
operation was as follows: with the stopcock closed, all the vapors
passed either directly to the condenser or around past the thermom=
etor bulb, over the "bridge"™ and to the condenser. When it was
desirable to take off product, the stopcock plug was turned so as
to conneet the stillhead with the side arm. The vapor stream was
then divided into two parts--one going to the condenser, and one

to the side arm, the relative amounts varying with the stopcock
setting. The other arm of the stopcock wa: connected with a source

of ::l.ti:rogﬂl..:l so that the side arm could be [lushed out each time

The nitrogen used to flush out the column was purified by passing
through a cuprous chloride scolution and a drying btulb.
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a fraction was taken, The trap on the top of the condenser was
arranged so that particles of rutber, ete,, from the fume line _
could not fall inte the column. The thermometer dome was provided
with a sealed-in platinum wire hook and was adjusted so that the
thermometer bulb hung at the level of the side arm, so as to register
the proper temperature. Two highly accurate thermometers covering
the range of C © tc 100° and 100° to 200° were used with this appara-
tus. These thermometers were gradusted in divisions of 0.1° and were
calibrated by the National “ureau of Standards. With these ther-
mometers and operation of the colummn at total reflux, the column is
in effect & boiling point apparatus, and was used as such. The re-
mainder of the diagram is self-explanatory. For receivers 200 ml.
extraction flasks with B ground joints were used. The receivers

were connected to the fume went through the stopcock az shown,.
IV. Absorption Cells

Preliminary work showed that a thin layer of liquid would bLe
sufficient to produce all the absorption needed for this study. The
first absorption cell was made of a 1 cm. length of Pyrex tubing 26
mn, in outside diameter (see Fig. 5) ground flat on both ends, and
with a quertz window cemented on one end with crystal clear Testor's
Coment, This cell was filled with the liquid to be tested until it
overflowed, and the other quartz window was laid carefully on the
other end of the cell so that no air bubbles were entrapped. This
layer of liquid proved to be too thick, so the second liquid cell

was made by drilling & 1.47 em. hole in a discarded photographie
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plate from which the emulsion had been removed. A quartz window
was cemented on one side with Testor's cement, and the other window
pressed inte contact with the other side of the plate after the
cell had been filled, It was necessary to clean the rim of the cell
and the window carefully to secure a close fit, These precautions
were made necessary by the smell quantity of liguid the cell con-
tained (0.16 ml.) and the volatility of the hexane used to dilute
the samples for study. FEven this thin layer of liguid (1 mm.)

did not always give satisfactory results, so the vepor cell shown
in Fig. 3 was constructed from a 61 cm. length of 25 mm. Pyrex
tubing, ground flat on toth ends and with guartz windows cemented
on (oth ends. It was provided with two capped ground jecints, as
shown to facilitate flushing with nitrogen, inserting samples, and

cleaning.

V. Spectrograph and Accessories

The spectrograph setup used in this research is found in Fig,
1 and Fig. 2. The spectrograph was a Hilger E37 instrument, with
quartz system, 60° Cornu prism, adjustable slit and Eartmen dia-
phragm. 7The source of ultra-violet light was & hydrogen discharge
tube similar to that used by Mitacek (30) with the exception that
a smaller reservoir bulb was used to increase ease of flushing air
from the tube, and traps were introduced to reduce spraying of the
window with aluminum dust, The Leam of 1ight passed through a 45°
fused quarte prism (which directed the light upward), the liguid

cell in its holder, a second 48° quartz prism, and finally through
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& quartz lens which focused the beam of light on the spectrograph
slit. The entire path of the beam of light was enclosed in a card-
board jacket from the discharge tube to the speetrograph; and provi=-
sion was made for passing nitrogen gas inte this jacket mand Ilnto the
spectrograph to displace the air. This precaution was made neces-
sary by the fact that air ebsorbs selectively in the ultra-violet
below about 2100 l, while nitrogen does not. When the vapor cell
was used, it was placed in the beam of light between the lens and
the portion of the jacket surrounding the spectrograph slit; since
it was filled with nitrogen and the wapor of the samples, it was not
necessary to enclose it in a jacket. The discharge tube was wired
as shown in Fig. 2; the power source was two 0.5 K.V.A.,, 1600 volt
transformers wired in parallel in the primery, and in perallel in
the secondary. The discharge tube was placed in series with a
series-perallel combination of four 3000 ohm resistors having an
effective resistance of 3000 ohms and a capacity of aoo watts. An
axmmeter in the primery circuit served as an indieator of operating
conditions within the tube. A standard aluminum spark was supplied
by two aluminum elestrodes which could be swung into line in the
position shown, in a fixed position. A special switch changed the
secondary wiring for the aluminum spark to throw the transformer sec-
ondaries in series and to place the electrodes in series with an
18000 ohm resistance. In order to increase the intensity of the
spark, the spark gap was wired in parallel with two condensers, each
of which was made of a 2 liter Pyrex beaker covered inside and out

with tinfoil.
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Vi. Comparstor.

The plotes wers messured srcd calibrated mith the sid of &
Caeriner nicro-comparsbor capable of resding with an acsurscy of

T 3.,0001 inch.
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MATERIALS

The reagents used in synthesizing the compounds were all of
analytical reagent quality unless otherwise noted.

The hexanes used to dilute the standards were purified by the
modification of the method of Castille and Henri, reported by Mitacek
(30).

Eastman Spectroscopic plates, type 1«0, ultra-violet sensitized
and backed, emulsion mumber 112,939, were used as negative material.
These plates were developed in Eastmen formula D-72, diluted 1l:l,
for 3 minutes at 68° F.

Fastman Kodak samples used as check standards were all of the
highest purity supplied. Their methods of preparation were ascer-
tained from the Easiman Kodak laboratories.
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EXPERIMENTAL PROCEI'URE
1. Synthetiec Methods

It was decided that two different procedures would be used in
all ceses, end, where possible, three procedures. Eastmsn Kodak
reagents were to be used for one sample, and the synthetic method
to be used was selected so as to be different insofar as possible,
from the methods used in preparing the Fastman Kodak materials.

The compounds finally synthesized were n-butyl mercapten, sulfide,
and disulfide, and ethyl mercapten, sulfide, and disulfide,.

The literature revealed & number of methods of preparation, Of
these, that apparently the most used wns the methed of Ellis and
Reid (13) for the making of mercaptans by the intersetion of an al-
ecoholie solution of KSH (prepered by saturating an alecholie XOH

solution with Hy8) with en alkyl halide or sulfate.
Ko + HaS —> KSH + H,o

RX + KSH —¥» RSH+ KX
This seme method may be modified (3) by the substitution of XS

for KSH, in which case the sulfide is produced, or by the substitu-
tion of lzs or NagS with the theoretical amount of sulfur added, in

order to meke the disulfide. The K,8 may be either reagent grade
2RX + K,S —»= R.S5+ 2KX

2B KPS RES, 2 KX
K28 dissolved in 95% alcohol, or may be prepared by the reaction of

K8H, prepared as above (by the saturation of KOH solution with HzS)
and an equal portion of KOH., The latter procedure is that recommen~

ded by Organic Syntheses and should give purer material. Samples of



C. P, or snalytieal reagent Ko& and NagS are generally not so good
as samples of the solution prepared from reagent grade KOH or NaOF
and purified HgS.

The above method is eapable of much modifieation. The substitu-
tion of an alkyl ehloride or iodide for the bromide is possible, and,
in some cases, alkyl sulfonates or alkyl sulfates may be used as the
elkylating agent, Sodium or potassium salts are generally used to
supply the =8E or S- groups. Gray and Gutekunst (17) have pre-
pared n-butyl sulfide by the sulfation of butyl alecohol and subse-
quent treatment with sodium sulfide in aqueous solution. Other work-
ers (13, 22) heve substituted dimethyl sulfate snd diethyl sulfate
in the preparation of methyl and ethyl compoun: ; with this excep-
tion, the alkyl bromides and iodides are the most used. The iodides
are scmewhet more expensive than the bromides, and, moreover, a
supply of student preparations of the klkyl bromides was available.
These were purified and used as raw Illtirilli in the case of the
butyl compounds. For the ethyl compounds, ethyl bromide wes first
used but yi 13y were so poor that it was found necessary to use
Fastman Kodak diethyl sulfate as the reagent in this case.

In an attempt to find a usable third method for making mercep-
tens in addition to the one just outlined and that used by the East-
man Kodak Company, the catalytiec method of Gilfillan (16) wes tried.
This consists in the reaction of CSp or HpS at elevated tempera-
tures (500°=400°) over catalysts composed of tungsten, titanium or

thorium oxides suspended on asbestos. The use of CEp was considered

_ 330, Rey+ Hio
ROH + H:% Tho, R 2
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undesirable becsuse this mmterial as an impurity woulé interfere
with the absorption spectras of the other compounds being analyzed
for. The method was applied, therefore, by passing Hy8 into boiling
n-tutyl aleokol (8 techniecal grade, redistilled) in such proportion
that an equimolar mixture of wvapors resulted, and passing the vapors
over & thorium oxide-sstestos catalyst (18) heated to 350° C. in an
electric tube furneece. The resulting vepors were condensed and
coocled in & closed receiver, and were then fractionated. Poor
yields of mercaptan were secured by this method, eas nearly 90% of
the sloohol came through unreacted. Varistions of temperature, con-
centration of catalyst, and rate of throughput fsiled to better the
yields so this methed was disearded.

Backer and Stienstra (1) propose the alkyletion (methylationm)
of thiourea and decompesition of the resulting salt of Semethyl iso-

thiourea by refluxing with aqueous sodium hydrocd%?
S=zC(NH), + RS0 —— 3 H.S0,

HN=¢ \:J:e‘ FYan 2> ZH;NQNJ + RSMa

A small sample of n-butyl mercapten was made by this method, bdut the
butylation of the thiourea did not proceed readily. This method was
uged on n~butyl mereaptan only as & trial; it probably would have
had more chance of success with ethyl merceptan.

At this stage, 1t wus decided that only two checks would be
run on each compound,

The chosen method, then, for the butyl compounds was the inter-
sction of XSH, K28 or K28z with n-butyl bromide which had been re-
distilled from all-glass apparatus once. lLater, to ssve time by

avoiding the intermediate step of the preparation of KSH, reagent
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grade sodlum sulfide wes used in the preparsticn of the szulfide and
disul ide, ¥or the ethyl compounds, X8I snd ¥a,8 or haﬁg were used.

The procedure wac as follows: for the merceptans, 2 moles of
reagent srade KOF wers discived in 500 ml. o6¥ ethyl aleohel, ond
the resulting solution satursted with gurifiad‘H S. Batvretion usu-
ally took slece in stvout six hours, as detormined by the pain in
weisht of the resction mizture. The mixiturs was then placed in the
X neek, 1 liter flask of the reaction apparatus. {Ses Apvarstus).
The electric heater was turnsd on, snd 1,5 moles of bubyl bromide
or ethyl sulfate were placed in the drooping funnel. &£s soon es the
mixture wes werm (70°) stirring wes commenced and the éropwise add-
ition of the tromide commenced. The rate of addition was sveh that
the mizture Larely refluxed. Vhen the tromide had 21l been added,
the stirrer was shut off and the mixture relluxed for three to four
hours. In some cases, owing to the volumincus precipitete of pote
'assinm bromide, it was nocessary to conbtinue stirring throughout the
refluxing, to svoeid dengersus bumping. The mixbture wes then allowad
to cool. The resction mixture was made [sintly acid with 6N EC1 and
the upper layer of mercapten separated., This layer wes dried over
axhyirous Ne 830, end distilled through o plein all-zlass stillhend
in o clesed system (Fig. 7). It was later rafractionnted in the
snall precision fractionator.

For the suliide, KSH was prepared as before and an eguimoliar
quantity of XOF added %o form Z,S. The addition of the bromide wms
carried out as hefore; when the resctiscn mixtuwre hed cooled, it
was treated with 1 liter of 25° sodium chloride soluiion to salt cut

the preodust. The upper layer of sulflde wns separated, dried, and
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distilled as before.

¥or the disulfide, the theoretical quantity of powdered sulfur
was added to the K8 or NapS solution and the solution heated for
half an hour before the addition of bromide was commenced.

The Eastman Kodak meterials were refractionated once in the
small precision fractionator, with the exception of ethyl merceptan
and n-butyl disulfide. Ethyl mercaptan btoiled tco low and n~butyl
disulfide required wvacuum distillation, to which the frectionator
had not been adapted.

Each sample, as it was prepared, was pleced in a ground-glass
stoppered bottle which was in turn placed in a larger bottle which
was tightly stoppered. Both bottles were filled with nitrogen gas
to avoid, insofar as possible, the eifects of air oxidation. Workers
with sulfur compounds have found that this is rather severe in ile
case of the mercaptans, air oxidation boing sufiieient to cause di=
sulfides to sppear in mercaptan seamples. The sulfides and disul-
fides were apparently more stable.

Table I gives a comparison of the beginning materials used by
the Eastman Kodak laboratories snd the beginning meterials used in

this study in synthesizing the various compounds.
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TABLE 1

BEGINNING MATERIALS

USED IN SYNTHESES

Ethyl disulfide

Butyl mercaptan

Futyl sulfide

Butyl disulfide

¥a or K sulfide

Ethyl sulfate,
Na sulfide and
Sulfur

Butyl bromide,
K hydrosulfide

Butyl bromide,
Sodium sulfide

Butyl bromide,

Sodium sulfide and

Sulfur

Sodium sulfide

Ethyl sulfate,
Ha sulfide and
sulfur.

Butyl sulfate,
Ne sulfide and

p———— = —— ]
Synthetic ' Eastman Kodak
Spam ¥aterial ! Material
Ethyl mercaptan Ethyl sulfate, Ethyl sulfate,
Potassium hydro- Sodium sulfide
sulfide
Ethyl sulfide Fthyl sulfate, Ethyl sulfate,

Hydrogen sulfide

Butyl sulfete,
Sodium sulfide

Butyl sulfate,
Sodium sulfide
Sulfur

and




2. Operation of Precision Fractionator

The sample to be distilled was pleced in the stillpot and the
two sections of the column were flushed with purified nitrogen, by
-leading the gas in through the side arm of the still pet 2nd the
nitrogen inlet arm of the stopcock on the stillhead. Condensing
water was then sterted through the stillhead and condenser, and the
stillpot heater and jacket heater turned on. The jacket heater was
adjusted so that the outside jecket temperature wes §° higher than
the boiling point of the liquid being fractionated. The regulator
was shut off so that the column would operate at total reflux, snd
the stillpot heater was adjusted so that the ecolumn flooded in about
one hour, The heater was then cut until the flow of reflux into the
stillpot decreased (usually 3 to 4 minutes) and then turmed on
again., Usually one flooding was sufficient to warm the column; it
was then allowed to operate at constant reflux until the stillhead
tempereture was comstant, The product stopcock was then adjusted
so that the desired reflux ratio (about 20:1) was obtained, and pro-
duct collected until the sample was complete. The product receiver
was then changed, the side arm ﬂushd out with nitrogen again, and
the procedure of Lringing to equilibrium at constant reflux eand
taking product was repeated until the desired fractions were secured.

The column proved to be very semsitive to drafts. TIn addition
to the lagging shown in the disgram (Fig. 8) it was found necessary
to place a sheet of heavy celluloid around the top of the ecolumn and
stillhead as a draft deflector. The column worked nicely below 150°

C., but for work up teo 200‘, more insulation on the stillhead, a
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gtillhoad heater, or both may be necessary. The stillpot was shield-

ed with two sections of 1" magnesia pipe insulation.

3. Making of Speectrophotograms,

Tests run te determine the optimum conditions of operation for
the hydrogen discharge tube showed that the best discharge for this
work was secured when a current of 8,0 amperes was flowing through
the primary circuit. The tube was flushed out with hydrogen and
then pumped down until this reading was obtained on the primary am-
mster. Some trouble was had with desorption of gases and moisture
from the walls of the discharge tube, and the tube had to be removed
from the water jacket and run without eooling until the adsorbed
material was driven off. Again, when operating the tube intermit-
tently for short exposures (less than 1 minute) it was necesssry to
guard against adsorption of hydrogen which made it impossible for =
starting eurrent large enough to operate the tube to flow. The best
preceution against this was found to be toc operate the tube contine
uously and vary the exposures by a shutter,

For this study, the fixed-thickness liquid cells were first
used. With these cells, the concentration of the sclution of the
oompound in hexane had to be wvaried. The procedure was as follows
for a typical plate,

Procedure

l. The desired series of dilutions of the compound in hexane
was prepared, and the liquid cell was cleaned.

2. The nitrogen jacket was flushed with nitrogen for five



minutes, with the plate in position.

3. An exposure was made on the empty system, without the cell
in place. The plate was then lowered 5 mm.

4, The cell, filled with pure hexane, was placed in position
and an exposure mede. Plate then lowered 5 mm.

5. The hexane was removed from the cell, and the first dilu-
tion in hexane was plesced in it, Exposures were made through the
series of dilutions, placing esch in cell successively. Plate
lowered 5 mm, after each exposure. (Note: dilutions generally
renged from pure material to 0.001% solutions.)

6o The cell and collimsting lens were removed from the path
of the light, and the aluminum spark electrodes swung into position.
The switch was chenged to place the tramnsformer secondaries in
series. Spark placed on plate.

7. Seale placed on plate.

8. Plate developed.

In.the use of the vapor cell, the concemtration of the vapors
in the cell was changed by adding successive accurately measured
small portions of the sulfur compound to the cell before each expos-
ure. It wes found by trial and error that the addition of succes-
sive small portions of the pure sulfur compound produced sueh high
vapor concentrations that absorption was continuous. It was then
decided that the pure substances would be diluted with hexane as
for the liquid cells and used as above, adding dropwise portions of
the solution to the cell and msking exposures between each addition.
1t was assumed that the hexsne vapors would not interfere in the

region 1900 R ana upward. This assumption was justified in practise.
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Considerable experimenting to determine the proper concentra-
tions for both liguid snd waper cell exposures and the proper time
of exposures was necessary, and these conditions varied rather
widely, according to the region studied. In the low region around
2100-2200 B, long exposures and weak concentrations were necessery;
higher up the soale, shorter exposures and stironger concentrations
were used.

The absorption maxima given in Tables III and IV were calou-

lated with the aid of the Hartmenn dispersion formule

i hres

where /\ = wavelength of the band being measured in R and A, B,

and D, are constants given by the following formaulas and heving

2 given value for any particular plate.

3 Aot
(1) e >‘3“>_\_’_ 2 22_121!__
ds d,
@ 5. O =2~ d3)
da

B
R W SEE

(¢) A,,Az) ), ® the wavelength of known lines in
the compsrison aluminum spark
spectrum.

dg ® distance between A, end A

&
1]

distance between h)md A,

d @ distance between ?p, and band in
gquestion,

To use the Hartmen dispersion formula, it is necessary to

identify three lines in the spark spectrum on the plate, These



three lines, which include between them the region covered by any
bands to be measured, are measured and the distences and wavelengths
thus secured used to ecompute the constants (1), (2), snd (3).

3f1m all optical parts in the system were fixed in cne position,
once the plate formula was caleulated for one plate the values of
the constants for any plete in the same series were known end it was
only necessary to measure the distance "d" from the first standard

line in order to calculate the wavelength of any absorption band.
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EXPERIMENTAL RESULTS

Table II gives the boiling points secured for the samples pre-
pered, and compares them with values found in the literature.

No tests of the new stillhead on the precision frectionator were
mande, However, the column, operating under the most favorable econ-
ditions with the old stillhead and using & binary mixture of bensene
and carbon tetrachloride, gave plate efficiencies ealculated by the
Dodge and Huffman equation of 35 to 40 theoretical plates. It is
believed that this efficiency is at least equaled by the new still-
head. Samples of Eastmen Kodak materials, having boiling point rean-
ges of 1-.0-1.5.. were fractionated to obtain samples with constant
boiling points within 0.1%, The highest produet rate attained with
the new stillhead was 0,25 ml. per minute. The reflux counter in
the old stillhead having been removed, the reflux ratio could not
be caleulated. It may be noted that, with the new stillhead, opera-
tion of the column was much simpler and more free from flooding, es-
pecially below 125° ¢, Between 125° and 150° C., some trouble with
loss of heat due, in part et least, to insufficient insulation on
the stillhead, was experienced.

As stated before, time trials on the operation of the hydrogen
discharge tube proved that the best current was from 7 to 8.5 amp~
eres in the primery cirouit, With the tube running thus, 15-minute
ozpbaurn on an empty system (nitrogen filled) gave eontinuocus emis-
sion all the way down to approximately 1980 23 exposures of one hour

gave blackening of the plate ss far down as 1960 R, without any air



absorption bands. This showed that a short flushing with nitrogen
each time the system was opened was sufficient to keep air absorp-
tion belew the noticeable minimum, .

It has been stated, however (41) that ethyl sulfide has a band
et 1850 £ and ethyl mercaptan a band et 1936 A. Since these bands
sre below the tﬂnswom of the hexane used as solvent in this
work (about 2150 £), they will probably have to be studied in the
vapor cell with a more intense source. In order to shorten the
time required to a reasonable figure snd still produce light in
this region, it will protably be necessary to supply more power
to the discharge tube than the two transformers now available will
handle. A combination of more power and additional condensers would
give spark lines of greater intensity snd further down in the needed
region, for the standard spark spectrum.

The hexane used as solvent in this study apparently is a
completely satisfactory solvent down to about 2100-2150 £.

Tables III end IV show the observed absorption maximes for the
samples listed in Table II. Although the data contained in these
tables does not bring this out, a eareful inspection of the various
plates with proper regard for uncertainties in messurement, and the
possibility of having seen faint bands where no bands actually
existed leads to a fairly certain belief that diethyl sulfide has
poorly defined bands at 2182+4 R and 224045 £, end a somewhat
sharper but weak band at 228612 l. lione of these bands have been
reported in the literature. lo definite evidence was obtained for
the existence of a band at 2490 £ which was reported by Ley and

Arendz (41) though it probably would have been necessary to microe-



Table II

BOILING POINTS OF SAMPLES

' ' Bagtman *?
Compound s Synthetie : fgodex ¢ Literature values
: Material 1 Material : (3)
S

n-Butyl mercaptan 97-97.5° 97.2° 97-98°
n-Butyl sulfide 186-89° 182-84°
n-Butyl disulfide 100-103°/15mn”  143-44°/83mm
Fthyl mercaptan 35° 34.5-5.5° * 37°
Ethyl sulfide 90-92° 92.05° 93-4°
Fthyl disulfide 151-54°  152-54° 162-4°

* Used as supplied.
#%* A mixture of high-boiling sulfides, the residue from fractionate
ion of n-Butyl mercaptan syntheses was used for these two samples.



TABLE III

OBSERVED ABSORPTION MAXIMA
Ethyl Compounds

Kodak
Ethyl ° Ethyl Ethyl °®
] t Ethyl s Ethyl 3 Fthyl
Mercaptan Sulflde = o . des SulfidesPisulfide . ¢, , FESH ¢ BEgS

18386
2182.6 2182.6

2193.4
2218.2
3228.5-\ 22381.%
Same band? 2237.5
2241.7 2243.0
2250
2285.3 2285.4 2286.5
2287.3
Broad band
from about .
2370 %o
2430
Broad band
from about
2380 to 2490
2480

2698.3




TABLE IV

Butyl Compounds
WW
Eastman Kodek s Eastman Kodak : Synthetic 3 Kodak
Butyl Sulfide + Butyl Sulfide : Butyl Sulfides: Butyl
3 1 3 Digulfide
2180.4
2187.7 2196.1 2192,9
2228.6
2235.4
2242.2 2243.8
2250.8
2289.7

Yo absorption secured in butyl mercaptan plates.
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photometer the plate to have observed any such band unless it had
been very strong.

Dibutyl sulfide shows bands similar to those obtained from
diethyl sulfide, These bands ocecur at 219143, 2285:5, and a doubt=-
ful ome at 228913 £.

A sample of synthetie ethyl mercaptan gave absorption bands
at 2198, 2228, 2241, and 2285 £, The bands at 2228 and 2241 were
probably two measurements of the same band, Eastmen Kodak ethyl
mercaptan, used without purification, gave no bands whatsoever at
the lower vapor concentrations. With higher vapor concentrations,
however, some evidence of continuous absorption below 2400 £ was
noted. Similar lack of absorption bands was found in the butyl
mercaptan plate. It seems probable, therefore, that the bllll!l ob=-
served in the sample of dynthetic ethyl mercaptan were due to ethyl
sulfide formed by sir oxidation. The existence of the band repor-
ted by Ley and Arends (41) for ethyl mercsptan at 2250 £ seems to
be in great doubt as this is close to the value for the most ine
tense band observed for ethyl sulfide at 2240 £

The results secured from diethyl disulfide were hard to inter-
pret without new photographs and ninrophﬁtomhr mgnsurements. A
gemeral broad band sbout 100 £ or mere wide and centering around
2430 & was observed in esch sample. It is possible that these broad
bands may be found to be oomposed of & number of narrower fuszzy
bends; however, sdditional work will heve to be done on this come
pound to make sure of this. The sppearance of the broad bands at
least suggests this possibility, however.

Dibutyl disulfide gave s suggestion of a similar wide band,
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which wae probably no wider than 50 £, in the seme region. A weak-
ness in the sensitivity of the plates used at this point in the spec-
trum complicated the interpretation of these plates and those of the

ethyl disulfide, and makes any interpretation very diffiocult.



It will be necessary to do further synthetic work orm all six of
the compounds studied. A preater mumber of methods of synihssis
woiuld be doeirsble in order to get good spreoment op absorption mexe
imes these methods should be simed o produce meterisl of grester
purity thon the ssmples reporied in this work. Perhaps a miero-
frectionating colume would be useful because of the small yields
of scme of the methods of synthesis,

The mercaptans should be investigsted iz o roglon covering the
lowest range of the gquarte spectrograph {about 1880 g). Sume walues

z litersture twlow 2000 & and the lack of bands sbtove 2000

£,

R neke this extension of the study necesoary. A& more intense 1ight
gource will heve to he provided nnd it may he necessary to eliminste
the 45° quartz prisms frowm the systen to concerve the intensity of
the light, inasmuech as quariz begins to sbsorb apgpreclebly in this
region.

The weak band dus to pnlote inssnsitivity made interpretation
of the plates on the sulfides and disulfides difficult. Plates
with bebtter sensitization sheould be secured, and tho wide bands
secured in the disulfides anmlyzed with a microphotometer. The
1vides {tri-, tetrs-, snd Bigher) should be added to the
list reguiring observation. It would o2lso be well bo run tests

.

an the et

o

fest of secomdary =nd teriiary groups on the ultrs-viclet

I4 seems agsparent that the analyweis of petroleun fractiocuns

for these compounds wuald be diffieult and mey prove impossibis
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if even slight interferences enter into the problem, owing to the
breadth end weakness of most of the bands.

The detection of the alkyl groups in sulfides seems probably
impossible as the difference between ethyl sulfide and butyl sulfide
is lesz than the probable experimental error. The effect of branch-
ed chains provbably would meke no significant difference, tut should
be tried.

It seems that the higher bands reported in the literature for

ethyl mercaptan and ethyl sulfide are probably in error.
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