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SUMMARY

MISCELLANEOUS TARGETS

JAPANESE FUELS AND‘EUBRICANTS - ARTICLE 9
FUNDAMENTAL EYDROCARBON RESEARCH

. This report summerizes data relative to the properties of pure
hydrocerbons compiled for the Petroleum :3ection of the U.S. Neval Technical
Mission to Japan by Dr. S. KOMATSU of ths First Navel Fuel Depot, OFUNA.
mhese ¢&te have been obtairned by Dr. KOMATSU and his essociates &t the
Imperiel. Universities and Institutes throughout Japan. It is Dr. KOMATSU's
contention that the chemigal behavior of organic compcunds can frequently te
anticipated by a consideration of the physical properties, In the report
which he has submitted, he discusses the application of the physical cherac-
teristics of hydrocarbons to the selection of preper lreating methods ir. pre-
pering hydrocarbon fuels, Fuel research programs at OFUNA utilizing these
fundamental studies as theoretiocal beckground are described in reports cof the
U.S. Naval Technical Mission to Japan relative to the pine root 0il program
in Japan and to the aviation gasoline research conducizd by the rapanese
Navy. i

NTJ - L-X-38(N) -9
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INTRODUCTION

For the past fifteen years Dr. S. KOMATSU has been interested in
the relationship between the chemical structure and the physicel properties
of pure hydrocervons. During most of this period he was Head of the Depart-
ment of Biochemistry at Kyoto Imperial University, bu® in 1943 he ceme to the
First Naval Fuel Depot, OFUNA, as Civilian Advisor to the Department of Fuel
Research. While in OFUNA, he applied m&ny of hils theories to the research
being conducted at the Depot, and releted research projects which he had
assigned to his co-workers at Kyoto Imperial University and Tokyo Imperial
University were continued.

Enclosure A of this report was prepared at the request of the
Petrolsum Sectiorn of the U.S. Naval Technicel Mission to Japan with the
thought that it might include some new data or might serve as supporting ma-
terial for that obtained by others interested in this phase of hydrocarbon
research, such as the Hydrocarbon Research Committee of the American Peiro-
leum Iastitute., A review of the informetion thus obtairned shows that it in-
cludes a compilation of the data obtailned by Dr. KOMATSU and his associates
relative to the physicel properties and cracking tempsratures of some pure
hydroocarbons, as well as a study of the decomposition products o these hy-
drocarbons by ultra-violet ray ebsorption spectre and Ramen spectira.

While it 1is realized that most of this information was published in
Jepaness journels before the beginning of the war, and that similar studies
have been duplicated in Amerlican laboratiories, it was felt worthwhile to
collect and present the meterial available at this time without attempting
its appraisel,
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THE REPORT

A, SCJOPE OF STUDIES

The report entitled "On the Physical Properties of Some Pure Hydrscarbons,”
written by Dr. KOMATSU and submitted, herewith, as Enclosure (A), is made up
of five parts. In Parts I and II the author discusses the use of such pro-
perties as boiling point and density or molecular volume in predicting tre
chemical behevior of various types of hydrocarbons., Correlations are drewn
between the molecular volume and cracking temperatures of related compourds.
These temperatures have been determined, and the products of decomposition
have been studied by means of ultraviolet absorption spectre. Raman spectra
were utilized in examining isomeric hydrocarbon mixtures and also &s & means
of studying the composition of gasoline distillation fractions.

part T1T of Dr. XOMATSU's report is a tabulation of the properties of pure
hydrocerbons as determined in Japanese research labopstories, This sectlon
includes assembled data pertsining to the boiling poirts, densities, refrac-
tive irdices, decomposition temperatures, and decomposition products of
approximately one hundred different hydrocarbons. Nirety per cert of these
compourids are from the six to eighteen carbon atom range, end ooctane numbers
of twelve of them have been determined. O0f particular interest are the cor-
jugated hydroaromatic compounds synthesized by Dr. I. KAGEHIRA of the First
Navel Ffuel Depot in connection with fundamental lubrication studies and dis-
cussed in detail in Enclosures (A), (B)l, and (B)2 of NavTechJap Report,
"JTapanese Fuels and Lubricants, Article 8 - Naval Research on Lubricaznts,”
Index Mo. X-38(N)-8.

rarts IV and V of the - enclosed report tabulate ultraviolet absorption deta
for twenty-five hydrocarbons and Ramen spectra data for thirty-elght hydro-
carbons.

B, - APPLICATION TO REFINING TECHNOIOGY

Dr. KOIAATSU has indicated that the informetion presenfed in Enclosure A is of
value in selecting the proper treating sethods for the preparation of fuels
from various types of hydrocarbons. The following comments are nade relative

to those portions of the paper which have application to refining technliques.

1. Boiling Point and Molecular Volume

Bailing point changes within different honologous series are discussed
and correlations between these boiling points and the tendency of .
organic compounds to form stable groups of five >r six carbon atoms are
1Adicated., Based on this assumpticn, the author points out that, when
normal paraffines are subjected to thermal cracking, it can be anti-
cipated that molecules of five, six, nine, or tea carbon atoms will pre-
dominate in the distillates.

The author discusses the relationship between thermal stability arl
close-packing as indicated by the molecular volume. FHe mainteins that
compounds of higher density will be more stable than those of lower
density with the same number of carbon atoms. In support of this as-
sumption, the molecular volumes and decomposition temperatures ere coxz-
pared for two series of hydrocarbons; n-hexane, crclo--hexane, &and
tenzene; and ortho-, meta-, and para-iylene.

Tris hypothesis is also applied to catalytic rearrangements of un-~
seturated compounds such as the catalytic transformatlon of octalir to

7.
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tetralin and decalin. These reactions were discussed in detail by the
author in describing the catalytic rearrangement of terpenes to
naphthenes and arometices in Enclosure (A) of NavTechJap Report,
nTapanese Fuels and Lubricants, Article 4 - Pine Root 0il Progrem,"
Index No. X-38(N)-4.

2, ¢recking Temperatures

The cracking or decomposition temperature of hydrocerbons has been
studied by Dr. KOMATSU and his associates &% Kyoto Imperial University.

- fThe method used was to heat 0.2-0,3 gramns of sample in & silica reaction
vessel, initially evacuated to & pressure of 0.00lmm of mercury. Pres-
sure and temperature changes were recorded as heating progressed. :
Cracking was indicated by sudden changes in pressure and the decomposi-
tion products were determined by gas emalysis. ZEnclosure (B) tatulates
typical deta cbtained with this apparatus.

These experiments have indicated, 1n general, that the cracking tempere-
tures of pareffinic hydrocarbons are_below 500°9C, those of naphthenic :
hydrocarbons are usually between 500°C and 600°C, and those of aromatic -
hydrocarbons are above 700°C. Alkyl-aromatic hydroceérbons have two
eracking temperetures--that of the side chain and that of the rling.

This :is also true of aromatic-naphthenic hydrocarbons, such &s tetralin.

3. Ultraviolet Absorption Spectra

Dr. KATO of Tokyo Imperial University has utilized ultraviolet absorp-
tion spectra to observe the decomposition products of thermally cracked
hydrocartons, In Enclosure (&) data are presented relative to the pro-
ducts of thermal cracking and oxidation at different temperatures for
benzene, toluene, ethyl benzene, isoprcpyl benzene, and tertiary butyl
benzens., From data of this type the nature of the thermelly cracked
products of paraffines, napnthenes, and aromatics was obtained.

L. Raman Spectra

' Raman spectra have been used as & means of studying the effect of heat
on organic compounds, ZEnclosure (A) presents date obtained by using
Raman spectre in examining the polymerization products of n-butene, the
dehyd:ation products of n-butanol, and the hydrocarbon constituents of
gasoline. A semple of SANGA SANGA straight run gasoline was separated
into 23 fractions, and the composition of each fractlon was examlned.
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Part I
RELATION BETWEEN MOLECULAR STRUCTURE
AND PHYSICAL PROPERTIES

T. INTRODUGTION

The relation between the chemical constitution of organic compounds and thelr
physical properties has been studied by many investigators. Imporiant re-
sults of the investigations are discussed in the followlng books:

S. Smiles: The Relation Between Chemical Constitution and Some
Physical Properties (1910).

H., Kauffmann: Bezeichungen zur physikalische Eigeaschaften u.,
Chemi sche Konstitution,

S. KOMATSU: General Organic Chemistry (1931)

W, A. Waters: Physical Aspects of Organic Chemlstry (1935)

R. K?eman?: Physikalische Eigenschaf'ten u. Chem. Konstitution.

1937) -
V. Benri: Strukture des Molecules (..925)
N. V. Sidgwick: The Covalent Link 1n Chemistry {1938)

The conclugilon of these researches mentioned in these books is that the bcdling
point, density, or molecular volume and rofractivs index of the orzanic sube
stances ere, as a rule, partly additive and partly constitutive. The author
maiantains that the chemical reastions of organic compounds can be anticipated’
from their physical properties. For many years the author has been endeavoring
to verify this belief at the Biochemical l.aboratory, Kyoto Imperias University

% Kk N K T Kk Kk K ok X % K

S. KOMATSU & R. NOLZU: J. Chem. Soc, Japan 45 (1923) 153

S KOM?gig)& §E9AMATATSU= Mem. Coll, Soi. Kyoto Imp. Uni. A. 13,
3. KIMURA: Ipid., A, 14, (1931) 173

S. TANAKA: Ibid., A, 22, (1939) 97

S. KOMATSU & NAKAYAMA: J. Chem. Soa, Japan 54 (
S. ARAKI: . J. Chem. Soc. Japan 51 (1930), 560, 5
S. KOMATSU & HAGIWARA: Ibid, 51 (1930) 552.

M. HAGIWARA: Ibid, 56 {1935] 269.

P, 0GAWA & T YOKOTA: Bull. Chem. Soz. Japan 5 (1930) 266
R, NAKAI: 1Ibid., 5 (1930) 136.

Y. KAGEHIRA: Ibid., 6 (1931) 24l.

S, TUJITA: J. Chem., Soc. Japan 60 (1941) 296.

H ok &k kR A kK K M o O B

1933), 558.
2 (1931) 818

The preucnt volume is a short summary of the data of the physical proporties
such as the boiling point, density or molescular volume, refrective indox,
oracking temperature, absorption spectra of ultra violet rays and the Reman
speotra. These data are taken from the rssearches on puro hydrocarbons, -
carried out in the chemical laboratories of the Imperial Universities and the
Instituties in Japan, and also deal with the signifiocance of physical proper=-
ties to organic chemistry.
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II. BOILING POINT

The bolling point of hydroocarbons of paraffin series CpHon.,, increasss with
tiae number of carbon atoms in the molecule. CH, in the homologous series
ohows constency in some intervals of carbon number, but this mean varge de-
oreases in ascending the series. (S. KOMATSU; General Organic Chemistry, P.

27)

No. of intervals Besn value for CH,
of carbon {°c)
Gg = Cpq 25
Cy1 - Cp5 20
016 - 020 15

That 1s,tho bolling point of the hydrocarbons depends both on the maas and
struoture of the moleculse,

fimilar relations ocour in homologous series of organic acids, CpHop02, and
smines, anZn +3N :

Ho._of intervals Mean value (9C)
.0f carbons Organic AHolids
Ce = Cy9 15
Ci1 - %5 10
Amines
% = C10 25
Ci1 = O3 15

From these :facts, we have learned that in organic compounds, carbon atoms are
c¢losely paciced to form a stable group of 5 or 6 atoms; the tandoney for earbon
etoms to form a group will appsar in oyolic compounds end also in a long
carbon ohein moleocules.

The paocking foroe will evidently be accompemied by the diminution of space
ccoupiad by the atomio groups. The diminution of the volume ocoupiad by the
atoms themselves with 5 or carbon atomic groups which they undergo by mutval
compression (in other words, the energy distribution of long chein hydrocartons
for the OH, group in the molecule)is approxinately the same within scme number
of intervals of carbon.

These views were advanced from the occurrence of semiterpenes (C ), terperes
(CipoH; ) &nd sesquiterpenes (Cy5Hz,) in nature, and benzene (CgHg), naphthalene
(clous?, ard anthracene or phenanthrene;(Cj;H;g) in coal tars.

When the normel paraffins of high molecular weight or long carbon chein conm-

pounds are subjected to thermsl cracking it will be anticipated that fraotions
of C5, Cg, Cg, and C10 atomlc groups ocour mostly in the distillate.

14
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As a matter of fact, the saturated paraffin hydrocarbons of the ¢carbon atom
aumber Cg, Cg, C10, C11, and also those of the carbon atom number C3s5, Ci9,
C20, and C3p of unsaturated character are found in tars as a maln reaction
product from the dry distillation of palmltiec acid in a retort. The thermal
reaction which occurs on the fatty acid molecule can be interpreted as follows:

C15H30 = CsHy2 + C1otys

The hyd:socarbon residue derived from the splitting off of the CO, from
palwitic ecid, decomposes into C; and Cjo atomic groups, since tho thermel
8tabllity of the atomic groups vAries as proposed by G, Eglofr and R. I. Mocre
(Met. Chem. Enge., 16 (1917) L47); that is, Clgﬂzg & Cy5li3p arc most stable apd
those o less and of more carbon atoms lses stanle,

The unsaturated groups or free radicals formed by oracking ténd to polymerize.
2C1othg — C20836

2C15H30 —> CO30Hgo

(S, KOMATSU: Biochemical Studlies on Pityrol, Mem., Coll. S, K, I, U,
: A, 11, (1928) 481; S. ARAKI; Thermal Cracking of
Palmitic Acid, Cetyl Alocohol and Hexadecans, J.
Chem. Soc. Japan 52 (1931) 818.)

It is wortihy of note that the abnormally high bolling points of the compcunds
are ofton assoclated with some of the hydrogen bonds whioh exist in tho mole-
ouls., 4%, Pauling: The Nature of the Chemical Bond, 1939, P. 270). (Refer
H, TNOUI}; On the Relation Between Boliling Point and Chemiocal Comstitutliorn of
Lig:id Organic Compounds; J. C. S. Japan, 47 (1925) 153.)

In vr*8s connection, hydrogen peroxide and hydrazine which are used for rcoket
fuel, slhould be mentioned as ome of the most interesting examples in rogerd
to the hydrogen bonrds.

ITI. DENSITY CR MOLECULAR VOLUME

Density of organic liquids or the volume ocoupled by thseir molecules under

corresponding states depends not only on the mass but on the nature of their
chemlscsa.. structures as will be 1llustrated with a few e¢xamples whioch are oom-
posed of the 3ame number of carbon atoms--n-hexane, oyclohexane, and benzene.

It 1s understood from these typiocal exemples that the ring formation is
attondedl by a considerable contraction within the molecule, and the packing
force ol the molecule is greater in benzene, the aromatic compound, and smaller
-in n-helyane, the paraffin compound. (Bassd on thelr moleculer refraction and.
relative density, they are classified as aliphatic moncoyclic, dicyclic and
tricyclic sesquiterpenes.) :

These results were compatible with fhe distance betweern the centers of two
8ingly linked carbon atoms, measured by the X-ray methcd, and alsc the heat

of rupture of the links (H.R) obtained from extrapolation of the infrared band
spectra. .

Hydrocerhons of highef density, therefore, should be mcre thermaelly stable than
the lower density ones, and the idea is emphasized on the heets of formatioa
of links (in Kgm~-Cals) calculated from thermochemical data as shown in Table

III(4).

15



X.38(N)-9 RESTRICTED

ENCLOSURE (4)

A3 a metter of fact, approximate values of the decomposition temperatures of
the pure compounds obtained (1) from pressuro change which wes measursd under
gonstant volume by S, KOMATSU and his co-workers, (2) from the observation of
ultra violet absorption spectra of the decomposed substances by S, KATO and

- her co=workers,

I+ was supposed from the heat of rupture of the links that in the thermal
cracking of n-paraffins, the rupture of C=C link will take place at first, and
then the rupture of C-H link, follows, while aromatioc hydrocarbons beuave in

a differpnt mauner. The side chaln end hydrogen are removad first and the
disruption of the benzene nucleus follows. (yclohexane and its alkyl deriva-
t..ves when heated, must decompose entirely irto the fragmeants of similar sizes
o' molecules judging from the fast that the snergy contents of C-C and C-H,
links have almost the same value,

The behaviour of paraffin, naphthene and aromatic hydroocarbons towards heat.
ig illustrated as follows:

Paraffin hydroocarbons — ., }Hydrocarbons of small molecules
and gaseous substances

Arometic hydroocarbons ——> |Hydrocarbons of large moleculss
and gaseous substances

Naphtheniec hydrocarbons —» [Hydrocarbcns of zmall
moleocules

These charasteristic thermal behaviours of tie hydrocarbons are due to the
distribution of energy in the molecules; in paraffin and aromatic hydiocarbons,
ohemlcal energy 1s distributed unequelly on C-C and C~H links, but the energy
i1 the nuphthenie hydrocarbons 1s equally distributed. (Refer. R. NAKaI, Rep.
NE.T» Fn Ro l'-’ NO. 5' OGAWA & TMHI Ibido, NOO 555 FTJJIMOTO Ibid-, NO. lol)-

Tte result of the study was that hydrogenation cracking of gas oll or kerosene
to obtalngmioline was a more rational treatment than thermal cracking.

Wten, howevor, pine root o0ll was subjected to catealytic oracking, the reaction
product oconsisted mostly of aromatic hydrocarbons. Suck a phenomenon was
hardly met wlth 1n petroleum cracking, due to the chemlical behaviour of ter-
pgnes, the hydro-p=-cymene derivatives, which ocour abundantly in the pine root
oil,

A furthe# study of force constant of links and of density is required to
gclve this ubnormal behaviour of terpenes. Another, chemical significance of
density, has been studled in the study of hydrogen transformation..

Cyoclohexene when heated at 3009C in the presence of Pd-asbestos, was convertad
into benzeno and oyclohexane. (N. Zelinsky & G. Pawlow; Ber. 57 (1924) 1066)
Such a chemilcal reaction (so=-called catslytic oxidation-reduction of the wun
saturated compounds) was noticed on hydronaphthalene and its derivatives; -
dihydronapht:nalene was passed over Pd-asbestos heated to 250-300°C in an atios-
phere ol CO.,, and naphthalene and tetrahydronaphthalens were round to o¢cur in
the reactiofl product by means of the density determination, and cis-octalin
under the same reaction conditions was converted into tetralin and trens-
deocalin: ’

~
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SOk —-—————a(hjl,g + fA](:]

B.P, 206,59
0094
dﬁ5 0.9931 Product
35 1.552
nf’ . 1.5789
oO—00 + 0
B.P. 191° 198-203° 185-188°
a2’ 0.9011 0.954 0.8723
n22 1.4912 " 1.5L 1.4719
25
Produot a2’ 0.905; by’ L.k95

(S. KIMURA: Mem, Coll, Sci. R. I. Us Ac 14 (1931) 173)

Thus unsaturated hydrocarbons by the catalytic hydrogen transformstion chenge
to stablier hydrocarbons. The ocatalytic hydrogen transformation was applied to
oracked gasolines from petroleum or coal tars to improve the fuel quality, by
which unsaturated oompounds in the gasoline were removed by converting to
stabler Iorms.

The unsaturated compounds in gasolines, tars or pine root oil, contaia CuC
link ipn the molecule, which 1s a chemically reactive grroup, but more statle
toward heat than the C=-C link. The 8=C link, therefaore, ocen be removed from
the molacule by addition of hydrogen but not by thermocracking.

One important feature in thermochemistry 1is that cyclohexene by heating is
convertad ¢o its stable isomer methyl oylopentane end tetralin in the seme
manner, to hydrindens. (M. HAGIWARA, unpublished)

—Cr

B.P.(%C) 81
di5 0.779 0.750

Cyclohexene Methyl=-cyclopentane.

The se e:perimsntal facts harmonize with the ocourrence of cyclopentane and its
homoleogue in petroleum and indene in coal tars. The occurreance of these

pentame®hylene derivatives in nature is explained by assuming the ther-ochemi-
cal reaction occurs on hexamethylene derivatives. However, the conversiom of
hydroca:icbons of higher density into low density isomers, seemed to contradict

the hypothesis above mentioned and is hardly explained by the strain theory of
Baeyer. B}

The ianvestigations of the Raman spectra c¢f these compounds gave us & more
gsatisfactory explanation with regard to the isomerization.
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I7. CRACKING TEMPERATURE

Pure hydrocarbons which were heated externally in a quartz vessel, decamposed
et a definite temperature. The cracking temjerature was observed by the
prossure change, and, also, by the formation of new cracked substance by means
of the absorption spectra of ultra violet rays. The former experiments wore
earried out at the Biochemical Laboratory of Kyoto Imperial University and the
latter by S. KATO at the Institute of Physical and Chemical Research, TOKY0.*

The experimental results are shown in Table VI(A). The cracking temperature
of paraffines was below 500°; that of polymethylene hydrocarbons or naphthener
about 500°; and that of arometic hydrocarbons above 700°., These results can
be expectad from the energy contents of various links such as C-H, C-C, CuC,
a3 shown in Table III(A).

The energy contents of links indicate that alkyl benzens showed two or more
cracking temperatures. As a matter of fact, toluene oracked at 600° and 7859,
indicating that the energy of the substance was distributed unequally in the
molecule, ‘Tetralin, being & benzenecyclohexune condensed ring compound, shows
evidently t¥o oracking temperatures 556° and 7429,

From these results, the oracking temperature of hydrocarbons seems to be the
additive of Those of the constlituent links. .

When the experimental results shown in the appendices were cerefully axamined;.
the oracking temperature of hydrocarbons was found to be partly additive and
purtly constitutive as in the case of other physicel properties.

v, ABSORFTION SPECTRA OF THE ULTRA VIOLET RAYS

Thie heet of formetion of the double link C=C is about 123 kg-cal, or 19 kg-
ecnl lees than that of two single links (2 x 71.1 8 142.,3). Hence if we take
the strain in a molecule to be measured by ii;s excess energy content 1t would
appsar that the strain in oyclopentane, a 5-oarbon ring, is smaller tnen tha%
in amylene or the latter is more chemically 1'eactive than the cyclopeantane.

Heat of formation

(kg-cal)
Cyclopentane G5H10 ) 1288,7
Anjrlene C5H, 1269.6
Cale. for G5H10 1291.8

Tlie cheracteristic properties of the oleflnic linkege are its capacity for e
dlreoct additvion of reagents such as halogens and hydrogen and its susceptibility
to the attack of oxygen or oxidizing agents. It must be the ¢=C link in the
molecule, from which electrons dissociate themselves from one of the ¢ arben
af;oms end become unshared elecotrons, by means of absorption effect on the ulira
violet rays.

* The expsrimental results on o-xylene and cyclopwuwane by KATO are illius-
trated in Figures 1(A) and 2(4). -
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“Some organic compounds whioch contain the atomle groups C=C, C=C, 080,9 ¢H,

>GH in the molecule show, on the absorption spectra of the ultra violet rays,

the sharaeteristic feature even in a dilution of mo1/1.0,000. Therefore, a
oonpouril of these atomic groups was identified and comfirmed sven in a solution
or in such a state of mixture as KATO worked in her studies on thermal
cracking and oxidation. Among her experiments, the thermal oracking of banzeam
toluen¢, ethyl benzene, isopropyl benzens and tertiary butyl benzene and their
chemiocel. reactions with oxygen are very lnteresting.

Table V{(A) shows the experiment by which the physical properties of theas
hydroocerbons were measured in the Biocheniocal laboratory.

Table VLI(A) shows the oracked products aand the reaction products when ecual
aumber of moleoules of hydrocarbon and oxygen are reacted at various temper-
atures.

The resotivity of hydrocarbons with oxygen inoreased in the following order:

Benzene

Toluene

E¢hyl benzene
Isopropyl benzens

It may be explained by the conception of the co-ordinate link thet thoe lg&sogen
in the nethyl group, the acceptor of eleotrons, whioh has two shared valence
electrons, will carry four; the tendency of the hydrogen to act as acceptor
inoreases gradually be replacing hydrogen atoms in the methyl group by the
mebthyl group.

In the same way, the double links in wnsaturated hydrocarbons may plajy & pert
in $he coordination link. -

This somaeption will be harmonized with the experimental results of the atsarp-
tion spoctra of the ultra violet rays of thess compounde,

Substances forming strong intra-moleoulgf hydrogen bords show the absorgtion
spectrum in the neighborhocd of 3500 cm -, its first cvertons belsg at about
7,000 em~1 (L. Pauling: The Nature of tae Chemical Bcnd, 1939, p. 26i%

In Table VII(A) the vo(om'l) denotes the'minimum energy for exeitation ¢f non-
bonding electron, mflecular vibration due %o the excitavion a,, &3, a4, . ‘
{in wave number cm~i).

The exc¢itation energy of the non-bonding electron of benzeno nucleus is the
meximum for benzene and the minimum for toluene.

Excited. snergy calculated in Kg-Cal/mol from Vo

Eg«Cal/mol

‘Benzene...'."...............‘....""llo.o
Toluene.............................:‘106.76
Ethyl Ben2enS..ccesceesvssassosessseal06.92
IBOPI‘DP l Benzene'o-;-lo.l--olo.o.o.nlO?oll}
Tert. tyl Benzene.......‘...'..'..“107.23

When hydrogen of the CHq group in toluene is replaced by CH3 group, &zore energy
48 required for the excltation of the electron tham that for toluene. This o
fact indicates that the negative character of the carbon atom in a CH3-group
decreases gradually, and in consequence the absorrtion spectra of inspropyl

B e



X-38(N)-9 RESTRICTED

ENCLOSURE (4)

tanzene and tertimry butyl benzene appeared in the regicon of long wave length
aad diff?s§d while benzene and toluene showel a sharp band as can be seen 1in
Flgure 3(4).

Tae significance ¢f the physical properties 5f organic compounds can be
illustrated by the addition of oxygen to the double btonds, experimented by S.
TANAKA (Memc. Ccll. Sci. Kyoto Imp. Uni., A. 22 (1939) 985 onr p-menthens 3
end benmaldehyde.

Wien menthéne, CioH18 wes oxlalzed by peracetlc acld, perculphuric acid or
H»0», the rroduct C10H;80 was. identified to ve menthene oxide by the physical
constants, in comparing with thcse of v mentihone:

The product, CyoH;g0, B.P. (74=5)y,, af% 0.8946, 025 1.44369, nff

1.44595, n§® 1.45148, n25 1.45502, (a)p 53,17°.

Mol. Heat ¢f Comiusticn Parachor
Product, CyaHyal (Kg. Cal.) M 1/
uot, Gy D:qu)“ = (P)
1302.8 . 396.1 381.
Y'-menthone 0103180 1278.7 4L00,9 405.1

In general, ethyleno oxide compounds have besn producad by the oxidation of
the othylenic compounds.

Msnthene oxide when heated to 100° fer 20 mdhutes with a drop of acetic acid
was cocnverted 25% inte a brown coloured polyiier.

I; 1is well known that in physicel properties, empecially in the ultravioclet ray
absorption, there is a closp resemblence between the sthylenic apd carbonyl !
lilnkeges as shown in Tabie VIII(A), and that in chemical properties they re-
somble each other in the tendency to autc-oxildation, addition reactions aith '
otygen and halogen, and polymerization.

The tendency to gum fcrmation in gssolines and to autoxidation of pilne root

oil should be attributed to the link C=C, C=() or the mor2 positive character of
carbon atom in the molecule, and to the probable formation of ethylene oxide
ring in the following mannser;

02 .
Cc=C > C c
~o—
0 0
HO=0 2 =3,C /I
H\\‘O

- CH———————23 3(}{ Free radical)

In this connection, the study on styrene ozonide by P. KAWAMURA (Bull. Chem.
Soe, Jupan, 16 (1941) 382.) should be noted. It has been found that the
stiyrene ozonide possessed no oxidizing action upon styrene but accelerates its
polymerization,

The author has prerared the peroxides of various ketones and aldehydes by ths
action of hydrogen peroxlde as antidetonants for diesel fuel; acetcna, methyl
ei;hyl ketone and oyclohexanone derivetives wore found to glve good results for

20
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this purpose (unpublished).

The moleculer structure of naphthalene wns asoerteined by S. KIMURA ultro-
violet absorption spectra. (Stereo chomicel studies on hydronephthelenes.
Mem. Chem. Coll. Soi. Kyoto Imp. Univ., 4, 14 (1931) 303).

According to his imvestigetlon, the absorption spectras of nsphthalene in en
alocohol solution gives two serles of ebsorption bands, one gerles composed
of 9 sherp end intensive bands in the rezion ‘a3400A - 29004, which sre 1i-
vided intoc 2 groups_according to the frejuency intervel (A) %.= 14800 am~1
and (B) Ale 540 op-!, snd the other seris composed of 5 broed and diffused
bands in F. = 29004 - 2500A, es can be sean in Figures L(A), 5(A), end 6(a).

The absorption spectre of dihydro-end tetrahydro-compcunds, ere also compossd
of two series of absorption bsnds which are similsr in frequency intervals:

A4 om-1
] ' (a) (B)
‘Rephthalene 14€0 £k0
<> _Dihydro=" 1630 L75
Tetrahydro-" 1563 497

The abporption of light by benzene shows 7 sherp sbsorption bande in the ultrs
violet region due to ths benzene nucleus, not sppearing in the sleohol sitlons
of di-and tetrahydrobenzenes, (ses Flgurses 3{A), 4(A), 5(A), end 6(A)). The
relationship shova inm ths absorption spectrs of these two series of compounds
of naphthalene and benzene, lsads %o the idee that tho chemicsl strusture of
beazens ic different from that of its hyfirogenated compounds, while dl-e¢nd
tatrahydronaphthelenes have the ssme chemicsl structure as naphttslens. Hcw=-"
ever, the abzorption spectra of oocta-and decahydro-nephthslenes in the ultre-
violet region wers observed to be antirely different in nature from thoeo o
the othor hydrocompounds studied ebove, snd to be composad only of broad 1
aiffused bands in A_227504 - 2u00% of the freauency intervels A X s 1500 em™*,
whioch norrespond to the second series of the absorption bands of naphthelene
and the first serles of tie absorption tands were @gbsent in these hydro com=
pounds, These facts are in favour of the view that the molecular structure -
of napathalene is partly changed in the octahydro-and decahydro=-conmpounss,
such a Gifference in the absorption spectra betwsen the compounds of tho
naphthalene series and those of the benzene series may be explained by assuz-
ing e bicyelic structure for the nephthelene molecule; in the dihydre-and
tetrahydronaphthalene, the hydrogen atoms combined to ons of the rings in ths
nsphthalene molecule, but in cotahydro-end decshydro-neaphthalenes they ure
pdded to both rings.

Acoordingly, in the former, the additior of hydrogen atoms to nsphthelene did
not effeot its sbsorption spectra, while in the latter, only the second serles
of absorption bands would appear in the ultra violet region owing to the
pertisl change in the chemicel structure of naphthaelene. The absorption bands
of the seiond seriez, whioh were situsted in the neigabourhood of from A
35000 om~t to ths more ultrs violet reglon were observed to appeur throughout
81l the compounds of the naphthslene series. Ths origin of theso bsnds was
attributed to some vibration of a bloyclic carbdon liniting.

Dr. BAJIWARA's observation, made in the courss of his study of torpenes, that
pinsne, the saturated bicycllc compournds; exhiblited a 3elective absorptionﬁband
in the ultra-violet region but that a saturasted monoeycllc hydirocarbon sugh es
menthane showed no selective absorption bend, supported the above view thit
there wes an absorption caused by the biloyclic ring. v

2|
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This 1dea of the bicyelic nature of the nsphthelene molecule was slso ocone-
firmed by the study of the catealytic reduction nf naphthelsane. )

By reduction, benzene ylelded oyclohexsne as a sole resction product, while
naphthalene absorbed hydrogen in a two or more step reaction, forming
totrahydro-, ootahydro-, end decahydro- nsphthalenss. These results indisatod
tist the 4 istribution of energy in the naphttalens molecula differed from that
o' the benzene molecule in not being uniform, end this view of the distri-
bution of easrgy in the nephthalene molecule was supposed from ths faot that
tlie absorption spsctra of naphthalens were ccmposed of two groups of hends

of different frequency interval, -The structure formule (1) of naphthalene,
which advocated by Willstetter, wes thus supnorted to be a ressonable one from
thie study of absorption spectra of ultra violet rays.

(1) [:j:E;

By applying T. YOKOTA and H. FUJIMOTO's research on the absorption spsctra aof
anthracene and its hydrogenated compounds, I. WATANABE, I. KO , and S,
TGASAKI hevs investigeted the chemiosl reactlon of the cetalytic redustion o
enthracene in presence of nickel oxide under high temperature and bigh pressure
of hydrogen. {Rep. the Neval Fuel Research No. 143 (1941) Figures 7(4), 8(A),
9(4), IO%A), 11(A), snd 12(A).

Tabla I(A)
DXAMPLES ILLUSTRATING THE RELATION BETWEEN MCLECULAR VOLUZE
AND MOLECULAR STRUCTURE

7 Subsiance v

Pormule » M. | Br.| & | v | D. Temp.”
n-lHexane CeHy, | 8k 69 |0.6558 | 127.7 410° "
Oyolohexane | CgH, 5 82 81 0.7736 | 105.8 | = 5500
Benzone CeHg 76 80 0.8715 | 87.2 7459
o-Xylene Cghyp | 104 | 141.9 |0.8509 | 121.7 600°
p-Xylene CgHip | 104 | 136.3 |0.8566 | 120.7 650°
m-Xylene CgHyo | 104 | 138 |0.8600 | 120.0 650°

*
ﬂ*D. Temp. Decomposition Temperaturs

Vm. Molsoular Volumse. tG. Le Bas; The mol. volumss of
liquid chem. compounds (1915)).
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Table II(4)
RELATIVE FORCES AND DIMENSIONS OF CERTAIN HYDROCARBON IINKAGES

Ke38(N)-9

Link H. Rup. Substance _ Method Distance
(kg-cal) (21 B

Gml"cal 88 Acetone Pre-dissociation 1.54
Cgp=Cap 1.45

5 =0 1ok
Jg1-H 97 Hexane Infra-red

cfai"H Ol Cyolohexane |Infra-red

 Cap=H 117 Benzene Infra-red

(N. V. Sidgwick:

Table ILII(A)
HEATS OF FORMATION OF HYDROCARBON

LINKAGES
Link Heat of formetion
(kg-cal)
Ca1-Cal 1
Car=Car - 97.2
Car=Cal 79 ks
c=¢C 123
Ca1-HE 93.6
| Gar-H 101.7 ]

(No v. Sidiiok:

The covalent link

in chemistry, 110, 119)

23
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Table V(A)
SOME PHYSICAL PROPERTIES

X-30(N)-9

I II ITI v v VI
Subgtance Bengene Toluone Ethyl penszene Isopropyl benzens Tert., tutylbensens
Ce Hg CeHs . CH3 CgHs.CHaoH3 CeHsCH(CH3) 2 CeH5eC(CH3)y
K, T, 7 92 105 120 134
B. P, (°0) |80.2 80.6 | 109.8 109,9 134.5 135 150 ~, 152 165~ 1€
az’ 0,8715 0.8611 0,8630 0.8596 0.8667
g’ 1.4960 1.4912 1.4913 1,494 1.4962
ko, sp, (I) | 38450(3) | 37305(5) 37460(5) 37580(8) 37650(7)
w 38612(8) | 37425(5) 37490(7) 37620(9) 3770(5)
39445(4) | 37485(10) 37528(10) 38058(5) 37980(5)
39543(10) | 38020(7) 37558(¢) 38203(7) 38180(10)
40370(3) | 38400(7) 37597(%) 38150(6) 38228(5}
40460(7) | 38422(9) 38423(L) 38540(10) 38508(7)
41286(2) | 38455(8) 38453(%) 38580(7) 38855(6)
s378(7) | 28668(8) 38485(9)) 38812(6) 38930(5)
41884(1) | 38732(5) 38523(7) 39058(9) 39126(9)
42300(5) | 38765(5) 38763(6) 39490(4) 39546(3)
43010(2) | 38945(6) 38840(6) 39742(4)
43215(2) | 39295(6) 38935(6)
39600(6) 38980(8)
(x) | 49200(7) | 39367(4) 39012("1)
49980{10) | 39850(3) 39045(') -
50900(10) | 39880(3) 39424(6)
51750(8) | 40248(2.5) 39445(3) 40682(2) 40082(4.,5)
52610(5) | 41310(2.5) s1520(2) 1625() 40mo(3)
41643(2)

(S. EOMATSU & S. KATO, unpublisied)
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Table VI(A)
THERMAL REACTION FRODUCTS
Tomp(C) I I I Iv v
CisH5CH=CH2, C4H5CH=CH2 , CelsCli=Ciz,
600°c | == - C6H30H=CHOGHS, | C6HICH-CHCGHs | ° Calls,
| (Ho=CHp, (H3-CH3, CH3. CH3,
CeHg CHy, , (CH3)20=CH2
C&H 5
(CH3CH=CH2
CH2:CH.CH=CH2 | (Hz2=CHCH=CH2
650°¢ : CgHs. CH=CHCgHs —
Ha ¥, -~ ~ WAL

REACTION PRODUCTS WITH OXYGEN

200% ; CgHs . CHOHCH3 CgHs o CH(CH3 YO -- -
150°¢ -- -- CoH53(CH3)20H  [C4H5C3HECHR0H
20090 ; CgHse CHO -- -- - -
450%€ I CHs o CHCH_ - -

, ' HrDH VAL CIek
jsooce -- -- C6Hf,.0 CH3)=Cl] (ﬂgcoc:-xg
550°C CHS0H © C6H5CHO, -- C4H5C(CH3 }:CH2
HCRHO,
HCHO CH5COCH,
600°¢ C6H3COCH3, C6H5CHO,
~ -- C6H50H ficHo, HCHO,
650°C COH50H,
co Co

KOMATSU (pure hydrocarbon part I)
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Table VII(A)
TXCITATION ENERGIES OF CQMPOUNLS
CONTAINING THE BENZENE NUCLEUS
Substance v (om-1) 81 a2 a3 8l,
Benzene 38624 922 922 465
Toluene 37485 937 960 535 L55
Ethyl benzane 37528 925 957 522 412
Isopropyl benzene| 37620 920 960 483 310
Ter. butyl benzene 37650 iitfuse 977 530 330
X=RAY COMPX;gé%Nv%lIT'Ié'%I!HLENIC AND
CARBONYL LINKAGES
Links
Physical properties
' C=C C=0
Parachor 23.2 23.0
) 1.7 2.2
Ramsn effeot 1630 & 1722 1
Ultre-viclet absorption band 2700 8 | 2700-800 %
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ENCLOSURE (A

Figure 1(4)

ABSORPTION SPECTRA OF O-XYLENE AND CYCLOPENTANE

AND THEIR THERMAL DECOMPOSITION PRODUCTS

1 m.mol o-Xylene was heated gradually
in a 170cc quartz tube, and ahsorption
spectra were takeln at 1509, 3009, 400°,
4,50°, 500°, 550=580°, 600-650° and 700°
respectively, the Tesults shown in
Figure 1(A) jndicate that benzens and

toluene were pormed at about 600°C.

28
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Figure 1(A)cont.

30 mg or cyclopeﬁtane were heated to 6506,
the formation of ethylene and propylene at -
500-550°C and of cyclopentadiene at 625°C
was confirmed from the ebsorption spectra

shown in thié plate.
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Figure 2(4)
ABSCRPTION SPECTRA OF THE OXIDATION PEODUCTS OF
‘ " N-XYLENE AND CYCLOPENTANE

0.1 i. mol O-Xylene wasvheated with 0.5 m,
mol oxygen o=Tolyl carbinsl at 150°C,
formaline, o-toluilc aldehyde and o=oxyten-
zaldehyde at 300°vaere formed. Figure
2(A).

30:
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Figure 2{A)cont.

20 mg offcyclopentane was heated to 400°C
with 10ce 05, and the formation of cyclo=~
'psntadiene-Was confirned by the absorption

sﬁectré;' Figure 2(A) cont.
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Benzene 1/100"

e

i?ml?!!ﬂm !

-1

Toluene 1/500™ 0-Xylene 1/1000"

Figure 3(A)
ABSORPTION SPECTRA OF BENZENE AND ITS DERIVATIVES
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1§ BERE

P-Xylene 1/1000™

Fiéureu3(A)cont;
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B Figure 4(A)A
ABSORPTION SPECTRA OF NAPHTHALENE
IN 1/1000 MOLAR ALCOHOL SOLUTION
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Figure 5(A)
ABSORPTION -SPECTRA OF DIHYDRONAPHTHALENE
IN 1/1000 MOLAR ALCOROL SOLUTION

5



=38(MN)-9 - RESTRICTED

ENCLOSURE (A

Figure 6(A)
ABSORPTION SPECTRA OF TETRAHYDRONAPHTHALENE
IN 1/1000 MOLAR ALCOH(CL SOLUTION

36



 RESTRICTED ': - X-30(N)-9

ENCLOSURE (4)

Pure anthracene (M.P., 216-216,.5°C) was
raduced at 1759, 2000, 2250, 250° and
3000, in the presence of 1% nickel oxide
under 100 atmosphere's pressure of Hp,
The product was studied dy the abécxption
spectzun of its cyslohexane (nﬁsl.LZBBO)

solutior.,

Figure 7(4)
ANTHRACENE REDUCED AT 175°C

The reaction product at 175°C coneisted

of 90% betrahydroanthracene.and 10%

actahydroanthracene,
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Figure 8(A)
ANTHRACENE' REDUCED AT 200°C

The reaction product at 200°C consisted
of 100% tetrahydroanthrasene, and trace

of dihydroanthracense.
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ENCLOSURE- (4)

Figure 9(A)
ANTHRACENE REDUCED AT 2925°C

The reaction product at 225°C consisted
of mostly octahydroanthracene and a

small amount of tetra and perhydro compounds,
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ENCLOSURE ()

Figure 10(4)
ANTHRACENE REDUCED AT 250°C

The reaction product at 250°C consisted
of octahydro, tetrahydro and perhydroe

anthracenes,
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ENCLOSURE (4)

The reanction product at 300°C, consisted
of the molid (M.P, 71-72°C) (Plate V) and
the 1iquid (4% 0.9710,0% 1.5280). (Plate
VI).

Figure 11(4)
ANTERACENE REDUGED AT 300°C SOLID PRODUCT

The solid product consisted of mostly
octahydroanthracene and with 3% tetra=-

hydro compounds.
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ENCLOSURE (A}

Figure 12(A)
ANTHRACENE REDUCED AT 300°C LIQUID PRODUCT

The 1liquid product consisted of perhydro-
anthracens and octahydroanthracene with a

trace of tetrahydro 6empounds.
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ENCLOSURE (4]

Part II
THAE IDENTIFICATION OF HYDROCARB(NS BY THE USE OF RAMAN SPECTRA

The study of the Raman spectre of organlc compounds, &s pointed out by Dadieu
& Kohlresusch (Ber., 63 (1930) 251, 1675), enebles one to identify the sub-
stances: in a mixture or in the pure stats, by means of particulaer lines in the
spectre. of orgsniec compounds with psrticilar atomle groups. Various investi-
gelors in Japan have employed the Ramen spectra for the ldentification of va-
rious hydrocarbons in gasolines and also to detect iscmeric substances which
were formed in the course of the chemlo&l reaction of alcoholis and hydrocarbons
(as in the dehydration of n-butanol by wviae catalytic ection with alumina).

The values of the force constant, f, calculated from the date of the Rexan
spectre for single, double and triple lianks are roughly proporticnal to the
heat of the rupture of the links, Thus ‘the Raman spectra heve enabled the au-
thor to observe the behavior of orgeniec 3o Bounds unda§ the influence of hset.
n-buterol frem the merket, B.P. 116-70¢, agV 0.8098, ri’ 1,3980 was converted,
by the dehydretion with elumina et 400 C, into n-butens, (of purity 94.7%)
which passed over the phesphoric scid catalyst heated at 150°C, uEBh SpeEce ve-
lgﬁity 500 kg/l-hr and the product shows the physiesl constants dz~ 0.711s,

np~ 1.4013, M.W. 115, 0.N.90.8 & the Ramen spectra. (Teble IX(A).

These Famen spectra of the reaction produet were compered with those of 2, 3,

4 trimethyl pentane (T. TORIYAMA, J. Chen. Soc. Japan 64 (1943) 1423), 2, 2, 3
trimethLyl pentane and also 2,2,4 trimethyl pentane (S. MIZUSHIKA, S. XORINO and
QKAZAKT 'S results). And it was assumed to be composed of:

35 - 404 2,3,4 trimethyl pernteane
35 - 40% 2,2,3 trimethyl pentane
and 20 - 25% 2,2,4 trimethyl pentans

When n-butenol was dehydrated by TAKEDA with elumine &t 350°C the product, af-
ter water cooling passed the receiver cooled with solid COg. The products
distilled and their Raman spectra are shown in Table X(4).

These r'esults were compared with those observed by Bourguel and Fiaux (Eull.
Soc. Chem. 2 (1935) 1958) of butene-1l and also of butene~-2 by Gerschinowitz &
Wilson {J. Chem. Phy., 6 (1930) 247). Thiz comperison indicetes that the pro-
duet ecnsists mostly of butene-1l. ' (S. MIZUSHIMA, Y, MORINO, R. FUJISHINO, K.
OKAZAKT, end Y. KAKIUCHI (1943), unpublished).

The direct-run gesoline from Sanga Senga oil (0.N. 91.2 with 0.14% Pb.) was
fractionated by SONODA, into 23 fractions (Table XIL{A)}.) (Table II(A).

According to the author's cpiunion, the $ccurrence of cyclopentane derivsastives,
indene,; S-membered carbon ring, pyridine, quineline, € membered carbon end
nitrogen ring, in petroleum and coal tars, is due to the lsomerization cf cy-
clohexeane derivatives and hydronaphthalenes, 6 carbon membered ring, end pyrole
derivatives, 5 carbon end nitrogen ring, under the influence of Ligh tempera-
ture and high pressure.

Hy Qﬁs
CH
Hz, C’”Z- H G CHZ
e > H:CC]C“L
ra

CHy

t
HG ™ CH “‘cﬁ' CH
HC@-]CH U é‘Jcn
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M ENCLOSURE (4)

Based on thls hypothesis, M. HAGIWARA, one of the author's co-workers, studied
this pro. eam. He heas succeeded in converting cyclohexane and cyclohexene into
meothyl cyclopentans, and dehydronaphthalene into methyl indene respectiively by
subjecting them to high tempersture and pressure in an autoclave.

He also reported‘ the Raman spectra of these compounds used as an evidence for
this chemical change (Tables XII(A), XIII(A).

(Refer also T. HAYASHI: Seci. P. Inst. Phy. Chem. Res. 23 (1934) 274.)

The Reman shifts of indene eppears to be smeller than that of l.2-dihydronapk-
thalene.

It was noteworthy that a new base has been isoleted by T. HGUCHI from Fushunr
shale tar (Bull. Soc. Chem. Japan 2 (1927) 176; 3 (1 ge) 287), whioh, on ape-
lysis and examination of itz physical (Bp. 159.8%, a§, l.029, n%g l.541. ng

1.536; M. R 36.34) and chemicel properties wes concluded to pro ably Lave the
stiructure of a "cyclopentano-pyridine™ and wes called pyrindane. The molecu-

lar structure of this base was later confirmed by synthesis by Americsn che-
nists. .
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Table IX(A)

RAMAN SPECTRA OF THE ISOMERIZED PRODUCT OF n-BUTENE

(V5 em™1)

300~330
347

393 -

418
442
470
526
870
810
669
688
714

(4)
(1)
(1)
(o)
(18)
(5)
(3b)
(4)
(o)
(26)
{1)
(6)

752(10b)

745
810
824
890
700
926
9563
976
994
1010
1029~1047

(4p)
(4)
(4)
(8)
(2)

(6p)
{(6)
(2)
(8)

(2p)
(2)

1075
1100

1159
1183

izl2
1245
1265
1295
1319
1350
1435
1470

In table, b=broad line, d.=diffused lins.
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(3)
(0)
(2)
(4b)
(3b)
(1)
(1)
(3)
(0)
(3)
(4)
(4)

(10)
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ENCLOSURE (4)

Table X(A)

RAMAN SPECTRA OF THE DEHYDRATELD PRODUCT OF n.-BUTANOL

(16 em™L)
214
387
: 438
- 500
585
833
741
791
832
850
868
910
988
1017
1065
1258

(0)
(1)
(3)
(3)
(0)
(3)
(o)
(1)
(2)
(4)
(2)
(3)
(2)
(3)
(3)
(4)
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1293
1375
1417
1458
1640
1658
1678
arag
2854
2a75
2908
2937
2970

3001

3079

(6)
(3)
(5}
(4)
(10)
(2)
(2)
(3)
(4)
(3)
(6b)
(v}
(8)
(7b)
(5)
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ENCLOSURE (4)

X-39(N)-9

Table :{I(4)
RAMAN SPECTRA OIF IIACH FRACTION
Freotion (°C) | Yield (wt %) |

Lo 19~30 3.88 It was oconfirmed to include 2 :methyl Hutane
2. 3035 2,38 It was oonfirmsd to include 2 ;metnyl?{ou‘:ane‘

L-,_3_° 35 40 0.55 n=pentane g :g.
4, 40 ~45 0.18 yolopentane 2%(wt.)
5. 45 ~50 0.21 2e2.=dimathyl butane 14(wt. )
6o 50~ 55 0,40 2.3.=dimsthyl butane 1fh(wt.)
7, 55 ~60 0.88 2=-.methyl pentene Ih{wb.)
x-B 60~/ 65 2.77 :5.-.meth§f pentane 1h(wto)
9. 85 70 5.30 n=hexane 3h(wt.)
10, 7078 480 methyl ecyclopentane 28 (wt.)
11, 75 ~80 3469 2¢2s=-dimethyl pentane 15(wt.)
1z, 80 ~.85 2.28 ‘»enzene 7H(wt.)
13, 85~,90 1.69 Jyclohexane 8h(wt.)
14, 90 ~,95 5.27 2.4.,~dimethyl pentanse 2%H{wt. )
15, 95~ 100 8.88 Fe3e=dimethyl pentane 1%{ws.)
18. 100~ 108 8.94 B.,=methyl hexene 1H(wt. )
—E. 106110 8475 trans-l.2.-dimethyl oyclopentane 2%(wtd
18.| 110,115 5413 n-heptene | 25 (wt. )
19.] 215~120 2,08 methyl oyclohexane 114(wt. )|
20 120 1285 3.4l tolusne 14%(wt.)
2l. 186130 4.88 1.3.~dimethyl cyclohexane 4%(“.;
: l.4.-dimethyl oyolchexane 29 (wt.)

22, 130.4135 3,97 n=octane 3R(we. )
23. 1838 0140 5.38 ethyl benzene 2%(wt.) p-3ylene 2,‘3(\4‘.—)
n-xylene 6%({wt.) o-1ylene 1%H{wt.)
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Table XII(A)
RAMAN SPECTRA OF CYCLOHEXANE, CYCLOHEXENE
AND METHYLCYCLOPENTANE

Cyclohexang Cyelohexene Methylcyclopentene
176 (1) )
273 (3b) ‘ 281 (1)
375 (1) 395 (5) 292 (5)
425 (2) 451 (2) 428 (2)
. 494 (2) 550 (4]
h / 641 (1)
703 (2b)
800 (8) = 825 (8) | 780 (3b):
a3 (2) ' 842 (5)%
905 (3) 886 (8)
968 (3) 978  (4)
1038 (2) 1017 (4)
1026 (5) 1066 (8) 1079 (4)
1155 (1) 1139 (10)
1284 (6) 1220 (5) 1204 (2b)
1247 (%) 1274 (2)
1269 (3) 1310 (2b)
1344 (1) 1342 (2b) 1348 (1)
1437 (5) 1433 (gb)
1864 (6) >k 1452 (6b)
2659 (2) 2836 (6b) a7z (4)
2691 (1) 2869 (3) , 2865(1zbn
2885 (2) 2912 (8) 2921 (10b}
2938 (10) ’ 293 (6) 2956 (115b)
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Table XIIZ(A)
RAMAN SPECTRA OF DIHYDRONAPHTHALENE sND INDENE

l.2.-dihydronaphthalene indene
(15 em™1)
3026 ’ 3038
o 2760 | 2765
1618 1589
1554 ' 1534
1472 1443
1375 1379
1332 | 1343
1280 1276
1202 _ , 1190
1143 1140
1091 1099 -
1020 1049
933 1003
865 924
726 821
” 710
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nvl(;a)

RESTRICTED

RAMAN SPECTRA OF EACH FRACTION OF BANGA SANGA GASOLINE (NoO. 1)

3000~-3590 3500~~400C | 45°C~500C 50°9C,v559C | 559G .,8000 809CA,685°C
219 {00) 2168 (00)
222 (0) 225 (00)
280 (1)
275 (00) 275 (08) 271 (1) 275 {008) 275 (008)
336 (1 336 (2 337 (0) 332 (16) 326 (26) 324 (26)
389 (0 386 (1 363 (0 38675
401 (5 401 (7 402 (5) 401 (B 401 (1) 404
445 (2 445 (a) 445 (4)
483 (38) 484 (38) 464 (16) 487 (00
478 (00) 478 (0) 478 (0)
503 (00 504 (0) 508 (00)
530 (00 528 (00}
548 {00 548 (00
807 (0 607.-(2)
662 (00)
874 (00)
892 (00)
709 (2)
718 P; 712 %ﬂ 711 P) 7m21
732 (00) 732 (1 730 ({2 730 (3) 728 (2
748 (1) 749 (1
761 22; 762 {2;
768 (8 760 (7 766 (4 766 (2) 767 (1)
779 (00
796 (8) 795 (4} 794 (1 797 (1) 799 (00} 801 (0
817 (1) 8l4 (3) 815 (5 815 (5}
843 (6) 84l (8) 843 (4) 842 (3) 840 (1 )
847 (1
868 (5) ge8 (5) 869 (z2) 871 (2)
871 (0) 871 (1)
888 (&) 889 (7) .
890 (78) 1 (5) 891 (46)
910 (3) 908 (36 908 (1)
926 (00 928 (00) 928 (0)
940 (0) 941 1;
95¢ §4; 954 25; 954 (1) 957  (2) 957 (3) 957 (3
987 (1 9es (e
993 (1) 994 (1) 993 &5) 991 (10)
1013 1018 (00) 1017 (1)
1028 il 28 (5 1028 (3 ]
1039 (4 1038 (5 1037 (3 10414 (3 1039 {4 1038 (5)
1072 (38 1073 (5 1073 (2 1073 (38 1094 (26 1076 (36}
1146 (5 §145 3 1146 (2 1147 (3 1148 (4 1147 (4)
188 (2
1175 (16) 1179 (2 1280 (1 1175 (3)
1864 (1 1180 (48)
1222 (16) 1220 1; 1281 (08 1legl 5006
1264 {1 1256 (08 1£33 (008
1867 (18) 1g65 (1} 1270 (0)
1304 (55; 1303 (B8 1302 543 1302 ’se 1308 {49 1301 (3
1334 (1 1338 (1 133¢ (1 1338 (18 1338 (38 1gae 2
1384 {0
1486 ) 1426 ( 1428 ) La38 (e6) Lede (8) 1433
(7 8) 8 8 é (8)
]' 1461 (86) 1462 (88)
1469- 1470 1469 1469
1587 ilg
. 1807 (1
2683 (00) 2629 éoo 2629 (0)
2365 (08) aegg (zg; 2671 (00
26
e720 (2) 2720 {3 2719 (2) 2717 (3) e71e
2729 (26) : }(s)
2737 (2) 2737 (3) 2738 (2) 8737 (2) 2740
2754 (10)
2 -( 2] 2840 {9) | 2843 52] 2842 so) 2838 ;6)1 2837 (8)
2875 (108) 2874(10; 2872(108) - 2872419 2871(0) - 2869(108)
08 2907 (8 2908 (7) 2906 ivg 2802 (7)
2988 (7 2931 (7) {7)
3089 (7 2go7 {9; 2937 (7) ,
2070 (88 2971 {9 2964 (86) 2968 (v6) 2988 (86) 2986 (96)
3045 (1) 3045 (5
3066 |2) 3066 (4) 3087 (8
3187 (0
i 3lea {1
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. Table XV(A)
RAMAN SPECTRA OF EACH FRACTION OF SANGA SANGA GASOLINE (No. 2)

6590 ~70°0 7000 ~7590 | 7600 ~80°G EQ00 ~B59C | 85°0~609C | 90°C ~95°0
216 (008) 210 (00) 218 (1) 218 (1)
228 (00 217 (1
280 (00 288 (0} 861 0; 261 iog | 283 io; 261 (0
304 308 (O 307 (0 308 (1 305 (1
-}(o) 316 (08)
334- o
350 (00) 347 (00) 347 (00)
355 (00)
370 (1 368 (0)
2s6 (00 .| 381 (08) 383 (0) 388 (00
05 (0 404 {00) 39% (10) 403 (1
4g7 (00 428 (0) 487 (1) 426 (1) PR, 427 (00)
! 444 (B) 445  (0) 443 (oo; 445 (1
482 (00
498 {00 496 (O
521 (0 8519 (1
830 (0) 827 (0} 531 {0}
842 (00) |: 543 (0) 545 (1
858 (00
807 (3) 805 (3) 8u7  (3) 808 (g) 80?7 (1) :gg ié
. 881 {00) 693 (0} gep (0) 693 (0)
: 697 zoo
7868 (Q0) 729 (00
747 (00} 742 (0)
771 (00) 71 {0) 769 (2) 769 (4)
779 (00) 784 (3)
785 (oog 785 (8
800 (8 800 (4 807 (7) sog (7 802 (8 80l (8)
815 (86 814 (08
828 {00 8e2 (00) 823 ﬁo 826 (00)
849 (1 848 {1) 848 (2 848 (0) 848 (C 844 (0)
870 (0 869 (Q0 \
880 (00)
801 (38) se9 (26) e89 (8)
3 895 (0) 895 (1) 896 (1)
! 919 (00
: 957 (1) 957  (0) 988 (00) 958 (0) 986 (0) gae %
- 72
984 (1 984 (3 985 (3 986 (1
o981 (18 991 (12 991 (13 992 (10 992 (9 998
1004 (0 1004 (3 1003
1088 (08 1088 (38) {1028 (58) 1028 (58 1029 (%6 1031 (8
1037 (3 : 1042 (00
1064 (O 1060 ioo 1083 10
1077 (2 1081, (28 1079 {16 1080 (1) 1080 (186) 1079 (16
| 1113 {00
1141 (28) 1138l (1) [1142 (O
: 1148 (11) 1141 il; 1144 (18}
: 1160 (2 ile1 (2)
11859 {1; 1160 (2 1160 iz;
1183 (8) 1188 4 1183 (08) .| 1185 (3 113 (2) iiai sgi
9
1212 (1) 1210 (2
12el (008)
1860 (O} 1247 (1)
1887 (1 1285 (3) |i266 (B) 1266 (4) 1868  (4) lges (3
iggé (g 1301 (8) [1303 (18) 1305 (18) 1302 (1} 1303 (26

}(1) 1342 (8) 1343 (2) 1348 (2) 1341 (28)
1350 1347 (10)

1379 (0) 1379 (0} 1380 (1)
1431 1438 .

j}(b) :}(4) 1443 (18 1442 (8 1443 (68) 1443 (%6
1468 1462 1458 (38 14569 (46 1462 {48 1483 {58
1588 tz‘ 1887 53) 15e9 (3 1589 (T 1589 (1 1s88 (0
1808 (1 égov (og 1608 (2) 1608 (2 1807 (1) 1607 (1

38
2681 0 g687 (00 2687 {1; 2630 201 2630 (00)
gesl (1) 2661 [+] 28658 (2 2868 (2 2666 {2) 2565 (1)
2878 (00)
2699 20; 2698 {o; 2698 ﬁl; 2700 (1
2788 (26) 2728 1 2729 (1 2729 (2 272¢ (2 2726 (2)
2684 2848({106
V;hlgg) 2%52 ({%} ggsl (?g gess (%0; 2870~(95) 2853 (%o}
28 2868 67 867 (6 97 6 287h (9
| zeloL 6) _]-(5 (5) = {m
-|_ 2017 :
(a) !
2922 4(98) 2922-{9)
2932 (98)
2938 (96) 2938 (9)
2041 v} 2998 (o) |294%
89668 (9 2951(10? 2963 (88) 2982 {7 2983 (%6) 2944 (@)
3048 (B 3044 ie 3047 266 3045 §5§ 3042 (3¢ 3047 {3)
! 30686 (9 3084 {10 30ep {10) ! 3085 ({8 3084 (5 3oes (4)
| 3171 (0 3171 so 3w 1; i
3188 (1 3188 (8 3187 (3 i
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: Table XVI(A)
RI/MAN SPECTRA OF EACH FRACTION OF SANGA SANGA GASOLINE (NO. 3)

954.100°C 100A,1059C | 105~1100C | 110~115°C 115 ~1200C | 120~125%C
154 (0)
216 (3) 215 (3) 214 (36) 218 (38) 217 (26) 211 (?g)
2 ‘
261 (1 260 (0) 216 (0) 258 (00) 257 (00) 257 (00
281 (00 278 (00) 278 (00) 279 (1)
308 (2 Ca1m (o 309 (0) 309 (00) 312 (00 310 (00)
348 (0) 346 (0 345 (1) 345 (0 340 (00
288 (00 371 (00 »73 (00 374 (CO)
8
405 (3 405 (1) 403 (1) 407 003 409 (0 410 (05
418 (00 420 (1 418 (4
445 (2) 445 (1) 446 (1)
457 (06) 453 (18)
484 (0Q) 482 (1)
474 (00
496 éo} 494 (Q0 485 (00 495 (00 495 (0) 498 (3
6520 (3 520 (2 520 (4 521 (4 520 (2) 518 (1
: 535 (2
544 a; 544 ﬁlg 545 (1) 545 og 544, (1 543 (4
e2: (1 84 (1 822 (26) 623 (3 621 (18
701 (00) 702 (1 703 (1
728 20} 731 (0) [ 728 (1) 728 (1) 725 (13 725 (4
752 (0 748 (1 748 (3
762 (1 760 (2) 75¢ (3
768 (5 767 &4; 767 2; 788 (1 769 (2) 768 (4
783 i 785 (5 785 (8 785 (8 7684 (5) 784 (3
&
809 (00) 808 (1) 811 (1) 808 (00) (
azs (0
844 (3) 842 (2) 843 (2) 843 (1) 848 (00} 849 (00
857 (0Q
875 {00) 878 (00
895 (16) age (00) 898 (1) 885 (1) 895 §gog 894 (0
934 (00
967 {1 958 (00 958 (00) 951 (00 956 (08
974 (2 975 (1 974 (2 975 w} 975 (0 980 (00
891 (1 992 (00 g91 (00 992 too
1003 (8 1003 (10 1002 (10 1003 (10 11002 (10 1002 (7
1030 e; 1031 (5 1029 (6 1029 (7 1029 (4 1028 (3
1058 (1 1088 (0 1058 {0 1058 (2 1059 (2 1087 (S
= : 1075 (08) 1074 (16
1081 (28) 1082 (08) 1088 (08) 1083 (06)
1138 (18) . 1138 (08 1139 (16)
1157 1154 (2) 1154 (3) 1154 (1
1180 (2 1le4 (16; 1187 (2)
i%79 g 1179 (0 1180 (1) 1178 (2) 1179 (1)
82
1211 (3 1203 (3) 1z08 (5) 1208 (e) 1208 (3) lze7 (1
1219 (1 1215 (1
1248 (=2 1245 {1 1246 iz 1245 (2
1265 (2 1285 (1 1264 (1 : 1245 (3
1303 (2 1303 (16 1304 (le 1265 (00 1264 (1 1264 (2
1344 (2 1348 (1 1347 (18 1303 (18 1302 (26 1302 (36
1363 (1 : 1342 (08 1345 (26 1344 (38
1378 (2 1378 (1) 1378 3; 1378 (4 1378 (2 1378 (3
1403 {0 1402 (1 1399 (1
14324 1426
(5) 1441 236 1440 (36 1446 ize 1439 545 :P(e:
i 14680 (36 1480 (36 1459 (36 1459 (56 1455
1467 1461 (7)
1586 (1 1585 (1) 1587 {z} 1585 z; 1587 (1)
ésgg g 1807 (3) 1808 (3 1805 (3 1804 (2) 1808 (1)
6
2662 (1 geée2 (0 2661 (O 2861 (1) 26867 (0) 2867 (1
2725 (1e) 2728 (08 2722 (0 2723 (1 2727 (06) 2727 (18
2740 (0O 2745 (1
| 2838 2840 283¢; 283 2840
§2$§2§gg 2874]-(8) 2574]-(4) §4) 6} {8 ](10)
T3 29111_(8) 2909]_‘5) 28715 2870(8) 2879 (8)
2921 (5) 2923 (7) 2829: (9}
(8) (4)
2931{108) . (8)
2942 (38) 294o] (2)
2061 (96) 2982 (8 29811 (3) [29s8 .(4) 2957 (7) 2981~ {8)
3043 (36 3042 (386 3042 228 3039 (26) 3040 (26)
3061 (58 30682 (56) 3062 (46 3057 (48) 3080 (4) ' 3056 (36)
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K-38(N)-9

ACTION OF SANGA SANGA GASOLINE (NO. 4)

18590 ~130°0 13000~ 13590 1359C ~140¢¢C
161 (08 152 2 161 (o0
800 0 201 2 199 (2
285 8 226 4 228 (38
256 (00 258 {00
a79 ia 276 3 278 (38)
310 0 309 3 309 {2

3eg 0 358 (00
378 (0) ;
398 (00}
407 (CO 402 00
418 2 423 00
443 (00
464 (1) 485 (4 455 (3
482 (00 491 (00
496 1 497 1
Ble 1 5l6 4 515 3}
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BNCLOSURE (4)

Part III

SOME TABULATED PHYSICAL PROPERTIES
OF IMPORTANT HYDROCARBONS

A. PHYSICAL PROPERTIES OF PURE HYDROCARBONS

25
Compound Formula - B.P.{(%C) d by
n=hexene CeHy,, 69.1-69.3 0.6558
2-methyl penteme  CgHy, 61 =63  0.6535
2=2=dimethyl céﬂlh 50 <51.9 0.6468
butane
2-3-dimethyl CeHiy, 57 = 48 0.6569
butene
"3-athyl pentane C7H16 91.5=03.5 0.6929
2+2-dimethyl C7H3 6 78 =82 0.6712
- rentene ,
3-3-aimethyl Colig 84~ 88  0.6881
rentane )
|1
2-3=dimethyl C7H16 90 - TB 0.689
rsatane i
J=methyl 3=-ethyl CgHyg 115~ 120 0.7192
rentane
3-3=dimethyl hexane CgHjg 109-1.5 0.7126
3=4-dimethyl hexane CgHjg 113- 1.8  0.7182
2=2=3=trimethyl CrH
butens 716
2-2-3=trimethyl CgHig
rentane :
2=3=f=trimethyl CgH) g
rentane
.4 d%?
2=2=4=trimethyl CgHj g 99.3 0.6921
reatane ‘
n-heptane C7H16 98.4 0.6836
. 25
ol
2-methyl 2-ethyl  CgHig 1l4- 1.9 0,702
pentane
2-2~-dimethyl hexans CgH;g 0.07

55

25
B
D

1.3730

1.36252
1.3708

1.3900
1.3815

1.3892

!

1.5873
1.4031

1.3981
1.4052

20
Bp

1.3916

1.3777
25

1.400

1.404

X-38(N)-9

O.N.
36 (1)
(1)
(1)

95 (1)

(1)
(1)

(1)
(1)
(1)

(1)
{2)
104 (2)

101 (2}
97 (2)

(5)

(5)

(3)

(3)



N-38(MN)-9 . ’ - RESTRICTED

ENCLOSURE (4)

Cempound Formula B.P.(9C) _?_f ﬁ 3}:13 " 0.N.
3-4-dinothyl hexene CgHlg 117 07l 1407 (3}
2-5-dinethyl hexane CgH;g 108 - 110 0.7004  1.3947 (3]
2-methyl hexane C7H16 87 - 91 6882 1.3862 (3)
Decane C10Hzp 170 = 172 0.7270  1.4100 (&)
2-6-dimethyl ootene CyoHzo 160 - 161 0.7650  1.4250 %)
Hexadecanse CigH3, 140 = 1L4/11 0.7703  1.4321 (&)
Benzene CeHg 80.2-80.6 0.8715 1.4960 103.3 {6)
Methyl Henzene CgH;CH3 109.8-109.9  0.8611 1.4912 110 (6)
Ethyl Eenzene ) CeH5C2Hs 134.5=135 0.8630 1.4%913 {7)
Propyl Benzene CeH5C3H7 156 - 157 0.8577 1.4878 102 (7)
Isoproryl Benzene 063505H7 150.2-150.8 0.8575 1.4874 102 {(7)
Butyl Benzene CeH5C4Hg 179 - 179.5  0.8567  1.4857 102 {7)
Isobutyl Benzene CeH5ClH9 169.5-170.5 0.8570 1.4852 102 {7)
Tert. Eutyl Benzene 165 - 166 0.8627 1.4885 102 (7
o-xylene CeH,(CH3)z 141.9-142 0.8509  1.4850 (6)
p-0-Xylene CeHy(CH3)2  136.3 0.8566  1.4920 108 {6)
m-0-Xylene CeH, (0H3)p 138 - 138.3  0.8600 1.4931 308 (6)
‘p-oymene CgH,, (CH31 (CoHg) 173.9-174.1  0.8528  1.4869 (8)
p-P41 Tert. Butyl CeH), (C3Hyp)2 230 = 233 108‘ (9)
n-Amyl Benzene CeH5C5H1) 204 - 50 0.8694  1.4838 (10)
n-Nonyl Benzene CeHsCoH19 280 - 281 0.8572  1.4799 . (10)
n-Octadsayl CeHsC1gH37 (235)15 0.8085  1.4469 (10)
Stycene’ cgHs 143 - 1450 0.8979  1.5378 (20)
Diphenyl CizHio 24,8 - 90 ‘ (11)
1-4=Diphenyl CigH1,  211.5-212 (11)
benzene\g\_f :
%;g;giggényi _ CigH1, | 85.5= 86.5 _ (11)
Anthracane Ci14HiO 212.5-213.5 (11)
Phenant.araae Ci4H10 97 - 98 (11)
Ananaph@hane Ci12Hip 266.5=267.5 | (21)

Pyrene - . Ci6Hio 148 = 149 {11)
_ 56
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Scmpound
Cyclo Psntane
Cyclo Pentens
Cyelo ﬂexana
Cyoclo Eexene

Msathyl Cyelo
Hexano

Ethyl Cyelo
Heoxane

Menthare -

A3 menthene

Cyclo Eexane

Mothyleyclo
Hoxanell

Msthylcyclo
Hexanel2

Msthyloyclo
HexaneA3

Phenyl Cyclo
Hoxune

D1 Cy¢lo Hexyl

Hexahydro=l-3-
Diphenyl Benzene

Dodeoellydro=-13-
Diphenyl Benzene

Perhydro-l=3-
Diphenyl Benzene

Hexahydro=-1-4-
Diphenyl Benzene

Dodecahydro-1=-4-
Diphenyl Benzene

Porhydiro-l=L-
Diphenyl Benzene

Formula
C5H10
CsHg
CeH12 -
C6H1O
CeHy1CH3

CeH11C2H3
C10H20
CioH18
C6H10
C7H12
07312
C7H12
C12H16

Cl2H22

CigHa0

CigH26
Ci18H32
C1gH20
C1gH26

Ci1gH32

Dinydro AnthraceneCy H12

Tetra Hydro
Anthracene

Tetra lydro
Anthracene

cll(.HlL,.

CiuHy,

ENCLOSORE (A)

57

X-30(N)-9

25
B.P.(90C) a5 2 p 0.5,
L8.9 - 509 0.7422 (12)
L5 - €9  0.7422 1.4039 76.8  (6)
80.7 - 81l.0  0.7736 1.4218 '3 (6)
8301 - 83.1’0 018059 10“30 75 (6)
100 - 103  0.7619 1.4191 (6)
120 = 30  0,.8154 1.4568 75 (6)
(a)D
168 - 169.5 005507 1,§§87 +107.24
B.P.(0¢) Diy BD M.R. M.V
8l.,5 - 82 0.8064 1ak43h  27.03 102.49 {13)
109 - 110 0.8050 l.4462 31.81 119.25 {13)
104.5-105  0.7970 1.4413  31.83 120.45 (13)
101.5- 102 0.7951 1.4385 31.77 120.74 (13)
23h - 60 0.9431 1.5313 52,56 {15)
231 «- 39 0.8836 1.L777 53.20 (15)
176 ~ 8/2.6 1.0102 1.5798 '77.7& (15)
-]
176 = 8/2 0.9742 1.5425 78,31 {15)
182 - 4/5 0.9b43 1.5176  79.61. (15}
1782108/1.5
178-180/1.8
96 = 97
130-134/2.5
L8~ 49
108.5 ‘1.,1675 1.5776 180.1 (14)
79 1.1047 1.5571 182.1 (1)
88 1.1176 1.5686 182.1 (1)



£-38(N)-9
ENCLOSURE (4)
;25
Compound Formula B.P,(0C) N
"Octe. Hydro- cléﬂzo 71 0.9450
~Anthracene 14H20
| Perhydro C1,H2;,  (115-125)2.5 1,0338
i Anthracene
Tetra Hydro- CisH1y, 160~162/10.9 1.0706
phenanthrene ‘ )
Octahydro- Ci4Hzo  159-160/12  1,0167
phenanthrene
Perhydro- C14Ha2y, 132-134/10.7 0.9502
phenanthrene
Tetrahydro- C12H13 © 245 = 247 1.0065
Acenaphtiasns
Dodecahyiro- Ci2H19 235 = 237 0.9462
Acenaphtiaene :
Hexahydro-pyrene Cj2Hjg¢ 131 - 132
' Dodecehyiro- Ci6H20 158 - 160/3 1.0497
pyrene
Perhydro-pyrene C16H20 b, = 148/L 0.9835
Diphe~vl-methane C33Hjp 170/5 1.0042
Benzyl-bsazaens C20H18 1.0467
Dibenzyl'Diyhenylcz7H20 1.0683
Methane
Dodoocahydro~ Ci3Hag  224-4.5/745 0.8723
diphenyl Methene ‘
Octadecaliydro-  CpoHig 169-173/2.2 0.9127
dibenzyl Benzene
Tetracocahydro- CpoHLg 24,0-280/5 0.9492
dibenzyl-diphenyl=-
methane
. q 25
Compornd Formula B.P.(°C) bl
- Naphthalene C10Hs
 ApDihydro Naph- CigHig  206.5-207  0.3926
\ thalgne 1
" Tetrahydro CioHiz 204 =204.3 0.964k
. Naphthalene :
Cis Octa- C10H16 191 - 191.5 0.9135
hydronaphthelene ‘
" Cis Decahydro=- CioHig 189.8-190 0.3905

;naphthalene

58

25
np

1.5671
1.4826
1.6260
1.5620
1.5020
1.5550

1.5020

1.5742

1.5230

1.5763

1,6020
1,6170

L4747
1.4940

1.5206

n 295

1. 5782
1.5408&
1.491¢8

1.4770

M.R.

19z.2

192.2
60.12
59.38

59.69

50 -14}2 !

51.20

66.71

67.63
55.42
8L .64
114,04

58.07

88.19

119.38

RESTRICTED

(14)

(1%)

(11)

(16)

(17)
(17)
(17)

(17)
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ENCLOSUR: (4)

i

s 4% n 2’
Compound Formula B.P.(°C) by I
Deca Hydro Cy5Hp (97 - 100), 9.8730 1. 4745 (18)
Cadalere ;53 8 b : ,
Tetrahydro CysHzp (108 = 118), 0.907 1.506
Cadalere

' (a)
Dihydro Cadalene C3sHpo (108 11445 0.9150 145085=2ZB

a-methyl. Naph= CloH7CH3 (238 - 9.20) 1.0173 1.6120 ‘ (19}
thalenwu v
A2Dihydro Methyl CigHgCH3 {122 - 125)29 0.9898  1.5710
Naphthelene
Longifalene CisHp, (114 - 6)30 0.9317 Lo50414424.2 (20)
Trans-Ilecahydro OCj0H;g 185 - 99 0.8748 1.4701
Naphthealene
Notes
él) T, NAKAYAMA: Alkylation of acetons, methyl ethyl ketons,
2) ISHIDA: Alkylation of ketonms.
(3) S. KOMATSU & T. NAKAYAMA: Alkylation of ketone.
{(4) YAMAOK%& Se. & Exp. Rep. No. 1l44(1941) prep. from undecyla.cohol
cJ.J.HZ . |
$5; MIYAT%: Ibid., No. 83(1940). From butyrone.
6) Y. AKITA: Octane Value (1941). Japesnese & refer. T. SUWA: Fuel
Rasearch Rep. 30.(1935).49.
(7) Benzene and Alcohol or Alkylchloride by Friedel-Crafts reactliomn,

Banzene ?nd ketone in presence of AlClj3, or SO Hp. (3 .KOMATSU &
E, IBUKI

Synthesized from menthene.

Synthesized from benzene and tert-butyl alcohol.

S, KOMATSU & S.KANEDA: Synthesized from benzene and alcohol.
I. KAGEHIRA (Rep. Imp. Naval Fuel Depot, No. 128(1938);No. 97(1935).
Hydrogenation of benzene, dehydration from cyclo hexanol with
SO,Hy .3H20.{S.K. & E.I.)

SWKOMATSU, S.PANAKA & T. WAIDA: J. Ch. Soc. Yapan 54(1933}794.
T7.YOKOTA: Exp. & Sc. Rep. 13(1938) 8l. 8l.

Y. KAGEHIRA: Loc. cit. ’

I. KAGEHIRA: Unpublished. :

S., KIMURA: Hydrogenation of naphthalene.

8. KIMURA: Hydrogenation of sesquiterpens.

S. FUJITA: Synthesized from tetralone and methyl lodide.
KUMAGAI: Isolated from pine resin,

i s o . e
DR
OV XYW NHOWV®
CoSl I 22l

59
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ENCLOSURE (4)

B, THERMAL DECOMPOSITION TEMEERATURE OF HYDRGCARBONS

(1) (II)
Coinpound Formula Decompogition . leaction
RIS SRR R Eroduct ™
Cyclupentane CsHy0 566 GH2=CH2,CH3CH=GHQqﬁiEH
Cyolopentens CsHg 507 "
Cyclohexane CsHj2 550 (CH2=CH),, CHqCH=(Hp
; C2Hy,, CeHg, 863503.039
Cyclohexens CeH10 500
n-herane CeH1y 550 CH3CH,CH=CHp,
CH3CH=CH,
2=3~imethyl CgH1s, 535 (0H5)2C=C{CH3)2
butane 6 ) CH%C%.CHQ e
3-Ethyl Pentane CoH16 610
2-methyl Pentane CgHy, 10
2-2-dimethyl CgHiy 460
= butane :
2=2=L-trimethyl CgHig 580 (CH3)20=
pentalne CH3-C[CH—CH3, C2Eg
; CH2

(I) S. KOMATSU & E. IBUKI. (unpublished)
(II) 8. KATO & F. SOMENO: Sci. P. I. Phy. Chem. Res. 21(1943)256.
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Compoitad

Benzene
Toluene

Ethyl Bonzene
Isopropyl Ben-
zene

Tert. Butyl
Benzene

o=Lylene

n=xylene -

p=xylene

p-nethyl Ysopropyl
Besnzene

p=-diisc Ppropyl
Benzen#

n=-propyl. Benzens

n-butyl. Benzene

Tebralin

Descalin

5. KOMATSU & E.

(I)
(II) S. KATO & S. TONOMURA:

21(1942)77h.

ENCLOSURE (4)

Formula Decomp. Temp.(©C)
() (11)
CgHg 600 750
CeH5CH3 600 . 725
CgH5CoHs 535 ~ 721

CeHsCH(CH3)z 506 « 756
CgH5C(CH3) 3 498 - 720
CeHy, (CH3 )2, 588 - 703

0gBy, (CH3)2 633 - 730
CeHy, (CH3)2 740

CeHy, (CH3)C3H7 525 = 692

OgH,(CyHp)y 615 - 730

CeH5C3HY 550 = 650
06H504H9 550 « 700
CioH12 556 = 742
C10H18 539 = 746

IBUKI (uapublished)

6l

X-38(N)-9

Reactlion Product

CeHlis, (6655 )2, (3635031)2

C6H30H OEz, (c@§5cﬂ)z, 7): N
H3CH

CeHs, C gﬂ-cu. CelsCH
61({833 6H§ 2, (CglisCH)2

CeH3CH=CHz, Celg, C2Hp

above 700°
CH2=CHGE=CH2

(063553)2

06550635033
013[ ) DH3

C6Hs, CEH5CH3

6H CH=CHp, (CEH5CH)2

5 6&H°g o e cm)
Y

06 2 CHootE- o QH, 2

Se¢i, Pap. Inst. Phy. Chem. Res.
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14

ENCLUSURE (4)

Pare IV
DATA ON THE ULTRAV.(OLET ABSORPTIVE
PROPERTIES QOF SQIE HYDROCARBONS

Benzepe(l) CH, 78

I
38450(3) k1286(2;
38612(8) blB?Bi?
39L45(4) %1884(1)
39534(10) L2300(5)
40370(3) &3010(2;
LOL60(9) 43215(2

IX
49100(7) 51750 8;
49980(10) 52610(5
50900(10)

Toluene(l) CgHsCHy 92
37305(5) 38668&8)
37425(5) 38732(5)
37485{10) 38765(5)
38020(7) 38945(6
38400 7; 39395(6
38422(9 39600(6
38454(8)

M-Xylene(l) céah(cﬂ3)2 106
36735(6 38100(4)
36900(5 38215(4)
36980(8) 38330(3)
37430(6) 38420(3)
37870(9) 38684(2)
37930(10) 38890(2)

Naphthalene(l) CygHg 128
35900(8) 37700(7)
36350(6) 38300(2)
36950(3) 38620(5)
37350(10) 368150(2)

_CH
Antshracene(l) G§§G6Ht;GH 178
6%l

26750
28250
29750

Phenanthrene(l)

34150
35050
36700

39700
40900

faﬁa‘"ﬁﬂ
CgH—CH

39750
L1350

1

Note: Wave lengths are in om™~.

61
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ENCLOSURE (4]

SeHy—Qt
Chrygene(l) é éL
L108—
31750 34300
33100 . 37350
x X % 4 Xk )

Naphthalena(2)

I
3384 3071
3219 3059
3160 3031
3126 . 2992
II
2888 268L
2856 2567
2825

-naphthalapna(2)

I
3210 3005
3175 2980
3120 2888
3073 2868
3056 2840
3026 : -
II .
2745 ‘ 2625
2689 2586
2670 2532
Qotahydro-naphthalene(2) (cis)
2727 2550
2673 2463

Decahydro-naphthalene(2)
Diffused
2780

Note: Wave lengths are ih Angstrom units (A°).

* %k %k Ok X%

Ethyiepne (Gas)(l) C.H, =28

50610(3) 54000(9)
51690(5) 5,800(10)

"~ 52500(7) 55560(10)
5324L0(8)

Note: Wave lengthe are in om™d,

64
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ENCLOSURE (4]

S&Eege(l)' 063503‘-;032 104

I
34750(8) _ 36950{8)
35750(10) 37200(4)
35900(9) 37800(5)
36710(7)
II
39500 14,2700 (strong)
14,0900 \ 16000
III
1,6820(2) L8000(5)
- ,7100(1) 4,9000(10)
L7450(1)
sopropenyl bonzena(l)
06H5c(cn;TEﬁﬁ§?
. 118
3b900§2) 35800(1.)
35300(3) 36300(4)
11
39000
1,0200
4,2600(strong
, CgH5CH
Stilbenail) il 118
C¢H:CH
655
31000 34000
32320 41800
Propylense(l) CII3GH:CH2 L2
52730(5) 53450(6)
53070(5) 53870(8)
Isobusylenelll (CHa)2 c=CHn 56
49500(3) 52850(10)
50900(b) 51,340(8)
51650(6)
) thylens (1)
ica ) o=czcn § 8L
312 3’2
4,3140(2) © 50110(6)
L,4,480(3) 50670(8}
4,585043] 52200(9)
L26n0 (6] 53480(10)

Note: Wave lengths are in om™r.

65
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ENCLOSURE (4)

Styrene(l) 06350H=GH2 1 104

34770(8) 42700
35760(10) - 46000
35900(9) 46820(2)
36670(7) 47100(1)
36970(8) ; 47450(1)
37800(5) 48000(5)
39500 49000(10)
40900

Butadiene(1)

2
I
46300(3 ‘ 49000(7)
L7770(5
II _ :
50600(8 ‘ 52850(5)
518L0(5 53400(5)
52200(5) 53700(10)
CHy=C —CH=CH,
Isoprene(l) |
7 CH,
I
44850(5) 47550(6)
46350(8)
II
52400(5) : 52880(5)
Dimethylbutadiene(l:
=0 C= 82
I i 2
CH; CH,
43450(4) 4535G(7)
43850(5) b6a70(4;
45000(6) 4,6850(3
Stilbene(l) O, H..CE
675 1? 180.
CgHj .CH
31000 34,000
324,00 14,1800

2,7 ‘Dimethyl Stilbene(l)

c ® L]
32767 E 210.
CHj . CgH,,C

30500 32000
Note: Wave lengths are in om™*.
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ENCLOSURE (4)

3,8 Dimethyl Stilbene(l)
GHB.béﬁh.ﬁ? 210,

30350 33650
32000

* % Xk ok kK

mwtm (3)
(céﬂ5 3CH (Kaaalbaum)

Ether solution

304 (m ) 276 (Week)
293 270
281 264

Anthracene(3) (Kaalbaum)
Ether solution

376 335 (Week)
371 (Weak) 323

357 308

350 (Weak) : 295

338

Dihydroanthracene(3) (syn.)
mp. 108,

Ether solution

376 325
371 (Weak) 308
356 271
354 (Weak) 261,
334 254
335 (Weak)

Stilbene(3) (syn.)

lap. 1252600

Ether solution
322 290 (b.)
308 237

* % B ox X
thracene (4)
(mp. 216-6.5°3)
I
26670 29600
27230 29980
28140 31030
28460 32410
II

39480 L1680

_ 40600

Nota: Wave lengths are in om™%.
6r
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(1

)

N S o

ENCLOSURE (4)

Dihydro anthracene(l)

I
26540
27120
28050
28460

Il
7040

29550
29920
30930
32510

38010

Tatrahydro anthracene(4)

I
2682¢C
27140
28130

II
30630
31060

III
33560
34930

Iv
39430

28650
29550

30080

31680
32140

36270
37820

Qotahvdro anthresena(s)

1
35160
35840
36540

37200
37880

Note: Wave lengths are in om~1

Notss

S, KATO, F, SCMENDG & S. TONOMURA, Sc.

(1943) 256,277,774,

RESTRICTED

Rep. I.F.C.R. 21,

S. KIMUBA; Mem. Col. Se¢, KYOTO I. U. A 14 (1931) 173,
M. TAKAOKA: J. Chem. Soc. Japen, 60 (14) 1090,
Report orf the First Naval Fuel

T, YOKOTA & T, FUJTIMOTO:
Depot. No. 143 (1941).
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RESTRICTED X-3B(N)-9

ENCLOSURE (4)

Dipnenylmethane 1/1000% Sym-Diphenylathane 1/1000%

Diphenylethylene

Figure 13(A)
ABSORPTION SPECTRA

(117



i

'

X-38(N)-9

Naphthalene 1i/1 0000'

ENCLOSURE (4)

Rethylnaphthalene

Figure 14(4)
ABSORPTION SPitCTRA

RESTRICTED



RESTRICTED

ENCLOSURE (4)

P-Diphylbenzene 1/10000%

Figure 15(A)
ABSORPTION SPECTRA

7t

#-38(N)-9

M-Diphenylbenzene 1/10000%



X-38(N)-9

ENCLOSURE (4)

Cyclohexene (gas)

Cyclohexadicene (gas)

Figure 16(A)
ABSORPTION SPIICTRA

72
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ENCLOSURE (4)

Acetylene (gas)

Figure 17(A)
ABSORPTION SPECTRA

X.38(N)-¢



X-38(N)-9 RESTRICTED

ENCLOSURE ().

Isoprene (gas)

2-3-Dimethylbutadiene (gas)

Figure £7(A)cont.



RESTRICTED , X-38(N)-9

ENCLOSGRE (4)
Part V
DATA ON THE RAMAN SPLCTRA OF HYDROGCARBONS
Ethane

(From Ethylmegnesium lodide and water)

993 (7) 2883 (10)
1462 (5b) v - 2914 (4)
2732  (4) 2939 (10)
2863 {3) 2695 (9)

W. NAKAMURA & E. KANDA: J. Chem. Soc. Japan, 60 (19839) 1275,
* * *k %k 3k
n-Bul;ane

(Butylchloride reduced by sodium in liquid asmmonia end distilled.)
- (T. C. S. 49 (1927) 750)

223 (0) 1168 (0)
25¢ (0) ilee (0)
287 (0) 1281 (0)
%20 (1) 1301 (1b)
429 25; 1444 (50}
789 (2 2666 (1)
809 (0) 2702 (1)
827 (6) 2733  (3)
837 (7) .= 2860 (8)
955 (1b) 2877 {10)
980 (2) 2914 (5)
1057 (4) 2938 (&b)
1077 (1) £962 (6b)
1150 (2)

S. MIZUSHIMA, MORINO and OKAZAKT: - J. Ch. Soc. Japan 80(1¢39), 289.
W. NAKAMURA and E. KaNDA: Ibid. 860 {1939), 1l27%.

x % ¥k *k ¥k

2
n-Pentane B.R 36.3, niC 1.3577.
(From Fischer o0il purified b? distilletion)

333 (1) 1264 (1)
400 (7) 1302 (4b)
467 (2) 1437 (5b)
764 (3) 1458 (6b)
838 (5) 2666 (1)
864 (4) 2713 (1}
} 904 (1b) 2733 (2)
d 953  (0) 2847 (5,
990 (1) ~ 28é1  (5)
10285 (3) 2875 (10}
1035 (3) 2908 (5b
1072 (3b) 2936 {(8b)
1142 (3) 2964 (8b)
1165 (0)

OKAZAKI; J. Chem. Soc. Jepan, 60 (1939) 559.
S. MIZUSHINA, MORINC & TAKEDA: Sc. Pap.
Inst. Phy. Chem. Res, (TOKYD) 38 {(1941) 437.

75



X.38(N).9 RESTRICTED

ENCLOSURE (4)

n-Hexane, B.P. 6819, .n§° 1.3748.
(Fischer oil distillation) df0 0.6615.

310 (2b) , 1081 (3)
329 (1) 1140 (3)
370 (4 1304 (4
399 (4 o 1439 {6
448 (1b 1456 (6
746 (Ob 2703 (1}
809 (1b ; 2731 (2
820 (3 ‘ 2849 (Sb;
887 (3 2881 (5b
895 (8 2875 (12)
949 (Ob 2896 (4b)
970 (O 2911 (5b)
1004 (1) 2939 (10)
1038 (3) 2964 (10)

OKAZAKI; J. Chem. Soc. Japan, 80(1939) 559,
S. MIZUSEIMA, MORINO & TiKEDA: Sc. Pap.
Inst. Phy. Chem. Res. (T(KYO) 38 (19418 437,

® Kk % kX

2-2=-Dimethyl butene, (Neohexane)
(Phillip's material was fractionated. B.P, 49.5 = 50,5)

o7 (1b§ 1252 (6}
258 (2 1304 (3)
336 (3) 1446 (8)
361 (3) 1466 (4b)
408 (1; 2655 (0)
484 (2 271 (2)
712 (10) 285). (3
868 25) 2885 (7;
926 (8 2892 (4)
995 (0 2905 (12)

1017 (4 2940 (&b)
1075 (3) 2965 (Bb)
1215 (8)

S. MIZUSHIMA, MORINO & TAKEDA: Loo, ocit.
L B B
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RESTRICTED X-30(N)-9

ENCLOSURE- (A}

2~-3, Dimethyl butane v

96 (1b) 1159 (3b)
280 (0) 1196 (2}
291 (1) 1263 (0)
346 (1) 1300 (3)
378 (0) 1321 (0)
387 (0) 1344 (3)
432 (0b) 1388 (0)
w7 (2) 1440 (5b)
504 (3) 1467 (6b)
629 (00) 2670 (0)
728 (10) 2718 (3)
755 (5) 2735 (0)
815 (og 2756 (1)
847 (O 2774 (1)
869 (3) 2855 (7)
929 (3) 2871(10b)
940 {5) 2963 (5b)
956 (2) 2935 (4b)

1029 (2) 2961(10b)
1039 (3) 2982 (6)
1150 (1)

OKAZAKY: J. Chem. Soc. Japan, 60(1939) 559.

& % *k *k *k

20 lhﬂﬁﬂﬂﬁﬂ
(1) B.P. 98.4°C d¢ 0.6838; n gﬂ1.3877 (fTom Prof. NAGAT)
(II) (Sample fror standard fuel for octane rating, Califorria
Chem. Co: B.P. 98.4 - ¢8,60C fractionated.)

(1)

198 (0) 1031 (1)
225 (0) 1045 (3)
282 (1) 1056 (2)
312 (8) 1069 (2)
356 {(2) 1081 (4)
394 (3) 1138 (4)
405 (1) 1161 (2)
454 (1) 1209 (0)
506 (1) 1235 (1)
8696 (0) 1262 (0)
722 (0) iz81 (0)
742 (1) 1299 (6b)
777 (2b) 1310 (1)
805 (0) 1342 (1)
826 (3) 1365 - (0)
840 (4) 1433 {8b)
852 (3) 145 (8b)
868 (0; 2670 (0)
gses (2 2710 (1)
900 (5) 2732 (3)
907 (3) 2844 (10)
9298 (1) 2873 (8)
949 (1) 2900 (5b)
981l 2 2938 (8)
988 (00) 2964(10b)
1021 (1)

77



“4-38(14)-9

282
308
356
394
453
483
508
719
743
778
838
854
886
904
831
682
1020
1048

N L S e P e o

P~ e g

HOMRHHGABFROOOOHNDOMO

1

7y

ENCLOSURE (4)

n~Heptene (Continued)
(II)

OCOTOUVNWHFHOODOCOCOHOKRW
B R e e WL L N

RESTRICTED

 MIZUSHIMA, MORINO & OXAZAKI: J. Chem. Soc. Japen, 60(1939) 290, -

219
260
295
368
$8¢
437
460
521
561
583
803
87
833
922
967

1054 (00

1080

S. MIZUSHIMA, MORINO & OKAZAKXI:

O
= ? O o o o s e

-
~3

(
{

LT P L P P

1
3)

TROCOOORANHFAURHOO

% ok oK RN

2,2,3.Trimethyl butane

* ok ok ok

78

11G9
1180
1204
1218
1250
1326
1361
14355
1452
1471
2711
a733
2756
2867
2905
2947
2988

—

—~

= J oo o o o (] o o e

Coc@oorODOTULRDOW
Csast? Qg Vet Wt Vs W o Wt et sttt bl et S Vs Cogat® Waaist? Wl st

J. Chem. Soc. Jepan, 60(1939) 289.



RESTRICTED E X.30(N)-9

ENCLOSURE (A)

20 20
p-Octene, B.P.124°, d4 1.3978; np 1.7043

196 (O 999 (0)
218 (O 1026 (2)
241 (0) 1045 (2)
279 55; 1080 (4)
295 (1 1083 (4b)
347 (0) 1137 (4)
374 (1) 1162 (1)
399 o; 1199 (0)
427 (1 1226 (O
457 (0) 1299 (5b
805 (og) 1342 ((o
696 1386 (0Ob
783 §1 1434 (70
735 (1 1459 (Sb
765 {1 2668 (1
81 (2b 271¢ (0)
843 (2) 2732 (32
g8l (3 2849 (10
g78 (3 2873 Esg
896 4; i 2904 (8
953 (1 f 2937 (sg
970 (2) » 2985 (8b
MIZUSHIMA, MORINO & OKAZAKI: J. C. S. Japan, 60(1939) 288.
W oR % x ok
2,2,3,Trimethyl pentane
345 (2b) 1201 (2)
373 (0) 1221 (3) _
393 (1) 1246 (3;
448 (1; 1303 (1
468 (O 1328 (1)
526 (5; 1348 {1)
716 (6 1444 (&b}
az2s8 (2) 1468 (4b)
8g4 (3) 2717 (0)
927 (53 2865 (6b)
75 (3 2907 (5b)
1088 - {2) 2945 (4b)
1081 (1) 2¢72(10b)
1118 (0)

MIZUSHIMA, KORINO & OKAZAKI: J. C. S. Japen, 60{(1939) 289.

% k %k ¥ Xk
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X-38(N)-9 " ) RESTRICTED

ENCLOSURE (4)

2,2, 4.351methy1 p=an§8na
4 np

B.P. 98.0 -~ 98.19C, 45" 0.6918; 1.3916 (America)
191 (1) 1113 (1b)
260 - (0) 1167 (2)
292 (3b) 1205 (3b)
310 (1b) 1246 (95)
350 (L) 1283 (2)
370 (0) 1302 (0)
417 (1) 1349 (2)
456 (0) 1364 (0)
510 (3b) 13S0 (Ob)
714 (0) 1422 (1)
745 (10) 1447 (5)
8ls (0) 1461 (2)
828 (2) 1469 (3)
861 (0) 2715 (2)
899 (5) 2789 (0)
9256 (6) i 2842 (3)
952 . (3) . 2862 (8b)
g78 (0) 2906 (6b)

1014 (0) 2925 (3)
1020 (1) 2956(10b)
1097 (2)
TAI(EDA:/ J. Gn SO J&p&n, 62(1941)' 8960
* Xk X ok ok :
n-Nonane :
196 (0) i gz6  (0)
221 (0) . 970 {1b)
248 (3) 1018 (1)
264 (4) 1046 (0)
283 (1) 1092 (3)
340 (1) 1062 (3b)
375 (1) 1134 (3}
404 (1) 1159 (1)
417 (1) 1192 (0)
453 (1b) 1217 (0)
490 (0) 1299 (4b)
510 (0) 1340 (0)
548 (0) 1433 (8)
697 (0) 1460 (8)
721 (1) 2666 (1)
751 (1) 2706 (1)
781 (1) 2731 (1)
830 (3) 2846 (10).
843 (3) 2873 (2)
871 (3) 2933 (7))
892 (4) 2964 (8)

OKAZAKI: J. C. S. Japan 60(1939) 55¢%

* & ¥ k %

80



RESTRICTED ' ' X-38(M)-9

ENCLOSUPE (4)

n~-Decene
200 (0) 991 (1)
230 (3) 1008 (1)
250 (5) 1023 (1)
) 339 (0) 1047 (2)
i 359 (1) 1062 (4)
404 (2b) 1080 (4)
441 (1) 1092 (3)
485 (1) 1133  (4)
521 zo) 1161 (2)
86l (0) 1189 (0)
692 (1) 1211 (0)
723 (1) 1301 (6éb)
744 (1) 1340 (1)
722 (2b) = . 1368 (1)
810 (2b) 1433 (8b)
844 (3b) _ 1460 {8Db)
870 (1) i 2673 (1)
886 53 2732 (3)
898 (3 2850 (10)
921 51 2897 {6b)
952 (1 o 2936 (7)
971 (1 29866 (8)
CKAZAKI: J. C. S. Jepen, 60(1938) 559.
¥ %k % ¥ %k
n-Dodecane
195 (1) 964 (1)
218 (1) 1002 (0)
238 (2b) 1032 (1v)
308 io 1061 (3)
349 (0 1078 (3)
397 (1 1100 (0)
421 (1) 1129 (3)
453 (0O 1159 (1)
487 (0 1300 (8b)
724 (1 1341 (1)
749 (0) 1369 (1)
772 (1lb) 1433 (7b)
805 (1 1461 (5b)
817 (1 2670 (Ob)
845 (2b 2718 (0) -
872 (1) 2730 (3b)
893 gs) 2849 (10)
917 (0) 2896 (8b)
931 (og 2936 (8)
955 (L 2964 {9b)

OKAZAXI: Loc. cit.

* sk ok Ao %k



X-38(N)-9

MOR :

199 (1)
215 (2
231 (1
278 (Ob
330 (0)
358 (0
404 (1
450 (0
724 (1
742 (0O
762 zo
784 (0) -
808 (0
839 (2v)
a7l (2
894 gs
982 (1
997 20
1015 (0)
131 (2)
404 (1)
502 (1)
602 (0
886 (1
894 (1
1017 (1)
1145 (7)
8c. Pap
215 (1
284 (2v
713 (1
887 (10b
1027 (4b
1188 (Ob
1280 (1lb
1444 (5b
OKAZAKT :

(From pinacone

ENCLOSURE (4)

n=Cetane

OKAZAKI: Loe. olte.

* % K ok %

2,3-Dimethyl butene-Z.
B-Po 7295 bl 7305)

« Ingst. Chem. Phy. Res.

Bk ok ok R

Cyclopentane

R ok % ok %k

82

(TOKYO) 25(193

2937 (8

12l%
1378
1447
16845
2775
2853
2800
2997

A o~ T P S~ g

]
2
2
2
1
4
7
1l
4

Je Co S, J'apan, 60(1939) 509,

3l.

RESTRICTED



'RESTRICTED

E.P. 80.7/760

202
382
425
899
787
784
802
853
1028
1154
1264
1342
14056
1425

. CU‘

ENCLOSURE (4)

Cyolohs:
- dgo 0.77%;
" 0.7734; nB5 1,4250 (MATSUNC) (from KaGEHIRA)

nE0 1.4269

1485 (1)
2347 (14)
2463 (1)
2534 (1)
2552 (1)
2600 (1b)
2828 (2)
2663 (5b)
2697 (3)
2782 (0)
2850 {10)
2885 (3)
2898 (2)
2920 (Bg
2933 (8

X-18(N)-9

K. NATSUNO & K. HAN; Bull. Chem. Soo. Japan, 11(1936) 32); OKAZAKI loc. cit.

ok ok & K

20 20
Methyl ovoclohexeme d4 0.7710; np 1.4338.

307
335
405
444
545
751
768
801
844
872
1031
1056
1087
1162
1201
1248

(1
0
]

oW

(10

(

DPDROHALLP O

;

OKAZAKT :

7
i

1284
1305
1344
1362
1398
1440
1458
1495
2359
2487 (
2661 (
2719

1

Js Ce S, Japan, 60 (1939) 559.

* % ok kX

83



%+38(N)-9

ENCLOSURE (4)

20 20
_4§¢_Qime§ x; cyglohexane ds 0.7862; np 1.4320.

140
280
310
330
414
440
469
498
536
592
729
748
784
799
819
841
852
919
943
975

(cis.ttrans-mixtiure)

(

(o]

NWOoOOoOWOOoOOMWHHNGROoOOGHFOOD

W'MWMMWvaV
[2ad
S
S
AN

[
()

R OC
>

O~ —

e P e WSS

QOO OTHPOOONNNU LT O

2980 (3,

:

¢ J. C. S, Japan, 80 (1939) 551,
B ok ok Mk

1,3, Dimethyl eyclohexane dio 0,7732; n§° 1.4260,.

165
.251
352
370
408
418
449
485
543
821
780
769
797
828
. 84
868
934
955
980

{Ob 1.008
(o 2057

HOOOHOO®RROWOTWOOO
PN NS G N St
1o pt g
A A
SO
3
—
Y Py Yy

:

¢ Jd. C.e S J'apan, 60 (1959) 559,
* ok ok kX%

84
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RESTRICTED X-38(N>-9

ENCLOSURE (4)

1,4, Dimethyl cyclohexeme d3° 0.7753; n3° 1,4269.
125 (1) . 1186 (2)
250 (Ob) 1205 (2)
374 (4) 1248 (3)
431 (0) 1263 (3)
453 (2) 1305 (2b)
472 (3) 1346 (4b)
635 (2) 1437 (4)
759 (10) 1460 (6)
787 (2) 2667 (1b)
926 (o; 2721 (1)
953 (3 2745 (0)
974 (1) 2846(10b)

1002 (1) 2869 (5b)
1060 (5b) 2928(10b)
1097 (1b) 2955 (5b)
1165 (3)

OKAZAKI: Lone. cit.
* % sk ik 3k

Benzene B.P. 80.5/760; 430 0.8728; n3° 1.4992.

405 (1b) 1215 (0)
527 (0) 1405 (1)
. 606 . (4) 1586 (3)
680 (0) 1805 (2)
800 (0) 2458 (1)
850 (3) 2512 (0)
807 (0) 2548 (1)
980 (2) 2925 (1)
992 (10) 2948 (4)
1007 (1; 3041 (5)
1036 (O 3063 (8)
1148 (0) 3164 (2)
1176 (4) 3186 (3)

MIZUSHIMA, NORINO &.OKAZAKI: J. C. S. Japen, 60 (1939) 289.
, NISHIO: Jap. Joure. Phy. 4 (1930) 1.
MATSUNO & HAN: Bull. Chem. 3oc. Japan, 11 (1936) 321.

* %k %k ck ok
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A30(M)-9 RESTRICTED

ENCLOSURE ()

Pheayl gyelonexsme B.P. 92/5mm dzs 0,9339; n%s 1.5225  (from KAGEHIRSL)
108 (2b) 1048 (4
141 (14) ? 1082 (3b
157 (14) ? 1121 (3b)
238 (14d) 1155 (sd)
277 (8) 1175 (4)
360 (1d) ? 1198 (5)
380 {1 1229 (4)
411 (3 1262 (4)
437 (2) 1281 (6)
460 (2; 1297 (1)
621 (6. 1328 (14)
741 (l4) 1349 (1d)
773 (5) 1440 (5)
827 (3) 1574 (1b)
839 (1d 1597 (&)
862 (3 1808 (5
894 (24 ) 2692 (1) ?
925 (1) % ' 2852 (4
985 (10 2932 (4)

1002 (10 3068 (3)
1030 (8)
K. MATSUNO & K. HAN: B. G. S. Japam, 11 (1936) 321.
% %k k %k ®
25 25 )
Dioyolobexyl B.P. 94/10mm dq4 0.8853; np 1.4820 (from KAGEHIRA)
102 (1d§ ? 1038 (5b
248 (1 1083 (5
318 (3b 1118 (34)
384 (14 1160 (34d)
435 (1 . 1199 (2b)
480 (2 1240 (2)
485 (2) 1267 (6d
512 (1 1351 (4
s (4 1444 (84)
787 (3 : 1493 (1d)
801 (1 2663 (1)
848 (5 , 2853 (5
958 (1 : 2890 (2
1002 (2 2921 (8b
K. MATSUNO & K. HAN: B. C. S. Jepan 11 (1936) 321.
k &k % R X
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RESTRICTED - | X-33¢N)-9

ENCLOSTRE (4)

Nephthalene
(in Aloohol) (in Benzene)
513 (5) 514¢ (8
768 (5 : 764 (8
1027 (3 778 (1; ?
1381 %10 1028 (4
14e3 (54 1382 (8
1581 (3 1464 (4
3070 (54 577 (4
3084 (8)
K. MATSUNO & K. HAN: B. C. S. Japen, 11(1938) 32l.
B ok Xk & X
o ﬁ
B.P. 71-72/6mm dfg 0.966; mg§ 1.54,10 (from KAGEHIRA)
117 5d; 1205 (@)
164 (6b 1235 (3)
267 (44) « : izs¢ (3
318 (14) 1301 (3
436 e; 1345 (4)
457 (4 1360 (4
511 (4v) 1385 (5
585 (6 1435 (6
704 (3 14528 (3
728 (8 1463 (3
746 (1 1426 (1b
768 (3 1582 (4
808 (3 1802 (6
822 (44 . 2674 (2b
878 (3 2713 (24
807 (2v 2886 (8
041 (24 2885 (8
1040 (10 2014 (34
1071 (4 2994 (8b
1117 (14 3029 (34
1184 (éb 3044 (5
K. MATSUNO & XK. HAN: B. C. S. Jepan, 11 (1936) 321.
ok A sk %

o “ | 87



%-38(N)-9 | RESTRICTED

ERCLOSURE (4)

- Indene E:I:]

B.P. 62/10mm di" 0.9813; n%s 1.5755 (TAKIIDA)

T, HAYASHI: Sc. Pep. Inst. Ph. Ch. Res., 23 (1.933) 334.
n

Purified Kshlbaum Substance; (i82-2.5) 768; diz 1.0001 1.180.
204 (3d) 1609 (10)
379 (2) , 2890 (4)
391 (2) ‘ 3036 (2b)
532 (8) . \ 3066 (3b)
591 (6d ‘ 3113 (zd)
730 (10) 206 (6
762 (3d) : 361 (0)
830 (54) 380 (5)
841 (2) - ' 515 (53
860  (5) 577 (5
912 (11) 710 (5)

923 (1a) 737 (4b)
- 944 (5b) 821 (5
1018 (10 924 (5]
1067 (6 1005 (6)
1110 (6b ‘ 1049 (5)
1152 (34 1099 (7b)
1204 (10) : 1144 (3)
1225 (8d . 1190 (7)
1285 (5 1276 (7b)
1310 (5b ‘ 1343 (8)
1359 (10) 1379 (6)
1394 (8a) 1443  (8)
1457 (10) 1534 (8)
1490 (2 ) 1589 (10)
1550 (10 2766 (3)
15687 (5) 3035 (4b)
K. MATSUNO & K. HA&N: B. C. S. Japan, 11 (1936) 321.

* ok k ¥k Xk
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ENCLOSURE (4)

& Xy
- NS
1,2, Dihydro-nephthalene @

BoPg 7400-74-5 (Gm) [] [»]
Hilger's constent deviation type dispersion 20 A per mm neer 435€ Ao
Plates: Ilford Hypersensitive Panchrometic Plate.

148 (5 1143 (5)
199 (5) . 1202 (5)
284 (5 1259 (5b)
397 (4 1280 (4)
488 (4 1332 (4)
530 (4 1375 (4)
567 (4 1472 (4)
665 (4 1554 (5b)
726 (4b 1818 (6b)
787 54 a759 (2)
ges (4 2814 (3)
933 (4) 2019  (3)
1020 (4b) 3026 (3b)
1081 (4)

HAYASHI: Sc. Pap. Inst. Phy. Ch. Res. 23 (1833) 274.

* Kk ¥k kX

25 Decahydro-gg:hthalene

B.P. 63/8 4a5° 0.8847; ngF> 1.4770  (from KAGEHIRA)

152 (1b) 1020 (3)
297 (0) = 1047 (4)
329 (24) ) 1080 (3b)
356 (23 1150 (1)
381 (2 1170 (2)
408 (5) 1236 (1}
442 (14 1249 (4)
491 (4 1260 (4]
601 (4) 1275 (4}
751 (6 1353 (44}
759 (34 1369 (44)
802 (3 : 1452 (6b)
856 (5) 2661 (34)
878 (3) 2857 (8b)
932 (1d) 2896 (4)
=990 (3b) 2916 (8b)

K. MATSUNO & K. HsN: B. ¢. S. Jepem, 1l (1936) 321.
g % ok At ok 3k
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ENCLOSURE (A)

g
Tetrahydro-acenephthene @:j
B.P. 98/5mm d5° 1.0115; n2° 1,5582  (from KAGEHTRA)
130 (3) 1095 (4)
161 (6b) 1116 (3)
220 (e 1128 (3)
250 (4d 1157 s}
381 (4 1185 (3
402 (2 1222 (8d
458 (7) 1250 (3
507 (4d) 1278 (54)
568 - (8) 1338 (54)
591 5; 1432 (8
= 807 (1) 2 1452 (6
850 (10; 1609 (7d)
723 (14 2490 (1d) ¢
784 (2) 2593 (1) ?
nes (3 26839 (1) ?
828 él 2668 (3b)
868 (2 2840 (7b;
872 1; 2856 (2
939 (1 2940 (5b)
953 (3 3043 (5d)
1030 (5 3069 (1d) ?
1061 (e .
iLs MATSUNO & K. HAN. Buell. Ch. Scc. Jepan, 11 (1936) 321.
%k Xk Kk Kk 3k CH;?H,;
I
Decshydro-acenaphthene
25 25
B.P. 80/5 dg 0.9456; npy 1.5C16 (from KAGEHIRA)
177 (24) 1096 {6b)
326 (1 l1e1 (0)
358 . (% 1212 (1) ¢
372 (24 1236 (2)
432 (2 1289 (5b)
498 (34 ~ 1372 (5b)
515 (1d , 1448 (84)
547 (4 . 1481 (24)
585 (1 260¢ (1)
620 (3 2665 (3d)
22 éeS 2677 (2) ?
754 (4) 2897 (2)
g0 (1) , 2748 (24)
854 (3d) 276l (2d) 7
910 (2) 285, (4b)
950 (4). 2893 (4]
1025 (4) .. 2925 (6b)
1068 (8b) . 294z (6b)
- K. MATSUNO & K. HAN: Bull. Ch. 8. Japen, 11 (1936) 321.
% %k %k ok %k -
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ENCLOSURE (4)

emsssnme (D

B.P. 160/5 d3° 1,0558. ns° 1.5782  (from KAGERIRA

158 (2b) 1221 (5}
318 (14) ? 1281 (10
389 (2b) 1315 (2)
412 (04 1339 (1)
525 (2 1361 (34)
557 (1 1435 (6b)
587 (2b 1579 (14)
614 (1 1604 (3d)
842 (04) ? 2826 (4)
810 §o ? 2861 (2b)
891 4} 2934 (5b)
1081 (6b 3085 (3)
1097 (eb)

K. MATSUNO & K. HAN: Bull. Chom. Soc. Japan, 11 (1936) 321.

X K ¥k %k Xk

Perhydropyrene C8:>
14) -

B.P. 184/10 a5° 0.9875; n3° 1.5225 (from KAGEHIRA)

261 (ld; 1009 (1)
294 (1 1032 (1)
322 (2) ‘ 1056 (4)
351 (3) 1092 (3)
372 (24) 1148 (4b)
420 (4b) 4 1159 (3b)
426 (4b) 1217 (1) .
464 (4b) 1229 (44)
490 (1) 1248 (3a)
532 (1) 1291 (1b)
563 (3) 1337 éO)
634 (1b) 1348 (1)
878 {(1d) 1357 (4b)
'743 4; 1444 (44)
790 {2 2820 (3)
833 (2) 2853 (3)
882 (2; 2912 (4b)
969 (1) 7 2938 (4b)
K. MATSUNO & K. HAN: Bull. Chem. Soc. Japan, 11 (1938) 321.

* ok %k ¥ ok
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ENCLOSURE (4)

Cedrene B.P. 116-7/10mm n3° 1.4943,
Dehydration of Cedrol.
(see Bull. Sc. 9 (1934) 327)

87 (2b = 928 {6b)
124 (04a) ? 9€5 (5b)
144 (4b) oee (3a) %
189 (3b 1001 (5d)
237 (%4 1024 (2
260 [4b 1038 (3
(288) (0 1066 (8)
308 14 (1087) (2
317 (3) 1105 (24
340 (1) 1127 (5b
(364) (2) 1143 (6b)
389 (3b 1167 (6&b)
410 (3 1201 (8b)
437 (24) 1219 (2)
454 (24 1237 (3b)
491 (3] 1275 (5) °
532 (5 1297 (5;
571 (8 1325 (24
587 (4 1350 (5)
811 (4] 1375 (5)
830 (2 1434 (8)
656 (3 1452 (8)
698 (3 ) 1475 (8b)
733 (8b : (1e46) (%) 7
780 (8) ‘ 1666 (10)
802 (2) 2830 (2b)
819 (8) 2875 (2)
(833) (% 2915 (6b)
850 (4b) - 2937 (6b)
(873) (%a 2967 (6b)
915 (5b 3030 (2d)

K, MATSUNO: Bull. Chem. Soc. Japan, 10 (1935) 220.
Xk %k ok %k
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ENCLOSURE {4)
Sesquichame
B.P. 120-3/12mm 43¢ 0.92386: §§4 1.4883 & p-gg.31°
Leaves sarisan Hinoki Chamascyparis obtusa, sSiebe. Zuce. of
Formosana Hayata (K. KiFUKU & T. NOZOE, B. C. S. Japan 6(1931) 111.

91 {3b) 1022 (14)
132 (3b) 1042 {2)
254 (34) 1058 (2)
280 (3) } 1100 (3b)
302 (24) 1119 (3b)
336 (24) 1155 (6b)
360 (54d) 1186 (1)
3858 (5d) 1192  (4)
407 (1) 1208 (1)
434 (4) 1263 (4)
496 (3) 1296 (4)
539 (3) 1322 (2b)
572 (3) 1345 (2)
590 (8) 1375 (4)
604 (4) 1398 (4)
684 (1) 1434 (5)
770 (6) 1453 (4d)
814 (5) 1471  (4)
843 (la) 1647 (1)
882 (4b) 1680 (10)
907 (4d) 2844 (4b)
g26 {(14) 2869 (3b)
934 (2) 2908 (6b)
954 (4) 2966 (2b)

- 964 (4) 3006 (5b)
988 (1d) 3084 (1)
1006 (4) 3167 (4)

K. MATSUNO & K. IAN. B. C. S. Japan 11 (1.938) 576.

* k ok Kk %k
d, Sabine .
B.P. 162°, al]+% o0.8442: nga 1.4681 aip*t 72
Leaves Arisanhinoki (K. KAFUKU. T. NOZOE & C. IATa, B. C. S. & (1931) <0.

120 (3b) 1031 (5)-
189 {(2b) 1067 (&)
214 (1) 1109 (6&b)
306 (3) 1145 (4d)
333 (1) 1170 (34d)
362 (34) 1197  (8)
373 (1) 1214 (14)
441 (3) 1270 (4b)
491 (14) 1308 (4b)
509 (3) 1379 (34)
566 (2) 1415 (8)
634 (34) 1438 (44d)
655 (5) 1447 (54)
785 {5) 1458 (44d)
808 (4d) 1656(10b)
866 (4b) 2830 (4)
882 (24) 2913 (2)
915 (64d) 2940 (2)
930 (1) 2964 {s5)
954 (6b) 2998 (4b)
989 (3) 3070 (4b)

K. I«TSUNO & K. HaN. p. C. S. Japan 11 (1933) 57s.

o | | 93
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a-3aPi
dop

B.P. 155-6

) 134 (3b)”
208 (2b)
261 (34)
306 (24)
333  (0)
388 (3b)
428 (2)
485 (2)
488 (3)
564 (4)
620 (3)
667 (8)
774  (4)
822 (2)
844 (5)
885 (1)
905 . (3)
930 (1)
953 {3b)
998 (0)
1015 (14)

ENCLOSURE (4)

nene ég}-

0.8585; afi® 1.4671; &)+ 45.25
Root-o0il, CHAMARCYPARIS CBTUSA SIEBE. Zucc. of Formosaue Hayata (IiIINOKI)

1042
1085
1125
1153
1183
1233
1254
1308
1328
1374
1433

. 1l444

1468
1660
2833
2874
2912
2951
2988
3051

(3d)
(3)
(2)
(4)

(3b)

RESTRICTED

K. MATSUNO & K. IsN. Bull. Ch., Scc. Jepan, 11 {1938) 575.

* % Kk k %
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ENCLOSURE (B)

DATA ON THE THERMAL CRACXING

OF PURE HYDROCARBONS

obtained. from

Professor A. IBUKI

X-38(N>-9



RESTRICTED

X-38(N)-9

SURE (B)

¢
o

ENCLO.

’ UoTATSOdWODSP aI0Jyeq 1ISNP sq¢
*suoqIB0IPAY pajeanges UT swoqe UoqIed JO Jaqunu o8easAY - U

wer | zegs | 2°¢ | 0°¢ | eTE | w0 05 09 Legt 89" owrequed
TAu3s 2
1T TS 9*L | MTOT | 6°¢2 | 0O°'T % 0t 6°f 9%
atrequad
KA I 21 g7 |26 | TRe | ST ot 09 §°€T o9Y TAuzem 2
144 (A 0°C 0°L (A% 9°C 0ocT 09 L*9T Ay
auexay-u
6°T £°€¢ 71 6°2T | §°0¢ | 6°T 0zt ot g’z £
0°¢ 7°LS L9 8y L6z "1 0te 09 0°Le gl aueqnq
TAYj8UTP 2°2
g°¢ 8°99 £°8 £°9 1°8T g°0 oTe ot T°¢ agh
6T $°C% 25 A 942 2°T 20T 09 0°TY 1A auequq
TAqR8WTP €°2
1284 9°49 67 | 6°TL| "°91 2'1 LT ot 9°6T 205
LT 2°69 T°TIT| 2*% 8°4T LS o1t 09 eUey 059
’ aueYayoTo4D
0°e gah G°€T| T°8 1 £ 26 0T 6°TY 04$
wu [ TT0yuy Ty | Yo | Ty | 2wl (SH umw) (uTw) (%)
aTdureg
gqonpoxd *dwaq
auwty snoesed | UOTHTIS
(3Tor) s3onpoad snoosed Jo uotTqTsoduo) ywTOS88A JO uotq Jo -odwod
aanesaxd -0®RaY quadId ~a(

96



X-38(N)-¢

RESTRICTED

‘ENCLOSURE (B)

s yotqTsodwoodp 2I0Fq 1SUL

*suoqIeo0IpAY poYeanqes UL swoje UOGI®d JO Jaqumu o8BIGAY - U 3

weT | M0€ | LT gL 1o | '8 % 1 09 9°cT 661

i m ; BURX3YOTILD
wT ST Lod 0 Y19 | 79T 44 o1 &< . &%
JAS S 20 Lot 2w | 86T | LS otL 09 gog 0s%

i M oUEXOYOTOLD
oz | §gm | gt T8 | §°Lz | € 26 ot 6°Th 056 ! :
8°T g 8T €°6€| €°% | €°6T | 0°2 oz 09 oLt o%s
LT 6°81 $°0T: T°AE} 6°¢ 179z | 9°T 6T 0¢ AR Q€S | euoquadoTaL)

6T | 0% o6 | T°62) $°8 | 9°Th | T°9 6T ot 6°1T 0gs
€1 0°T | ¢°sz|o0'8 | T°¢ | 2°O€ | L*OT oe 09 0°zT LoS
LT $°8 e8| 1°9 | 9°9 LeSE |} L°ST 0z 0¢ 6°9 06Y | TourquadoToL)
8°T 2 L Lo6E| T°€ | ¢ | 9°9€ | 6°8 12 0T €T A4
7°T 8°ce 9°€n ¢ | 12 | 0°¢ 454 09 0°2T Los
S T A 97 £°¢ | BTLT | T°0T oz o€ £°TT 906 | eusquadoToL)
LT z°6 g1y 9*T | A*2€ | 24l $02 01 ) 00%
6°1T VA 76T £°8 €ce | LT ¢1e 09 T2 496
0°c $°9€ 9°¢T €'z g8°zh | 8¢ 44 (]9 9°6Y 09¢ | suejuadoToA)
£ LT 0T A A B A (N AL 40z ot $°8T 996
a0 | oD ey | oo | ¥ | e | %% (oH uw) (urw) (90)
“ o1dureg
sqonpoad ccusg |
21y & snossed | UOTATS
(% TOA ) gqoupoad snoesed Jo uotyTsodmo) s+ TOSsaA Jo uoTq Jo —oduod
aINS S —Vwwy PG URSd -3 |

97



RESTRICTED

X-38(IN)-9

ENCLOSURE (B)

«uotqTs0dmoosp 830Feq wm:w e
*suioqIBo0IpAY pajelnles UT SWOE UOGIEd JO Joqumu 238BISAY —~ U

€°96 0T | iz 06 09 T osL|  euemusg
¢ ozl
0" gezh | IE 66 | 9°LT | €2 L€ | Aomma T 009
’ . 0zl
0T o5 | L°sE 0'z | 9°z | L2 €€ Aowws eT. 009 suento]
ozh
0t L°19 Al £ 9°C 0°¢ ST 1€ ot 9 009
0°1 sy z°8t 0°6 | 2°IT | T'T T 09 £ §€S suezUog
‘ AU
0°t 6°62 Leen G°s 8'8T | T*C oz 01 T 129
o'T 6°5S L9z 8°¢ £°1T | £°2 qT 09 #°9 Los suazusg
TAdoadosT
0°T Lo Lge '€ L°TT | §°T T 0T €£°C 905 :
o't Lwn oLz Lo 1109 L& 6 (o06L) €z 00$
vy auszuag
(A T°29 6°TT 9°% g*oz | 6°0 6 09 0°0T L6 T49ng
ALrerqasy
0°1 9Ly o°Lt °9 9%k | 1T 8 0T 8z 86"
71 Z°9¢ £°9 { 7°62) €°2 2 9°1 St 09 0°2s 99s
SUOXSUOTILD
7T 47 1oL Losgzlott lotig i €1 ot z°eE 09¢
71 2esz | 9t€r| €S| LM |eoLE | o' ¢ 09 0°0¢ €0
: - , TouexeyuoTa4)
9°T G°91 G 9z | L6 | 1°9 9°Th { 8°0 € 9T oY 105 :
S zruzgdy | Oy | oo | "W | T | %o (33 ww) (urw) (%) .
sqonpoad ~dwsq T
, ewT Y snoesed | UOTQTS
(% Toa) saonpoad snossed jo uorqysoine) s [O58094A JO uot3 Jo -oduoo
eanesexy —-opey MULL B R -

98



BESTRICTED

ENCLOSURE ()



RESTRICTED

ENCLOSURE (C)

X-38(N)-9

1IST OF JAPANESE DOCUMENTS PERTAINING TO HYDROCARBON RESEARCH
OBTAINED FROM THE FIRST KAVAL FUEL DEPCT, OFUNA

(Forwarded to the Washington Document Center via ATIS.

NavTlechdap No.

ND26~001.3.1
’13.2

13.3
13.4
13.5

13.7

13,8

13.9
13.10
13.11

13.12
13.13

13.1k

13.15

13.16

Title
Cracking by Heat. (Thermal)

Gas Analysis for Acetylene,

Ethylene, BenzZene Mixtures.

Combustion.
Hydrocarbons.

Tnfluence of non-Combustible Gas on
the Combustion >f Hydrocasrbons,.

Heat of Vaporization.

guantitative Analysis of Hydro-
carbons.

Studies on the Combustion of Hydro-
carbons under Constant Volume,

part II. Combustion.of Aromatic
Hydrocarbons.

Relation between the Residual Gas of
Flame and Explosive Limits of Gas.

Physical Properties of Pure Hydro-
carbon Mixtures.

Studies on the Catalytic Action of
Metallic Oxide on Decane and Dealine,

On the Synthesis of Decane.

On the Chemical Analysis of Gaseous
Olefines by Means of Sulphuric Acid.

The Explosion Limit of Hydrocarbons
under High Pressure and the
Mechanism of Combustion.

Separation of Gaseous Hydrocarbons
by Liquefication.

On the Molecular Volume of Hydro-
carbons.

90

Author

A,

KOMATSU

FUJI0
SHIRAT

ISOGAT
AKITA
TSCGAT

AXTITA
ARTTA

AKTTA
IGASAKT

AXTTA
ISOGAT

YAVAGUCHI
MITSUIX
YAMAOKA

YAMAOKA

YJ WMaLIA

HONDA

TANAKA

ASADA

ATIS Ko, L584)

Teex
Jan. 1929.

Sept.1929,

Aug. 1930.
Dec, 1932.

1933.

Mar,

Aug. 1933.

1933.

Dec.

June

153k,

Apr. 1935.

July 1937.
Dec. 194L1.

Dec. 1941.

Dec. 1941.

¥ar. 1942.

Feb,

Oct.
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NavTechJag. No.

WD26-0013,17

13.18
13.19

13.20
13,21

13.22

ENCLOSURE (U)

On the Measurement of the Meaan
Molecular Weight of Gasoline

On the Chemical Analysis of Gas 0il.

On the Raman Spectra Analysis of
the Bahrein Gasoline,

The Ramen Effect and Its Appli-
cation.

On the Raman Spectra-Analysis of
the Sangse Sanga Gasoline.

Or the Combustion of Butane and
Isobutene. :

100

Author

ASADA

KOBAYASHI
MIZUSEINA
WaDA
TOKUEIRC

MIZUSEIMA
TOBIYAMA

EAGYHARA
HONDA

RESTRICTED

Year

Oct. 1943.

Sept.1943.
Nov. 1G43.
1943,
1544,

Nov.

Jan.

Jan., 1S4L.





