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For the past two years, the Entineering Experimont Gte.tion of 

0klaho:ma .l\grioultural and Mt1ohanical College has ~ponsored a project 

on the identifl(lation. ot' petroleum compounds by mmrns of t;hoir ultra.­

v.iolet absorption spectra. Research bas already be,an completed by 

Cole (6), on tha ultra-violet &.bsorption of crude and topped petrol­

eums, and Mitaoek (30)., on $ome aronu-d,ic eo:nstituents commonly pres­

ent in erude oil. TJ1ese .studies have :revealed the possibilities of' 

this ra:ethod. of analysis for determining; origin and composition of 

orude oil and the vtirious produeta which are produced from it. The 

result.rs obtained seemed also to indicate the possibility o:r using 

ultra-violet absorption as a tool i,n determininz the eff'iciency of 

tho various rafinink; and treating prQoessas used in the manuf'acture 

of l:hese tn·oducts. 

Sinoe the occurrence of' sulfur in various forms in orud® and 

refined petroleums is a problem or major concern to the refiner and 

user of"' petroleum products,. ll'lethods of analysis f'or elemonta.1 sulfur 

Rno ite compounds in petroleu'n must be h~d which are simple and ao­

cu:re.te. Although there are many inclusive tests for sulfur eompounds 

{the "doctor"test.., copper ,atrip teat, and other.e) no practicable 

:mett,od of analysis for the speci£ic compounds e:dsts. 

lt v.as., accordingly, deciced to study so~cta of t'.he more comm.only 

occurring; eul:ftu" compountn from the ste,ndpoint of' their 11ltra-violet 

absorption spectra in an attempt: to work out a method by which ind:i­

viduel sulfur compoundo could ba identifie.d qUsc,,1:itatively, nnd, if 
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·possible. qua.ntitatiwly. 

The presence of' both elemental sulfur and hydrogen sulfide he.a 

been confirmed by a number ol' workers. The tollmd.ng compounds have 

been c\of'ini tely identified as occ,urri~ in various crudes .t iso­

propyl. iaobutyl. ethyl,. and isoamyl m.eroaptana {2). methyl mercap• 

tan (3S}. methyl. ethyl. ethyl•&Jql., n-propyl., n-butyl, isobutyl. 

amyl., an.cl he:s;yl aulfidea ( 26). methyl..ethyl, methyl-propyl, and di­

phe.nyle.ne sulfides (.24). Alayl mercaptan a.ru! seeondary-ho;yl m&roe.p­

tan have been identified in a ll3-lf>5° cut from. a Japanese shale oil 

(21), while methyl sulfide !Ul.d ethyl me:reaptan are found ht e. out 

boiling below 40°. There has aleo 'been to\illd cyclic sulfides (26). 

tetra- and penta-methylene sulfides (40), and, e.mong het•rooyclic 

compounds., tbiophe11.1l and substituted thiophenes (5., 1, 14., 32., .34.,, 

38). Ellis (12) also .ate:t.es. that .most of the simpler organic sul­

fur compounds bave be.en found in petroleum.a. In addition to the 

types mentioned above. he ad.de the disulfides and other polysulfideos .. 

Meraaptan&,, according to Maliaoff (27)., are pres.e:nt in petrol­

eum in such proportions that it all ot them were reeowred. 150 to 

200 tons per day of this claH of compound a.lone would be available 

for ohemica.l purposes. Most ttsweetening" p.rocassea change tbe mer­

oa.pte.ns to diaulfides; which are less offermiTe in odor and much 

leas corrosive than the oorn11aponding urcaptans. SQmO treating 

prooessas also produce eulfides {th1o-ethers) am td~ure& of 

p,:,lysulfides, which a.r& found in the produet.s. the thermal decom­

position. duri:nt;. cncldnt or distillation,. ot 111.ult'ur compounds 

also accounts for the presence of some polysuli'ides and· sul.t~idu. 

These classes of sulfur compounds make up a major port.ion oi' the 
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sulfur c.onteni: of any finished refinery pr.oduets., 

Since the lower aliphatic mercaptruls. $Ulrides. '3.nd di• Mtl poly­

sulfides are oo!fmonly found in crud.Gs imd. distill~,tes, and ar<lt easy 

to synthesize, they •ere chosen as the firat to 'be studied in this 

r•seareh. It was decided that a,s man._y· a.s pos&ible of' the first fiv.e 

nonnl-alkyl sulfur compounds (111$'th.yl, ethyl., n•propyl, n-butyl., and 

n~l mereaptans., sulfides,. and disulfides) 111ould be synth1uiiz.ed. 

and studied. This selected list waa later Mrrowed down to the 

ethyl and n-butyl CO'!ll))Otmds. 

l'hiE research 'MUI aimed to &$4ure ultra-violet absorption spec­

tra of the selected com.1Jounds from at ltte.st two samples e~oh, ma.de 

if possible by enti.rsly different methods., ~o that false bands due: 

to possible impurities in the sampl$S e:1'8.m!ned eould bo deteoted by 

the proaess of elimination. ApproprintG synthetic methods were to 

be s,elec-terl, and the equipment for pur1!'ieation cesig:ned when not 

available. 



To reduce the chances of.' contamination of' the sa.mplas prepared 

for spectroscopic analysis, it -was decided that. wherever possible, 

all reaotions and purifications would be done in all-glass apparat­

us, and that. wherever rubb$r connections had to be made. they would 

be made wJi th tubing or stoppers which bad been thoroughly boiled in 

strong sodium hydroxide solution and washed with distilled water. 

lo lubricant was used on the ground joints, on the stopcoeks, where 

some lubrication was neoessa.ry to i.nsure smooth operation.. powdered 

graphite wa.s used as a lubricating medium. 

The following units of apparatus ,ver• assembled for this works 

I. Reaction apparatus tor synthesi•• 

II. Rough distillation apparatus. 

III. Prooision f'raetionator. 

IV. Absorption cells. 

v. Spectrograph !i(nd accessories. 

VI. Comparator. 

l. Reaction Apparatus. 

Tho reaction apparatus first used was made up of al liter 

round bottom Pyrex 1'luk to which had been sealed a #19/38 Pyrex 

ground joint. This flask was oonne-e-ted with a. 60 om. plain reflux 

condenser with a ground joint at the top• to which was conneot.e.d a 

fume line running to the hood. When the need for stirr.ing of the re­

aetion mixture became apparent through low yi.elds and the occurrence 
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ot Tiolent bump1 of the liquid when refluxing, n all- glass Orignard 

appar tus ..... converted to this use. It eonsist~d ot & 1 liter three­

necked PJrex tlask provided • i;h ground joints .. One aife joint was 

occupied bf dropping fu.DDel 'With sealed- in tum. olirtlet, controlled 

by e. atopcookJ the other carried a. SO em., fi ff bulb Allilm type re­

flux oondenHr. the Allihn conden.aer W&S later repl ced wit a 40 

• eat condenser •1th 19/38 ground joints. The est conden1er was 

connected by means 0£ a U- t~ and ground j oi nts to a. tnp oooled in 

dry ioe-acetone, and thence to the hood. be cent•r joint waa 

provided with an all gt..aa • mercury aealad motor •t.irrer. Thia 

was e ill the usual manner by aeali:ng an inner tube into the male 

joint. to •k• the mercury trough nece.11ary for the mercury ua.l . 

Th• stirrer was ma.de by sealing a piece ot Pyrex capillary tubing 

through tms bottom of' a test tube-whioh dipped into the mercury and 

••aled the veaael fr the air. The etirrer was bent at the 

botto at an obtuse angle hicb would Just pass in th.rough the ground 

joint, ita length s eo adjua-ted hat th& bent portion or th• 

stirrer • always submerged. The stirrer waa connected by means 

of a flexible rubber tube to a reduction pulley driv•n by a 220 

volt, fr&ction&l horsepower eleotrie otor. ln oaae or an obstruc­

tion 1n the path or the s-tirrer. the tlenble rubber tube would 

giTe first. saving the stirrer from breaka • and iTing notice 

that 1oineth1ng us wrong. outer cup of th• stirrer was 

ee ented in the closely fitting inner race of a ball-be&ring which 

held in a universal jaw clamp. ffhb held the stirrer ao that 

1t ran true and 1rithout Tibra.tion even at its highest speeds . 
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The red.uction pulleys a:vailO.ble :made the speed of the stirrer 

slightly over 100 r.p.m.. Although all-glass stirrinc; apparstu$es 

are note.Uy fraeile, thi.e one was used for over a year and a half 

v.ithout breakat;e. It was only necessary to line the stirrer up 

oare.f'ully at the beginning of a run. 

As an accessory to the reaction apparatus,. it v.11s necesso.ry to 

set up a train tor the purification of the hydrogen sulfide used in 

the preparation of sodium a.old sulfide. At first., hydrogen sul · ide 

via.$ made 'by the irrteraotion oi' hydrochloric aeid and .sodiu.m sulfide; 

'1!4h~n thii:e: method. proved too e.xpendve and incomenient" hydrogen 

sulfide from a tank was used and passed through a tre.ir~ containing 

the following units: tub.a containing iodine suspandad on filter 

asbestos" to rer,1ove phosphine e.nd .arsim, ( 9" 10, 11, 28 • 36 ) ; 

a. treohsel ir;e.s washini 'bottle oo.ntaining; saturated aql:eous sodium 

sulfide solution to ra:move entrained. iodine; ,nnother tube contain• 

ing ealeimn ohlo1.·id.e or !Jrierile; and finally ~ safety bottle to 

iuard tt.L~inst 1:ack !'low of the ree.etion :mixture.. Conn•etions were 

;Ja.<.le of glass '\.;ul1ing :t.nsofar a.s possible, eny necessetry ru; t·er 

stoppers b;d.11t 1-:i:_riled i:ti ~:odiw.t;. hydroJddc bolore use. 'l'he 

iodine ami hydroc~n sulfius in ·cht1 system evidently reaeted 

.f;ith tLe stoppers; for., after ti short t:lme, they l.-eaame hard 

f.md. eraoked.. 'l'o avoid this,, trH) ti.pparetus was reassembled,, 

st:i.hstituting high-form i:nrnhsel ca.s wasbing 'tottles with grou.nf:. 

joints for the drying tubes previously U.$ed, and waking: con11ec­

tions ~y a.lee'Ving l:.utt-jointcd gle.ss tubes ·with rditor tubing. 

Ho trouble wa,r; experienced with leakage from this apparatus. 



lt • provided wi h Pyrex atopcoc • between \.00.ita so that the 

ayatem. co ld be oomplet.ly oloa•d. when not in uae. In this 

1.11UU1er, once 'the ,yatem was tluahed with a,, no contamination as 

poasible. By ana of the needle valve on the tank, the preaeure 

of t he gaa waa regulated until 2 or S bubble• per second. flow.d 

through the aodi sulf ide solution. 

II. ough Distillation Apparatus. 

The apparatus ia shown in Figure 1. It included the dia­

t1111ng flaak, of which three sises were used-- a 1-liter, a 

600 :ml., and a. 125 ml. Pyrex tlaak, each pro"fided 1111th a #19/38 

ground joint. The ••11 flask w.a proTided with a #14/$6 •1de 

joint tor refilling. Tu etillhead wa., a plain Pyrex tube 16 cm. 

long, to which a aide arm was sealed at a d01mnrd angle. A 

ground joi nt oonnect.ed the sidearm to an ordinary 'Water- cooled 

eonden er, and another j oint connect~d the bottom of ti. condenser 

to the receiver. Tb. receiver was made of a 125 ml. distilling 

flask which wa• provided with a thre.-way • 2-. Pyrex stopcock 

sealed on u ah01m. One ot the outer arms led to a t'ume line; 

the other was left unoccupied for emptying the fl.ask. en it 

was deeired to t&k• • fraction, t he reoeiTer was rotafald on its 

joint unt il the stopcock pointed dow.mrard. and the etopoook plug 

was t urned ao that the content• drained int o a sample bottle 

tbrou h the open armJ the receiver w.a then returMd to 1ta 

normal position•• ahown and the stopcock plug turned ao that 

the receiwr W&s connected with the fwae line. It was founcl 
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unneetissar-;t to t:n.terrupt ditrtillati(:11 while a f'rac:tion was being 

rariwved; indeed. the pressure of' the systien tier,md to f'orco the 

liquid ovt. The top of the st:ll:lhead \\'tls p;·ovid.ec with a sealed .. 

in :merc11.ry well :for the th.armomoter. a:a sho:wn., Althott:::h thl~ 

ap~ratus was intended. tor ruug'.h distillation, it gave .a 31u·p:rtsine, 

degree of' fractior..atton when run. slowl~/· Tho use of a oli)Irn~: 

system WA.s nlAde necessa.:ry both by the offeneive odor of the com­

pounds being st•1died, and by the desire to exclude ar,: :rruc:h air 

as poe$:i,lle from the syston. Pitt<H'.!S of' porons clay ple.te were 

1,1sed t;o reduce 'bumpin;r in this a:pparatus.. !'he flask was hee:ted 

w:1.th a gts 'bcrner. 

!l!. Prec,iston Frae:tionator. 

The coluTI>n (Fig. 5) a.:nd. stillpot o:f this apparatus ware tht, 

same as used l,y rs:atacek (30). owing to the unsatisfaotory pert'orm­

a:nce of the old stillhead in several re.speets,, the column w s 

completely rebuilt; :fro;;r. the top of the packed seetion. The old 

stil1head provided no opportunity for operation at total reflux 

and :oo way to ct11rtrol the reflux ratio o·ther than by the cold 

finger arrangement i'-0rmerly used. T,u,ts had shown the desi:re.l~i.lity 

of operatinr; under eonwlete reflux 1mtil the eohmm had eome to 

equilihriu:z::, in order that the .r;,axi1:11 . .m1 e:ocricw1ent and separation 

oould be secured; :for the same reason_. imd fa) ei ve more flexi ... 

bility in operation., it was found desirable to be able to control 

the wi'thdrawal ot the product aco11rately. A searoh of' the 

Hternture (4. a. lo. 19., 25, 29,. 37., 89) failine to produc• any 



one stillhe d which eompl t ly fulfilled thee requirements e.nd 

w • eimpl• of operation, the stillhead aho'WJl in detail in Fi. 4 

and Fig. 6 wa.a designed and built. The stillhe•da 1ho,m. in the 

literature whioh permitted variable takeoff of product all see ed 

to give an objectionably high holdup of liquid and oonse~uent lag 

in co po ition change. This was reduced to a minimum. in this case 

'I ll&king the aide a.rm slant up and by making the dolfllWard bend in 

the side ann on the outside or the stopeoolc 0101• to the barrel eo 

aa to provide a minunum apace £or entrapped liquid. The ideal 

arran,ge nt, ot course, would be to have the outside arm sealed. on 

to the atopcock barrel at an a.ngle below the horizontal, so that 

no spaee at all existed to oe.tch li uid. This waa impoaaible, 

since the apparatus was aa1embled fro standard parta. The stillhead 

fts connect d to the top of the column and the aide am leading to 

the condenser and reeei'ter with grotmd joints, &8 shO'Wll in Fig. 4. 

The column wa1 filled with gla•• helicea as in ,itaeek'• work. I t a 

operation was aa tollowa: with the stopcock closed, all the vapors 

passed either directly to the condenaer or around past the thermo 

eter ulb, over the "bridge• and to the condenser. When it waa 

desirable to take oft product• the atopeock plug was turned so aa 

to connect the 1t1llhead with the aide a.rm. The "Vllpor atreem wae 

then divided into two p&rt.--one going to the oondenaer. and one 

to the side ana, the relatiTe a.mount• varying with th stopcock 

1ett1ng. The other ani of the stopcock was connected with a source 

oi nitrogen.1 so that the side a.rm could be flusluad out each time 

1 
The nitrogen used to flush out the column was purif ied by passing 
through a cuprous chloride solution and a drying bulb. 
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a fraction wa taken. The trap on the top or the condenser we.a 

arranged so th&~ part1oles of rubber. eto • • tram the fume line 

coul . not fall into the column. The thermo eter do was provided 

with a sealed-in pl tinum wire hook and was adj•.isted so that the 

the om.eter bulb hung at the level of the side arr:i. 10 s to register 

the pro r tempera.tun. Two highly accurate thermo ters covering 

the r • ot Co tc 100° 4 ·100° to 200° w re used with thi ppara­

tu1. These thermometers were graduated in division, of 0.1° and were 

ealibrated by the ational Lureau of Standarda . 1th these ther-

o eters and operation of the col at total reflux. the column is 

in ef fect a boiling point apparatus. and wa1 ueed as •uch. The re­

ineer of the diagra.:m 1s self-explanatory. or receivers 200 ml . 

extraction flasks with I ground joints were used. The receivers 

were connected to the fume vent through the stopcock as shown. 

IV. Absorption Cell• 

Prelimin ry work shoed th ta thin layer of liquid would be 

suf't'icient to produce all the absorption needed for this study. The 

first abaorption cell was made of a l em.. length of Pyrex tu ing 25 

• in outside di&JDAtter (see 4ig. 3) ground f lat on both ends. and 

with a quartz window cemented on one end with crystal clear Testor 'a 

Cement . 'l'his cell was filled with the liquid to be tested until it 

over~lowed, nd the other quartz window was laid carefully on the 

other end of the cell ao that no air bubbles were entrapped. Thia 

layer of liquid proved to b• too thick. eo the second liquid cell 

as made by drilling a 1.47 om.. hole in a discarded photo raphic 
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plate .froa which the emulsion had ~•n removed. A quart, window 

was cemented on one side with Teator•s c ment. and the other window 

pressed into contact with the other side or the plate after the 

cell had been tilled. It was necee,ary to clean the rim oft e cell 

and the window oarefull7 to secure a close fit. Jheee pree utions 

were made necess ry by the amall quantity or liquid the cell con­

tained (0.16 ml.) and t e volatility of the hexane used to dilute 

the samples for study. ETen this thin layer of liquid (1 mm.) 

did not tlwaya give satilfaotory resu lt,. so the vapor cell shown 

in Fi • ~ was constructed trom a 61 cm. length of 25 :mm. Pyrex 

t ubi~. ground flat on both ends and ith qtiar-tz windows cemented 

on 10th ends. It • , rovided wit two capped ground joints . as 

shown to facilitate flushing with nitrogen. inserting samples, and 

cleaning. 

v. pectrograph and Acoeaaoriea 

The spectrograph setup used in this research ia found in fig . 

l and lt'ig. 2. l'he spectrograph was a. Hil ·er E37 1natrWll$nt. with 

quartz ayatem. 60° Cornu priaJII• adjuetable slit and &.rtman dia­

phragm.. ihe source or ultra-violet light was a hydrogen dischar e 

tube ai.tlilar to that used by Mitaoek (30) with the exception that 

a 1!unaller reservoir bulb .aa used to increase ease of flushing air 

from the tube. and trapa were introduced to reduce aprayin of th$ 

window with alU11.illua dust . The beam of light passed through a 450 

fused quart& prism {which directed the light upward) . the liquid 

cell in its holder. a second 45° quartz prism. and finally through 
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a quart& lens which focused the beam of light on the s peotro raph 

slit. The entire path of the ~m of light was enclosed in a card­

board jacket from the discharge tube to the spectrograph; and provi­

sion wa.a de for passing nitrogen gas into this jaok8t ano ~nto the 

spectrograph to diapla.ce the air. This precaution was me.de necea­

aary by the fact that air absorbs selectively in the ultra-violet 

below a.bout 2100 i. while nitrogen doee not. · hen the vapor o•ll 

was used. it na pl oed in the. beam 0£ light Ntlteen the lena and 

the portion ot the jacket surrounding the spectrograph slit; sinoe 

it we.a filled with nitrogen and the vapor of the samples. it waa not 

necessary to en~loH it in a jacket. The discharge tube was wired 

aa shown in Fig. 21 the po119r source -waa two 0.6 X.V.A •• 1600 volt 

transfonaer• wired in parallel in the primary. and in parallel in 

the secondary. The discharge tube was placed in aeries with a 

aerie1-perallel omabination of four $000 ohm resia-tors havin an 

effective resistance of 3000 ohm& and a capacity of 800 watts. An 

ter in the priaary circuit served a an indie tor of operating 

conditions within the tube. A standard aluminum spark wa.s supplied. 

by two aluminum e leotrodes which could b awung into line in the 

position sho11n, in a fixed position. A special witch changed the 

secondary wiring tor the aluminum spark to throw the trans.former sec­

ondaries in aerie• and to place the electrode• in series with an 

18000 ohm. resistance. In order to inorea.se 'the intend ty of the 

spark. the spark ga.p was wired in parallel with two conden1ers • eaeh 

ot hich was made of a 2 liter Pyrex beaker covered inside and out 

'With tinfoil. 



V!. Compare.tor. 

The plates were uasured and ealibrat~d \.li th the aitl of a 

Gaertner :r.:rl.oro-com.parator cs.pabh1 of reei.ding with an accuracy of 

:±:0.0001 inc.h. 
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The reag nts ua-ed in aynthea.iling the compounds were all ot 

analyti.Pl r .. gent q,iality unless otheMllise noted. 

The hexanea used to dilute the standards were purified by th 

modif~cation of the method of Castille and Henri , x-eported by itacek 

(30). 

Eastman Spectroaoopio plates, type 1-0.,. ultra-violet sensitiaed 

and backed.,. .. ulaion number ll2,9S9.,. w re used as nege.t:iTe material . 

These plates ••r• de..,.loped in Eastman formula D-12.,. diluted lal.,. 

for 3 minutes at 68° F. 

East11J8.n Kodak samples used aa check stanoarda were all of the 

highest purity auppUed. Their methods of preparation were e.aoer• 

tained from the Eastman Kodak Laboratories. 
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EIPERI MT-AL PROCE URE 

1. Synthetic ethods 

It was ecided that two different roe dures would be used in 

all cues, an , wheN posai ble., three procedures . East~ odak: 

re• enta were to be used for one sample, and the aynt t1o thod 

to be u.ed w s a leoted so a to be different inaofar as poesible , 

from t e methods used in preparing the Eastman Kodak mat rials . 

OOlll ounds finally synth siaed re n• butyl mere ptan, ulfide , 

and dlsul!'ide, and ethyl meroaptan, sulfide, and disulfide-. 

The literatur revea'led a. number of m thods of preparation. Ot 

theee, that apparently the most used was the method of Ellis and 

Reid (lS) for th making of rcaptana by the int.eraction of an al­

coholic solution of KS (prepared by saturating an ~looholic KOH 

&olutio . with H2S} with an alkyl halide or sulfate . 

!<oH + 1+1- 5 ~ ·KsH + H:1-0 

R X + K 'S H ----T I'\ 'S 1-t + KX 

This same method may be modified (3) by the substitution of 2S 

for KSH, in which oas• the eultide is produced, or by the substitu-

tion of x2s or Naes with the theoretical amount ot eulfur dded, in 

order to ake the disulfide. 

'.Z " X + K?- 'S 

The K2S may be either reagent grade 

-~~;;:,, ·R.:2- 'S + ';). 1<:x. 

t 2s dissolved in 95% alcohol, or may be prepared by the reaction ot 

KSH, prep red s above (by the s turation of KOF solution with H2S) 

and an equal portion ct OR. The lat er procedure is that reoommen-

ded by Organic Syntheses and should give purer material. Samples of 
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c. P. or analytical reagent !2 and 26 ar generally not so good 

a of the solution prepared fr reagent grade K Hor aOH 

The bove ethod ls capable of much modification. The substitu-

tion of an alkyl chloride or iodide for the bromid is po sible., and, 

ins eases, alkyl sulfonates or lkyl sulfates my be sed as the 

elkylatin a ent. Sodium or potassium salts are generally used to 

supply the -S or • - groups. Gray and Gutekunst ( 17) ha"M pre-

p red n-butyl sulf'ide by the sulfation of butyl leohol and ubs -

quent tr nt with sodium ulfi e in aqueous solution. Other work-

er (13, 22) h Te substituted dimethyl aulfate ,ad diethyl sulfate 

in the prep r t1on of thyl 8nd ethyl oompoun 1 with thi excep-

tion, the alkyl bromides and iodides are the most used. The iodides 

re so what rtore e_x:pensi ve than the :bromides, and. moreoTer, a. 

supply of 1tu ent prep ration . of the alkyl bromides was va.ilable. 

th ~e were purified and used as raw materials in th ca e of the 

butyl compounds. For the ethyl compounds• ethyl brOlllide was first 

used but y• ,;l ,~;.; •er~ so oor that it was found nece s ry to use 

Eastman Kodak diethyl sult teas the reagent in this case. 

In an attempt to rt d & usable third method for making roap-

tans in addl tion to the one jl111t outlined and th t used by tbo East­

man Kodak C0111pany • tho e talytic thod or Gilfillan (16) as tried. 

This oo sista in the reaction of CS2 or H2S at elei1ated tempera­

tures (soo0 -400°) over catalysts composed of tungsten. titanium or 

thori oxides au.pen ed on •sbe$tos. Th u1e or CSz was consid red 
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de ir ble bee use ttd.• teri•l as an bapurity would inter r 

wit th• ab a eotra or t e other • be1n a lye d 

tor. Th •? lied,, thereto-r•• by patt in 2s into boilin 

n- utyl lcohol (at chni 1 MLde . nmist1lle) in such pr oportion 

: t an eq 1111.olar mixture or vapors result•d,, passin t e -vapor• 

o •r a thori oxi e-a• ·• toe ce.t&l ;yst (18) heate' to S50° c. 1 an 

electric tu tUl"naoe. T reeulting 'fll~rs ere con &need n 

cGoled 1n a cloa receiver, an re then tractio ted . Poor 

y· eld.a or aerc:aptan r• secure by thi thod.- .g nearly ~ of 

the aloohol OaJlle t ough unreaot d. Variations of tempere.ture,, oon-

• tration o£ catalyat , and. r• o:f thro hput tailed t o be ter the 

iald so thi 

oker and Stienat.ra (1) pr o oae the lkylat1on {m.ethylation) 

ot thiourea a a deooa ositio of the r sul ti salt ot S thyl 1ao-

thiourea. by rerluxing with ~ou• sodium hydroxide. J 
[ 

I N H~ 
cs-;:: c.("''·h)1. + R-:2,'S.O,t.. ..,,. >+N=~':>R 1..12-so~ 

/ N 1+2. ~ I .. '" . t D ""'A 
}4N::. C! , s ~ + ~nt /-!2- '"\..:.~ + n':> ''-"V 

s all le ot - , tyl erca t&.n • msde by t: is thod. t he 

utyl 1o ot the thiourea di not ro eed re~ily. '!hia tho s 

wse on n- utyl roaptan o ly as e. trial ; it prob bly woul ba"VI 

had OA C • of succea, with ethyl reapt n. 

At thie · tage , it •~s do 1ded that ouly two oh eks wou b 

he c oeen od . tl en, for t butyl comp-oun .. e ns the inter-

ctlon of' R. S or 2 2 th n-bu l b de• .ieh had been r -

distille !'rem all•gl sap tus o • Later. to &. ti by 

. void.in. the inte ciat ate oft pre ar tion of R,, re nt 
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grade s~i:.:m sulfide "fl.:~s used in t.he prepar!it:!.on of th~ $Ulflde and . 

diauL'ide,- For the ethyl compounds., !SU and ~a2s or ~s2 were used. 

·the proeedure wtu: •s follows, for the merc~ptans., 2 moles or 

reagent t:~de KOE were disohetl in 500 ml. 95,'f ethyl alcohol, s:nd 

th& resulting so.lution satu.rauc. ,ri.:th purified 112s. Saturation 'Qsu­

ally took plaoe in at:out six hours,, as determined r,y the gain in 

weit/ht of' the reaction mixture. 'The :mix:t,.air,1 was thea plaoed in the . 

3 neck. l.liter .f'lask of the reaction apparatus. (~ee Ap:pe.re.tus}. 

The elect7iO heater was turllBd on, an.4 l.&moles of butyl bromide 

or ethyl sulfate wore placed in the dre 1)ping !'mm.el. As soon s.s the 

mixtur• was v,arm (10°) etii-r1ng 'fflls common.ced •nd th9 dropwise add­

ition ot th& tl"omide oommEn1ced.. The rate of addition was 1p1eh that 

the mi:itture barely refluxed. 'When tb• bro111ide h~d all been adoed, 

the stirrer ,ms shut off and the mixture refluxed for three to four 

hours. ln some eases,. owing to th• volumincl.48 pree1pite.te of pot­

assium bromide~ it was 1n.eeessary to continue stirring throughout the 

refluxing. to a~oid dangerous bumping. The mixture w.s then allowed 

to cool. '.l.ne reaction mixture wa& w.ade faintly acie with 6?1 l!Cl and 

the uoper layer of mercaptan separat~d:. This layer wes dried over 

anhycrous Na.,eS04 ond ditrtilled throu~h a plain a.ll-g,la.se stillhead 

in a closed. .eyatem {Fig. 7). It was later refraet:ionated in the 

small pr&cision fraetiona.tor. 

:For the s1.1lfide,. KS:ff was prepared aa before and an eguim.olar 

quantity ot KOH added to form K2s. 'the addition of the bromide was 

carri.ed out as before; when the :reaction :mix'tl;i.re had eool•d, it 

'Vias treated with l liter or 25;.:; sodium chloride solution 't.¢ salt out 

the ~rodu.ct. The upper layer of sulfide was separated, dried, and 
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distilled aa before. 

t or the disulfide., the theoretical quantity of po dered sulfur 

a added to the lzS or Na2S solution and the solution hoated for 

half an hour bef ore the addition of bromide w11s co~ ,enc.ed . 

Th• Eastman Kodak mat rials wero refraetionated once in the 

a 11 recision frae~ion.ator. ith the exception of ethyl mereaptan 

and n-butyl disulfide. Ethyl meroaptan t,oiled too low and n-butyl 

disulfide required 'ftcuum distillation., to which tho fraction tor 

had not been adapted. 

ch a ple, as it was repared., was laoed in a ground-glass 

stoppered bottl whioh was in turn placed in larger bottle which 

was tightly stoppered. Both bottlea wero filled 'With nitrogen ga.a 

to avoid, insof'ar ai poeeible, the effects of air oxidation. orkera 

with sulfur compound• han found that thia ia rather severe in c!'.,& 

case of the mercaptaruJ., air oxidation being sufi'ioient to cause di­

sulfides to appear in meroaptan sanrples. The sulfides and disul­

.fides were a.pp rently more st ble. 

Table I gins a oom.pariaon of the beginnini materials u ed by 

the st. n Kodak laboratori sand the beginning ma~rials used 1n 

this study in synthesizing the vnrio1.1s compounds . 



Compound 

thyl :meroaptan 

thyl aulf'ide 

Ethyl d1sulfid•· 

Butyl mereaptan 

utyl aulf de 

utyl disulfide 

TABLE I 

BEGIN lI G 11AT IAU 

t 

I 

' 

USED I SYNTHESES 

Synthetic 
lla.terial 

Ethyl sulfate. 
Potaaaium hydro­
aulfide 

rthyl sulfate. 
lfa or K sulfide 

Ethyl aul fate• 
Ila sulfide and 
Sulfur 

utyl bromide. 
I hydrosulfide 

Butyl bromide. 
Sodium aultide 

Butyl bromide. 
SodiUJll sulfide and 
Sulfur 

a Eastman. Kodak 
1 terial 
I 

Ethyl aulte:t. • 
Sodium eulfiu 

hyl sulfate. 
Sodium sulfide 

E-thyl aulfate • 
)fa sulfide an 
sulfur . 

Butyl sulfate. 
Na sulfide and 
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Hydrogen aulf'ide 

Butyl ault te. 
Sodium sulfide 

Butyl sulfate. 
Sodiwn. sulfide and 
Sulfur 
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2. Operation of Preoidon Fractionator 

The aample to be d18tilled WllS placed in the tillpot and the 

two sections of the column re fluehed lfith purified nitrogen. by 

~le ding the gas in through the side arm of th still pot and t e 

nitro en inlet arm 0£ the etopcook on the stillhead. Condensing 

we.ter • • th~n started tl'>.rou h the stillh,ead an oonden er , and the 

stillpot heater and jaoket heater turned on. !he jaoke~ heater was 

dju ted so tbllt the outside jaoket temperature•• s0 hi"'Ml° than 

the boilin point of the liquid bein fractionated. The re ulator 

1'8.S hut off ao t t the column would operate at total reflux. and 

the etillpot heater waa adjusted so that the col um...'"l flooded in about 

one hour. The heater was then cut until the flow of reflux into the 

stillpot deereased (usual ly S to 4 minutes) and tben turned on 

again. Uaually one flooding was auff1oient to rm the column; tt 

we.a then allowed to operate at constant reflux until t e stillhead 

t emperature 'Wal con tant . The product stopcock n then adjusted 

so that the desired refl x ratio (about 20 11) waa obtained, end pro­

duct collected until the s ple was complete. The product receiver 

was then changed. the side a flushed out ith nitrogen again, and 

the procedure of 1..ringing to equilibr ium e.t oonate.nt reflux and 

takin product was repeated until the desired fractions ere secured. 

The oolumn proved to be very Hnsitive to drafts . In ddition 

to the lagging shown in the di gram (Fig. 6) 1 t ~e found necessary 

to place a eheet of he•"VY celluloid round the top ot the column and 

•tillhead as a dra.tt deflector. The column worked nicely blow 150° 

c. , but for work up to 200°, more insulation on the stil head, 



- 22 • 

stillhoad he ~r. or both y b nece&sary. the stillpot s shield­

ed with two seot1ons ot 1• gnesia pipe insulation. 

3. king of pectrophotogram.s . 

Teste run to determine the optimum conditions of operation tor 

the hydrogen discharge tube showed that th best di charge f .or this 

work 'lfflS secured when a current of 8. 0 amperes s fl<>lfin through 

the pr illlary circuit. The tube was flushed out With hydro ·en snd 

then pumpe down un'til this res.ding was obtained on t prmary 

m3ter. Some troubl .was had with desorption of gaaes and moist1U'e 

from the walls of the dis charge tube• a.nd the tube h d to be removed 

fro the water jacket and run without cooling until the a.d 0 orbod 

material waa driven off. Again. when operating the tube intermit­

tently for hort ex osures (leas than l minute) 1t i!l.S necessary to 

guard against adsorption of hydrogen which de it impossible tor a 

atarting current lar e enough to oper te the tube to flaw. Tho best 

precaution a inst this s found to be to operate tho tube contin• 

uously and v y the exposures by a shutter. 

For th1e study. the fixed- thickness liquid cells were first 

used. 1th these cells. the ooncentration of the solution of the 

oompound in hexane d to be varied . Th procedure we.s as follo•• 

r or typical pl te . 

Procedure 

l. Te desired series of dilutions of the co:npound in hexane 

s pr pared. and the 11qu1d cell w s cleaned. 

2. The nitrogen jacket was f lushed with nitrogen f or f iTe 
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ainutea. w1 th the plate in position. 

3. An expoaure as d• on the empty ayatem., without the cell 

in place. Th plate s then lowered 5 mm. 

4. The cell., filled with pure hexane. placed in position 

and an expo \l?'& m de. Pl t~ t~n lowered 5 mm. 

5. Th hexane •a re o-ved rom the cell, and the first ilu­

t1on in hexane was placed in it. Exposures were de through the 

aeries of ilution.a, placing each in cell ~uocessively. lnte 

lowered 5 • atter each expo ure. (Xotei dilution• generally 

ranged fr pure material to 0. 001~ solutions. ) 

6. The cell and coll ting lens ere r . oved from the path 

of the li ht ., an the alumin spark electrodes nung into position. 

'fhe switch waa oh nged to l oe the transformer secondaries in 

series . Spark placed on pl te. 

7. So 1 placed on plate. 

8. Plate developed. 

ln ,the us of the 'ftpor cell., the concentration of the vapors 

in th cell was change by add in · sucoese1 ·n accurately meaaured 

small port-ions of the sulfur co pound to the cell before each expos­

ure. It o found by trial nd error t at he ddition ot · uo.ces-

1 ve small portions of the pure sulfur co pound produced such high 

por concentrations tha..t aba.orption was continuoua. lt was then 

deoided that the pure substances would be diluted with hexane as 

tor the liquid cella and used as a ove~ adding dropwiae portions of 

the solution tote cell d making osures between each addition. 

It as a.es ed that tho l~xane vapors would not interfere in the 

re ion 1900 J and upward. This a.aaumption was justified in practise. 
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Con ider ble exp rim.enting to dete ne the roper coneentra-

tions for oth liquid and Vl!lpor cell exposure and the propor ti 

of xpo urea s necessary., and these conditions varied r ther 

wid ly., according to the region studied. In the low region round 

2100-2200 l., lon exposure an eak concentr tions were necessary; 

higher up the soale., shorter xpogures d stronger c-0ncentratio e 

wer used. 

e absorption lllllXi ~·ven i Table• III and IV rec lou-

l ated with the aid of the Har nn dispersio formula 

~ == ~o 
f3 

+ 
l) - d 0 

here )\ : n.ve length of: tb'9 band being s.aur d in R and A0 ., B, 

n D0 are constants given by the following torsaulaa 

a given lu$ for any pe.rticul r plate. 

having 

(1) 

(2) 

(3) 

(4) 

/h3 - A-:2 

/\,, ,\_ )) 3 • the velen th 01' kno-..n lines. in 
I the 00 P i 1 k son a wninum spar 

spectrum. 

d2 : i stance betv.een ;\2 nd A 1 

d3 = distance between ~ n.nd: .A 1 

d • dist no bet een /) 1 and t nd in 
question. 

to use the Barttnan dispersion formul • it is necessary to 

identity three lin in the spar spectrum on the plate . Th se 
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three 11nea, which include between them the region covered by any 

bands to b measured, re measured d the distances and velengths 

thus s cu.red used to comput the con tants (1) , (2), nd (3) . 

in~• ~11 optieal parts in the 3Y8tem were fixed in one position, 

once the pl te formula wa c lculated for one plate the values of 

the conet nts for any plate in the same erie& were known nd it -.:as 

only nece•sary to 11,El&Sure the distance "d~ from the first standard 

line in order too lculate the• velength of any absorption band. 
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EXPE!RDra TAL REf TS 

Table II g1v s the boiling points secured ~or the amples re­

pr d, and compares the with values found in the literature . 

No tests of th new stillhead on the precision fre.ctionator were 

de. owe r. the column, opet' ting under the most £nvor&ble con­

ditions ith the old stillhead o.nd usin a binary mi.xtu:re of bensene 

and carbon tetrachloride, gave plate efficiencies calculated by the 

ode and w.'fman equation of 35 to 40 the<>rotical lates . It is 

b lieved that this ef£icienoy is t least qualed by the new still­

ad. Samples J:>f Ea tm.an Kodak materi. ls., having boiling point ran­

ge ot 1. 0-1 . 6°, were fractionated to obtain sample• with constant 

boiling points within 0. ,1°. The highest pr oduct rat attain d with 

the new stillhea was 0 . 25 1 . per minute . e reflux co nter in 

t old stillhea. having been re111.0ved. th . reflux r tio could not 

be calculated. It y be noted th.a • with the new stillhead.,. ope -

tion of the oolumn was uch eimpler and ore tree fro tloodin • es­

pecially below 125° c. et:ween 125<> and 150° o. , emne troubl with 

loss of he t du ., in part at least ,. to insuffioient insulation on 

the stillhe d. ne experienced. 

As st ted b fore, ti trials on the oper tion o:f the hydrogen 

dieoharg tub proved that t beat current was from 7 to 8. 5 e.mp-

erea in the r y circuit. With the tube running thus ,, 16- minute 

expo ures on an e pty syste (nitrogen filled) gave oo.ntinuous emia-

ion all th · y down to a pproximately 1980 i, e.xpoaures ot one hour 

gave blackenin of the pl teas far down as 1960 i . without any air 
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absorption banda. This sho d that a a ort flushing with nitrog n 

each ti.me the system wae opened was euft'ioient to keep air a.bsorp-

tion below the noticea.ble minimum • . 

Ith s been stated. ho -e~ r (41) that ethyl sulfide baa a band 

at 1850 R and ethyl uroa.ptan a . d at 1936 .i. Since these bands 

re below the transparency of the hexane used•• solvent in this 

ork (about 2160 i) .. they will pro bly have to be studied in the 

npor cell with a more intens source . In order to shorten the 

ti requir to a reasonable figure nd still produce li ht in 

this region. it will ro~ably be necessary to supply more po er 

to the discharge tu th n the two tr nstoraers now available will 

handl. A combination ot more po er and dditional conden~•r• would 

give spark linea of greater intensity and further down in the needed 

r ion. tor the standard spark speotr 

Th exane u ed s solvent int is etudy apparently is a 

co:mplotaly aatietactory solvent down to about 2100-2150 I. 
Tabl•• 111 and IV show the obeeJ""9ed absorption maxima for the 

umples 11 te in Table II . lthough the data oontained in these 

tables d~• not bring this out. a oaretul insp ction ot the various 

pl tea with proper regard for uncertaintie• in a ure nt , d the 

pos ibility of having seen faint bands where no bands aotu&lly 

ex1eted leads to a fairly certain belief that die\hyl sulfid• haa 

poorly d tin d bands a 2182+* i and 2240~3 i .. and a so hat - -
eak band at 2.286+2 f. one of h ae b nds ha'Vi een 

reported in th literature. o £1n1~ evi ence w:ae obtained for 

the existence of a and at 2490 j which s r ported by Ley &nd 

Arendz (41) tho~gh it probably ould h ve been necessary to micro-
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Ta.l>le II 

OILI G POl T OF LES 

l 1 Eastman ' 
C ound a Synthetic I Kodak ' Lit rature values 

• a.terial ' teria.l I (2) 

• I t 

n- utyl mercaptan 0 97- 97. 6 97. 2° 97-98° 

• utyl sulfide 186-89° 182-84 
0 

150° •• 

n- utyl disulfide 100..lOZ0/15 • 14!...«0/S!mm 

hyl rca: tan 

thyl sulfide 

Ethyl disul!'id 

• Ueed a, supplied. 

•• A ixture ot hlgh•boiling sulti ••• the r asidue from fractionat-

ion ot n-Butyl meroapta.n aynth•••• was uaed for these twos lea. 
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UB l!l 

OBSERVEt .ABSORPTIO \IAXl !'A 
Ethyl Compound 

2193.4 

2228.5\. 

thetio tEutmaii ."J:etman 
th 1 t Kod k i Xodak 

ulfid , Ethyl r thyl 
, Sultidea Sulfid 

2182.6 2182 .• 6 

2218.2 

22:51.S 

Same bandf 

2241. 7) 224:S.O 

2237.5 

2265.3 2285.4 2286. 5 

2287 . 3 

•s t etie1Eaatman1 Literature 
i yn 1 : Kodak a (41) 
I thy 1 Ethyl .-t-----­
,Disulfide aDisul • t S a Et~ 

Broad band 
from about 
2S10 to 
2480 

Broad band 
from about 

1690 

1935 

2250 

238 to 2490 
2480 

2698.3 



stM.n Kodak 
utyl Sultid• 

2180.4 

2228.6 

2242.2 
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TADU IV 

OBSERVED ABS RPTIO MAXI 
Butyl OompoUllde 

I 
t Eastman Kodak 
a :Butyl Sulfide 
I 

2187.7 

2289. 7 

• ·, Eaaf:n 
i Synthetio I Kodak 
1 Butyl Sultid••• Butyl 
I I ti8Ulfide 

2195.l 2192. 9 

22S6.4 

2243.8 

2250. 8 

Jo absorption eeoured in butyl meroap-tan platee. 
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photometer the plate· to have observed ny such band unles~ it had 

bee v ry strong. 

Dibutyl aulfid shows band• similar to those obtained from. 

diethyl sulfide. Thee be.n-ds occur at 2191~. 22SS-t6, and doubt-- -
ful one at 22~ I. 

A aa.:mple of synthetic •thyl mercaptan gave absorption bands 

t 2191. 2aas. 2241. and 2285 R. The bands at 2228 nd 2241 were 

probably two asureaenta of the same band. Eas n Kodak ethy). 

aereapt , used without purification, gave no bands whatsoever at 

t h lo r vapor concentration. ith higher vapor concentrations, 

howe r. so e evideno ot continuous absorption below 2400 l was 

noted. 8 la.r lack ot absorption bands was found in the butyl 

roaptan plate . It seeme probable, ther for•, that th bands ob-

served in t}?.a sample or ynthetic ethyl m roapte.n lfere due to ,thyl 

sulfi e formed by air oxidation. The existence of the nd repor­

te by Ley d Arends (41) for ethyl ·erce.ptan at 2260 i seems to 

be 1n ire t doubt as this ia olose to th value for the ost in• 

tense band obs rved for ethyl aulfid~ at 2240 j 

The results secured from diethyl disulfide wer hard to inter-

ret without new photo e.phs and miorophoto eter a surementa . A 

eneral ~road band about 1001 or more wide and centering round 

2430 R •• observed in each smn.ple . It is possible that these broad 

band y be found to be oOJ1U:>0.111ed of a. n rot narr~r fuzzy 

dsi h v r, addition l or 111 v to be dolle on thi com• 

pound to make sure of . this . The pp arance of the road bands at 

least su geats thi& possibility. ho .ever . 

Dibutyl disulfide ga.ve suggestion of a similar wide band, 
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which 119. probably no wi~r than 50 X. in the same region. A weak­

ness in th s nsitivity of the plate us d at this point in the spec­

trum co plioated the int~rpretation of thee plates and those of the 

ethyl dieulfide. and makes any intorpretation very ditfioult. 



It will be necessary ·to do further sy:.athetic work on all six of 

the compoumls studied. A greater tr..U-J.'ber of methods of synthesis 

would be 01,;;sinble 1.n order to get gc,od G.greexnent on absorption max-

ime.; those methods should be aimed to produ.oe me.terinl of greater 

purity the.n -~}ta samples reported in this work. ?erhaps a micro-

.fractionating column woule be useful baeause of the small yiGlda 

e:f son;.e of tha methods of' synthesis. 

Tlw mer-captane shoul,l b& i~vestige.ted in (*. r~~ion coveril-ig the 

lowest ranto of the quarts spectrograph (.about 1850 i). flome values 

cited. frO!il li't;era:ture 'below 2000 1 and the lack of bant};s above 2000 

i make this exten.sion of the study necessary. A m.ore intense light 

sour04lt will h~ve to be provided nnd it may be neo&utar.v to elim1:n11te 

the 45° quart& prisn,..s frmn the system to eoncerve the intend ty of 

the lizht, inasmuch as qm>.rtz begins to a.bsorb appreciably in this 

region. 

Th~ 'Wenk band due to pkte insensitivity ma,de interpi-etation 

of the pla.tes on the sulfides 1.u1-d disu:1£1des difficult. Plate-a 

wit.h better s~ni:itization should be secured,, sntl the wide bands 

secured in tho disulf1.des ,~rre.ly~ed with a. mierophotometer. The 

pols sulfides. ( tri ... , tetra-, r .. nd higher) shoulo be added to the 

list requiring obs~rvr. .. tion. It would olso be well ·to run tests 

on tho effect of secondary and tertiary groups on the ultra-violet 

• , 0 
, a o on 

,:'I ~ ~ ,; • 

· a D r:., 
, 0 °,i.oocL, 0 
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if even sligh interferenc s enter into the problem. owin to the 

breadth d 6&kneaa of ost of the ands . 

The d tection of the alkyl roups in sulfides seems probabl y 

i po sible aa the difference between ethyl sulfide and butyl sulfide 

is les2 than the prob le xperi.n.ental error. The ~fteot of branch­

ed chain• pro a ly would keno significant differenoe, but •ho•ld 

tried. 

It seems that the highor anda r ported in the literature for 

thyl ercaptan and ethyl sulfide are pr o bl y in error . 
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