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This research ,ms undertaken With the i dea, chi etly, of deten1ining 

whether the study of the ultra- violet absorption of petroleum and its 

fractions might serve as a usaf'ul tool by ;:wans o f which problems of 

composition or origin might be studied. More speciflcally, it was 

:planned to st·u.dy ~e troleums from diff erent sections ot' the country to see 

whethsr or not there would be any characteristic differences in a·bsorp

tion by means of' which the origin o f unknoVin S&'llples might be determined. 

It was also plrumed to st11dy various gasolines to see if their s1;ectra 

were of such nature as to permit using their ul t.ra~violet absorption ill 

the study ot the llUlllerous possible problems relati vo to t he)ir compo31 tion 

or that of the petroleum froni which they were obtained~ 



In recent years because o f tha public demand i'or p etroleum 

produc~s o:f a more nearly wii:torm nature, and to the . ever ehanging 

design ot combustion engines, mueh interest has been direoted to 

specialized fields . of researeh 1n petrolemn.. The finding of new uses 

for petroleum products has also done mueh toward this stimulation. 

The general method or classifying petroleum and its different 

tractions according to the peroentages of paraf'f'ins, aromatics, 

naphthenea, olerins, asplllll.tic mat,erial. SQ.l.tur, nitrogen and 0.1:;ygen 

com.pounds, is gradually being replaced by the more specific method 

of isolating and 1dentitying the indi?idual components. 

r.ta.bery (57d. 570) believed petNleum to consist ot a complex 

mixture of members of a few homologous series of hydrocarbons with 

small percen. tages of N, S, and O 001Ilpou.nds. Marcusson ( ~9) 

l 

partially _veriti ed this when h_e found a ¥gh boiling mi.ueral oil to 

eonWn par~ffins. olefia.s, naphthenes, and polyne.phthenes. Br..mn. (19) 

also agrees since his work has proved that pet.roleum aud its products 

contain a complex mixture of aliphatic, cyclic, and aromatic 

con1pounds. .Another author { 77) classifies :petroleum products as : 

(l) inethane {pa:n.ttil:l.s), ( 2) naphthene, ( 3) methane na_p.bthene, 

(4) a:romat1os, ( o) methWle-naphthene-arauatio . (6) naphthene-

aromatic. 

Burrell (22) in SIJ1.ll!ua.riziug the field or research 1n 1928, 

states that Eastern gasolines al'"e predominantly paraffinic , Mid

continent o.nes not so much so, while Californian and Gull' Coast 

gasolines are naphthenic , w1 th considerable quantities of t1romatics 

in the Cali i'o.rnian . 



Paraf l'ini c Hydro carbons 

~.Methylhexane (29) together wi. t h SAall quantiti es of iSOlll.eric 

secondary heptanes and dimethyleyolopentanes have been fou.nd in a 

fraction of Coli"basi petroleum. By fractional distillation 

Sohorlemmer (88} in 1873 isolated n ... heptane from a Pennsylvania. 

cTUde. By the same method in J.883 1so- and n .... pentane~ along with 

i sohex-ene, were separated from. a Galaa1an petroleum. traction ( 52} and 

in the same year Mendele.ti' separated similar f r actions from a Russian 

and a Pennsylvania orud-e (89). 

Young and 'l'hom.as (104) hy fractional distillation have isolated 

isopentane. n-pentane~ isohe;mne, n-hexan.e, isoheptane and n-octaue 

.from an American petroleum. Isopentane (5),. hexane (60), isobut&i.e; 

isohexane, and methylpentane ( 77} ha'fe been found in Baku petroleum, 

Caucasian Naphthas , and a Oolibasi petmleUlll. 

Commercial straight l"Wl gasoline from Cabin Creek Field, West 
' 

Virginia (18) was systaaatieal.ly :fractionated (a) in a column l.8 feet 

high. packed with modified Rasohig rings one .. J1al.:t: inch in diameter (b) , 

1n a sim:i:lar co1umn 10 feet high. contaiuing one-fourth inch rings, and 

( o) in a glass eolumn 5 feet high paoked with OILe-eighth inch. M.ngs. 

By retraetionating some of the fractions a number of times., the 

number depending 011 the substance isolated. isopente:ne, n-pe11tane , 

were isolated. 

In :f'raotiona-t;ing a natural gasol~ f.t"Olll Pefil.lsyl va.nia, .Anderson 
··' 

and Erskine (1) found isopenta.ne. n-pentaue, 2-methylpentee, 



In reviewing the wo:ric ot the A. P .. i. Project 6, Rossini (84} states 

that by distillation, crystallization, extraction, and absorption and 

combination of these, 45 rre hydrocarbons have been isolated and 

identitied 1Ll a Midcontinent petroleum: traction normally boiling below 

la:>0 c.. In addi t1on to the above meat1.oned pa.rd1'f1ns tb.e following are 

1n-oluded: m..ethane, :et),l~e, ieobutane. 2,3-dimethylbutane, 3-methylpentane,. 

2,2,,,.dilueth;ylpentane, 3-m.ethylhexane, 2,,i.m&thylb.eptane, n-ootane, 2,6-di

.. ethyl.he.ptone-, iao..aonane, 2-.-, 5-, aud 4-imet.b.yloctane, n-nonane, and 

n ... decane. Thus Panyu.tin and Firaanove (71) wet-e Justified in their 

bel1et that a Surakhansk gasoline ooutained n-heptane a;nd 2,2-dimethyl. 

pentane. Tongberg and Fenske (lOO) have reoenUy isolated a number of 

tae above mentioned hydrooarbons trom a numb8ll' of virgin naphthas rrom 

different fields in various parta o:t: the world. 

Paraffin, slop wax, and rod wax have been separated into o. series 

of :paraffin hydrocarbons ranging trom o1a538 to C4.if.ss (ro); however, no 

attsnpt was :m.ade to name these compounds, the authors having based their 

oonolusions only on physical properties end crysta.llina str..iotures. . . 

Tridecan.e (C1sff28),. tet:radecaue (o14Ra,), pentadecane (01d132) • hexa

decene (o16H34) and heptadeoane (c1 ..p3,) were found in a Pennsylvanian 

petroleum. fraotio.n boiling above 21s0e. ( 57b). 

The lubrieating traction appears to increase in complex1 ty almost 

geometrically with illereaee in molecular weight or size o f m.oleeule. On 

an average the lubricating oil tl!'aotion contains tou.r or 1'1 v-e ti.mes as 

many atoms per moleou.le as those ot gasoline. The lu.brioat 1ng portion has 

been separated into 3 broad fractions: "extract", "wart, und "water 

wh1 te" oils. The water -white oil was fiirtller su.bdi vided by distillation 

into 600 fractions. Rossini has synthesized a .nwnber of high molecular 
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weight hydroearbons Yi.!liah he is using to aid. in the classifiontion of the 

above mentioned frae-Uons (84} . Mikeska (65} believes the higher boiling 

traotions or lubricating oils to contain the same type of con1pound that 

li!areusson found in high boiling mineral oils. It is thought by Bestuoh-eW 

(U) that the arom.atios and naphthenes or any given !raetion oontain the 

same number of rings in the moleeule,. He oonside,rs the low r tractions as 

deri vat! ves of benzene and naphthalene on the one hand, and cyoloh.exane 

and decalin on the other. The higher boiling tractions are rega.r<1ed as 

derivatives of an thraeene and the other higher polycyeli a deri vati vea. A L-

method propose.d for appmximating the relative amounts of each type ot 

.b,yd:roearbon present depends on dete-Imining the ori ti cal ~olu tion tempera .. 

ture o.f the oil in aniline (65). 

Aromatic H;ydrocarbons 

ScborlEtmn.er (88) as early as 1865 stated that he found small quanti

ties o f aromatic hydrocarbons ir1 ilmer1aan petroleum. In 1882 diethyl 

toluene ( the exact isomer was not given) and pseudooumene were identified 

in a Caucasian product (GO), and one year later benzene. naphthalene, and 

antb..racene were isol.nted from a BakU naphtha residue (5!;,). It has been 

proved that Ohio and Canadian crudes contain am.all amounts o f benzene, 

toluene, m ... and :p-xylenes (57b) anri t hat other Alaeriesn pet~leums 

oontain toluene {104). 

Markownikotf' (60), wno f ound be12zene present in a Grosny naphtha, 

was tollow-ed by Poni (77) who isolat-ed not only benzet1e from a Colibasi 

petroleum t'raetion, but also m-xylene and mesitylene. 

By various methods, such as f r actional distillation and then 

nitration, sulfonation, formation o f pi crates , and eJttraation, tho 



following aromatic hydrocarbons, some of which hava already been mentioned, 

have been identified in. petroleum fractions i"rom differen.t sections of 

the 'Mlrld: toluene (18, 3£, 51• 621 66, 83, 84, 96, 99, 100), benzene 

(17, 18• ~2, 51 , 62, 66, 81, 84, 99, 100), o-., m- and p.-xylenes (85, 96• 
l 

100), o- and p-xylene (66, 84), m.:x;y-lene (!32, 62), naph t halene (28, 51, 6&, 

83), mesitylene (51 . 62,. ,M), pseudoe:imene (51, 84), hemimellitene {51,. 84) 

OUI11ene and. cpaene (62), ethylbenzene, (66, 84-,. 100) 1 isopropyl beru,ene (13) 

beta-methyl naphthalene (12) and beta-isoam.yl naphthalene {B). 

Naphthen1o Hydrooaroons 

Markownilcot'f {60) by distillation and dephlagnation isolated oyolo-

hexane, m.ethyleyclopentane. and oyelopentane f rom a Ruas1an petroleum,, 

and later oyolohexana f ·rom a Oau.oasian .naphtha. D1.m.ethyloyolopentane has 

been isolated 1"~ a Colibasi :petroleum. (29) • 

Panyutin and ..l!' irsanova ( 71) by catalytic dehydrogenation with 

platinum-impregnated coal, f ound that lllOst of the Su.rakhansk gasoline 

consists o f methyloyclohe:mne, cy-alohe~e, dimethylcyolohe:mn.es, methyl 

and dimetbyl cyclopen tan es, ethyl... and tl:'imethylcycl.open tan es, and 

pl"Opyloyclopentane.. In addition to the above compounds, the following 

napb.tbenie hydroca rbons have been isolated from a Midoontinent traation: 

1,1-dimethylcyclopentane, l,3- and 1.2-dilil.ethyloyclohe:xane, ethylcy-olo-

hexane, oetanaphthene, and two nonanaph th.enes (84). Other s have r eported 

f inding: oyolopentane (104), metliylcyolopantane (3-, '17, 10-4), cyclo-

hexane (35,, 104), dimethylcyolopentane (102) methyloyclohexane ( 7?, 104), 

and etbyleyolohe:xane ( 77) in petroleum f rom many different countries. 

01 e f ini o .Hydrocarbons 

Acoording to Burrell ( 22) • olef ins have only onoe been identif'ied in 



4l'Ude _petroleum~ This was in Mabery' s work on a Canadian crude Which 

showed trac.es of hexylene, heptylene,. octylane and nonylene { 5'11").. No 

pol7enes or acetylenes have been reported present in crude petroleum; 

however, ethylene, propane, butadieue, butanes, pen.tadiene and higher 

conjugated dieo.es ha-ve been torm.ed 1n eraekizi.g :petroleum and its 

products ( a, 15),. 

&11.t'Ur CompoWlde 

It 1 s oommonly agreed that sulfur in pet.roleum and its products is 

present in three t om.a: (a) .sultu.r, (b} hydrogen s-.ufide, (c) organic 

8'tl.fur compounds (14). 

Gira.rd and Colt (36), Thiele (9-t;},. 4li.ohardson and Wallace (82). 

Peakem ( 77) • and a n.um.ber of others have conf irmed the presence or tree 

sulfur in petrolEIWll., 

Hydrogen sulfide has been repo.rt~d by Mabery ( 5?b), Richardson and 

Ws.Uaoe {82), Brooks and Humphrey (17) 8lld 1U8J'.1.Y others. 

The following organic sult'u.r compounds have been identified in 

petroleum and its products; carbon diSl1lfide ( 38, 41), iaopropyl and 

isobutyl mercaptans (13), ethyl and isoamyl meroaptans (13), a - tolyl 

mercapta.n (oo apecifle one ru1111ed) (90) and m.ethyl meres.pt@ (90). The 

following sulfides: dimethyl, diethyl, ethylamyl, di-n-propyl, di-n

butyl, di ... isobutyl1 diamyl, and dihexyl (571>), methyl ethyl, methyl 

pro:pyl (98) and diphenylene sulfides (50). Cyclic sulfides of t he general 

romula ( CH2 );x8 where x • 6, 7, 8 , 9, 10:r ll, 14, 16, 18 (57b); tetra . 

and pentamethylene sulfi des (68). The hete.rocyclic compounds: thioph.ene 

( 27, 32, 64, 74), o( -methyl- ( 2-.metbyl) thiophene ( 27, 31 • A. 74), 



cJ.. •, (3 ... dimethyl-( 2,3-dim.ethyl) thiophane (27, 31), o(-ethyl-(27) and 

/3 -metbylthiophe.ne (64) n-propyl ... s..., isopropyl•2-, n-butyl thiophenes 

(102), an.d _pen thiophene ( 8'7). 

Nitrogen Compounds 

7 

In an extend.ed eX8lllination of the basic oil extraeted from Californi-

an petroleum.. one series of ' bases sept1:rated appeared to be deri -rati Tes 01' 

methyl qui.noline ( 57a). A similar basic rraotion, along with what was 

believed to be pyridine and its derive. t1 ves,. l'las al so separe. ted t"rom a 

1apanese petroleum ( 57c). Later Mabery ( 57e) proved nitrogen bases to be 

present in petroleum r:rom all sections of the United States. 

The belief of earlier investigators conoeming the n.i trogen eom:pounds 

tou.nd in different fractions has been Justif'i.ed by Bailey and associates 

(6), who by their aumulative extraction methods (60) and amplified 

distillation (6b) have isolated fl"Olll. kero bases extracted from oleum 

residues of a Califomian petroleum: z_.4-, 2,5-., 2,6-, and 3,5-dililethyl

pyridines; 21 4,6-trirnethylpyridine , quinoline, quina.ldine, 2 ,4,S-., and 

~,5,S..trimethylquinolines, 2,.3-, 2,4-, and 2.s-dim.ethylquinolines, and two 

kero bas.es o f the forinulas c16H~ and c16Hru.N• 

Vo.n. Braun (16) believed nitrogen compounds existed in the fom of 

albumins in the original petroleum. 

O:iygen Com.pounds 

Naphthe:nic and ratty ao1ds, along with a.roma..t.1c hydroxy compounds, 

principally phenols, are the prinoipe.1 oxygen-oolltaining compounds o f 

petroleum. that have r eceived particular attention. 

In aonsideriug the uaphthenic acids that have been separated rrom 

Roumanlan, Cali fornian, Gennen and Galician petroleums it has been :tound 
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that the C8 and a., eom.pounds were paraf'.fini c. the c8 to Ci;a monoeycli c, 

a.l1d those or high molecular weight to at least C22 were bicyelic. Due to 

the taot that the Ce and o., compounds were absent from the crude oil , and 

to the slie;ht variances in the compos1t1ou ot the acids in tne distillate. 

Von Braun (16) concl11des t.h.at t hese c.oiupounds a.re not primary consti tuent1,, 

but result from oxidation du.ring distillation.. 

Phyala ( 76) hae Jae.de and studied he;pta-,. oeta.-. n.ona .. , de.ca-, uo..deoa-, 

penta.-, eicosan-, and ;,,entaeosan-na.phthenic acids. He believes these to 

be present in petroleum ~istillates. Bestuohew (10) also made sever-al 

napb.th.enic a oids and compared t.llese to different- tractions derived from 

petroleum. 

The fatty aoids; palmitic., stearie, myri stic an.d arachi dic, have 

be.et!. isolated from a. gas oil distillate of Ish.ilcari :petroleui.11 and the 

presence ot higher d lower weight aci ds was suggested (95). Similar 

fatty acids oaour 1n variable quantiti.es in m1U17 J apanese. Cali f.omian 

and Borneo oils, includi ng what wa.s belie·ved to b-e butyric, vale.rte, and 

ea.proio acids (93). These S81l"..fl acids have beexi i dentified i n light 

lubricating oils or Boryslav p-et.roleum (47)., . 

Of the phenols extracted t'rom a 1apa.neae petrolewn, approximately 

~ was p .. oresol, ~ m-oresol, 1 5.% o ... cresol, , 2,4-xylenol . and the 

remainder 2.3-xyle.nol , diethylphenols and t:riethyl_phen.ols (94 ).. Stoey 

and Snow (93), separated phenols in. saall am.oi.mts t row. both cracked and 

etraigl1t run petroleum distillates. T'ne larger quantity present in the 

orack:ed distillate indicated that they were produced largely in the 

cracking process. All. three eresols weN .round to be present. 0-, m.-

and p- .lresols along with l,3,5-, 1,2,4-, and l , 3,4-xylenol s , bete.-.naphthol 
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and a mesi tol were, tound in a. Bo:ryslJ1v light oil distilla t e {34). 

The doubtful. question as to whether cho-1-esterol is a constituent ot 

petroleum was reviewed. by Rakuzin 1n 1928 ( 81). 

Ul t?a-Vlolet Abso.rpt1on 

Ul tra-rtolei light i'las been used in the :petroleum industry ohiefly 

to aocel.erate changes in artificial eging tests (7), and in some cases to 

distinguish oruda oil from refined oil (9). Ill 1925 1 t was us-ed in 

determining the oomposi t1on ot petroleum and some ot its derivatives,. 

Gex and Vles (37), studying the ultra-violet a'bsorption of petroleum and 

1ts derivatives~ round .f'iTe principal characteristic zones of absorption, 

in the rom or bands or groups of bunds with maxi.ma. near 3000, 2000, 2650, 
0 

£400 and 2410 A. Al though they made no a.tt001pt to determine the eon-

st1 tuents responsible for each of' the bands, tltey were o:f the opinion that 

the saturated acyol.ic earbon compounds had a preponderant part in the 

fomation of the band at 2400 1, a.ad also that oarbon. r1nge, saturated or 

not, played a. role in the ger1eral absorption. 

In order to coordinate the ultra-violet ab.sorption studies me.de on 

petroleum and it s di:tf er tmt .fra ctions with tho se of pure byd:rooarbon s 

and other compounds found in petroleum, the t olleWing table ha s oe-eu 

p repared. 



'l'.ABLE I 

ABSOHP'l'LO.N LI.Ul.Aliiii O .t!' v01'fr'Ou~DS .1f0u1W 11{ .P 1£'1'.d.OLEuJJ.1 

( Between tlle lim1 ts 2000 - 3b001} 

Oom_pou~d References 

Paraffins 
Methane 23• 24, 48 · 
Ethane 23, 24, 48 
Butane 23, 24, 48 
Heptane 23, 24, 48 
Hexane 23, 24, 4a 
Ootane 23• 24, 48 

Naphthenio (Oy:olopare.1.'1"ins) 
Cy'clopropane 4.3 
Cyclohexane 43 
Methyloyolohe:xane 101 

.A.rom.atio 
Anthraoene* 
Benzene 

Ethylbenzene* 
Propylbenzene* 
Allylben:t.ene* 
Butylbenzene* 
Amylbenzene* 
Triethylbenzene* 
Mesitylene* 
P s eudooumene• 
Helllimelli te.ne* 
Cumene* 

25, 61, '70 
331 49, 58 

39, 101 
!59 , 44, 73 
39, 44, 73 
73 
73 
73 
e, 79, 91 
91 
91 
5 

Band Maxi ma Expressed i n i 
No absorption in reg.ion 6000 ... 19651 

No absorption as far down as :?Dooi 

2702 2619,:,._5 2631 B6i0±2 259a 2p7i3t4 25~8,t4 2526 2!µ,.3 
2~~2 2~1:,3 2~65t5 2540tl 2286.t2 0073 20S9t.2 1976:5 

..... 
0 



TABLE I (Cont'd) 

Compound Referenoes Band Maxima E:xprosned in 1 
Aromatic {Cont'd) 

Naphthalene 30, 33, 67 3a'.>4tl 3145$!3 3106&4 3065t2 :3040t5 3017t3 2997:tl ~'972%2 
292el 2889 2860t5 263lt4 2784 2752t2 2740 21rot2 
2710 2680 2S57t3 2644 2636 261~5 2590 2565 

~ -Methylnaphthe.lene 
2221 2210,1 2176 

30 3225 3177 3135 3081 3033 29 87 2933 2888 
28l9 2704 

<f.. - Methylnaphthalene 30 3250 3163 3142 3101 3051 2996 2978 2819 
2741 2660 

2,6-Dimethylnaphthalene 58 3220 ~47 3075 2800 
1,6-Dimetbylnaphthalene 58 3240 3170 3103 2737 
Toluene 47, 58 2ro, . 2p~ 2~J?9 26,~~2 2&~8 25ao ~~~5 253Z 

/ < ( 

252.~ 2~6 2•~;4 24~ 2JF.58 2~52 ~~ 2425 
o-Xylene 49 , 58 2'1UJ%_4 262-4 256.~ 2524, 2000 2)83 
m-Xylene 49, 56 2727!4 2690 264~tl5 26a) 2598 2t>65 2:500 24i0 

2151 
p-Xylene 49. 58 2742t1~ 2ro4 2670 . 2649 2591 2549 2516 2495 

2469 2446 2133 

Sulfur COlllJ20UlldS 

µydrogen Sulfi de* 56, 78 
Carbon Disulfide* 69, 68, 103 
Ethyl SUlf1de M 2490 1850 
Ethyl Meroaptan 56 2200 1935 
'l'hionaphthene 58 3332 2966 28~ 2578 2266 ( i n alo.) 
Thiofhene 39, 63 2'll.9 2426 2359 21 74 

N trosen ComJ2oung§ . ' 
Pyridine 33, 35, 63, 67 2889 2841:!:2 2007 2?60 2724:3 2628 2567 2:517:t5 

2510 
Pyridine (in EtOH) 33 2889 2S39t2 2003t5 2763:t3 2723:5 t-' .... 



TAB.LE I (Cont' d) 

Compound Re:f'erenoes 
u 

Band Maxi.mu. 1!,xpressed in A 

..Nitrogen Compounds (Oon.t' d) 

cl- - Methylpyr1d1ne 6?; '79 2800 2861 2859 2856 28p3 2646 2834 2819 
2814 2809 2785 2685 2600 2560 

(3 - Methylpyridine 46 , 67 2690 2620 2555 
iso.Quinoline (EtOH) 33, 67 3175 3125 209'7t5 3061 3046 3033 2986tl. 2904!;4 

2847±4 2620 2272 21,!>3%2 
1 so ... Qunioline ( in EtOH) 58 3186 :sl.36 3048 2660 
Q.uinoline 3:3, 67 5112!4 3057tl 2993*3 2932to 28?lt5 2753 
Q.uinoline (in EtoH) 33 3116 3056 2996 2936 2876 

Oy~en eom:i2ounds 
o .. Oresol 49 2700 2716 2704 2668 2649 
m .. cresol 79 2796 2'778 2771 2766 2754 2732 to 2691 2684 

2644 2638 .2633 2630 2623 2618 
p-Cresol 49, 79 285~4 284l 2840 2828 2823 2807 to 2794 2775 to 

2760 2733 2728 2709 to 2'70 2 
m-:Xylenol. • 55 
p ... Xylenol* 55 
d- ..Naphthol zo 3309 3.281 3237 3206 3140 5103 :.'.069 3004 

·(3 - l{aph thol 
2834 2722 2626 2525 

30 3fil.6 3l. 75 31.38 3103 3079 3013 2975 2929 
2879 2799 

Chol esterol 45 Ab sorbs generally 
Palmi tio Aaid* 12. 52, 1? 
St eari o · Acl d* 21, 52, 77 
Myri ati c Aa1 d* 21 , 52, 77 
Ara chi di c Aa1 d* 21 . 52, 77 

*The incompletenes s of t l'le table cWl be a ttribu.t ed to t he lack of reference ma.terial cont&ining the 
original articles. However1 t o make t h e t able as ~ompl ete a s possibl e t he ref eren c es found in 
abstracting journals and o t her sources have been listed. 

..... 
w 
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Appartitus tl.lld .Materials 

The absorption spectra were photographed with a Hilger E3? quartz 

speetrograph e ,,tui ppeJ with a Corn.u prl sn and internal \\lave length scale, 

and having a di s:persion o f 85 mm. :t'rom 1aooi to aooof (Fig. 1). 

For sa.ue of the preliminary work Eastman Number 40 plates were used. 

In order to seusi tize the pla tes to the shorter wave lengths, the emulsion 

sides were bathed in a solution or transtor.~er oil in carbon tetra

chloride. After exposure the _plates were washed free of the <;>il with 

carbon tetrachloride before developing. It was found that this procedure 

l et't the plates somewhat mottled, :making them difficult to re~d . 

This diffieul ty was rem.edied by ehanging to Eastm.an 'l'ype 1- 0 plates, 

v.hlch contain as a sensitizer a special organic compound that can be 

washed off with acetone a f ter exposure without leaving the plates mottled 

in any manner. 

As a source o f ultra-violet light a hydrogen diseharge tube was 

designed arl'i constru.cted as illustrated in li'igi.1.re 2. The cylindrical 

aluminum electrodes (A) were or such size that they just fi t.ted into the 

enlarged ends of t h e discharge tube, with the tungsten lead ... in wires 

seal~d through t he wall of the gl.ass tube. A fused quartz window ( C), 

2. 5 em. in diameter, and 3 llllll. in thickness, was sealed on the end of 

the tube with picein. The tube was sealed inside the water jacket with 

eotton backed with picein. 

The electrolytic hydrogen generator, which operated on a principle 

somewhat similar t o that of a Kipp generator1 was made by supporting a. 

3 foot length of 2 inch o.D. glass ,tubing inside a larger and souewhat 

shorter glass cylinder, with the lower and open end of the inner tubing 

resting on the closed bottom of the larger cylinder. The electrodes , 
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which were 11ade by rolling 8 inch lengths o i' sheet nickel into a 

oylindrical shap e , were o f such diameter that one would fit just inside 

and the other just outside tue central glass tube. Tbe ins i de or 

negative electrode was placed at the bottom of.' the glass tllbing and the 

height of the outside, or positive electrode , was regulated so as to 

minimize the possibility of oxygen e ·s:!-aping i nto the inner, or hydrogen 

compartment . 'I'he generator was filled two- thir<is full of a 10% solution 

of sodi1J111 hydroxide in water as au electrolyte, and the hydrog en compc1rt 

ment was attached to a drying setup a.ud all OOiiI\ections care.fully sea.led 

with picein. The o~gen oompurtinen t was left op en to t he atmosphere . 

The hydrogen was dried by passir.g it t u.rough tYiO paths of corLcen

trated sulfuric acid, a 10 inch tower fil led ~i th glass bead s covered 

wi. th :phosphorus pen.toxide , and an 18 inch tower f il l ed with glass wool . 

To reduce the possibility that air n1ight leak into the hydrogen compart-

ent and drying appa ratus the gas i n the syatan was kept above atmospher1e 

presS'..ire. This was accora:plished by keeping an Edison ba ttery att1.:1ched 

to the generator at all times . 

Foreign gases we1·e ra:.1oved as much us _p0ssibl e by f lushing out the 

entire setup several times v.1 th the dried hydrogen . 

The pQWer for the aro was fl.1.rni shed by two 110 volt trcms.formers 

with a combined output of 0000 volts. 'ruese were wired (Fi g. 3) in 

suah manner as to give only zroo volts but to i n crease the power output 

to about two- thirds KV.A under operating co.n di tions. " As t.ae tran.srormers 

used were onS-:half KVA transformers with very light primary windings it 

was neoessary t o put a r esistance of 4500 ohms in the se-oon.dary to hol d 

the primary current down to 10 ampe:i·ss. The resistance used consisted 

or two uni ts connected in parallel , each uni t being made of three 0000 ohm, 
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then a:n a ci d solution of th e penuanganate and washing the product 'Ai th 

sult'urio acid and fin.ally wa t e r . Mter the produot was dried and di stilled 

G 
over sodium it transnitted ultra- violet light as fa r down as 2!3QOA. 

Since this transmission was not suff'ioien. tly complete, mi xed hexanes 

secured f rom the Phillips Petroleum Company were used as a solvent . A 

modified f orm o f' the metho j used by Caetille and HeLri (26) was used in. 

purification. Their method oonsis.ts of shaking the hexane with 1 0'% fuming 

sulfUr1o acid during a 12 hour period, repeating this twice 6Ild following 

by a 12 hour period o f' shaki ng v,i t h con e-entra.ted sulfuric a ci d. This 

produot is ashed twioe with distilled water, decanted Ull (l shaken 1 2 hours 

with 10~ sodium hydro:d.de in water solution; subsequeutly it i s trea-ted 

f or 1 2 hours wi th a l N solution of allcaline potassium pemauganate and 

finally the same length o r time with aaid potassium. penn.angan.ate. The 

hexane is then decunted, washed repeatedly wi th distilled wat er. dried over 

sodium and :fr a ctiono.ted through a Vi g reux column. The me t nod used in this 

res earch di ffered f rom theirs in that the con t act periods with each o :t.' the 

wash solutions were longer, except the wash with con centrated sulfuric 

aci d , whi oh was only for about 30 minutes. The 1 2 hour wash period with 

10% sodium hydroxide solu tion was omitted, a sho1·t s cr.ibbing with sodium 

hydroxide solution being substituted, tliis serving to neutrali ze the acids 

in the hexane bef o re tile addition of the alkaline potassium. permanganate. 

I nstead of sodium, Baker' s O.P. anhydrous caloium chloride was u s d for 

drying the hexa.nes. Accordi ng to Cast i l l e end Henri, the hexanes 

0 
purified by their method transmitted t1l trH .. violet · light to l.OOOA. Oura 

0 
transmitted t o approximately 2050A. 

Since minute tra..::e.s of soiue impurities give a bsorption spectra, 

the greatest o f ca r e was exercised at all tiiUe6 after purification in 



preventing oontr.lfiliuat ion of' the solven t. 

The s rmples of orude petroleum and differeu t fr-actions of cr'Ude.s 

were :furnished by oil companies from different sections of t he United 

States. The following samples with their physical constants were re

oei ved f rom the oil com_pani es indicated. 

PHILLIPS P fil'fiOLEUilii 00.ilii.t>ANY, BARTLESVILLE, OKL.AHOJ.lA 
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Semple No. 5: Straight run untreated gasoline. Source of crude from 

whioh the gasoline was made is unknown. Properties are listed i n :l'able 2.. 

§ample lo . 6: .Nntural untreated gasoline. .h-o--ir1 Naturl:il. gasoline plant 

located at Lep, Okl&homa. Properties are listed in Table 2. 

Crude Petroleum 

SaJ.nple No, 'l: From Russell Jounty, Kansas. Product ion. i'rom siliceous 

lime.. Depth 3364-3369 ft. 

Sample No, 8: From Hu tohinson County, Texas. PI'Oduction f'rom brown 

dolomite. Depth 3260 ft . 

Sample No, 9: From Union County, Arkansas. Production from Wilcox 

formation. Depth 32.60 rt. 

Sampl.e No. 10: From Lincoln County, Oklahoma., Production from Travis 

Peak sand. Depth 3544-3559 rt. 

'm:E HANCOCK OIL COliPANY OF LONG BU-lCH• CALI.l!"ORNIA 

§ample No, 1: Crude oil rrom Hancock Well No. 16. Stanley Av-e. and 23rd St., 

Depth 4400 rt . 

Salll;ple No. 8l Presaure distillate from Hancock li quid phase cracking 

process • 

.$sml.e No. 3: Primary cut from straight run untreated gasoline. 

Sample No, 4: Straight l"JJl gasoline blended with 40% of era.eked gasoline. 

Semple No, 5: Casinghead gasoline. 
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.ANDJi;i<S)}t.j_J:>filCrlAR.u OIL CORPORATION, OKLABOMA CITY. OKL.AHOMA 

Sam.pJ.e No. 3611: Crude oil of 36. 7 A.P.I. gravity from Magnoliat s Jio. l 

Henley S.E:l./4 - Sec. 35 - Twp 6N, Rl.OW, Caddo County. Oklahoma. Production 

fl"om sand at 32?0 .rt. to 3370 rt.• bottom of Hue. 

Sample No. 3612: Gasoline. Properties listed in Table 2. 

TH.E PW 2011, OOMP~'Y., ROU'Sll.'VLLLE, .P~SUVA1.UA 

§amp.le No1 U 

S.gle No. 2: 

S!s:el.e No, 3S 

S8lll:ple No. 4t 

Penn.syl vania. 

".Eureka" Crude from West Virginia. 

"Bradford" Crude from. .Brad.t'ord, Pennsylvania. 

"Local" Crude oil from regiou about Oil City, Pennsylvania. 

"Franklin" Crude oil from region near Franklin, 

Sample No. 51 Raw untreated gasoline,...-origin or crude :Crom which it oame 

Wllcnown, other tb.an it was from. West Vi~ginia or Penn sylvania. 

Sample No,, 6: Raw, Wltreated gasoline w1 th a 65 .. 4 A..P.,I. gravity and 

365°.F. E.P. (.From Bradi'o.rd Crude) 



Gravity A.P .I. 
I. :S. P. 

f$ 
16% 
ID$ 
:c% 
~% 
00'% 
ooj 
roi 
80% 
90% 
95'% 

E. P. 
Rm. Tanp. 
V.P. at l00°F. 
Oolor 
Odor 
D:>ctor 
Corrosion 
% Rec. at 100°.r. 
Evap. at 212°F. 
Rec. 
Res. 
Dist. Loss 

TABLE II 

J?Hl.LLIPS 
Sample No. 5 S~llple lfo. 6 

OJanu.lsee Refinery DeN.oya .Plant 

!)6.8 
120 
160 
183 
2ro 
245 
2?0 
295 
300 
345 
3?0 
595 

426 

Pos. 
Pos. 

19.0 
97.f:tj 
l.Ojk 
1. O";t 

Bl.6 
82 
90 
94 

100 
108 
ll,8 
1~,2 
144 
162 
190 
220 
.256 
318 

82 
18.2 
30+ 

Sour 
Pos. 
:Neg. 

ro 

98 
0.40;b 
1.6 

Al'< DEl.®N-PRI CHARD 
Sw:nple No. 3612 

58 .. 3 
106 
146 
1~ 
8:>4 
226 
240 
258 
2?4 
292 
!510 
331 
547 
3?4 

98 
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ti th the f'i:x.ed oell used in this -work it was 1'ound necessery to 

study the ultra-viol e t absorption of the Pennsylvania crudi:is using con-

cent.rations between the limits O. OOOlj and 1 . 00% with the inte:nnediate 

conoentrations of 0 . 001%, 0 . 007%, 0.010%, 0 . 015%. O. OID'ib. 0.000% and 

O.,lO'j . The same order of concentrations were used in studying the 

.r.tidco:ntinen t and Californian crudes. the only difference being in the 

li:mi ts that were needed to give the desired absorption details• those for 

the Midoontinent being between 0 . 0001"% and 0 . 10% and for the Cali f ornian 

between 0.0001;\b and 0..030%. The gasoline samples were examined at 

ooneentrations of 0.010%, o. 50~, 1.00%, 3.ooi , 5.oo-~. 10. 00%, 00 . 00%, and 

100.~ • 

.Exposures o f exactly one minute were used in every case when the 

backed, special sensitized Type l-0 plates were used. In order to check 

results t>?Q plates were made o f e a ch sample • 

.All the crudes gave generlil absorpt ion e:xce:pt the Bradroru, Local 

and Jillraka. 58.lilples f rom Pennsylvania, and the sample of H®coclc crude 

f rom Oalifo:mia. The Bradi'ord, Local, and Eureka crudes gave two broad , 

dif'fuse bands as i ndicated in Table 3. However, owing to the di fi'use 

nature and bread.th of the bands, and the lack o f con t.rnst between them 

and the general absorption. region, i t was pr actically ir~possible to 
0 

detennine, with an a ccuracy greater than !5At the absorption maxima of the 

bands . The Hancoalc crudes gave t'Ml slightly naI'l"Ower diffuse bands i n th.e 

region indicated in Table 3. 

The absorption spectra of the glisoline s were quite di fferent in 

appearance from those o f the crudes. (Fig. 4a, b, e , d). In every case, 



Al Spark 

Al Spark 

Cell and Solvent 
0.10% 
.roi 

1.,oo;t 
3.00}& 
5.ocn; 

10 .. ooi 
00.00% 

100,.00% 

.Figure 4a. Hancock .. 4-.. Strai_gb.t Run Gasoline 
Blended with 40% Ora.eked. Gasoline 

,Al Spark 

Cell and Solvent 
0.10% · 

.50:£ 
1.00% 
3.()0j 
5.0~ 

10.0cc; 

50.00% 
roa.o~ 

Figure 4b. Hancock a .. 3. Prim.ary Cut Gasoline 
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Al Spark 

Cell and Solvent 
0.10% -~ 
1-0~ 
3.00% 
5-.00% 

10.o~ 
60.00% 

100.-0()5b 

.Figure 4c. Phillips .ro . 6. Raw Untrea t ed Ga line 

Al Spark . 
Cell l:fild Sol Veil t 
0.0001% 

.001i 

.007% 

.01o% 

.01$ 

.o~ 

.020,; 

.100.' 

1 .. ~ 

.Fi gur e 4d. Pennsylvania Type Crude b o. 3. "Local". 
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a number of vecy narrow, well- defined bfillds were obtained, covering 

approximately tho same spectral region as ·that covered by the general 

ab sorption observed for t he crudes. I n all cases , evi der .. oe of t he 

0 0. 
e:xistenoe of six or more faint a bsorption bands between :?A)OOA and 3000A 

was seen. Due to l imi tat1ons of the instruments avai lable , however, i t 

was found impractioal to aonfim the presenee o.t.' these bands, or t o obtain 

their probable maxima with any degree or a ssur anc e . The bands botween 

23001 and roooi, ho..-ever, were measured with an a.ocu r .: .. cy or :t5! o r better 

( See Table 3). At tho se concen t r ations a.t which these bands were most 

readily o bserved , their breadths rruaged bet ween ~ and a,.l There was 

also sonw evidence o f a f aint , f i ner structure in some o f these bctnds. 

The absorption maxirna li sted in Table 3 were calculated with the aid 

of Hartnan• s di spersion f o rmula: 

A ·A + B 
Q ----D - d 

\ 0 \ 
Where / • wavelength in A o f the band i n question , and /\ 0 , B and 

D are constauts ha'Ving a particular value !'or a given plate. 

(l) 

( 2) B • {, _A 3 - A I ) D& - ( ,A 3 .,. A• ) !) • ( ,A a - A,) D(D - d3 ) 

d3 

( 3) Ao• ~, - B n 

ds 

( 4 ) /\ • , 2 , 3 = waveleng ths o f k:now.n lines in the aluminum s_park spectr..un. 

da • di stance between /\ t and ~ 2 

ds • dista,.;, c e betwo«t ). -

• and A 3 

d = distance be t ween band i n que s tion and ,A • 
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The distance "d" was measured with a Gaertner comparator graduated. 

ill 0.01 mm. di visions , covering a total range of 50 mm. 



T.A.8.Wl; III 

.ABSORP'l'IO.N .llUl.XIMA .t'OUlW I N CRJJ .Dl!S MJJ GASOLD~ES 

CRJDES O.AS0.1.,l.N .l:.S 
/ 

.Pennsylvania Calif. Midoontinent Pen.nsyl vania Pa.oi ri o Coast 
.Phillips .Anderson Pennzoil 

Prichard 
No.s...1:. No. 2 No, 3 No, l No, fl !jo, § No, ~61,,2 No, 5 No . 6 No . 3 wo. 4 No . 2 

2308t9 
2328 

2346 2359 2350 
2396 2394 2392 2400t25 

2433 2421 2429t4 2432 · 24W 2435 
2450 

2485 2487!3 2490 2485 2493{a) 
251l(b) 

2523 2522 
2535 

2b44 2541!8 2500 25ol±5(b) 2nb5(a} 
2586t5 260515 2589;t5 2579 (b) 2584 258'7 

2574(a) 2588 2600 ( b) £59 7 (b) 2610 
2616 2511 2$14 2622( a) 2623( b) 2623(a) 

2626!5 2632(b) 
2652 (b) 2649(b} 2650 (a) 2658( a) 2657 ( a) 2652(a) 
2690 (b) 2677 2666tl( a ) 2685(a) 2689(a) 2698(a) 267~( a ) 

2717 2718 2722 (b) 2718 2?l 7( a) 
2733(&) 2739 

27G3t5 2744 2745 274lt5( a} 
2746t 5 2'162:t5 2755 2764 2763 

2785 2776 2785 2781 {b) 2797 2789 
2838 2828 

2851 
2888 289? 2800 (b) 

~ 
C)1 



T.ABLE III { Cont' d) 

ORiJDES GASOLii~ES 

Pennsyl vauia Calif. Midcor.tinent Permsyl vania. 
Phillips .Anderson Pennzoil 

Priohard 
No, l No, 2 No, 3 .No. l No. 5 No. 6 No. 3612 Ng. 5 No. 6 

3101 

2928 

298? 
0061 

3128 

2964 

Puoifio Coast 

No •. 3 No. i 

.2935 
2965 

2045 
3104 

No. 2 

( a ) These are the strongest measurable b ands found i n tne sample men tionad {Notet where two or 
more bands are given the same designation it lTl.eans they are approximately of equal intensity) 

(b) Weaker tb.an bands marked ( a ) but still q_ui te strong. 

~ 
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DlSOOSSION 

In con si dering the ultra- violet ab i,orption s_p e(!tra or the varlou.s 

samples studied in t hi s research it was f ound that the Irureka, Local , and 

Bradford crudes of the .Pennsylvania area were very much alika while eaoh 

o:f the samples o f crude f rom Arkansas and from Caii r'ornia stood very much 

alone. The Oklahoma, •rexas and Kansas samples appeared to show s imil ar 

characteristi cs and resembled the Frar.kl i n crude from Pennsylvania. 

There is a possibility that 1dth careful work and more accurate 

instruments def iuite maxima might b e f ound in all the crudes, since the 

change in spectra with change in· concentration gave e vi dence to support 

the beli ef that the intensity of absorption throughout the region 

studied did not change i n any r egular fashion . The plates were truced by 

a mi orophotometer but no new data were obtained f rom the curves. 

It i s quite evident on the basis of presen.t experiment!::ll work that 

ul t ra- violet absorption in the region studied does not offer auy easy 

method of determining the origin of petroleums. 

T"ne f'i ve characteristic bu.nds f ound in a Pechelbronn. orJ.de by Ge:x 

and V1es did not correspond to any band s f'ound i n the samples studied in 

this research. However, the strongest band reported by Gex and Vles at 

0 
2600A corresponds roughly t o the most intense band f ound in the four 

.Amerioan crudes for which de1'1ni te l'llaxima have been r eported in Tabl e 3. 

In studying the gasolines 1 t was found that t he most i n tense group.. 

ings of bands seemed to f all i n av:pronmately tne same spectral regions 

as did the maxima ob s erved in the absorption by the crudes. This 

oocurrenoe may be entirely fo rtui tuous., In any ease 1 t points t o a need 

for f'U.rther investigation along t hese lin es , ns the differen t bands in 



the crudes might well be due to overlapping o f numerous unresolved bands 

from their components . * 

The spectra obtaineri .t:'rom. the gasoline samples were too complex to 

penni t their analysis i n te:rn;s oi" the component s whl ch produced then. 

However , .i nvestige.tion of .fr actions tak:e.n between narrower temperature 

limits migh t be expected to yield .:1or e comprehensible results . 

I n view o f t he fact tho.t paraf'l'ins and cyclo_paraffins do not absorb 

i n thi s region tlle bands observed must com.;; from compoun ds of other types. 

However,. the presence o r thes e bands is not surpri s i ng in view c f the 

large number o t aroLlatics and unsaturated hydrocctrbons , and sulfur, 

ni trogen 1 and o:xyg en co~pou.nds tl1at have beeu reported present in 

petroleum. 

I n conclusion , i t seems highly probably that , in s pite of t he re-

ported comple:xi ty of petroleum, the ultra- violet absorption o i' petroleum 

e.nd its f r a c t ions may yield a large aru.oun t or fairly defiui t e infonnation 

regarding its compo sition. Tilis ooncl.usion is oased , t o a large extent. 

on the f'act t hat the par-af1~ins and eycloparaffi ns present do not inter-

f'ere with u.l tra- violet studies in: ' thi s r egion .• whereas they do inte r f ere 

with actual se.para tions. 

* Gex and Vles i'oll.lld tha t the absorption bands ot their gasoline 
samples weakened during the various stsges in refinement . However , as 
they do not report their method of refinement , it is i!ll.possi ble to make 
any definite sta tements in regard to this angle o f the problem at the 
present tille. · 
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SIM.c<taRY 

l . A review o.t' the literature concern.iug (a) the compounds t hat have been 

iaolated from petroleum., and (b) those that have been s tQdied for u.ltra-

violet absorption i.s presented. 

2. Diagrams and descriptions o i' the apparatus used are g.i ven. The 

0 0 
apparatus is adequate for studies i n the region between 21.00A and 3500.A. 

3. . The procedure and. technique used in studying ultra- violet absorption 

of petroleum and gasoline hnve been givao. , with a discussion of the 

results. 

4. Absorption maxim.a .found have been tabulated. 

5. Photographs of sOllle o::.· the more typ ica.l spectra are included .. 

6. Ultra-violet absorption as a tool in studying petroleuill and its 

products has been evaluated and the lines along which further research 

might be undertaken have been suggested. 
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