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INTRODUCTORY DISCUSSION
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INTRODUCTORY DISCUSSICHN

The original object 0I 1nis8 research wastigo
develép a8 procedure I10or the Systemsatie ddentviricstion
Of hyarocarpons whichn mignt replace ine presernt "Cenus
IX" or Volume I or the "Identitication of Pure Orszaniec
Compounds™ written by Professor S+ P+ lulliken. It was
our hope that a procedure might be developed which would
divide the hydrocarbons rather sherply into natural
families and that general prodgedures for the specifie
charscterization of individusl species of such families
mizht then be made to supplement the =enersl sectional
tests.

The system &t present sdopted in Vol. I of
WMulliken'8 works for the qualitative snalysis of
hydrocerbons depends upon the genersl rule thet the
aromatic and condensed ring hydrocarbons hsve s specifte
gravity greater than 0.85 at 20°-4°, and that of the
other hydrocarbons, in generszl the pareffins are not
readily attacked by bromine or by fuming sulphuric

or nitric acids. The difrficulties which present them-
selves with respect tc this tundemental method of divi-
sion necessitate the inclusion ot some hydrocaroons,
whose gravities are on the border line, in twc groups,

as for-instasnce, the terpenes and nera cymene. It





















ethyl benzene, the other meta-xylene. Both had ethyl benzene,
Also, as the table on page 16 shows, the constants
reported in the literature are frequently not reliable beyond
these limits for the same reasons as given above, These are by no
means the worst examples that could be found, the constants shown

are the best values reported for these compounds,
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CHAPTER II

EXPERIMENTAL WORK
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to have no relation to the results of this research has
not been described herein, and throughout the writer has
tried to be clear but concise, Important details are

given, Vordy discussions have been omitted as far as

possible,
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Methods of Dividing the Hydrocarbons

into Grougs
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Amylene ~ deep red color, violent reaction

Cetene - " " "
p - Cymene - " " "
Diphenyl-methane = " " "

Tetraphenylethylene -
(in benzene solution)~ golden yellow color

Action with phosphorus oxychloride:

Petroleum ether - insoluble, no color

n - Cctane - " y M "
2;2;4=Trimethylpentane =~ - L e "
2,7-Dimethyloctane - " 5 ¢ "
n«Hexsne - s8oluble ; "

Hexene ~(1) - " s *m

Heptene - (1) - " , noom

Benzene - " " "

p - Cymene - ] E "
Diphenylmethsne - " s M "
Diphenyl ether - " o "

Amylene - violent reaction,deep red
Cetene - ) il " "

b

Action with phosphorus trichloride:

Amylene - hesat evllved, yellow solution

Hexene-(1l) = colorless solution,
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2 - 3. The densities of these hydrocarbons are in the
neighborhood of 0,7, An error in the assumption of the
density of 14 parts in the third decimal place would
etill leave the results correct to 2%, or within the
experimental error, The values for the densities were
taken from the tables in this thesis,rl part in the
third decimal being taken as the approximate dd-dt, The

tables follow on the next page.
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of more or less indifferent solvents might offer some hope.

The use of solubilities, generally, in organic
gualitative analysis by both Staudinger (24) and Kamm (25) acted
. a8 a guide-post to this idea. Kamm recommends dimethyl sulfate as
a means of distinguishing paraffins ( they are insoluble in it).(25)
Picric acid is mentioned by Rosenthaler as being ineoluﬁle in some
aliphatic hyd?ocarbona, but soluble in eromatics (5). Perkin refers
to the solubility of phenol in aromatie hydrocarbons and its insolubility
in the aliphatics.(26) The similer use of levulinic acid, (27), phenyl-
hydrazine, (27), ethylene-glycol-monoacetate, (27), and furfural (27)
is mentioned in various places in the literature. These are all
reported to dissolve only aromatics. Liquid sulfur dioxide (30, 31, 32)
and ethyl sulfate (33) are reported to dissolve olefins, but not
paraffins, Bengzyl alcohol has been said to dissolve naphthenes,
but not aeyelic paraffins, (34, 35), and the critical solution temp-
eratures of a few paraffins have been determined in nitrobenzene (36, 37,
38), and still more in aniline. (39, 40, 41, 42, 43) The use
of some of these solvents has been popular in various procedures
for estimating the olefine, aromatic, or naphthene content of
various petroleum fractions end similar products. (44, 45, 46)
Most of these solvents, together with some dozen others were

investigated, with the results shown in the table on the following

page.
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Solubilities of Types of Hydrocarbons in Vardious Solvents

Petroleum Fther

(see paragraph 59 )

Solvent Hexahydrobenzene Amylene Benzene
Nitrobenzene insoluble soluble soluble soluble
Aniline insoluble insoluble soluble soluble
Benzyl alcohol insoluble ‘soluble soluble
Phenol insoluble soluble soluble
partially
Pieric aeid insolubdle insoluble soluble soluble
o-Nitrophenol insoluble soluble soluble soluble
Triphenyl phosphate insoluble soluble soluble soluble
Trimethyl borate soluble soluble soluble
Ethyl carbonate saluble soluble soluble
Chlorpikrin soluble
Formamide, H(CO)NHg insoluble insoluble insoluble inséluble
Urethane, HgCgO(CO)NHg insoluble insoluble soluble
Methyl sulphate insoluble insoluble soluble soluble
Ethyl sulphate insoluble insoluble soluble soluble
Ethyl nitrate insoluble insoluble soluble soluble
Isoanmyl nitrite soluble soluble
Isoamyl nitrate soluble
Nitromethane insoluble insoluble insoluble soluble

(15*)









at which the solution first shows turbidity upon slowly
cooling to below the temperature at which both of its components
are completely miscible,

In this table and in those following the sources of 65
the compounds tested are given. Abbreviations are used as
follows:

B.D.H;: British Drug Houses, London

Bue: Dr, H. EZ, Buc, Standard 0il Development Co.,
Elizabeth, N, J.

Ce: Dry Inge He Cohen, Organische Chemische
Laboratorium, Berlin

E,: Eastman Kodak Co.,, Rochester, N, ¥,

K,: Kahlbaum through Akatos, N. Y.

Se: Schimmel and Co., Miltitz, bei Leipzig, through
Pres. Louis E, Watermeyer of Frift¢che Bros.,

N. Y.

syn.: synthesized in the course of this work

In describing the solubility properties, the following £ 6

abbreviations have been used,

CoSeTe: Critical Solution Temperature

Insol,: Insoluble

Sol.: Soluble

Their meanings.hava been earlier described{per 64).

Tebles follow on the next page.
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l.
2e
Se
Le
Se

6e

7.
8e

9.

SOLUBILITIES OF HYDROCARBONS IN DIMETHYL SULFATE

Petroleum ether...(stock)

Kerosene...{stock)

2,2,4=-Trimethyl-pentane...(A.D,Little)

Amylene
Decene-(1)

Heptadecene=(8)

Benzene
Toluene

Xylene

;nsol. at 20°
Insol, at 20°
Insol, at 100°
Sol., at 20°
CeSeTe2:l29°

Insol. on warming
to 100°

Sol., at 20°
Sol. at 20°

Sol, at 20°




































51ight echanges have been made in the wording of these
illustrations in order to meke it conform to the finsal
scheme given here. No change hses been mede which
violates any experimental result or conclusion, the
changes have been made merely for the sake of clarity.

The illustrations follow the scheme.

2






9. Diethyl sulfate -- purified as dimethyl

sulfate.
Note: -~ these last two solvents have been

abandoned in the finsl procedure.
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KEY TO THE CHART

The Tables of Properties are listed in three
Divisions, - A, B, and C.

Division A contains compounds which are solid at 0°,
See the chart on page 76.

Division B contains compounds which are liquid at 0°
end boil above 20°, See the chart on page 81. The tempseratures
at which solubilities in wvarious solvents should be determined are

given for various boiling point ranges as follows:

Nitromethane 77
Aniline 78
Benzyl Alcohol 79

The density dividing line for determining whether
an unsaturated is cyclic or acyeclic is given for various boiling
point ranges on page 80.

Division C contains compounds which are gaseous

at 20°, It is not subdivided and therefore has no chart.

~75~



DIVISION A
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Temperatures for the Determination of Solubility

in Nitromethane.

If the Compound Determine its
boils between solubility in GHS'NO8 at
20° and 40° o®

40° and 70° 15¢
70° an@ 130° o°
130° and 160° 0%
160° and 190° 25°
190° and 220° 40°
220° and 250° 55¢
250° and 280° 70°
above 280°¢ | ' 85¢



Temperatures for the Determination of Solubility

in Aniline.

If the compound Determine its

boils between solubility in aniline at
70° and 130° (+ g

130¢ and 190° : 15¢

190°¢ and 240° 30°

240° and 285° 45~

above 285° 60°

~78=



Temperatures for the Determination of Solubility

in Benzyl Alcohol.

If the compound Determine its

boils betwesn solubility in GGHsCHEOH
80¢ amnd 70° 20°

70° and 130° | 30¢

130° and 190° 50°
“-above 180° 70"



The Density Dividing Line Between Unsaturated

Cyelies and Acycliecs.

If the compound It belongs in Div. B,
boils between Sect. 4 (if it is unsaturated)
if it has a lower

density at 20°/4° than

- 80° = 40° 0,70°
40 = PQ° 0.73°
70° = 130° 0,78°
130° - 190° 0.80°
190°¢ - 306° - 0.85°



Z_t'?ut'd @ 0°
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| LIVISION. B
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SECT/ON 4 I! c 0 J e fio) e f}j’gj; : v;*;;;"' [ ppecitied
SECTION 3! SECTION 4 [
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EXAMPLES OF THE USE OF THE CHART

The following illustrations o_:t‘ the way the 81
divisional chart is used are taken from work done
by Gilbert C. Toone in his gradu#ta course in
Organic Qualitative Analysis, An abridged edition
of the tables was used for the selection of the
séecific compounds,

The illustrations are taken from Division B, Q2
This is the most difficult part of the chart, that

part dealing with Division A being used similarly.
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Methods of Specific Charscterization
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Diallyl:
Cold ZnCl -
2

Cold SnCl. =
‘ .
Cold A1C1 + , with formation of brown-red
8
s80lid polymer, yellow on addition of ethyl
aleochol, same on heating with ethyl alcohol.

Hexadiene—-(2,4):

Cold Sn014 + , with formation of red, viscous
liquid; same on addition of ethyl aleohol;
vigorous heating with alcohol gives light
brown gum,

Cold ZnGle - o

- + when warmed gently by a free flame,
with brown-red color, When warmed with ethyl
alcohol leaves a heavy immiscible light yellow
oil.

Cold PCls + , with vigorous warming, red-yellow
liquid.

Cold PClg =~ ,

+ on heating, yellow to golden=-red clear
solution. Addition of ethyl alecohol gives a
c¢lear yellow solution.,

Cold Fec.le + , with formation of green~brown gum,
black on heating, same on boiling with ethyl

alcohol, Cold addition causes heating.

25



Cold syrupy HPO =- ,
8 4
+ hot, nearly colorless on
addition of ethyl alcochol,
Repetition of this last experiment yielded
a light yellow-green color after sheking
15 minutes, No heat evolved,

2-Methyl-pentadiene~-(2,4):

Cold ZnCle -

- + when warmed by a free flsme, brown
color, Ethyl alcohol on heating yields a

* heavy, immiscible, light yellow oil,

Cold SnGl‘ + , with formation of brown limpid
liquid, slight amount of solid. On warming
turns brown=-black. Addition of ethyl aleohol
leaves deep brown=black gum on heating.

Cold Facla + , with heating, light green-yellow
liguid,

Cold PCla 4 %

No colorizing, slight warming can be detected

by placing test tube against cheek, No color

on heating,
Cold PCLlg = ,

+ on heating, red-black. Gives rust-

colored solution with ethyl alcohol.

26
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are violently attacked in a similer manner but give pasty non-
transparent solutions., Conjugated diolefinas.are vigorously
attacked in the cold giving a red intersurface; on warming they
form a thick red paste which on dilution with water leaves a
heavy red oil in suspension. Diallyl type diolefines are much
less attacked than those previously mentioned; they frequently
form only unstable, colored emulsions with the acid and on dilu-
tion with water they leave a light yellow oil on top of the
aqueous leyer. The tables of reactions obtained in this work

follow on the next page.
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A

TABLE OF THE COLOR REACTIONS OF 0.1 cc, OF COLD HYDROCARBON WITH 0.1l cc. OF
SULFURIC ACID

Hydrocarbon

Allyl-cyclohexane

4=Cyclohexyl-pentene
-(2)

4~Methyl-heptadiene=-
(1,5)

4,5-Dimethyl-octadiene-~

(2,6)

4-Propyl-heptadiene-(1,5) Yellow-red

4elllyl-cctene=(2)

(do2le84)

Color dt the
Intersurface

Very slight

Yellow-=brown

Red ring

Same as No.

Yellow=red

See par. 432

Appearance Appearance Remarks

after after

Shaking Dilution
Yellow=- Light S0 formed
golden emul- yellow oil
sion which thrown out
guickly breaks
Immiscible. Light yellow S0g formed
Yellow o0il on 0il thrown
tope HgS04 oute Color in
colored golden HpS04 destroyed

amber

Red, viscous
emulsion
formed with
difficulty,
separates on
standing

Same as No, 3

Pasty, yellow=-
red emulsion

Red emulsion
formed with
difficulty

Amber oil thrown
out

Same as No. &

Light yellow oil
thrown out

Light brown oil
thrown out




GFT

No o
7.

8.

0

10.

11,

12,

13,

14,

Hydrocarbon

4,5=Di-n-butyle-
octadiene~-(2,6)

Pentadiene=(1,3)

Heptadiene=(2,4)

Octadiene=(2,4)

2,2=Dimethyl=
hexadiene=(3,4)

Octine-(1)

Octine=(2)

Nonine=(4)

Color at the
Intersurface

Slight yellow

Red

Red

Red

Formed a solid

red mass very
rapidly

Red

Orange

Same as No. 13

Appearance after Appearance Remarks
shaking after
Dilution
Immiscible ,HgSO, Light pink
becomes yellow- Liquid
browns thrown out
Slight shaking Not muech Reacted
gave deep red affected. vigoroudy
paste Same light on addi ti-
pink solid ion of
formed HpS04
Viscous red Red oil
paste (on cool- thrown out
ing)
Red paste Red oil
thrown out
Vaseline-like
grease and
solid in

Heavy, deep red,
perfectly clear

solution, Odor
like heptyl
alcohol.,

Deep red,
perfectly clear
solution

Same as No, 13

tube. No o0il
thrown out

Red oil thrown
to top of
HeS04, with
odor like
heptyl alcohol
and aldehyde

Light oil of
pleasant,
ketone-like
odor thrown
to top of
HgS04

Same as No. 13

The oil
formed
did na
cling
to the
tube.



L4 At

No.

15

Hydroecarbon

Hexadecine-(1)

Color at the
Intersurface

~ Same as No.

13

Appearance
after

Shaking

Same as No.
13

Appearance
after

Dilution

Solid We

pleasant odor,

precipitated,

filling the
tube

Remarks



As a means of identification of the pareffins,
their critical solution temperatures in aniline have frequently
been determined. These values have heen determined for all of
the pentanes, hexanes, and heptanes. However, it must be
observed that the solution temperatures in aniline are consid-
erably above roam temperature (cf. the tables, Div, B, Sect. 6,
for their exact values), and frequently they are above the
boiling points of the paraffins, as is the case with all of the
hexanes, except n-hexane, whose boiling point (690) and eritical
solution temperature in aniline are coincident, This introduces
the difficulty of requiring an apparatus for this determination
which will hold in the paraffin at a temperature above its
boiling point. FWhile this is not necessarily a severe obstacle,
it is a drawback in trying to use the very simple solubility
tube earlier described, Alsc, duplication of remilts at tem—

©
peratures around 70 4is more difficult then when the
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While the value for n-hexsne is obviously wrong,
being much lower than that given by Timmermanns, yet the re-
sults indicate that there is a possibility of differences in
solution temperatures between isomers = especially when simi=-
lar differences in aniline are remarked, These temperatures are
far easier to duplicate than those obtained by using aniline,
for they are near 20°. It -has been found possible in this work
to cheeck Timemanns‘ to within a few tenths of a degree, using
the test tube previously described, 0,15 ecc., of paraffin, and 0,1 cc.
of nitrobenzene. (The value 19,8° checks the value 20,0  of
Kohnstemm and Timmermanns (17) evén more closely than the originsal
value of Timmermenns (16)s From the curve obtained by Timmer=-
manns (16) it can be seen that a considerable error in messure-
ment of the liquids, in the flat portion of the curve, would
cause hardly any change in the temperature found, This permits
measuring them into tle tube either from a graduated ore cc,
pipette or from a gradusted capillary dropper.

The critical solution temperatures of a few paraffins
in nitrobenzene have been determined in the course of this work

and are given in the table on the following page.
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Critical Solution Temperatures of Various Paraffins in Nitrobenzene
(see Paragraph /36 )

Paraffin
n-Heptane

2,2,4-Trimethyl pentane

- . W e W e S RD S A S G SR W MG G e e S G e G S G Gy SEE MR W G S G W e e WS G e S e S e G R s AT S S e G e e e R R e R e e

2,7=Dimethyl octane

4,5=Dimethyl octane

2,2,4-Trimethyl pentane
3,48Dimethyl hexane

n-0ctane

BéPO 2;
98=9° 0.684 (20/4)
98-9 0.692 (20/4)

159-60° 0.728 (18/4)

98-9° 0,692 (20/4)
11889 0.717 (25/4)

124-§b 0.705 (18/4)

g
1.388 (20)
1.502 (20)
1.409 (18)

1.392 (20)
1.404 (25)
1.399 (18)

C/S.T. in CaH:-NOg
18-9° |

29-30

25-6°

27.5 (tech., CeHgNOg)

l¢-20

29=-30°
13-4

14-5






and bromine, together with physical constants, to effect a sharp
distinction between all of the five isomerie hexanes, Reference
should also be had £o his thesis for a consideration of the way in
which solution temperatures change by admixture of verious amounts
of isomer., This is no place to review his work, but it may be
said that he has shown that in general with a mixture of isomers,
the critical solution temperature of the mixture can never be
lower than that of the component having the lower critical solu-
tion temperature, If this be true of nitrobenzene, it is probably
also true of other solvents, Therefore, in the scheme cutlined

for sectional division, the
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It has long been known that certain aromatic hydro=- | 4 3

carbons, especially condensed ring systems, show fluorescence -

sometimes very marked, while others appear to be entirely devoid

of this property, Under the ultre violet ligh’s} fluorescence

is especially marked, and varies very considerably in color,

Thus, under a light loaned by E, H, Huntress, flL}%ene shows

a blue fluorescence, and 9=isoamyl~enthracene & dazzling blue

which becomes purple in benzene solution, The fluorescence

of many hydrocarbons is noted in the tables,
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Preparation and Purification

123



PREPARATION AND PURIFICATION

Introductory

In the description of preparstive work in

the following pages the writer nas tried to be &8 con-

cise as possiovle. A few general remerks, therefore,
will be mede at this Tine.

In running the Grignard resctions in the
course of this work, slmost always the reaction
mixture was cooled durlng addition or the hallde to
the magnesium. dce-water was used very efrectivelys
The time required ror the prepsration was very
materially reduced in this way, althoush the yields
of Grignard were probably lower than would otherwise
be the cese. It was relt that the economy in time
warranted the sacririce of & higher yeld. <The
Grignard reactions were run &s they are usually run,
81l chemicals and spparstus being kept bone dry. <he
ether used in these resctions wes prepared rrom ordi-
nery ether oy the method given by Ashdownﬁ) Crdinary
ether was sheaken two or theee times with one ritfth of
its volume or sulruric acida (1l:l by vol.), sepsrsted
atter standing frfor & rew minutes, snd dried ny run-
ning fresh sodium wire into it on three or tour

successive days. It waes not distilled except when

124

144

145



it became dirsicvlt to Iree 1t OI soaium hydroxiae by
decanting or riiterlng. buring tne sheking with secid
the epperstus was kept cold, both ether snd acid
having been ice cold at the beginning; and the pressure
wes relieved freguently. The megnesium used for most
of these reactions wes obtained rrom Esstman, that
used in the majority oif the tinsl hydrocsrbon prepara-
tions wes obtzined from Pfanstiehl Chemical Company.
In the preparation of olefines by the use
of unsaturated hselides and Grignerd reagents it is
frequently the case that the product is contesminated
with halogen impurities which boil so.near the boiling
point ot the hydrocarbon prenared that fractins tion
alone wili not remove them. If the product be ellowed
to stend overnight, or longer, with ealcoholic sodium
ethylate or sodium methylate in methyl slcohol, a
major portion of the halide is transtformed into ether
sand & second treatment ususlly removes 21l traces.
If the hslide used in tne preparation of the Crignard
reagent hes £ secondary or tertiary hslogen atom,
then the resction with the alcoholate tskes plsce
more slowly. 4in the rfollowing work, most ol the
oOlerines prepsred were purified in this way, but the

gravity ot 4-methyl-pentene-(1l), which was treated

125
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for only about two hours, indicates that it was not
entirely freed from isopropyl bromide. The gravity
of 4-methyl-hexene-(1l), treated in the ssme way, in-
dicates thet it also was not entirely freed from
sec.-butyl bromicde. <The olefines with the double
bend in position two were treated overnight with
slcoholate. “ome, at least, of thne ethers thus
formed may be washed out rrom-tne olefines by shaking
with cold hydrochloric scid (1.19). The boiling
points of the methyl end ethyl ethers of the helides
used must be considered with respect to the boiling
point ot the olefine expected, &snd sodium methYlate
or sodium ethylate chosen sccordingly, so that the
resulting ether may be rractionsted away from the
hydrocsrbone.

Allyl bromide has been used ror some time i47
in the preparation of clefines with the double bond
in position one. (45416)+ lore recently this syn-
thesis has been extended to homologoues of sllyl
bromide (,.,), and to those homologues which undergo
the so-celled "allyl rearrangement". (,,). The

general equation is

RLEgX + HSC = C-.-CHBX -;ch = C-CH:!‘—R + I\'ng; -
H H

The allyl rearrangement(fggowever, whieh has recently
attracted a considerable amount of attention, may fregquently

cause a supposedly individual halide to give rise to two differ-
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ent olefines(. The general equation for this rearrangement

is
R=-CHBr-CH=Clg ==s= R«CH=CH=-CHgBr .

The guestion may be raised wnether with the
unssturated halids used as intermedietes in this
work some similar resrrangement may not have taken
place, giving rise, thererore, to a difrerent end
product tfrom that expected. In considering this,
4-bromo-pentene-(2) mey be discussed iirste If 4-
bromo-pentene-(2) undergoes a somewhst similer re-
arrangement, the result would be:

Hy;C-CH = CH~CHBr-CH, — Hz;C-~CHBr-CH = CH-CH, .

That is, 11 the resrrsngement takes place
over three carbon stoms, ss8 this type of rearrsnge-
ment does, there is no difrerence bpetween the in-
itiel and tinel hslice, so0 that treatment of this
helide with methyl Guignard reagent will result in
the preparation of 4-methyl-pentene-(Z). If by some
curlous rearrangement the bromine should go tb the
eand carbori atom, treatment with methyl Grignerd re-
agent would zive rise to nexene-(3). This lstter
compound has recently been prepared by Lespieau snd
Wiemann (g,) and been fourd to have the rollowing
constentse -

o L0 19
B;E; = 64 d : 0.6807 nD : 1.594
The compound prepared in the course or this

work by the sction of methyl Grignard reagent on
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4-bron-pentene-(2) has the rollowing counstants:

' 5
B.P. = 58.6-9.0° di®: 0.6685 ny : 1.3869 ,

These two compounds cesnnot be idern tical. 151
Furthermore the boiling point 58.6-9.0° agrees well
with what might be expected for &—memhyl—pentene~(2).
All of these constants check ressonably well the
values given by Gorski tor 4-methyl-pentene-(2) pre-
pared by tne action ot alcoholic potassium hydroxide

on 4-chlor-(or iodo)-Z-methyl-pentane () :

B.P. & 57-8.5 d:: 0.6706 n3°: 1.3883 .
There is no guestion, therefore, concerning 152

the structure or the olefines. prevared trom 4-brom-
nentene-(2). There remsins to be considered the
possibility of & resrcangement in the ceses of 4-brome-
heptene-(2) and 4-bromo-cctene-(2) in the following
gsense:

R-CHBr-CH = CH-CH; = R-CH = CH-CHBr-CH, .

If the Urignard resgent ot thess two com- 1853
pounds could pe prepared and hydrol¥zed there would
result from the one heptene-(2), b.p. = 98-9°, or
heptene-(3), b.p. = 94*60; Trom the other octene-(2}),
b.p. = 125-4®, or octene-(3), an uninown olefine, but

which should poil about 121-2°, the boiling point of
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octene-(1l). In this work were prepared as later
descrined, heptene-(2) (from 4-orom-heptene-(2)],
DeD. = 98¢6%°=99.6° and octene-(2) (from 4-brom-

(See distillation corve, page 176)
octene-(2)), b.p. = 125.1°-126.1°. These prepara-
tions, together with the fact thet the oletines
herein synthesized for the 1irst time boiled sbout
where they would be expected to, coupled with the
anglyses otf the bromolefines snd hydrocaroons
(given in the experimentsl pert) leave little doubt
concerning the structure of the olefines synthesized
from 4-brom-heptene-(2) end 4-brom-octerne-(2).

New hydrocarbons or other types which | 54
have been nrepared in this work were 8ll prepared
'by stendard procedures, leaving little guestion
coricernirng their structures. Probably nonine-(4)
is the most questionable of these other hydrocarbons:
HgCeCEg=Clia~CHBr-CHBr~CHy3-CHg~-CH,~CH; could split
out hydrobromic acid to give either nonine-(4) or
nonadiene-(3,4) or nonadiene-(4,5). Bouis has shown
that sllenes with unsturstion at the end of the chain
rearrange 1n the presence of sodsmide to true acety-
lenes (,,). It 48 therefore probable thst nonadiene-
(3,4) would resrrange to nonine-(3) and thst nonsa-

diene~(4,5) would resrrange to nonine-(4). ©Sodamide
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also causes wandering of the triple bond teward

the end or the chain, but in this case probably not
much occurs, for the triple bond in position four
is moved outward with rar greeter difrficulty than
when it 18 8t the end. (4,). It is conceivsble, but
from the ususl sction or sodanmide improbable, thet
some nonadiene-(3,9) might pbe rormed in this pre-
paration. The reactions of this comvound indicste
that it is an acetylene.

A word should be said concerning the dirri- ]Jﬂf’
culty or determining carbon and hydrogen in these
compounds. It was tound that only after s very long
time of bﬁrning did combustion become complete. 1'hus,
in the casse 0T nonine-(4), combustion wes not complete
until forty-iive hours or wurning. By weighing the
absorption bulk rIrom time to time 1t aonnesred thst the
combustion wes approschivng comnletion asymtoticslly.
The diriiculties encountered in the compustion work
prevented the number ol compounds sanslysed irom in-
cluding a1l tnose orepsred tOor the rirst time. An-
alyses were run, however, on at lesst one compound
representing esch type 01 synthesis used to prepare
a new gpecies.

There remains only to be considered the /16
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It may be well to give & 1list of the
hydrocarpons descriped 1n tne rollowing pages
which appear to have been prepared I0or the rirst
time in the course of 1his work. <1hese rollow:
4-methyl-nexene-(1l), 4,4-dimethyl-pentene-(1l), 4-
methyl-neptene-(2), 4-methyl-octene-(2), 4,0-di-
methyl-heptene-(2), 4,6-dimethyl-heptene-(2},
4,5,5-trimethyl-hexene-(2), 4-butyl-octene-(2),
4-cyclohexyl-pentne-(2), 4-cyclohexyl-heptene-(2),
octediene-~(2,4), 4-methyl-neptadiene-(1,5), 2,2~
dimethyl-hexsdiene-(4,4), nonine-(4), 4,5-dimethyl-
octadiene-(2,6), 4-propyl-heptadiene-(1,5), 4-
allyl-octene-(2), 4,5-di-n-propyl-occtadiene-(2,6),
4,0-di-n-pbutyl-octadiene-(2,6).

The writer wishes at this point to express
his sincere sporeclation or the excelient and nains-
taking work or Hsrold T werry, with whose help the

compounds descrived in this section were prepared.
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about one cc, of n-decdecane was collected, boiling from
213 to 214° corr, = This corresponds to 6,8% of the halide
used,

9. = Tetradecane,

As in the preceding preperation, the high 210
boiling residue from the preparation of decene-={1l), in
which n-butyl bromide was used, was distilled from a 15ce,
distilling flask, About 1l0Occ, boiling over a ten degree
range from 240 to 200° corr, waé collected, The melting
point of this n-tetradecane was 4,5«6,C°, = This corresponds

to 21,6% of the halide used,
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It was twice trested with sodium ethylate, After the
usual procedures it gave the distillation curve shown”b?76/6£1
14,5gne, of 4-methyl-hexene-(1l), b,p.,:86,8-87,3° corr,,

were collected, The constants follow:

25 249
d 4 : 047110 n p : 1,3940
The density indicates that this compound may 217

not be entirely free from sec,=butyl bromide,

7, = 5 = Methyl-hexene =(1).

This heptene was prepared from 13%gms, of 218
isobutyl bromide snd was worked up after eight hours of
refluxing, Before being treated with alcoholate it was
distilled, the first of the curves shown being obtained, pagel7l.
The product boiling above 76° corr, was collected and
treated with alcoholic sodium ethylate, After this treate

page 172,

ment the second curve shown was obtained, 18gms, of
bemethylehexene~(l) were obtained, boiling from 85,5°to

86,0°, The constante follow:

5 24+9
d fvac): 00,6895 n p : 1.,3940
4

8. = 4,4 - Dimethyl-pentene~(1),

This hydrocarbon was prepared as the others, 219
from 92gms, of tertiary butyl chloride, It was found
necessary to treat the crude olefine three times with sod-
ium ethylate, the second time letting it stand for about

two weeks, Finally about 6ccs, of 4,4~dimethyl-pentene~(1)
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24, -~ 4 - Cyclohexyl - pentene - (2),

This compound was prepared as 4~methyl pentenee
(2). 115gms, of cyclohexylwbtromide and 80gms, of 4=bromoe
pentene =(2) were used, The reaction mixture was re=-
fluxed for three hours and the crude product treated with
alcoholic sodium ethylate, 12,5gms, of 4=cyclohexyl=-
pentene -(2) were collected, b,p,: 125,3 - 126,3° corr,,
at 95mm, Siwoloboff by 195-6°corn (5{ight dec)

28 26
d, (vac) : 0,8322 ny : 1,4595

25, - 4 = Cyclohexyl - heptene = (2),

This compound was prepared similarly to the
last, 84gms, of cyclohexyl bromide, 1l5gms, of magnesium,
180 ccs, of ether, and 70gms, of 4=brem - heptene «(2)
vielded 14,5gms, of 4= cyclohexyl - heptene =(2), b,p.:
135,6 - 13€,6° corr, at 45mm,

26 288
d 4 (vae.): 0,8356 n o : 1,460

A Siwoloboff determinsticn indicated its boilw

ing point to be 230 - /° at 760mm, (slight d%c),
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(3,4) were obtained, b,p,: 107,4-108,0° corr, This corres-

ponde to 18,54 of the theoretical yield,
d (o) 0.7375 5y 25
7. = 4,5 - Dimethylecctadiene -~ (2,6)

This diolefine was prepared by a Grignard pro=-
cedure which was run somewhsat in the Wurtz sense, 405gms,
of 4-brom-pentene-(2) in 150ccs, of ether were added to
about five times the theoretical quentity of magnesium,
After addition of the bromide the solution was refluxed
for a half hour, decanted from the magnesium, and treated
with 35gms, more of 4-brom-pentene-(2), After hesting an
hour on the water bath, about two grams of mesgnesium were
added and refluxing was continued for two hours, The
reaction mixture was decomposed in the usual manner, the
ether solution dried with calcium chloride, the resultant
solution fractionated, and 14,1gms, of 4,5-dimethyl-
cctadiene-(2,6) finally obtained after redistillation,

Bip.: 152,9 ~ 153,8°, 38% of the theoretical yield,

2 2541
d4?vac) : 0,7611 ®py 31,4318
Analysis: Found Theoretical
i il

Wgt, sample 00,1946 0.1807

Wgt, COg C.6226 0,3581%

Wgt, HgO 0.22717 0. 2060
g C 87,28 87,179 86,87
% H 15,10 12,76 13,13
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8+ = 4= Propyl-heptadiene-(1,5).

This diolefine was prepeared in a manner simil-
ar to that used for 4-methyl-heptadiene =-(1,5), number
5 of this psart, 63gms, of allyl bromide in 260ces, of
ether, 60gms, of magnesium in 1CCccs, of ether, and 70gms,
of 4-brom-heptene-(2) gave 34,7gms, of 4~propyl-heptadiene=
(1,5), Sodium methylate solﬁtion was used to free the
product from halides, The diolefine was fractionated,
and collected from 156,2 to 156,6° corr, 64% of the
theoretical yield,

2 28
d4?Vac): 0,7501 n o 1,4310
Analysiss
Found Theoretical
I 1L
Wgt, sample 0. 20856 0,136¢9
Wgt, COg 0,6598 0,4373
Wgt., HgO 0, 25606 0,1648
% C 86, 34 87,14 86,87
£ H 13,45 13,4% 13,13

9. - 4~ Allyl-octene=(2).

This diolefine was prepared similerly to the
last, 68gms, of allyl bromide in 300ccs, of ether, 80gms,
of magnesium in 100cecs, of ether, and 8lgms, of 4-brom-
octene-{2) gave, after proper sodium ethylate treatment,
R7gms, of 4-allyl-octene-{2), b,p.: 110,1 - 111,1° corr,

at_aﬁmm. A Siwoloboff determination indicated its boiling

187
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position, was dried with calcium chloride and distilled
from an o0il bath until all of the ether had been distilled
off, The high-boiling from the octene-{2) (earlier
described) was added to the residue in the flask, and the
whole vacuum distilled, 18,5gms, of 4,5-di=n~butyl-
octadiene-(2,6) were collected, Boiling from 148,7%° to
150,7° corr,, at 26mm, A Siwoloboff determination

gave 2573 {)as its boiling point at 760mm,

2 249
deac): 0,7949 np : 1,4528
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ated, 39.3gms, of octine -(2), b.p.: 138,0 - 138,4°, corr,,
being collected, 23,7gms, of heptine-{(1l), boiling from
89,5 to 100,2° were recovered from this preparation, This
corresponds to a 59% over-all yield, or to a 100% yield
based on the heptine~(1l) actually used,

The methyl sulfsate here used was Eastman's
technical grade, purified by shseking with water, then twice
with sodium bicarbonate solution, and then drying with
calcium chloride over night,

7. - Nonine =-(4)

This acetylene was prepared in a manner simil-
ar to that by which heptine =(3), number 4 of this part,
was prepared, 39gms, of nonene-(4) and 55gms, of bromine
gave a dibromide which after two and a half hours of re=
fluxing with slightly more than the theoretical amount of
alcoholic potassium hydroxide gave a brom-olefine which
was diluted with about 100ccs, of toluene (boiling below .
117°) and dried with calcium chloride, This solution
and b5gms, of pulverised sodemide (moistioned with toluene
before the solution was added to it) gave a distillate
after two hours of heating which was collected between 117°
and 175°, R23gms, of high~boiling material remained behind,
Thigités dropped onto 17gms, of powdered sodamide held in

an 0il bath at 180° - 1685° for three hours, The distillate
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from this second treatment was combined with that first
obtained. Upon fractionatiop}10.5gms. of nonine=(4)
were obtained, b,p.: 155.,1 - 156,1°, This corresponds

to 27,4% of the theoretical yield.

256

d 4(vac): 0,7716 n 2;'9; 1,4330
Analysis: Found Theoretical
Wgt, sample 00,1537
Wgt, COg 0,4895
£ C 86,91 86,96
% H 12,69 13,04

8, = Hexadecine ~(1),

20gms, of cetene were shaken for five minutes
with slightly more than the theoretical amount of bromine
in an aqueous solution of sodium bromide in sulfuric acid,
The excess bromine was destroyed with sulfurous acid, the
dibromide extracted with ether, dried with sodium sulfate,
and the ether evaporated, 20gms, of dibromide thus formed
were dissolved in an equal volume of xylene and dried with
sodium sulfate, The solution was added to a suspension
of two and a half times the theoretical amount of sodamide
in xXylene in a liter flask clamped in an oil bath at 100°,

Frothing began at once and continued until the entire flask
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course in qualitative organic analysis, in 1928,

The ascetylene apparently decomposes on 259
distillation even at this pressure, for the flask contain-
ed a brown residue that darkened as the distillation con-

L inuedo
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PREPARATION AND PURIFICATION

Part VII, - Aromatics,

l, - 9 - Isoamyl - anthracene,

This hydrocarbon was the only aromatic pre-
pared in the course of this work, It was made by H,T,
Gerry as a special problem in the course of his junior
ogganic chemistry lsboratory experience in 1928, Through
hié courtesy his detailed directions for its preparation
are included here, The procedure of Léébermang%;as
followed in a general way,

200gms, of anthraquinone were moistened with
about 50cc, of alcohol and to this were added 417gms. of
zinc dust and 283gms, of sodium hydroxide dissolved in
2850ccs, of water, This was refluxed for an hour and a
half on a sand bath and then 150gms, of isoamyl bromide
were added in portions through the reflﬁx condenser over a
period of half an hour, The mixture was then boiled eight
hours longer.

The resulting solution was filtered, the
residue being returned to the flask and boiled with about
two liters of water without the use of a reflux condenser,
The liquid was again filtered and the filtrate discarded
(boiling without the reflux condenser ridding the reaction

pfoduct of any isoamyl bromide or alcohol remajning),
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The hydrocarbon was then filtered off and
washed first with a small portion of alcohol and then
with wafer until the water began to come through colorless,
This product was recrystallized twice from alcohol,

By this procedure 27 grams of 9-~isoamyl anthra- 2 Ee7
cene were obtained., The product melted at 58-59°C, It
formed long thin needlelike crystals that greatly resemble
silk fibers in shape, luster, and feeling, The color is
white with a strong blue flourescence,

On standing, the solid, white hydrocarbon 268
develops a slight yellow color, deepening on long standing
and exposure to the sunlight to a golden~orange shade. .
At this latter stage in change of the compound, the odor
of isovaleric acid in the stoppered bottle is very Pro=-
nounced, The tests herein described were made upon this

hydrocarbon before this oxidation had begun.,

201



~ CHAPTER III

SUMMARY
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SUMMARY

A new procedure has been developed for the
idemtification of pure hydrocarbons. It classifies
these compounds primaerily as solids, liquids, and
zases. It further divides the solids inta (1) non-
aromastics and (2) aromatics, end the ligquids into
(1) aromatieg, (2) ethers, (3] cyclic unsaturates
together with ascyclic acetylenes snd polyolefines,

(4) acyclic olefines, (5) napthenes snd (6) aecyclie
paraffins. These divisions are based upon miscibility
with various selective solvents, boiling point, gravity,
and addition of bromine.

To test this procedure some two hundred com-
pounds have been obtsined from various sourees, of
which number about fifty have been synthesized.

‘ Tables including the proverties sand reactions
of thakmost important hydrocarbons have been completed

from sbstrect journals.
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CHAPTER IV

THE PROCEDURE FOR THE IDENTIFICATION

OF HYDROCARBONS



A

Preliminary Gonsiderations

Outline of the Method
Reliability of the Tables
System of Nomenclature of the Tables

List of Abbreviations
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various places in the body of this thesis. GStars(>X)
have also been placed agesint those properties and

reactions which have been obteined in this laborstory.
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instance, Bourguel, Ann. Chim,, 10 3, 366 (1925). It must
always be remembered that differences in all physical con-
stants, of the kinds thus far mentioned, decrease with in-
crease of molecular weight.

In general, in the non-aromatie series, the 29?/‘
densities and refractive indices increase witﬁ inerease in
molecular weight.

In genéral, acetylenes, conjugated diolorinos‘ggbl,
and allenes have higher boiling points than the ecorrespond-
ing olefines of similar structure, the order of ascending
beiling points being the order in whieh these compounds are
named. The same statements apply to these compounds as
have already been given for olefines and paraffins.

In gemeral, monceyelie, bieyelie, and tri- 290/
eyclic systems may be distinguished from one another by
increasing density and refraetive index in the order named.
(This, es other statements, must take on life to the reader
by a study of the constants in the tables.) This faet has
frequently been used in determining the structure of sesqui-
terpenes, It must always be remembered, however, that in
a family of a given empirical formula, these two constants
are subject to change not only due to previously mentioned
causes, as well as to the number of rings present, but also

to the state of saturation, so that an increase in density
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due to formation of a second ring may be partly or whelly
offset by decrease in density due to increased saturation.
In general, the density and refractive 4?5R7n7
index deerease: with inereasing saturation.,
In general, in the aromatic series, increase 290,
in molecular weight due to increase in length of the side
chain causes decrease in the density. This is especially
noticeable after the molecule contains over nine carbon
atoms,
Frequently, because of the approximate 2906
validity of the approximate Clausius-Clapeyron equation,
it is possible to obtain an approximation to the beoiling
point of a hydroecarbon whose beiling point is reported at
only a single reduced pressure by plotting this point on
semi log paper on which the ordinates are pressures in mms.,
and the abscissae are reciprocals of the absolute boiling
points. A straight line is then drawn through this point
parallel to a similar line drawn between points plotted for
a compound in the same series of similar structure whose
boiling points at at least two different pressures are
recorded. Those compounds listed in the tables as boiling
at "about" a certain temperature have had their beiling
points eomputed by the writer in this way., The boiling
po;nts &% reduced pressures are listed, together with the %

references to the articles in which they are given.
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Recently a valuable recommendation has been made of the
use, for the purpose deseribed, of a paper ruled in such
a way that while it is semi log, the temperatures may be
plotted direetly, instead of their reciprocals. See D. S.
Davis, Ind. Eng. Chem., Analytical Edition, 2, 306 (1930).

In general it may be said that if a density g{gcgg
is determined at a temperature within a few degrees of that
at whieh it is desired tc have it, it may be computed approx-
imately, for qualitative work, by using a factor of dd/dt =
one part in the third decimal per degree., The density, of
course, decreases with increase in temperature. The refrac-
tive index may simiiarly be computed approximately by apply-
ing a factor of five parts in the fourth decimal per degree.
In general the density and the refractive index vary in the
same way.

For the reasons set forth on pages /2 te [7 2902
the writer does not feel justified in encouraging confidence
on the part of the qualitative analyst, in the reliability
of physical constants beyond the limits there set (pageakﬁ/+).
Accordingly, in the tables of properties, the boiling points
have been listed as degree ranges, and the fourth decimal
has been struck from the densities and refractive indices.
Moreover, the temperatures at which densities and refraective
indices have been determined are reported to the nearest

whole numbers, and boiling points reported close to 760 mm.
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have been corrected to that pressure by applying an epproxi=-
mate correction factor of 0.1o per 2.7 mm, This correction
factor has not been applied when it would ceuse a correction

of more than one degree, except when the boiling point whieh
has been corrected is alsoc listed at the experimental pressure,
The exact constants are given in the references.

These statements are not intended in any sense 20/,
as a literature review. With respect to boiling points, how-
ever, the reader may find of interest an article by Boris
Nekrasov, Z. physik. Chem. Abt. A, 141, 378-86 (1929) where
a method is given for calculating the boiling points of
hydrocarbons from their struecture which has been successfully
applied to 260 out of 316 hydrocarbons (the ecaleulated boil-
ing point being within five degrees of the actual one). The
boiling point of pinene was calculated to within one degree.
See also Nekrasov, Z. physik. Chem., Abt. 4, 140, 342-54 (1929).

The ealculation of molecular refraction and 2903
the uses to which it may be put are too well known and too
frequently alluded to to warrant detailed consideration
here, A brief review of this subject may be found in Brooks
"The Non-Benzemoid Hydrocarbons", pages 550-562. Reference
may also be had to the entire sixteenth chapter of this
volume for a general review of physical properties of the
hydrocarbons., Jee also; Bouvrgue/, Oull soc, Céfh-ﬁ(, /"7«"(/7’-?7,/)2
f{}-yc coworkers, J. Am. Chern, Soc, E7 79 &5 /Jw(/rzy-’ Dj/%/ ,zf.,.: 50“,(/

I Am. Chem.Soc, J,Z/ 33?6(/?179).
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THE SYSTEM OF NOMENCLATURE
OF THE TABLES

Probably the best statement that can be
ﬁade concerning the nomencleture in the tables is
that in general it conforms to the ruleé given in
the 1910 edition of Beilstein. B8trict consistency
hes been smcrificed to clerity, thus Ph.CH,.CH,(CHg),
has been celled 1isobutyl benzene, whereas
Ph.CH; .CHg; .CHy «.CHg . CH, .Ph has not been called
(1®-phenylpentyl)-benzene, but 1,5-diphenyl-pentane.
The terms isopropyl, isobutyl, sec.-butyl, ter.-
butyl, n-amyl, and isoamyl have been used for these
groups instead of the more systematic, but less clear
metho-eth~yl, etec. The word "benzolo"™ frequently
used in Beilstein has been shortened herec to the more
familiar "benzo"™, indicating & benzene ring condensed

in the ortho positions with snother ring, as benzo-

cyclopentadiene: o
S
<

An attempt has been msde to include the

most important trivisl names.
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Iist of Abbrevistions used in the Tables

In addition to the customary chemicel abbre- 293
viations the following abbrevistions sre also used in
the Tables.

+ = and

abt. = about

ac. = acid

Ac. = MeCO-

acid. = acidify

addn. = addition

alc. = alcohol (or alcoholie)
alk. = alkaline

Am. = isosamyl

ammon. = ammoniaceal

amt. = amount

amts. = amounts

enhyd. = anhydrous

ag. = agqueous (or water)
assym. = assymmetricsl

atm. = atmospheric

b.b.no. = "oromide bromate number®
Boil. = boiling

@alcd. = calculated

chem. = chemicel
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gonec. = concentrated

corr. = corrected

corresp. = corresponding

cpd. = compound

C.8.Te = critical solution temperature
dec. = decomposes (or decomposing, or decomposition)
decomp. = decomposes at (or decomposition)
depolym. = depolymerizes

deriv. = derivstive

detn. = determinstion

d-form = dextro-rotsry form

dil. = dilute

diln. = dilution

distd. = distilled

distn. = distillation

div. division

Bt o H.0,~

exp. = exploding

extn. = extraction

filtn. = filtration

fm. = from

frm. = from

fum. = fuming

g. = givés

8. = gram (whether g. mesns "gives" or "Prems" is

always cleer from the context of the sentence.)

245



gleg. = glacial

hr. = hour

hrs. = hours

ht. = heat

htd. = heated

htg. = heating

hy. = hydrocarbon

i. = insoluble

ident. = identicsal
Ident. = identification
ingol. = insoluble
1-form = laevo-rotatory form
m. = melting

Me = HyC-

min. = minutes

mixt. = mixture

ord. = ordinsry

org. = organic

orig. = original

oxid. = oxidizes (or oxidizing, or oxidation)
part. = partiel

pet. = petroleum

Ph = CgHz-

polym. = polymerizes
ppt. = precipitate
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Pptn. = precipitation
ppts. = precipitates
Pr = H,Cz~

prepn8. = preparstions
press. = pressure

prim. = primary

pt. = part

pta. = parts

quent. = guantitatively
regp. = respectively
rextald. (or rextelld.) = recrystellized
rextaln. = recrystellization
rm. = room

8. = soluble

sapn. = saponification
satd. = saturated

sect. = section

sepn. separstion

geptd. = sepasrsted
skak. = shaking

80l. = soluble

goln. = solution

stg. = stending

syst. = system
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temp. = tempersture
theor. = theoretical
unoxid. = unoxidized
unsatd. = unsaturated
unsatn. = unsaturation
vol., = volume

vols. = volumes

w. = with

wesh. = washing

wgt. = weight

wh. = which

X8. = excess

xtalize = crystallize
gtalln. (or xteln.] = erystsllization
xteln. = crystalline

xtals. = crystals

218

) 1MW of/}/a//a carken) // j?rem}/

VWM = (volvme of stondard bromide -bromate solution)s /:omia/ﬂfr

o/ é//ro carbon)
[ct. page 518,
Test 924]



I

The Chart

219



KEY TO THE CHART

The Tables of Properties are listed in three

Divisions, - A, B, and C.

Division A contains compounds which are solid at 0°.
See the chart on page 221.

-Division B contains compounds which are liquid at 0°
and boil above 20°, See the chart on page 226. The temperatures
at which solubilities in wvarious solvents should be determined are

given for various boiling point ranges as follows:

Nitromethane 282
Aniline 2283
Benzyl Alecohol 224

The density dividing line for determining whether an
unsaturated is eyelic or ecyelic is given for various boiling point
ranges on page 225,

Division C contains compounds which are gaseous

at 20°, It is not subdivided and therefore has no chart.

.-aao -



LIVISION A

50[{&’ @ 0O°

I Melting Point

Pl | I
%

-40° 40 ~//0° : gbove //0°

\S‘olubtltt} in I-Bo‘(cnj Foint ] SEC T7/0M 2 I

(rest 9z2) 5
CH,NO, @65
If?J‘O(Ué(@ Solaé(e
SECT/ON £ 1t SECTION 2 !/

<200° )200°

r S _\.St()[ub:()cfj Jolvb'héy ):n s

nsoluble Test 922, (7rsf 922 e Olub(e

2 » CHNQ @5 :

SECTION 11/ ik Cog 4G 2000 SECTION 2 1t

50(::5(9 Thoolovhle
SECTIONZ2! SECTION = 40 A



Temperatures for the Determination of Solubility

in Nitromethane,

If the ccmpound ﬁetermine its
boils between solubility in GHIaNOe at
20° and 40° 0°

40° and 70° 15°
70° and 130° 0¢
130° and 160° 10°
160° and 190° 25°
190° and 220° 40°
.220° and 250° 556¢°
250° and 280°¢ 70°
above 280° 85°

-228-



Temperatures for the Determination of Solubility

in Aniline.

If the compound Determine its

boils between solubility in aniline at
70¢ and 130° @°

130° and 190° 15¢

190° and 240° 30°

240° and 285° 45°

above 285 60°



Temperatures for the Determination of Solubility

in Benzyl Alcohol.

If the compound Determine its

boils between solubility in GGHSGHQGH at
20¢ and 70° 20¢

70° and 130° 30°

130¢ and 190° : 50¢

above 190° 700

-224~



The Density Dividing Line Between Unsaturated

Cyelies and Acyelics.

If the compound

boils between

20° = 40°

40° - 70°

70° = 130°

130° - 190°

190°¢ - 300°

~225~

It belongs in Div, B,

Sects 4 (if it is unsaturated)

if it has a lower

density at 20°/4° than

0,70°

0.73°

0.78°

0.80°

0.88°



Z_c'?uz‘d @ 0°
(5./0. above 2O°

|

DIVISIOV. B

£0-70"

l

.éofte@ point

|

obo Vcl 70 £

Solvbility in CH, NO. E 17 ;st & I
r 7est 922 0 )0'*34" L &8 < O.*84
VE T Seolobildy in HBr @ 0°(Fest 92
Solvbility in C%/VC;, ) n
..--"". Sol ﬁt(ié 3 Ji
i Test 822 /../"‘ ::dc“' (f:.st, {92.;'-/7} &
Solvble L hsoloble ¢ [Ty g t 1
| Solvble Tnsolvble o : ; :
SECTION 3 Vi y : 1 174, > Trvolvble in éoté) Solvble cn either
2 Bromide-Bromate| [Solckilidy in P r)soluble in Hy Sl or both fbyt ot
N Ttration 7est 924 /7580, , 7ast 929-2 with regetion <f @ltlacked 8y M, 0, if
g < 2 } = ; @%ﬁ-g‘,&eﬁsj inselable in /-férof.uj, Ensolvble /:,n /j-&f‘)
%4 v SECTION 2 ¥
Adds ?rurm‘m Baws ot akdl Sreviias Bromide -Bromate
VN'F" 3 Tit ration Test 924
) 0 ¥y 450 I nsoluble Solvéle with ¥
/6 > 4“5 %< SECTION £ 1 reaction J ’}
J
SECTION 3 I/ 'S‘Ecn_o* 3 Adds bromine Does rot- oddl Sromine
Solobility in C, HsCH,0N i
Fest 922 r ] ;
Y
VM VAM Solubilc ;
Solible P Ve 2450 V6 < 50 iiiticy o4
Density as SECTION 3 1/ . ] LHCH, 0N, Test 922
per /oreceding ‘SEC TION S/ SECT/ION 6 ! Jéfubilit, i»n QWI}'{, :
/_;a_ye /;.;t:} 822 \SO[UMG ]molvb/e
r 4’1 SECTION S ! SECTION € 1!
Abo:’: Lfccﬁe'f ﬁcl:’:{"zoeccﬁ‘ﬂ/ Solcble In.,w(;.é/e
yr Above , Belo
SECTION 3#  SECTION 4. It SECTION 3! ¢ cellied =~ Dracediny pipe. specitied
‘ value velve
SECTION 3! SecTIon 4 !
N B —= 7%(’ {fmﬁcrg{o,‘fj a7 which Zo determine  Solebilitics (n variods Jolwen?s ore j/ yer
‘ b £n  The £ mmrediately //ece%',:y Peges 4



DIVIGSION A

S0lid Hydrocarbons

Section 1

Non-Aroma tics

228



11

13

15

17
18
19

21

Melt-
ing.
Point

I L

Abt, 3

10
55 %

103
10

11
l4.2

14.5

Boil= |

ing
Point

AbGaey
190
(15mnm)

2
201-2
(11mm)
(ther=-
mome -
ter
immer-
sed to
1110°)

234

108,
2525

80.8

134
(15mm)

108
304=6

103
271

/34-5

,_[C°)pi_

DIVISION A,-SECTION I

Hydrocarbon

cis-Octadecene={9), CipHags ~ D1® = 0,792; i
nﬁg = 1.448. (1) - Cf. Div. B’ Secto 4’, ].\IOQ 1‘

Heneikosene=(9), CegiHygpe -~ DBC = 0,802.(g). -
Identity douhtrnlof4jo

Hexadecene-(l)f'"Cetene", CigHape - D1%= 0,784,
T{s)e = nio= 1,442, (e). = Br g. dibrofiide.
(5,8) e Bebe 1n0,=71%(Test 925)., - Hg deriv,,
M.Ps = 95-6°" (Test 927),

Dicyclohexyl, CigHggs = Cfe Div., 3B, Secte 5,
Nos, 277,

. G ‘
Tetradecane, CigHgoe = D . = 0,765, (108s207)¢

Cyclohexane, CaHige - Cf. Div. B, Sect. 5,
Noe 23

Tetradecine=(2),CieHges = D15 = 0,800, (g)s =
Does not g. Test 386. (o *

1,4-Dicyclohexyl-butane, CislHgge - €2 Dive By
Secte 5, Moo 337,

Pentadecane, CysHage - Dz° = 0,769, (108)e
2,5‘pf'Mfﬁ,f/"Aefﬂdrf'Cﬂe—{2,4"), CB Hg. —CF Div. B, 3ect. 51 WNo E67.

149.6
-50,.6

133.5
""4-.5

Cyelooctane, CgHise = Cfs Dive B, Secte 9,
Nos 143.

2.5-Dimethyl-hexadiane-(2,4), CaHige = CTo
Div., B, Secte 3, No.Z28I.
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75

77

79

8l

83

85

87

89

9l

98

ie
54

459 46
5d=4,5

&y
546

108
55

48
55-6

51
56

44,49,80
5640

5R
57=-8

108
58

53
59

Boil~

ing
Point

I[G°)l_f

12
237=40
(15mm)

108
300

PP
262
(15mm)

DIVISION A, SECTION I

Hydrocarbon

latter g oxime, M.P,=142-3°,+semlicarbazone, |
M.Pe=220-1°, (4g)s = Dry HCl in MeOH g, hydro-
chloride (fme, l-form), xtalse. fm, CgHg, M.P.=
149-50°,(se8)s = Solns in 4 times its wgte of
glac, AcOH, addn, of 30% HgOg+htg., at 60° g,
chiefly camphenanic ac., CgH;s5C0gH (fm, Hgot
light pe‘b.), M.,P."95°o (43).

Totrakosans, Cpellsos = D5*=0,779 (1iqu1d).(g;)7
nfS = 1,430, (44)e

i

Pentakosane, Cpclspe

Dicosadiine-(1,19), CpoHgge - G. Test 906,

(an)s

Cetyl ether, Capglgaels

Pinakonene, Cpolagse - D:1=o,930, Laals =

ngl = 1,502, (ca)e - Difficultly sol, in

MeOH+E40H, easily in CgHe, pet. ether, + legCO,
(eg)s - Boil., we Cr0a mixt. g. cpde, CpoHzol,
xtals. fm. pet. ether, .P,=abte 70° (ga)e -
Nitrochloride, M.P, = 150° dec. (4ale

Jiew @

Isopentacosane, Cgslsg.

-

Hexakosane, Cpsellsses = Lamellas. (go)e

¥ e LedN% Caals

Trom Chinese waxe (sg)e -

Cerotene, Cpgilspe~
(sg)-

Paraffin-like mass.,

Dinonyl ketone, C3gHaaOs = Cfs Mulliken,
Ident. etec., Vol. I, VII, 4, D8g. 137,

g-Cholesterylene, Cgolsges - [a]D = «76,68° in

Phle, (s3)e
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DIVISION A

S0lid Hydrocarbons

Section 2

Chiefly Aromatics

239














































































































































































DIVISICN A,SECTICK 2.

1030

Melting
Point

(c?) =)

Hydrocarovon

slowly. (‘81)' - Both Torms g. peroxides, m.p. =
2139 + 198" . (4uy).'= Gf. Nos. 844 + 80B.

Tri-([G-naanhyl)—metnyl, CgiHags e == Extremely

unstaple, dark-violet xtals. wh. absorb O w. great
a¥idiiy. {cauks
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DIVISION B

Liguid Hydrocarbons

Section 1

Aromatics, fulvenes, etc.

208



























DIVISION B, SECTION 1

106

Specific
Gravity

'f}Refracti'fe R
| Index

|
|

L

|
| Hydrocarbon
|

found at the

top of Page 307

Ll-methyl—5-pr0py1-‘“benzene
whe We ENGQ'E.SO‘ Se 4’6-
dibrom=-2, 5-d1n1tro-1~
mothyl—Sdpropylhbenzane,
needles fm. pet, ether,
M., P.'l&@ﬂl'o(g;)o

|
{
|
i
|

30¢ 4



















































































































































DIVISION B, SECTION I

Boiling 'Refractive
No, @ Point Specifie @ Index 1 Hydrocarbon
| Awe) | Gravity j (n.D) } |
s 1 | |
1 ethylene-bicyclo-[{0,2,2]~
| hexane, CggHoge - Yellow-
w » green o0il w, blue fluores-
| | cence and unpleasant odor.
| E (424)¢ Br does not add(ggs)
i ; but, without a diluent, ,
| ? substitutes, liberating |
| } HBr. (424)s Unattacked by
i i KMnOge (gor) e ‘
! i
| ;
992 will be found at the top of page 3555, ;
| | | |
| | | 1
| |
i !
i |
| |
|
|
{

354 4







DIVISION B, SECTION I
!Boiling fRefractive
No. | Point Specific | Index Hydrocarbon
5o IR Grav1ty (nD)
:“74'4.__.,, e T,, = —————— R — S——— e e e e e e
| s16| e14
1010 23845~ 0.868(9/4) | ;l-Fethyl-z -~hexadecyl-benz-
: 9 | f ene, CpaHgpe - M.P,=8=9°,
(15mm, ) | _l ).
j 43y i |
1012 285 | 1,2,4-Triphenyl=cyclopent=
| (50mm. ) ‘ane, CgoHpgo =~ By lomg
| standing small amounts of
| needle-like. xtals, separatg
% (437 ) °
435 ABS J
1014 | 254 i 0.868(20/4) l,5=-Dimethyl-2~[hexadecen
(17mm, ) | =(2%)-yll-benzene,Cgelcoo
e
102 |
1016 | 240 l,l2=-Diphenyl-dodecane,
- (20mm., ) LCagliaes
| ess
1018 . 260-2 | . l=lMethyl=2,3,5=-triphenyl=-
| (28mm. ) | | ‘eyelopentane, Cg. ° -
| | See Dive A, Sect, 2, No.
| i 'to wh., this slowly goes
| | over on standing, (&33).
| g | Straw-yellow liquidJ(gas)e
i 433 | |
1020 i246-8 } 51,5-Dimethyl~~,4,5-tri-
g (25mm. ) ‘ 'phenyl=cyclopentane,
| Cnﬁﬂaﬁg - See Div, .A.,
; 'Sect, 2, No,
102
{/1022 | 262=5 | l,14~-Diphenyl-tetradecane,

;C‘QHEQ.

|
|
|
|
|
|
|
|
\
|
i
|
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DIVISION B

Liquid Hydrocarbons

Section 2

Aliphatic Ethers

387









DIVISION B SECTION 2

1—- = e e
Boiling - Mép. of the | A
No. Point | OSpecific 5,9=dinitro- | , Ether
(C?) Gravity penzoate %
(20-4) _1Test 928 % N | e Sk T ek oy
= =3 e e -
| 2
56 29L-"7 0.820 (Q) 62 Octyl Ether, C; H;,0. ==

, AL~liaphthyl-amine addn.
I product w* the dinitro-
benzoate, mep. = 46-9.5%.

(o)
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DIVISION B

Liquid Hydrocarbons

Section 3

Acyelic acetylenes and polyolefines, ter-

penes, and cyclic unsaturated hydrocarbons

of 2ll sorts.

Note! See Test 929 - 3.
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DIVISION B  SECTION 3

T_Boiling
| Point
No. (c9)
[ am
431 | 155=6

674
433 | 155=6

Specific
Gravity

674
| 0.854 (15)

" Refractive
Index
(nD) Hydrocarbon
3 i - Al K _Noh's -
bexens (2 or 2 or both),Ciollie

(Nos, 435-451 on next page).

74
- 1.462,?20) Siolligs Terpene frm, Tsuga
- heterophylle, (gng) = Carrot-

like odor, -EE]D= +4° 50 ,(goalt

‘Nitrosochloride dec, at abi,
85°. (gga). = Nitrolpiperidide,
MePy= 194=5, (grg).~ Nitrol-
emine, M,P,= 105=8°, (g74)

>

395































































Eoln'b
Mo, (00)
e
671 18145"2.9
216 2
673 181.5-3.5i
825 |
675  1181,5-3,5
| 393
677 1823
| 325
679  |182-3

DIVISICN

Specific
Gravity

0,791 (Q/O)

216
04793 (14/4)
3258
0.801 (10)
393
0.863 (20)

325
0,810 (11)

B SECTION

, mefractlve

Index

16

1,457 ?14)
225

1.458 (10)
93

1,497 ?zo)

25
1,461 ?11)

' Degj y Siglyg =M. =
=360, (see) ~ i
926) P, °82-39% (500

} nethvl=nonsdi 2
Lo

2,6=Dipethyl=onadiene=(2,6),
\Hoo == Odor like mint,(gzs)

d,l from 1 4’8-'tribr°m'n"‘

| &
S0
| menthane + NeOEt (393)

- i - 6
Caalizce






























































































DIVISICN B

Liquid Hydrocarbons

Section 4

Aegyclic Olefines

447


















e

DIVISION B SLECTION 4
| | F Fiat
Noe. |Boiling | Refractive
roint opecific Index Hydrocarbon
(C?) Gravity i nD)
I I ————— P ————— ———— e T L 22 A e e s A
74 110-1 | | 2,2,5-Trimethyl-pentene-(3)
| or c,c-Vimethyl-i-methylene
[ pentarie, CgH; e« —-= FOrms
| constant boll. mixt. We ;
1 ELOH at ebout 80%. (48}« |
26 s 25 |
76 111-2 713&&}2) 1.39929) 2-liethylheptene-(6), CgHyq 4
63 |
78 115-4 |3,4-Dimethyl- hexene-(S)
1 031{15 '
| * . ,
80 [113.5« |0.719 (25-4 1.410 (85) 4-Methyl-heptene-(2)f §
j 4.5 | vac. ) R S |
| . ; \
82 ?114.5-“1 2-liethyl-3-ethyl-pentene-
| Bab 12], CeHy6- |
(741 mm. )
| 58165 : 8 !
84 119-2C 10.736 (20-0) d-Ethyl-hexene-(2), CgHyq-|
| ~— 0r0; oxid. g. hexarnione-
4 (3) + 2e0H. [is)s
® 58 8 49 ) ‘ _
86 120-1 01731 (20-0) 1.417 (26) |4-liethyl-heptene-(3),
| (J-raﬂibo bkt Cr03 OXid.o go
AcUH * BY00.H. (gal»
8 8 8
88 121-2 0.716 {19} 1.409 (19) |[Octene-(l), CgHige == Di-
: bromide, D.D.,, = 116-8°
a*%« 1.455, nb’: 1. 4961.
/ (¢) o 5 HZ deriv. m.p. =
79-80" (Test 927).
26 . 26 26 h
20 |123-5 0.725 (20-0) 1.412(20) 2-liethyl-heptene-(2)(%),
Cel ¢+ =- I'itrosocrnloriae,
m.P. = 48-51°%. (131).
CLe 4ex 66 66
92 120-6 0.720(2%4) 1.413 (20) Octene-’z) CgHyge == G
octylenc oxide W+ benzoyl
hydroperoxide, see Pril-
eschagew 8en42 4812. -
: B.bopg.= 126 [Test 925).
* i * o ol »*
94 128.5- |0.758 (25-4 1.42C (25) |4,5,5-Trimethyl-hexene-(2)
9.5 vac. ) CeHyge
p % 5 * c e _ *
96 129-30 |0.724 (25-4 1.414 (25) |4,6-Dimethyl-heptene-(2),
' V&G.l ‘ungso i B.bo:ﬂoo = 133 "*
‘ [eSE 923 i
298 132-5‘? 2-lethyl-4-methylene-
heptane (7), CgHjige
453
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DIVISION B

SECTICH 4

Boiling Rerrsctive
Point Specific | Index
G Grevity | LnD)
109 . 109
214 PB90-400 [0.871 (0) fletra-amylene,
ii7T ) L SR | !
216 [167-8 0.817 (06-4) Phytene, CgoH,qe
¢'7.5 mm.
i1is8 118
218 201-2 0.802 (20-4)

11 mm.)
(thermometen

inmersed
({to 1109}

| 119

B20 |175-6 |
(1 mm.)

CZOHGO'

Heneicosene-(9), Cy,H 5+ =+
i};-_rnpl = &bto +'l§°o {113)' L i
(Identity aoubtrule.

|
]
|

cis + trens Tricosene-(11),

03311‘00 - I:nopo = _1.{"“15\‘.
119) e+ == S€e uenus IX,
Dive. &, 8ect. 1. [
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DIVISION B

Ligquid Hydrocarbons

Section 5

Naphthenes






































































- !Boiling
Nos | Point
| Aer]

e T A e e 2 ___T = oo

| BOS ‘
403 |abt.501
205=-8 ;

Specifiec

Gravity

DIVISION B, SHECTION 5.

}Refractivef
Index Hydrocarbon

| lny

Dicamphanyl-ethane, Ceafanl

|
|
|




DIVISION B

Ligquid Hydrocarbons

Section 6

Acyclie Paraffins

483
























DIVISION C

Gaseous Hydrocarbons
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DIVISION C

59

12
14

16
18
20
22
24

26
28
0
32

34
36
38

40

42

46

Boiling

Point
(c?)

Hydrocerbon

1
-162.

8
=102.7
LA
) -
s
=47.5
2
44 .0

abt. ;¢
~54.5

8
=32
839

-25.D

3
-’10tb

20%21

6y22
(6o
6.5)

‘ 31
ol Ged)

(513 mm.
3

+0.5
T
1-1.5

17
1.5-2
(729 mm.
T
BBl
14
2-3
(729 mm.
b S

4=5

g5

945
19
2.5-10

11-2
(726 mm

)

Methane, CH,.

Ethene, C.H,»

Ethene, CaH,.

Ethine, "Acetylene"™, Cg H,.

Propene, C,H,.

Propane, CzHg.

Cyclopropane, "Trimethylene™, C,H,.

Propadiene, "Allene", C,H,.

Propine, "Allylene™, C,H,

2-liethyl-propane, "Isobutene¥®, C, Hyge»

Methyl-propene, "Isobutene™, C_ Hg.

Butene=(1l), C,Hge

Butadiene-(1,3), "Erythrene® C_H, .

)

Butene, C,H,o-

Butene~(2), low poil. form, C,Hg.

€yelobutene, C,H,.

Butene-(2), high boil. form, C,Hg.

Butene-(lHne-(3), C,H,+

)
llethyl-cyclopropane, C,Hg.

Butine~(1l), C,He.

2,2-Dimethyl-propane, CgzH;a.

Butadiine, C H,-

Cyclobutane, "Tetremethylene™, C H,,.

.l

492




DIVISICON €

Boiling
Point Hydrocarbon
e

No.

Q

i
48 18-9 Butadiene-(1,2), C,Hs. == Cf. Div. B, Sect. 3, No. 1,

50 20-1 2-llethyl-butene-(3), CsHyo» -- Cf. Div. B, Sect. 4,
No« 1. |

52 31 l,l-Dimethyl-cyclopropane, CzH;o,. =~ Cf.
Div. B, Bect. &, N6, Y«

493



2

Numbered Specific

and Semi-Specific Tests for

Species of Hydrocarbons






































































the gless stoppered test tube. <Lhen add 0.1 cc. of
solvent, nitromethane, eniline, or openzyl alcohol, or
0.2 ce 0T hydropromic acld, as the case may be, shake,
and note whetner two lavers separate. When nitromethsne
jg the solvent 11 will Irequently be round advantageous
to add & crystal or two oI picric acid, &s the partie
tion coefiicient I0Or This substance petween rnltromethane
end hydrocaropons insoluble in nitromethane 1s high,
hence the line separating ine two liguids 18 distinct
although tne reirsctive indices or tne two immiscible
liguids may ve identical. Temperatures around 20°

ere most essily attained by using weter in a smell
beaker and cooling with ice 1f necessary, adding the
latier bit by bit. Higher temperstures are resadily
attained by using nujol in = small beaker- A temper-
ature of -17° may resdily be resched oy using crushed
ice and hydrochloric acid (d: 1.19). [For convenience
in determining temperstures tLne tube mey be Sirspped

to thne pulb or & thermometer by a small elastic bande
The solubility o1 & compound should aslways be dgter-
mined by neating the contents or the tube at lesst ten
degrees higvher than the temperature et wnich 1t 1s
desired 10 note tne solubility. After thorough sheking,

if solubility has occurred, the i1ube snould be allowed

5y g



to cool greduslly. If haziness, rollowed Dy sepa-
retion OI TWO layers, appears ghove ihe tempersture
under consideretion, ine compound 18 insoluvble. <Lhe
word "soluble"™ as here used means itnet the 1wo liguids
are completely misciuvle &t lne speclIiled Temperature.
"Tnsoluble"™ meens thet the two ligulds are not com-
pletely miscivle. *he solvents usec¢ 1n 1h1S test are
prepared & Tollows:
nitromeinane -- Lsastman, pure
ariiline -- dried py standing over stick,
C.”., potassium nhyaroxide 1or
gsome time, then distilled Irom
a Ilask, the rirst thlird OI the
glstlllaste being alscarded, and
ine next, constant ooliling third
being collected and oreserved 1n
a brown, glass-stopperea botile.
penzyl alcohol -- Hastman, pure
hydropromic acid -- colorless, cousiant

poiling, d. : l.48.

92%. Determinsation or tne Critical Solu-

tion Ltemperature 0orf Verlous HyurO-

carbons in lNitrobenzene.

This test is conducted &s the solubility tests

18



in Test 922 except that the water bath in which the

test tube conteining 0.15 cc. 0of hydrocarbon and

0.10 ce. of nitrobenzene is cooled greduslly with

smell oieces of ice, or wermed graduslly with 2 small
fleme while the tube, sttached 1o the thermometer, is
sgitated constently. <The bath must first be heated
above the C.5.T. of the hydrocarbon being sudied and
then, after the contents of the tube are well mixed,
it is sllowed t0 €00l slowly. The C.3.T. is the
temperature at which cloudiness tirst epnesrs in the
tube. THE C.5.T.'s listed were determined using
nitrooenzene dried with calcium chloride anéd col-
lected from 210.5 - 210.8°. They differ by a few
txenths of a degree from those obtained with technical
nitrobenzene.

924. Bromide-Bromste Titrstion tfor the

Qualitetive Detection of Unsaturation. 0f Test 925u

Into a 1 oz. glas.-stoppered narrow mouth
hottle run two cc. of smpproximately 0.5 Normal bromide-
bromete solution and sdd 0.1l5 ecec. of hydrocarbon and
quickly 1.5 ce. of 10% sulphuric acide Stopper and
shake vigorously for two minutes. I1f at the end of
this time there is no color in the solution, add more

bromide-broma te solution, one cec. at a time, until
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after two minutes of shaking a light yellow color
remains. Then add one cc. 0of 15% potassium iodide
solution and 2 few drops or starch indicstor solu-
tion. Titrate with 0.2 N. sodium thiosuliate. If
titration whows that less than one c¢ce. 0f bromide-
bromate solution has rescted, then the compound is
saturated, if more than one cc. has reacted the come
pound has given a positive test and is unsaturated.,
In the latter event, save the contents of the tube
for Test 927.

If the compound has given & positive test
(i.e., added bromine) by mesns of the rfollowing
formula it may be round whether it has added more

than three stoms of bromine per molecule.
Formula 1.

If%)%o, then the compound hss added
more than three atoms of bromine per molecule; if
%(450, it hes added less than three atoms per
molecule.

V = volume of the bromide-bromate solution

N = normality of the bromide-bromate solution

G = specific gravity of the hydrocsesrbon

M = average molecular weight of diolefines

listed in Div. B, Seet. 3 as hsving

boiling points the same ss thet of the

unknown compound.
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can be made. This will not often be the case, and
never with compounds boiling above 40°.

The "bromide-broms te number™ is the number
of centigrams of bromine added by one gram of hydro-
carbons It is given by the expression Eéxg, where
V is the volume of bromide-bromate solution, N its
normelity, and G the specific gravity of the hydro-
carbon. For & discussion of this titration and the
method of prepering snd standardizing the solutions,
see page JZ @nd 7J.

This titration gives more sccurate results
than Test 924 and should be run in borderline cases,
when the sectional location of & compound may be in
doubt from the results of Test 924.

Save the product from this titration in

cage it is necessary to apply Test 927.

926. Prepsration of Derivatives of lono-

substituted Acetylenes.

To an ice cold solution of 3 cce. of Nessler's
reagent (ng%e) add slowly, with stirring, three drops
of the hydrocarbon dissolved in one ccl of resgent
alecohol. Filter the precipitate and recrystallize
from sbout 5 ces. of hot slcohol. If necessary, add

& few drops of water to the slecoholic solution to
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cdor; allenes are violently attacked snd may go into
solution; conjugsted diolefines sre vigorously sattacked
in the cold, giving a red intersurface, on warming they
form a thick red paste which on dilution with water
leaves a heavy red oil in suspension; diallyl type
diolefines (R-CHwCH-CHy~CHy-CH=CH~R') are much less
attecked then those previously mentioned, they fre-
gquently form only unstable, colored emulsions with
acid, and on dilution with weter they lesve a 1ight
yellow oil on top of the aqueous layer. For a further
discussion of this method of distinguishing hizhly

unsaturated acyclic hydrocarbons, see page / 09.



APPENDIX I
Bibliogrephy to the Descriptive iatter

The bibliography given in the next few pages,
listed 88 Appendix I, is divided into four parts, cor-
responding to the four principal divisions of the de-
seriptive matter of this thesis. To find the reference
desired it is necessary firast to note the heading of
the section in which the sllusion to the reference is
mede, and then to locate it in this appendix under this
very same sectional heading.

Only the most important references of those
consul ted have been included in this bibliography.

The sbhbreviations of titles of journsls given
in this sppendix sccord with those given in the "List
of Periodicals"™ published by "Chemical Abstracts" in
1926, except for titles of discontinued journals, which

ere sbbreviated sccording to the 1910 Beilstein.
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APPENDIX II
Bibliogrsphy to the Tables

The bibliogrsphy given in this appendix is
divided into segments corresponding to the Divisions
and ~Sections of the Tables, to which the references
belong. To find the reference wanted, first note the
Division asnd Section of the Tables in which the re-
ference number occure, then turn to exactly the ssme
Division end 2ection of this sppendix snd find the
number.

The abbreviastions of titles of journals
given in this appendix accord with those given in the
"Tist of “eriodicals™ published by "Chemicel Abstracts"
in 1926, except for titles of discontinued journels,
which are abbreviated sccording to the 1910 Beilstein,
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