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INTRODUCTION 

A knowledge of the chemical constitution of 

cracked gasoline is desirable for at least three reasons: 

first and foremost, to satisfy those who are merely curi¬ 

ous, second, to contribute evidence which may be pertinent 

to an understanding of the problem of cracking, and, final¬ 

ly, to aid those interested in products derived from cracked 

gasoline* 

The fact that various cracked gasolines are 

known to vary among themselves according to the method of 

cracking and the type of material charged to the crack¬ 

ing unit does not necessarily detract from the importance 

of knowing well the constitution of at least one sample* 

The above statement is likely to be true since it is prob¬ 

able (but not yet proved) that various samples of cracked 

gasoline, like different specimen of coal tar distillate, 

while differing from case to case in the relative amounts 

of the several materials present, will contain the seme 

kinds of compounds* 

The only previous systematic attempt to deter¬ 

mine the composition of cracked gasoline was made by Drama 

and Hunter (1) in 1927* Brame and Hunter fractionally 

distilled a sample of cracked gasoline, boiling range 21- 

o 
180 C, into 11 cuts. The fractionation was carried out 

in a SO” column packed with Lessing rings of an undis¬ 

closed size* The fractions thus obtained were bromineted 
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in the cold in order to convert the olefins into dibro¬ 

mides* The unchanged saturated hydrocarbons were removed 

from the dibromides by ordinary distillation. The re¬ 

maining dibromides were treated with a copper-zinc couple 

in the presence of alcohol in order to regenerate the 

original olefins. The many fractions of saturated and 

unsaturated hydrocarbons thus obtained were then separated 

by fractional distillation into smaller fractions with 

boiling ranges varying from 0*5 to 7° c* The physical 

properties of these fractions were measured and tabulated 

s ide by side with the recorded physical properties of 

known compounds, Frequently more than one known compound 

was found to possess properties situated within the range 

of the properties given for various individual fractions* 

Taken all together, the evidence presented, especially 

in the cases of the unsaturated compounds, was insufficient 

to establish the identity of definite compounds. 

Since 1927, other workers have investigated 

cracked gasoline with intentions other than those of at¬ 

tempting a systematic analysis* 

Birch and Scott (2) in 1932 identified cyclo- 

pentadlene, piperylene, and butadiene by the then recently 

discovered diene reaction of Diels and Alder, 

Ivanov (3) in 1933 found benzene, toluene, and 

some xylenes as well as a few olefins in which the double 

bonds were said to be located in the 1, 2, and 3 positions. 

The method by which the structures of the olefins was de- 
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termined was not made clear* 

Moor and Katzman (4) in 1933 applied, the method 

of Korris and Reuter (5) to a 30-45° C fraction of cracked 

gasoline. On the basis of their experiment these men pre¬ 

dicted the presence of 2-methylbutene-21 2-me thylbutene-1, 

pentene~2? and pentene~l* The method of Norris and Reuter 

Involves the addition of hydrochloric acid to double bonds. 

Since hydrochloric acid may add on to an unsymmetrical 

olefin in at least two ways, the evidence submitted by 

Moor and Katzman is inconclusive* 

Hall and Bachman (6) in 1936 investigated a 

sample of cracked gasoline with the sole aim of obtaining 

alpha olefins* Pentene-1 and hexene-1 were obtained* 
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THE PROBLEM, METHOD OF SOLUTION, AND RESULTS 

The problem consisted in the systematic Inves¬ 

tigation of the chemical constitution of a fraction (27- 

70° C) of a typical cracked gasoline* 

In order to identify any given hydrocarbon 

obtained from the gasoline fraction, it is necessary to 

isolate it in a state of sufficient purity such that a 

comparison of its physical properties with those of a 

known hydrocarbon indicates that the found and known com¬ 

pounds are one and the same* The use of the method of 

comparison to identify hydrocarbons is Justified only if 

the physical data of the known compound are trustworthy* 

Fortunately, the physical constants of the saturated hy¬ 

drocarbons (at least those boiling within the range 27- 

70° C) are well known* In the case of the olefins, the 

lack of good physical data offers no particular diffi¬ 

culty since such compounds may be identified by convert- 

ing them to the corresponding ozonides, hydrolysing the 

ozonides and identifying the resulting aldehydes or ke¬ 

tones* 

The material used for analysis was a fraction 

cut from a cracked gasoline produced from East and West 

Texas pressure distillate plus reformed naphtha. The 

fraction was furnished by the Shell Oil Company, Houston 

Refinery, and before delivery to us was treated in the 

manner described below. The material was first refluxed 
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with, solid caustic to remove acidic sulfur compounds* then 

with maleic anhydride to remove conjugated olefins* Fol¬ 

lowing this chemical treatment, the gasoline was distilled 

through a large chain-packed distilling column stated to 

have sixty theoretical plates* Birring operation, this 

column was operated at a reflux ratio of twenty to one* 

The distillate was collected in sixty-one one gallon frac¬ 

tions, each of which was sealed in an atmosphere of nitro¬ 

gen after having been inhibited with 0*005>S alpha naphthol 

added as an isopropyl alcoholic solution* 

After delivery to us, the boiling point, density, 

and refractive index of each fraction were taken* (See 

appendix for tabulated data.) A consideration of the 

physical properties of the fractions together with the 

properties of the compounds likely to be found indicated 

that for purposes of detection* the fractions should be 

grouped as follows; 

Group Fraction Number 

I £-88 

IX 89-44 

III 45-59 

Bolling Bange0 C 

£7-35 

55-38 

38-70 

Equal portions (by volume) of each fraction in 

*In general, a horizontal interval on the plot 
of the boiling point versus the volume distilled obtained 
by distilling a mixture through an efficient fractionating 
column indicates the presence of either a compound, an 
azeotropic mixture, or a mixture of two or more compounds, 
each of which boils at the same temperature* 

5 - 



the.group were combined and treated with bromine at low 

temperatures (-s^t^o0 c) until a alight rod color persisted 

for at least ten minutes* In this way the olefins present 

were converted into dibromides. By simple distillation 

the unreacted saturated hydrocarbons were removed from the 

dibromides. The unsaturated hydrocarbons were regenerated 

from the dibromides by the use of the Gladstone-Tribe (7) 

copper-zinc couple in the presence of 95^ alcohol* Thus 

a separation of the olefins from the saturated hydrocarbons 

was obtained. 

The saturated and unsaturated portions of each 

group were separately distilled through a one hundred 

plate bubble cap column designed by Bruun (8). During 

the course of these distillations, the reflux ratio, was 

maintained within the range 40/1—60/1* The condensation 

temperature of the vapor in the still head was measured by 

means of a calibrated chrome1-alumel thermocouple, the 

e.m.f# of which was determined with the aid of a Leeds 

and Korthrup type K potentiometer. Condensation tempera¬ 

tures were corrected to the 760 mm basis by the use of 

the equation 

Tz- T, « 0*213 T* (log P - log 760} 

where T^ and P are the observed values of the temperature 

and pressure and T* is the condensation temperature at 

760 mm. The origin of this equation may be found in the 

appendix. 

The amounts of materials distilled during these 
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detection distillations varied from 330 ml in the case 

of the Group I olefins to 1295 ml in the case of the 

Group III saturates. The temperature and pressure were 

recorded for each 10 ml distilled. Table 1 gives the 

data obtained from the detection distillations* 

TABLE I 

Temperatures at which horizontal intervals occur on 

the plot of the ' boiling point versus the volume distilled 

Group I Group II Group III 
saturates olefiris saturates olefins saturates olefiris 

27,9° 30,1° 36.1° 
o 

30.1 36,1° 
0 

36.4 

36.1° 36,4° 
o 

49.0 
0 

38,3 

60.0° 44.0° 
o 0 

63.0 54.5 

68.0° 63.5° 

In only three instances did the preliminary 

detection distillations yield compounds in a high state of 

purity. The 27*9° interval of the Group I saturates con- 

o 
tained isopentane, the 36.1 interval of the Group II 

o 
saturates contained n-pentane, while the 30*1 interval of 

the Group I olefins contained pentene-l. The physical pro¬ 

perties of these compounds may he found in Table II. Pen- 

tene-1 was identified by ozonolysis. 

In order to determine the nature of the materials 

contained in the other horizontal intervals, it was neces¬ 

sary to go hack to the original sample, select a fraction 
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boiling in the neighborhood of the interval in question 

and distill from it a narrow cut, the boiling range of 

which included the boiling point of the interval. Each 

narrow cut thus obtained was separated into saturated 

and unsaturated parts by the bromination method already 

described. 

By the above procedure large quantities of 

materials having narrow boiling ranges were obtained, A 

careful distillation of three of these narrow cuts indi¬ 

cated that the 60,0°, 63*0°, and 68*0° intervals of the 

Group III saturates represented isohexane, 3-methylpen- 

tane, and n-hexane respectively. 

It may be noted at this point that a small 

quantity of benzene was found in the n-hexane fraction, 

Jackson and Young {9} found that n-hexane and benzene 

form a minimum boiling azeotrope. The benzene was quanti 

tativeiy removed by the nitration method of Bruun, Leslie 

and Schicktanz (10). The m-dinitrobenzene obtained dur¬ 

ing the nitration process served to identify benzene. 

The narrow cut of saturated hydrocarbons ob¬ 

tained from the original sample corresponding to the 49,0 

interval of the Group III saturates did not yield a pure 

compound when distilled through the 100 plate column at 

a reflux ratio of one hundred to one. The compounds, cy¬ 

clopentane and 2,E-dimethyIbutane, were considered as 

possible components of this mixture. A portion of the 
o 

mixture boiling over the range 48,7—48,9 c was nitrated 



with, concentrated nitric acid at 50° C for three days* 

The nitration products gave a nitro compound which on re¬ 

duction with tin and hydrochloric acid followed by aoyla- 

tion with benzoyl chloride yielded the benzoyl derivative 

of amlnocyclopentane. In addition to aminocyelopentane, 

glutaric acid was found* Thus the presence of cyclopen¬ 

tane in the original mixture was proved* 

Pentene-3 was found in the distillate resulting 

from the detection distillation of the Group II olefins* 

A portion of the 36*4° interval of the Group 11 olefins 

was ozonized and hydrolysed* Acetaldehyde and propion- 

aldehyde were isolated from the hydrolysis mixture* 

The isolation of pure pentene-S (one or both 

isomers) together with the investigation of the 38*3°, 
o o o 

44*0 i 54*5 , and 63*5 intervals of the Group III olefins 

will be attempted in the near future* 
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TABLE XI 

Comparison of physical properties obtained • 
in this and in other laboratories 

Compound 
Inves¬ 
tigator B.P.760 a 20/4 n 20/D f3* 

isopentane Author 
(11) 
(12) 

27*95° 
28 
27*95 

0*6197 
0.6197 

1.35392 
1*3539 

14.2 

n-pentane Author 
(13) 
14} 

(15) 

36*04 
36*00 
36*08 

0,6262 
0,6262 

0*6261 

1.35768 
1.35769 

1.3580 

18.2 

isohesane Author 
(16) 

.(17) 
(13) 

60*25 
60.22- 
60.26 
60*19 
60*3 

0*6532 
0*6532 

0*6527 

1.37154 
1*3718 

1.3711 
1.3716 

3.9 

3-methyl- Author 63.21 0*6640 1,37657 1*5 
pentane (17) 

(16) 

(18) 

63.2 
63*16- 
63.21 
63*3 

0*6640 
0*6642 

1,3764 
1.3775 

1.3769 

n-hexane Author 
(13) 
(18) 
(16) 

(10) 

68*90 
68.71 
68*8 
68*74- 
68,78 
68.95 

0*6594 
0,65945 

1*37501 
1.37506 
1.3751 
1.3752 

2,4 

pentene-1 Author 
(19) 

(20) 

30*11 
30,1- 
30,3 
30,1 

o 

0,6415 
0 * 6414 

0.6420 

1,37233 
1,3756 

1*3710 

33,6 

* Volume per cent in the g7-70° C fraction* 
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EXPERIMENTAL 

A, MEASUREMENT OF PHYSICAL PROPERTIES 

DENSITY-.— Density measurements were obtained from a 25 

ml pienometer which, was made from a 25 ml volumetric flask 

by constricting the neck to 3 mm diameter at the mark* 

Pure water was used in the calibration of the pienometer* 

Vacuum densities were calculated by the equation 

air weight of a pienometer 
d 20/4 = volume of liquid at 20° C x 0*99704 *f 0*0012* 

air’" weight "of a"" pienometer' 
volume of water at 20° G 

RBFRACTIVE INDEX.— Refractive index determinations were made on 

a Pulfrich refractometer« The D line of sodium light was 

obtained from a sodium chloride in gas flame. 

PRESSURE.— Atmospheric pressure was determined with a brass 

scale Fortin barometer* Temperature and latitude-gravity 

corrections were made. The value of gravity in Houston is 

979*3 cm/sec* , hence the latitude-gravity correction is 

-1*07 mm. 

TE^ERATURE.— Temperatures in the still head were measured 

by means of a chrome1-alumel thermocouple. The cold junction 

was maintained at 0° C in ah ice filled one quart thermos 

flask. E.m.f. measurements were determined with a Leeds and 

Eorthrup type K potentiometer. 

A preliminary plSrt of the e.m.f, of the thermo¬ 

couple against the temperature read from a thermomether cali¬ 

brated by the National Bureau of Standards revealed that the 

-11 - 



e.m.f. and the temperature could he related by the 

equation 

t° C - a(e.m.f« f'-j- b(e*m.f•) 4 c* (1) 

In order to evaluate the constants in equation (1) three 

points of reference were required* The reference points 

o „ 
Temperature C  

32*584 

61*204 (dt/dP : 0.0403?) 

100.000 + 0.0368(? - 760) +‘ 
0.000022(P - 760)* 

The sodium sulfate decahydrate was purified by 

the method recommended by the National Bureau of Standards 

(21)j that is, by recrystallizing three times a C* P* 

grade. The chloroform was purified by distilling a C. P. 

grade through the 100 plate still. Pure water was used 

for the steam point. 

The temperature-e.m.f• measurements of the liquid 

standards t?ere made in the distillation apparatus, where¬ 

as those of the sodium sulfate were made in a large test 

tube surrounded by a thermos flask. The following data 

were collectedi 

Standard t°C 
, -5, 

e.m.f.(volts x 10 ) 

sodium sulfate 52.38 131.8 

chloroform 61.25 252.1 

water 99.92 415.4 

 Reference point 

Sodium sulfate decahydrate 
transition point (21) 

Chloroform boiling point (22) 

Water boiling point (23) 
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Equation (1) then becomes: 
o 2 

t C = -0.00001103(e.m.f.) ■+ 0.2442(e.m.f.)+ 0,394 

The thermocouple was then checked against the 

already mentioned calibrated thermometer with the follow¬ 

ing results: 

(observed) 
0 _ 

t 6 (calculated) 

29.14 29.13 

40 .36 40.56 

49.42 49.42 

60.30 60.29 

94.91 94.91 

B» SEPARATION OF SATORATED AM) UESATURATBD HYDROCARBONS 

In order to decrease the complexity of the mix¬ 

tures to be distilled in the search for pure hydrocarbons, 

it was considered desirable to separate the olefins from 

the saturated hydrocarbons by chemical means. For example, 

the fact that n-pentane (b.p, 36.1) and pentene-2 (b.p. 

36*4), both likely to be found in cracked gasoline, boil 

so near the same temperature suggests that a separation by 

distillation would be almost impossible. 

Samples to be separated were cooled to -5° C and 

bromine was added with vigorous stirring until a slight 

ooloration persisted for 10 minutes. The temperature was 
o 

maintained within the range -5~t C - 0. In this way the 

olefins were converted into the high boiling dibromides. 

Simple distillation was then sufficient to remove the un¬ 

reacted saturates from the dibromides* The last traces of 
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saturates were flashed from the dibromides by reducing 

the pressure to 45 mm and warming# 

The saturates were washed with water, alkali, . 

alkaline potassium permanganate, and finally again with 

water* After drying with calcium chloride, the saturates 

were distilled through a 20" Vidmer to remove any dibro¬ 

mides which may have come over during the first distilla¬ 

tion* A final drying was obtained with sodium wire* 

Table 111 gives the results of the bromine 

treatment of the groups (a group was made by taking equal 

volumes from each of the fractions in the group) which 

were used in the detection distillations* The volume of 

the saturates recovered, relative to the volume of the 

sample, was taken as a measure of the unsaturation of the 

sample * 

TABLE III 

Group 
Fraction 
number 

Liters 
treated 
with Brz# 

Liters of 
saturates 
recovered 

Saturates 
volume f 

I 2-28 3.30 1*31 39.7 

II 29-44 2*75 1*17 42*0 

III 45-59 3*00 1.34 44.7 

The olefins were regenerated from the dibromides 

by the use of the Gladstone-Tribe (7) copper-zinc couple# 

The following adaptation of the Gladstone-Tribe technique 

was found to be satisfactory# 

Fine grained zinc (4*4 moles, 20 mesh) was 

agitated with three 300 ml portions of 1*5$ cupric sul- 
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fate. The copper-zinc couple thus prepared was placed 

in a large three neck flask equipped with stirrer, drop¬ 

ping funnel, thermometer, and an exit tube leading to an 

efficient condenser* The couple was covered with 300 ml 
. o 

95!/a alcohol and the whole warmed to 70 C* The dlbro- 

mi&es (S.B moles) were added at a rate sufficient to 

maintain the temperature within the range 70-t°C-75« The 

olefins distilled from the hot mixture as soon as they 

were formed* 

The olefins resulting from the above reaction 

were washed with water and dried over anhydrous sodium 

sulfate# A distillation of the dry olefins through a 

S0!* Vldmer removed any dibromides which may have come 

over during the regeneration reaction* The olefins were 

inhibited with hydroquinone to prevent oxidation* 

Assuming the Group I dibromides to be C , Group 

II to be 0 , and Group III to be C , then the yields 
5 6 

(based on the weights of the dibromides) obtained from 

the debromination reactions were? 

Group % Yield 

I 71 

II 76 

III 85 

It may be noticed that high volatility and low yield go 

hand in hand* Handling losses were probably responsible 

for poor recovery# 

Additional material for the investigation of 

the 49°, 60°, 63°, and 68° intervals of the Group III 
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saturates was obtained by going back to the original 

sample, selecting a fraction boiling in the neighborhood 

of the interval in question, and distilling out a nar¬ 

row cut, the boiling range of which included the boiling 

point of the interval. Again the saturates and olefins 

were separated by bromination. Table IV summarises this 

work# ; .v 

TABLE IV 

Interval 
Fraction 

Number 

Boiling 
Range 

Cut Out 
Liters 

Collected 

Liters of 
Saturates 
Recovered 

Sample 
: Name 

49 46 48 
o 

48-51 1.35 1.05 A 

60 50 53 58—62° 1.57 0*88 B 
57 59 

63 50 53 62-66° 1*92 0*83 C 
57 59 

68 57 59 66-69° 2.14 1.37 D 
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C, DISTILLATION DATA 

The saturated and unsaturated portions of Groups 

I, II, and III were distilled (reflux ratio 40/1-60/1) 

with the following results: 

TABLE V 

Group I Group II Group III 

saturates olefins saturates olefins saturates olefins 

t°0* ml** t°C ml 
0 

t c ml t°0 ml t°C ml 
0 

t C ml 

27*9° 470 30.1° 330 36*1° 

o
 

o
 

m
 

0 
30*1 280 

0 
36.1 240 

0 
56*4 90 

36.1° 140 
0 

36.4 530 49.0° 180 38.3° 220 

60*0° 440 44.0° 120 

63.0° 170 54.5° 250 

68.0° 265 63.5° 415 

Abbreviations? * refers to the temperature at which a hori¬ 
zontal interval occurs on the plot of the boiling point 
versus the volume distilled* 

** refers to the volume (in ml) distilled 
over the range whose limits are defined as follows: the 
lower limit is the temperature midway between the boiling 
point of the interval in question and the boiling point 
of the next lower interval} the upper limit is the tempera¬ 
ture midway between the boiling point of the interval in 
question and the boiling point of the next higher interval* 

ISOBLNTAKE* — The 27*9°interval of the Group I saturates 

contained 260 ml of material which holled at 27*96° G at 

760*5 mm (£7.95° G at 760*0 mm), d 20/4 s 0*6197, and 

n20/D = 1.55392# This material is isopentane# See Table 

II. 
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n-PENTAKE.— The 56.1° interval of the Group II saturates 

contained 560 ml of material which hoiled at 35.90° C at 

756*5 mm (36*04° C at 760*0 mm), d 20/4 - 0.6262, and 

n 20/D - 1,35768* This material is n-pentane• See Table 

II. 

PEHTBHE-1*— The 30,1° interval of the Group I unsaturates 

contained 110 njl of material which boiled at 30*12° c at 

760.3 mm (30.11° C at 760.0 mm), d 20/4 = 0.6415, and 

n 20/D s 1.37233* This material is pentene-1. See Table 

II* For the determination of structure see page 22. 

PBIITEI?E~2<r— The 36.4° interval of the Group li unsat- 

urates contained 100 ml of material which boiled over the 

range 36*3-36.5° c# at 760 mm. This material was recog¬ 

nized to be impure because of the wide boiling range* The 

following valves for the density and refractive index were 

founds d 20/4 - 0.6477 and n 20/D s 1*3782# Ozonolysis 

(see page 24) revealed that pentene-2 was present in this 

mixture. 

The saturated materials named A, B, C, and D 

(see Table IV) corresponding to the 49°, 60°, 63°, and 

68° intervals of the Group III saturates were distilled 

with, the intent of isolating pure compounds* 

CYCLOPEHTAKBjr-- The distillation of Sample A (1 liter, 

n 20/D = 1*4027 with reflux ratio of 100/1 did not yield 

a pure compound, but gave instead a mixture* i,n attempt 

to obtain a chemical separation of the mixture by the use 

of chlorosulfonic aeid ended in failure, AU aniline ex¬ 

traction also gave negative results. In an effort to 
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discover the composition of this mixture 25 ml of the 

mixture (n 20/D » 1,4018 was nitrated at 50° C with 130 

ml of 12 M* nitric acid, At the end of 54 hours, all 

the hydrocarbon had disappeared. By distilling the ni¬ 

trating mixture two raaterials were found? a water in¬ 

soluble liquid (2 ml) of camphor like odor in the distil¬ 

late, and 1 g, of a white solid acidic material in the 

residue# The water insoluble liquid (micro-boiling point 

185° C) was reduced with tin and hydrochloric acid and 

then converted into the bensoyl derivative# After two 

recrystallisations from alcohol, the melting point was 

found to be 159-160° 0# Markownikoff (24) gives the 

melting point 158-159° C for the bensoyl derivative of 

aminocyclopentane• 

Micro-combustion analysis; (C,„lL_iJ0) (189.3) 12 15 
Bensoyl derivative of 

Element found aminocyclopentane 

7.94 7.99 

foQ 75,94 76.15 

The white solid residue after three recrystal¬ 

lizations from benzene was converted into the phenacyl 

ester by the method of Bather and Heid (25)# After two 

recrystallisations from 63/ alcohol, the melting point 

was found to be 104-105° C. Reported melting point for 

the phenacyl derivative of glutaric acid 104.5° c. (25) 

Thus the identification of nitrocyclopentane 

and glutaric acid indicates that the mixture which was 

- 19 - 



nitrated contained cyclopentane* 

ISOHEXAHS»— Tiie distillation of Sample 3 (600 ml) with 

reflux ratio 60/1 gave 70 ml of material which boiled at 

60.37° C at 762*Q mm (60.25° C at 760,0 mm), d 20/4 = 

0,6532, and n 20/D - 1*37154* This material is isohexane* 

See Table II* 

3-METHYLPE1ITAHE* — The distillation of Sample 0 (770 ml) 

with reflux ratio 60/1 gave 30 ml of material which boiled 

at 63*11° c at 757*6 mm (63,21° G at 760,0 mm), d 20/4 = 0.6532, 

and n 20/D s 1,37657* This material is 3-methylpentane• 

See Table II. 

n-HEXA^^BEN3KME»— A preliminary test using a few 

ml of Sample D indicated the presence of benzene* The 

method of Bruun, Leslie, and Sehicktanz (10) was used to 

quantitatively remove the benzene from this fraction. The 

method consists in treating the material containing ben¬ 

zene with a mixture of sulfuric, fuming sulfuric, and fum¬ 

ing nitric acids* Sample D (1000 ml) gave 11,5 g. of 

m-dinitrobenzene when treated in the recommended manner. 

The 11,5 g, of m-dinitrobenzene corresponds to about 6 ml 

of benzene, hence Sample D contained about 0*6$ benzene. 

The m-dinitrobenzene was identified through its melting 

point 90-91° C and its mixed melting point with synthetic 

m-dinitrobenzene 90^90.5? c. 

A preliminary distillation of the now benzene- 

free Sample D indicated that some impurity in very small 

amount was present. This impurity was effectively removed 

from 800 ml of benzene-free Sample D by treating it with 
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two 500 g* portions of ehlorosuifonic acid# Recovery « 

76^# 

The distillation of £70 ml of chemically puri¬ 

fied benzene-free Sample D with reflux ratio 60/1 gave 

150 ml of material which boiled at 68#99° C at 76£#2 mm* 

(68*90° 0 at 760*0 mm), d £0/4 2 0*6594, and n £0/D s 

1*37501* This material is n-hexane* See Table II# 

D* 020N0LYSIS 

The ozonizer was constructed from a 30" con¬ 

denser. One electrode was made by wraping the outside 

of the condenser’s inner tube with tin foil# The other 

electrode consisted of a brass rod covered with a closely 

fitting glass tube; this electrode was placed in the 

center of the condenser’s inner tube# Thus a gas passing 

through the inner tube of the condenser would pass be¬ 

tween the electrodes. The source of power was a 15,000 

volt transformer. During operation, the ozonizer was 

kept cool by running ice water through the condenser 

jacket# 

Commercial oxygen was used in the ozonizer 

rather than air# The oxygen was passed through concen¬ 

trated sulfuric acid before entering the ozonizer. After 

leaving the ozonizer, the ozonized oxygen was washed with 

5fo sodium hydroxide and concentrated sulfuric acid* Ai~ 
s 

though the alkali and acid washed reduce the ozone con¬ 

centration about 5$, Harries (£6) strongly recommended 

the use of such a purification train for the removal of 
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oxozone.* When the ozonizer was operated at a rate of 

9.6 liters Og/ hour, the ozone concentration averaged 3.2 

volume >J. 

The olefin to be ozonized was mace into a 5-10$ 

n-pentane solution. This solution was placed in a large 

test tube and cooled to -17° c by a mixture of ice and 

hydrochloric acid contained in a quart thermos bottle. 

Ozonized oxygen was bubbled through the cooled olefin so¬ 

lution until the exit gas gave a positive test for ozone. 

An ozonide, as a n-pentane solution, was hydro¬ 

lysed by refluxing it with an excess of 20 mesh zinc 

covered with water containing a trace each of silver 

nitrate and hydroquinone. Church and Whitmore (28) sub¬ 

mit evidence which indicates that the presence of silver 

and hydroquinone increase the yield of aldehydes and/or 

ketones resulting from the hydrolysis of ozonides. After 

the ozonide was completely hydrolysed the hydrolysis 

mixture was distilled. The aldehydes or ketones together 

with the n-pentane were thus separated from the bulk of 

the hydrolysis mixture. From this point on,each case must 

be considered a separate problem. 

0Z0NQLYSIS OF The 30.1° interval of the Group 
1 ■ ■ • ■—           

I olefins gave 110 ml of material boiling at 30,12° 0 at 

760.2 mm (30.11° C at 760.0 mm), d 20/4 = 0.6415, and 

*Staudinger (27) denies the existence of oxozone 
and claims that oxozonides result from the further oxida¬ 
tion of ozonides. 
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a 20/D - 1.37233. /. comparison to the above physical pro- 

pertles with those of pentene-1 (see Table IX) hinted that 

the material was pentene-1* A portion of this material 

(2 ml) was dissolved in 20 ml of n-pentane, then ozonised 

and hydrolysed by the methods already described. The 

method by which the hydrolysis products were separated 

was based upon the assumption that small quantities of 

formaldehyde and butyraldehyde would be encountered. The 

property of each aldehyde which could be most profitably 

exploited was the distribution between the two immiscible 

solvents, water and n-pentane* If a small quantity each 

of butyraldehyde and formaldehyde is shaken with a mix¬ 

ture of equal volumes of water and n-pentane, then an 

examination will reveal that the butyraldehyde has con¬ 

centrated in the pentane layer and that the formaldehyde 

has concentrated in the water layer* Therefore, the 

mixture resulting from the hydrolysis of the pentene-1 

osonide was distilled until 20 ml of water in addition 

to the azonide hydrolysis products and the n-pentane had 

been collected* 

The formaldehyde present in the aqueous distil¬ 

late was converted into methylene-di-beta-naphthol (29)* 

After t?/o recrystallizations from 50jS alcohol, the melting 

point was found to be 199-201° C» Melting point of the 

synthetic, 199-200° Gj mixed melting point, 199-200° C« 

The butyr aldehyde present in the n-pentane 

layer was converted into the 2,4-dinitrophenylhydrazone• 

After two recrystallizations from a mixture of chloroform 

and alcohol, the melting point was found to be 122-123° G* 
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Melting point of the synthetic, 182*0-122,5° Cj mixed melt¬ 

ing point, 122-123° C, 

02QN0LYSIS OF EEHTENB-2,— The distillation of.the unsatu- 

rated portion of Group II gave 50 ml of material which 

hoiled at 36*3-36.5° 0 at 760.0 mm, d 20/4 * 0.6460, and 

n 20/D - 1.3765. Although the large boiling range of the 

above material indicated a mixture, the physical properties 

did suggest that pentene-2 was the principal constituent. 

A portion of this mixture {8 ml) was dissolved in 55 ml 

of n-pentane, then ozonized and hydrolysed by methods al¬ 

ready described* This time the method by which the hydro¬ 

lysis products were separated was based upon the assumption 

that small quantities of acetaldehyde and propionaldehyde 

would be encountered* in this case, the difference in 

boiling points of the two aldehydes (acetaldehyde boiling 

point 20° C and propionaldehyde boiling point 50° 0) 

suggested the method best suited for the separation, AS 

soon as the ozonide was completely hydrolysed, the hydro¬ 

lysis mixture was distilled .just long enough to allow the 

pentane and the aldehydes to come over. The hydrocarbon 

layer of the distillate was separated from the small amount 

of water present and dried with anhydrous sodium sulfate. 

The dried hydrocarbon was charged to a small distilling 

eolume (55 x 0.5 cm) packed with single turn nlchrome. helices. 

The acetaldehyde present in the first one ml of distillate 

was converted into the 2,4-dinitrophenylhydrazone, After 

two recrystallizations from 50% alcohol containing a faint 

o 
trace of ammonia this derivative melted at 165-166 C. The 
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melting point of the synthetic, 165♦5-168° Cj mixed melt¬ 

ing point, 165-166° C, The propionaldehyde present in 

the 5 ml of residue remaining after the hulk of the pentane 

had been distilled was converted into alpha-ethyl-beta- 

naphthocinchonic acid via the Doehner reaction (30)* The' 

melting point of the derivative was found to be 285° C* 

Melting point of the synthetic, 285° Cj mixed melting point 

385° C. 

E, CALCULATION OF THE VOLUME 1o OF A GIVEN COMPOUND IN 

THE 27-70° C FRACTION* 

For the purpose of calculating the volume $ of 
any given material represented by a horizontal interval 

on the plot of the boiling point versus the amount distilled 

during the detection distillations (see Table V), consider 

a fictitious sample made by taking 200 ml from each of the 

58 fractions which go to make up the 27-70° C fraction* 

Such a sample would contain 200 x 58 = 11,600 ml* 

As a sample calculation take the case of the 

27.9° interval of the Group I saturates, Group I was 

made up of equal volumes taken from 27 fractions (frac¬ 

tions 2-28 inclusive). Oil the basis of the fictitious 

sample. Group 1 would have contained 200 x 27 = 5,400 ml* 

In Table 111 it may be found that Group I was 59#7$ satu¬ 

rated, Thus the saturated portion of Group I would have 

contained 0*397 x 5,400 - 2,140 ml. Actually only 610 

ml were distilled for the Group I saturates* In order to 

get the actual volume distilled adjusted to the basis of 
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the fictitious sample, use the adjustment fraction 

2,140/610 = 5*51# Of the 610 ml distilled for the Group 

I saturates, 470 ml was a part of the 27.9 degree inter¬ 

val# Adjusted to the basis of the fictitious sample, this 

volume becomes 470 x 3.51 = 1,650 ml, Volume % can now 

be calculated from the fraction 1,650 x 100/11,600 = 14.2. 

In an exactly analogous manner, the values given 

in Table VI were computed# 
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TABLE VI 

Volume $ composition of the 87-70° C fraction 

Interval 

If 
d c 
1 •- 
-V "V 
u « 
qr-a 

i i 
•it 
-0 £ 

5| 
Volf, 

Compound 
represented 

27 * 9° group I sate. 470 3,51 1,650 14*2 isopentane 

36*1° group I sats. 140 3*51 491 

36 #1° group XX # 900 1,52 1,370 
o 

36,1 group III sate* 240 1,03 247 
18.2 n-pentane 

49,0° group III sats. 180 1,03 186 1*6 cyclo- 
pentane 
mixture 

60*0° group III eats* 440 1*03 453 3.9 isohexane 

63,0° group III sats, 170 1*03 175 1*5 3-methyl- 
pentane 

68*0° group III eats* 265 1*03 373 2*4 n-hexane 
0 

30,1 group I olefins 330 9*87 3,260 

30,1° group II olefins 280 2,27 636 
3,896 33*6 pentene-1 

36*4° group II olefins 530 2,27 1,201 

36,4° group III olefins 90 1,51 136 
1,337 11,5 pentene-2 

38,3° group III olefins 220 1.51 • 332 2,9 ? 

44,8 group III olefins 120 1,51 181 1.6 ? 

54,5° group III olefins 250 1*51 378 3,3 ? 

63,5° group III olefins 415 1.51 627 5,4 ? 
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SUMMARY 

Ike compounds isopentane, n-pentane, isohexane, 

S-methylpentane, n-hexane, and pentene-1 were isolated in 

o 
pure form from the 27-70 G fraction of a typical cracked 

gasoline* The compounds cyclopentane, benzene, and 

pentene-2 were identified in the same fraction* 
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APPENDIX 

A. BOILING POINT OQBBBOTION FORMULA; 

The Clausius-Clapeyi-on equation 

In £*** Xi 
T. HT, 

Is useful for oorreoting boiling points to 760 mm pressure 

if a suitable value for L/Ti can be found* . Table VII gives 

values of L/T, oaloulated from the tabulated data* 

TABLE VII 

Substance b.p* 760 
dt/dP mm 
at 760 L/T, 

ether (14) 34*48 0.0372 21.6 

chloroform (22) 61.20 0*0404 21.6 

n-hexane (14) 68.73 0.0420 21.3 

benzene (22) 80.11 0.0428 21,6 

n-heptane (14) 98.36 0*0449 21*6 

mean 21.5 

Then Tz » T, s |» * BT In JU 
<L P j 

becomes T2 * T, * * 1*986 x 2.303 (log Pz ~ log Pf ) 

s 0.312 Tz (log - log P, ) 
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B. PHYSICAL PROPERTIES OF THE FRACTIONS FURNISHED BY 

THE SHELL OIL COMPANY, HOUSTON REFINERY, 

Frac- Frac¬ 
tion tion 

Number hJhl d20/4 n20/D Number d20/4 n20/D 

1 29.7 1.363 31 35,1 0.637 1*366 
a 86*9 0.628 1.363 52 35.6 .636 1.366 
3 27.1 .625 1.361 S3 35.8 .639 1.367 
4 27.6 .628 1.369 34 35.9 . o40 1.368 
5 29.0 .631 1.361 35 35.4 .637 1,366 
6 28.3 ,631 1.363 56 35.7 .637 1.366 
7 28.6 ,632 1,363 37 36.1 .638 1.367 
8 29.2 .632 1.364 38 36.2 .640 1.368 
9 29.0 .632 1.383 39 36.4 .642 1.370 

10 28.7 .631 1.363 40 36.6 .644 1,371 
11 29.7 .633 1.365 41 36.8 *648 1,573 
12 29.5 .633 1.564 42 37.0 .648 1.374 
IS 30.7 ,.634 1.365 43 37.2 ,650 1,375 
14 31.5 .633 1*364 44 37.9 .650 1.381 
15 28,8 .631 1,363 45 41.1 .701 1.397 
16 29,7 .634 1.365 46 44.2 .705 1.392 
17 30.7 .635 1.366 47 47.8 .696 1,392 
18 31,9 .634 1.365 48 50.9 .684 1.388 
19 32.7 .634 1.365 49 56.5 .669 1,382 
20 33.2 .635 1.365 50 58.7 • 668 1.382 
21 33,0 .634 1.365 51 59.9 ,669 1.379 
22 33.2 • 634 1.365 52 60,6 ,669 1,379 
23 33,3 *634 1.365 53 61.6 .671 1,383 
24 33,2 .634 1.365 54 61.9 ,670 1.383 
25 So .8 .634 1.365 55 62.9 .673 1.384 
26 33.9 .634 1.365 56 64.0 .675 1.385 
27 34.5 .634 1.366 57 65.2 ,677 1.386 
28 34.8 .634 1.366 58 66.8 .684 1.389 
29 34.9 .634 1.366 59 68.2 ,698 1.594 
30 35.2 .637 1.366 60 91.1 .736 1.407 

61 95.0 ,741 1.410 

(boiling point) was the temperature read during an 

ordinary distillation when 25% of a given fraction had 

been distilled over. 
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