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PHYSICAL-CHEMICAL BEHAVIOR OF HYDROCARBONS
CONTAINING MORE THAN TWENTY CARBON ATOMS

: Dro 'o H. Mazee
SOMBARY

: Varlons synthetic hy(!rocarbcne wers prepared, among them, some 2508,
saturated with a normal bond end some saturated with a double bond, as well
as cyclic. Most of them were produced in the laboratory of Dr. H. J. Backer
in Gronigen, several in the laboratory of Dr. J. P. Wibaut in Amsterdam,
end several in the laboratory of the "Bataafsche Petrolesum Maatschappij®,

' Huch care was employed in the purity of the product at ths prepare-
tion. Accordingly, the products were subjected to repeated recrystallizations
by us. The following constants were determined by us upon & number of these
‘hydrocarbons: melting point, boiling point, refractive index, specific gravity
in the liquid and solid states, viscosity, apeci.ﬁc heat, heat of transtorma-
tion, heat of fusion and sniline point,

A mumber of X-ray photographs were made at our wish of two of the
hydrocarbons, normal heneicosane and normal tetracosane, by Dr. J. 8, Bijvost.

Also, the solubilities were determined upons

n-heneicosane in 2,2,4-trimethylpentene,
n-tricosane in 2,2,4-trimethylpentene,
n-tetracosane in acetona, ethanol, chloroform,
2,2,4~trimothylpentane, and toluene,
n-hentriacontane in 2,2,4-trimethylpentane.

At the beginning, a study was mads of several binary mixtures,
namely: n-heneicosane~-n-tricosansg, n-heneicosane--n~-hentriacatane and
n-tetracosane--13-methyl-pentacosane. The first case concerns the mixed
crystal formation betwsen the components, the two last named cases; a eutetic.

The viscosities of the mixtures of these hydrocarbons were also
measured. The measured value was compared afterward with a calculated velue
of a logaritimic squation and a fluidity equation., The logerithmic equetion
gave the smallest deviation for ths cases investigeted.

" INTRODUCTION

In this report are included the results of the measurements of ~ 28507
a number of constants of pure hydrocarbons with more than twenty carbon atoms,
These measurements were exacut i in the courss of several years time. As
1s designated in various places, the mgasurements havs not yst been completed.
Consequently, uncertain conclusions may be made herein,

Expansion of tha measurements either in ceses not yot investigated
or in cases already investigated, whare the correctness of the result i8
questioned, will be, in thie connection, very doubtful values.

FIRST CHAPTER
Bethod of Preparation of the Hydrocarbons

Since thers is described in the 1iterature a method of prsparation
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for hoet of the hydrocarbons,/. produced by us, only those will bo mentioned

to which have been applied after~trectment by us. A short descriotion of

the method of preparation of the remeining hydrocarbons will also be glvemn,
. k

1. Rommal Hydrocarboné

n-Hemelcosane, CoiHgg. _ ‘
" The preparation is written in Rec. Trav. Chim, 55,
903 (1936), The product wes recrystallized flve times
by us from a very large amount of ethanol and three
times from ether, The melting point, determined in a
capillary, amounted to 40.3~40.4 C.

n-Tricosane, CasH,a. -
. The preparation is likemise included in Rec. Trav.
Chin. 55, 903 (1936). The product has been recrystallized by
ue Plve times from,ether and three times from acetone.
The melting point amounted to 47.3-47.4 C.

n-Tstracosane, G4, Hgo.
- Dodecylbromide was preparsd from dodecylaleohol,
HBr and sulfuric acid, After purification, the substance
" was dropped into boiling toluene conteining sodium, After
recrystallization from toluene of the hydrocarbon formed,
it was recrystallized elght times from butanone, six times
from benzene and five times from ether, The melting point
was then 50,7-50.8 C. ‘
n-Octacosane, Coplis : 2508
Petradecyl cogol was purlfisd by means of acetic acid.
This was in return saponified and ths alcohol caused to
resct with HBr and sulfuric acid into the bromide. At this
time 1t was dropped into the boiling toluene in which sodium
conld be foumd. After filtering off the HeBr that formed,
the preparation was recrystellized first from & mixture of
toluene and sthanol and, following that, nine times from
ethanel, The melting point was 61,25-61.3 C. .

n-Triacontane, G 6o

A product with & melting point of 66 C was obtuined by
oloctrolysis of caleium palmitate. After the recrystalli-
zation of the product five times from ethor and five times
from acetone, the melting point was 65,8-65.95 C.

n-fHentriacontane, C31Hg4 '

This substance wes prepered by the heating of calciun
palmitate, which'in return, had beem produced from pure
palmitic acid (melting point, 6203=62,6 C). The palmiton
obtained upon distillation of the calcium palmitate was re-
duced according to the method of Clemmensen. The hydro-
carbon was then recrystallized five times from bengens, 8ix
times from ether and again five times from benzene. The

melting point, 67.2-67.3 C.
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‘n=Tetratriacontens, CzsH7g ‘
The hydrocarbon is prepured by the electrolysis of
" caloiws stearate, After one recrystallization from ether,
the melting point was 72-73 C. Further purification followed in
fifteen recrystellizations from ether. Them the melting
point was 72,6-72,7 C. : : _

o-Pentatriacontane, Cgglys . ..
. Por the preparation, Rec. Trav, Chim. 59, 9335 (1940) can
 be referred to. The product was recrystallized three times
from carbon tetrachloride, whereupon ths melting point was
74.4-74.5 C,

n-Hoxatriacontane, Cxglya -

This preparation is described in Rec. Trave Chim. 59,
953 (1940). After distillation in vacwum and after eightemn
reorystallizations, the melting point was 75.8«75.,85 C.

n-Tetracontene, Cyolge , ‘ 2509
Tho preparation of this ccmpound is mentioned in Ree.

Trav, Chim, 59, 933 (1940). Anpther purification was not

undertaken by us. .

n-Tritetracontane, Cazliga

~ These methods of preparation are aleo described in
Rec. Trav, Chim. 59, 933 (1940). After recrystallization twenty
times from carbon tetrachloride, the substance had a melting point

of 85.,25-856,35 C.
II. Branched Hydrocarbons

2-Hethyltricosans, CosH '
This preparation mﬂhod mey be found in Rec, Trav, Chim,
55, 90% (1936). Further purification followed during which
the product was recrystallized five times from ether, three
times from ethanol, once again from ether, and eight more
times from ethenol, The melting point then measured 87.6-37.65 G,

22-Dinethyldocosane, Cogliso

. ‘he preparation is included in Rec, Trav. Chim, 55, 908
(1936). Finslly the preparation was recrystallized four times
from other; thereupon, the melting point amounted to 34,8-34.95 G,

1%-Nethylpentacosmme, Cogfisg

The complote preparation method is described in Rec. Irav,
Chim. 56, 803 (1986), Further purification followed in five ,
recrystallisations from ethenol and five from acstone, Nelting pointy

22,85-22,385 C.

10-Nonylnonadecane, Coglgg : ‘
The mothod of preparation of this substance is also to be
found in Rec. Trav. Caim. 55, 903 (1936), It underwent no further

nmethods of purification. .
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7,12-Dimethyl-9,10-Dihexyloctadecnoe, C,.H
The substance was prepared according %‘,di‘reetiona of
Lerer in %Annpel Roport of the Rational Office of Combmstible -
Liquids%, 1938, p. 2; iu the laboratory of Prof. Wibsut. N
. Octanole® was condensed to dicaprylic alcohol (Report 34, 3247).
~ %he aleohol was changed to the iodide énd treated with_godium
end tolueme. The hydrocarbon was thersupon obtuined. The
" bright yellew-colored materiel was dissolved in ether and - = 2510
treeted with Horlt and Terrasa until an odorless, colorless
cubstance wes obtained;” The freozing point was approximately
-78 Co '

22.Hethyltritetracontane {Methyldiheneicosylmethene), Cqqfigo

The mothod of preparation is described in Rec. Trav. Chim.
53, 935 (1940). ' After three recrystallizations from ecarbon
totrachloride, the stable melting point was 66.6-66.7 . Running
the preparation according to the above-named journsl, e mete-
stable melting point was at 61.5-62 C,

I11. Cyclic Hydrocarbons
1-Cyclohexyloctadscane, Cpgiiag | .
One may find the preparation method for this hydrocarbon
described in Rec. Trav, Chim. 55, 903 (1936).

Aftc;r the substance had been recrystallized twelve times
from acetone, the melting point reed 41.5-41.6 C.

1-Cyclohaxyl-2-Hexshydrobensylheptadecane; Cyofigg ‘ :

This hydrocarbon was prepaved according to & journal by
Prof. Wibaut and §, Cech {Coll. Trav. Chim, Tsjechoslovaquie
{1934) VI, 427). L

Palmitic acid was tramsposed into the ethyl ester. Bemzyl
ehloride was treated with acetic acid, and thercupon was chsnged
with water into a carbinol (1-Phenyl-2-benzylheptadecanol-2).
This carbinol was dehydrated and the unsaturstsd hydrocarbon
hydrogenated to l-Phenyl-2-benzylheptadecane-2,

The saturated hydrocarboen, l-Cyclohexyl-2-hexahydrobenzyle
heptedecans, has a freezing poin¢ of 3,4 C and & nelting point
of 4,8-7.0 C. The substance was recrystallized by us three
times from ether,

SECOND CHAPTER  ~

I. Determination of the Melting Points and the ‘
Boiling Points of Hydrocarbons and the Calculation
of the Heat of Evaporation from the Boiling Points

at Different Preseures

The melting point of the hydrocarbons was determined by the intro~
duction of a small amownt of the pure preparation into a capillary . 2511
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The capillary was then placed sgainst a thermometer reservoir in a
beaker containing concentrated ‘sulfuric acid, The sulfurie acid wes
atrongly agitated and at the same time heated very slowly., Witha
magnifying glass the preparation wes observsd in the eapillary, Indesd,
the begiming melting polnt was moted as well as the ending meliing

point, The beglmning melting point is defined as the temperature at which
the firsttrace of liquid forms in tb> capillary end the end melting point
as the temperature at which the last trace of solid meterial disappears, -

The botling point was slweys determined under reduced pressure.
Approximately five grams of the preparation was brought to boiling in ‘
a specially constructed apparatus under reduced prsssure; the steam was condmsed
in a rsflux condemser. If the standardization of the steam temperature
had become constent at & dstermined preseure, this temperature was takea
as the right ons. It was coneldered that the temperature detormined in
this manner was indapendent of the helght of the flamej thersfore, the
d4sappearance of boiling was awaited for a correct reading, The boiling
point was determined st varylng pressures of 1-7 wm, By the equation ef

Clepgron:
8.
R?

d in P =

G e o

in which p represents the steen pressure at the absoluts temperature %,
the molecular heat of vaporization (svaporation) Q may be celeulated. In
case Q is not, or is practicelly not, dependent on the temperaturs, the

" log p set up agsinst 1/7 shall glve & straight line, which was the cass
by the hydvocarbens in the investigated sphere.

The values of the melting poinisfound‘ are sumparized in numerical
Table 1.

Table I 2513

Melting Point, C in

C Atoms _ Typs Name of Hydrocarbon the Capillary
Normal

21 CgpHopj2 Hemeicosane 40.3-40.4
25 » Tricosane 47,3-47,4
24 ® Tetracosane 50,7-50.8
28 u Octacosane 61,25-61.3
30 ® Triacontans 65.8-€5.95
3 ® Hentriacontane 67.2-67.3
34 w Tetratricontane 72.6-72.7
35 ® Pentatriacontane 74.4=74.5
36 ® Hexatriacontane 75:,8~75.85
40 o Tetracontane - 81,35-81.45 {1)
43 " Tritetracontene 85.25-85,135
24  Bramched 2-Methylirlcosane 37.60-37.65
24 Coion 2 - 22-Dimethyl-n--docosane 3£.80-34,.95
26 & 13.%ethylpentacosane 28,85-28.95
28 » 10-Ronylauonadecane -5a -6 {2)
32 ® 7,12-Dinsthyl-9,10-Di-n-hexyloctadecane ca. 78 (3)
44 w 22-Nethyltritetracontene 66.6-66.7
24, CyHon 1.Cyclohexyloctadecens 41,5-41.6
50 - Cullyy - 2 l-Cyclohexyl»thexahydrobenzyl-heptadecane 4,8-7.0 (2)

(Continued)
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‘fable I {Continued) '

' 51) The preparation iz probably not yet emtirely pure,
2) Hot determined in a capillary. :
(3) Froezing point, not determined in e capillery..

. fhe end melting points found are set up in Graph I as a function
of the number of carbon atoms, respectively, the moleculer welght of the
saturated hydrocarbens, - As ons sees, the melting points of the normal
hydrocarbons lie in a flowing curve. The melting point of a brenched hydro-
carbon always lies lower them tho melting point of the normal hydrocarbon
with the same pumber of carbon atoms. The number of the investigated branch-
od hydrocarbons is, however, too small in order to be able to prove a close
connection botween the melting point and the branching.

. In the following table, the velues are summarized of the boiling
points at various pressures. 2614

Zable IT

nczlﬂ%, Hemeicosane

p in . o
m By lcgp t C T K 1/7
' 0,00
1.585 0.200 187.1 440.1 2272
2.02 0.305 172.4 445.4 2245
2,56 0.407 176.6 449,.6 2224
3.45 0.538 183.2 456,2 2192
4,31 0.634 187.4 460.4 2172
5,738 0.731 192.6 465,6 2148
6.17 0,780 195.6 468.6 2134

Table III

aCoill aqr Tricoeane

{

mmHg logp t C T K 1/
0,00

2.5 0.440 197.8 470.8 2124
3,52 0.547 203.4 476.4 2099 -
5.89 0.590 205,56 478.5 2090
. 5,09 0,707 21l.5 484,56 2084
8.13 0,791 216.8 488.5 2046
7.8 0.866 __219.4 492.4 2031




Table IV

nCasllsns Totracosane
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p in

M&gwﬂ. T K Y4 -

10995 00 300 20000 47500
3,05 0.462  209.2 482,2
5,43 0,535 212.0 485,0
4,24 0,627  214.2 489.2
‘4,99 0.898 220.1 493.1

0.00
2014
2074
2062
2044
2006
2005

6.3 0,812  225.8 4988

Table ¥

. nCoplizgs Octacosane

p 4n
" mnHg dogp v C T K

/T v

1.15 0.060 220.8 493.8
1.4 0,150 225.8 498.8
1.76. . 0.245 220.0 503.0
2,09  0.321 . 233.6 §06.6
2,44 0.388 237.1 50,1
3,44 0.536 245.,1 518.1

0,00
2025
2008
1988
1974
1958
1928
1918

3,97 0,509 _ 248.3 _ 571.3

Table V1

nc50H62’ Triacontane

p in-
mm Hg logp t C

=
=

1/7

2.08 0.319 250,53 52%.3
2.74 . 0,437 256.7 529.7
) 3&17 0:; 501 25998 55268
3,86  0.587 264.9 537.9
4,52 0,655 262.7 54,7
5,22  0.718 272.0 545.0

0.00
1911
1888
1877
1859
1846
1885

5.8% 84 _274.8 547.8

1826

2515



Table VIT

‘ncﬂu 68’ Hentricontane
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_mnHg dogp t G T K. 1/T
0.00
1.14 0,088 244.6 517,6 1932
1,47 0,167  250.6 5236 1910
2,28 0,357 260.3 533.3 1875 -
3,01 0.478 266,7 539.7 1863
3,96 . 0.572 2N.7. 544.7 1836
4,52 0.655 275.9 54809 lg22
5,37 .0.730 280,31 5531 1608
Table VLI
20338405 Tetratriaconteane
p in
mm By logp v C. T K 1/
0.00
0.70 0.847-1 253.0 526.0 1902
ia 0,084 263.9 535.9 1862
1.68 0,221 271.4 544.4 1836
2,41 0.b24 276.4 549,4 = 180
2,38 0.377 279.35 552,35 1810
2,72 0.434 282.8 555.8 1800
..5,13 0.488 285:9 558.9 1786
Jable IX
_Csgive, Pentatriacontene
p in
m By logp. t G T_K 1/T
0.00
1,02 0.01¢ . 267,86 540.8 1849
1.75 0.R43 279.7 552.7 1809
2.09 0,320 233.7 5567 1796
2,61  0.417 238,7  56k.7 1780
2,85 0.455 220.7 56347 1774
3.20 0,505 = 294.0  567.0 1764
5.69 Q. 567 297.3 570.3 1753

2516
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Table X

nCrgliys Hoxatriacontene

mHg logp & 6 T K LT
0.67 0.174 265:3 53043 1858
1,22 0,086 277.4 550.4 1817
1.4 0.149 280.8 553.8 1808
1.60 0.204 284,53 557,5 © 1784
1.83 0,262 207.3 = 56008 1785 -
2.11 0.324 200.4 - 563.4 1775
059 0.413 2047  567.7 _ 1762

Table Xi,
n043H889 Tritetracontane 2517
p In
moHg logp bt 0 T K /1

~ 0.00
1,02~ 0.000 308,0 581.0 1702
1,47 0.167  z6.5  589.5 1897
1,89 0.275 320.4  $94.4 1688
2,46 0,385 326.4  599.4 1668
2,97 0,475  330.9  603.9 1655
3.55 0,550  336.0  609.0 1642
3.00 0,59 _ 3%8.5  6M.5 1636

Teble XiT
nczéﬂso” 2-Methyltricosane

moHg logp t C TR

0.00
2,07 00317 197.1 470.1 2127
2.7 0,446  203.9 476.9 2097
3,59 0.6%0 207.3 480.3 2082
4.14 0.617 2.7 485.7 2059
4,82 0,683 215.8 488.8 2046
5.60 0.748 219.1 492.1 2032
7233 0,865 224.8 497.8 2009




Table X111

Caglsor 2,2-Dinethyldocosans

p In -~ - )
m Bg logp t C T K _1/7T
0,00
1.28 G.107 183,8 456,8 2189
2.3 0,363 1956, 4 468.4 2185
3,26 0.513 205.8 478.9 2008
3,89 0,550 207.5 480,5 2081
4,97 0.696 212,.9 485.9 2058
6.11 0,786 247.4 490.4 2039
7.03 C.847 gg;g;L_ gggagL 2024
Zable XIV -
Coglisay 13-Hethylpentacosans
P in
rmaHg logn ) AN I B
: 0.00
1.12 0.050 R00.3 473.3 2113
1.88 0.275 210.3 483.3 2069
2,94 0,468 ?19.4 492.4 2031
3.54 0.549 225.0 496,0 2016
4,32 0,638 228.0 501.0 1996
8.18 0.791 235.7 508.7 1966
7.41 0.870 239.8 512.8 1950
Teble XV
Coglisgs 10-Honylnonadecane
p in o
_mBy logp bt € T_K 1/t
0,00
1.19 0.075 208.7 481.7 2076
1.69 0,228 216.2 489,2 2044
2.62 0,418 205.3 498.3 2007
3,29 0.517 230.5 B03.5 1986
4.47 0,350 2%57.7 510.7 1988
5,08 0,706 240.5 51%.3 . 1948
9 243.8 516,8 1933

5.8 0,770

Report 56746
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Table XYY

7,12-Dinethyl-8,10-d-n-hexyloctadecane

o p tn
mo Hp ~ log o t X T X /%
0.0
0.85 0,921  199.5 472,56 ng '
1.08 0,036 204,86 478,86 2093
1.40 0,148 210.9 483,9 2068
1,95 0,890 217.8 490.6 2042
2,27 0.356 220.7  493.7 2027
2.58 0.408 222.6 495.6 2019
2.68 0,429 23,9 496.9 2014
3,20 0. 505 227.4 500.4 2000
3,50 0,546 230.0 505.0 1988

Table XVIT

CogBygs 1-Cyclohexyloctadecane 2519

P
. mBg logp. b E. . I.X /T
0.Q0
1.680 0,203 202, 3 475.5 2104
016  0.335 208,56  48l.5 2077
563 0,429 2128 4859 2056
3,18 0,502 216.5 489.5 2043
3.9% 0.592 ] 221.1 4%4,1 2024
4,20 0,623 222.5 4956.5 2018
513 0,700 227.8  500.8 1997
6,71 0.827 25421 507,31 1972

Table RVEXL
Cz0H58s locyclchewloz:hexahydrobanzylheptadecane

™ .
Em Hg logp t K 7 K 1/%

‘ ‘ 0.00
1,92 0.282 244,65  BMT.S 1932
556 0,408 2508  523.9 1908
2081 O, 449 255.‘0 . 526.0 1901 h
519 0.504 3558  528.8 1890
3.74 0,573  289.5 532,5 1877
3.96 0,508  280,0  53%9 1872
450 0,654  263,8 53859 1852
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Tahle XIX 2520

B.P. in Heat of Vaporization

Hydro- "G at in g, cal, d lo
carbon Name 3 gm He  HMol, Spec, @E
nC21H44 Hemelcosene 179.8 10450 65,7 4260
nczssda mcome : ) 1995 5 20950 64n8 4585
nCodllgy  Tetracosane 208,686 21550 - 63.8 475
plogllsg Octacossne . 242,0 22400 -+ 56,9 4900
2Cgoflge  Triacontene 268,5 23900 56,6 5235
nCs2Bgqs Hemtriacontane 266.2 - 2800 - §7.6 5490
nCsaf70 Tatratriacontane 285.4 25800 54,0 B646
oOsslys  Pentatriacontsane 292,3 26650 54,1 6825
nCsellyg  Hexatrlacontane 208.4 27450 54,2 €000
oCanflgg  Iritetracontane 3%2,0 31400 52,0 €870
CagBso 2-Meothyliricosme 205.0 20880 62,0 4585
Cogfio  22-Dimethyl-n-docoseme 201.5 20500 60.6 4485
Opglsq 13-Hethylpentacosane - 219.9 23200 63.4 5070
Cogllgg  10-Honylnonadecane 228.3 22400 56.8 4910
: 7,12-Dimethyl~9,10-di-n- '
- 052234 hexyloctadeceane 226,0 22700 50,4 4995
OpgHys 1-Cyclohexyloctadecane 215,83 21400 63,7 4876
1-Cyclohexyl-2-hexahydro- :
Cgolisyg  bensylheptadecane - 2549 234957 56,2 5140

In Graph II the valuss of log p ere set up against 1/T, One can
geo that the points obtained cau be combined to make a straight line. The
heat of vaporisation is thus wot dependent on the temperature in the realn
investigated. The heatsof vaporization, calculated from the slope of the

© 1ine named, are found summarised in Table XIX, The specific as well as
the molecalar heatBof vaporization are calculated, For comparison of the
boiling points of the various hydrocarbons, thelr valuss at 3 mm Hg pressure
are given in Table XIX, while in Graph III the molecular welght of the
saturated hydrocarbenz iz plotted egajnst the nupber of carbon atams, re-
spectively. Ths boiling point3 of tho normal hydrocarbons meke & atraight
1ine. The boiling points of the branched hydrocarbens inveatigated 1lis
with one exception, namely, l-cyclohexyloctadecane, undor the boiling point
of the normal hydrocarbons having the sams number of carbon atoms. :

1I. Determination of the Specific Gravities
— —  and-Refractive Indices of Hydrocarbons
in the Liquid Stats

The specific gravity was detemined in a flask with en extended
neck md & carefully ground stopper through which a capillery was fitted. 2524
The pycmometer with the melted hydrocarbon was placed in vacuum until no more

air escaped.

The_rofractive index was determined in the regular memner, just as
the specifit grevity at 70 end 90 C. An Abbg rofractometer by Zelss was used,
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It was noticed that the valus of the refractive indices could not be deter-

mined so accurately at such high temperatures as at temperatures near room .

teiperature. The inaccuracy amounted to probably 2 or 3 units in the fourth
deaimal,

In Table XX the values found for the specific gravities at 70 an&
90 C are glven. .

Pable XX
Hydrocarbon __Bane
nC21H44 Henicosano 0.7687 0,7468 "
nCosilsg Tricosene 0.78564 0,753
n°24850 Tetracosasne 0.7682 0.7562
nc:;ﬂss Octacosane ‘ 0,7759 0,7639
uCsodg2 "Triacontene , 0.7786 0.7676
rCxiBesq Hentriacontane 0.7827 0,7709
wCg4i70 Tetracontene - 0.7728
nCssd72 Pentatriacontene _ - 0.7734
nCzelT4 Heoxatriacontane -~ 0.7783
"nCasflgs = Tritotracontane - 0.7612
Coglsg =~ 2-Hethyliricosame 0.7662 0,7539
Cogligo 2, 2~Dimethyl-n~docosene 0.7642 00,7536
Coglisa 13-Bethylpentacosans 0.7720 0.7595
Copllcg 10~-Nonylnonadecans = - 0.7770 0,760
CsoHgg 7:12-Dimethyl-9,1€-.di-n-hexyloctadecans 0.7881  0,7764
22-Bethyltritetracontene 0.7959 0,7618
Coglsg 1-Cyclohexyloctadecens 0,7897 0,7874
CzoH58 1-Cyclohexyl-2-hezahydrobensylheptadecene 0.8334 0.8221

In Table XXI, the values of the refractive indices at 70-90 C are
presented. Also the correct values for the molecular and specific refre ctions
of the varicus hydrocarbons ars to be found. In Graph IV the number of carbon
atoms is plotted against the refractive indices st 20 C, end in Graph V, the
molecular refraction is set nup against the molecular weight. In the latter 2527
case, one obteins a straight line for ths nomal hydrocarbons.

III. Determination of the Viscositios of
Hydrocerbons at Different Temperatures

The viscosity was determined in an Ostwald viscosimeter. Since only:
a small amount of many of the hydrocarbons remained aefter their use in other
tests, ono of the viscosimeters was so constructed that only 5§ cc of liquid
was needed for the measurement. One of the vlgcosimaters was adepted to water.
One should consider the differemce in effactive pressure under which the water
and hydrocarbon, respectively, flow out in the exact measurement of the viscosity.
This difference is slight and will be restricted by the difference between the
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surface tension of water end the hydrocarbon. Since no exact measurement
is recognised for the surface tension of the melted paraffin, the investige-
tion of the effective pressure for water and for the hydrocarbon had to be
mede axperimentally. For water, this method proved satisfactoryj for the
hydrocarbon, the investigation remained ineffeciive for difforent reasons. .
This was traced back to the regulation of equilibrium at the measursment of

pressure,

This was mainly attributed to the fact that at the conditions of

neasurenent of the pressure, the equilibrium standards were obtained very
After sevsral days, this was still not attained. Upon this basis,
the effective pressure of water is compared .to the hydrocarbon. The viscosify
was determined at various excess pressures on about 165, 185 and 210 cm of

m'lyo

water,

carvons can be disregarded with respect to excess pressures.

A

respectively.

The amall & fference in effsctive preesures between water and hydro- -
Moresover; there

is assurence of the conformity betwoen the measurement at thess three pressures
to the reproducibility of the measurement,

A survey of the valuss found for the viscosities of the hydrocarbons
nay be found in Table XEII.

Table XXIT 2528
} S Viscosity
Hydrogarbon Keame 80C . 80C 70 C
n°21“44 Henelcosene 0.0181 0,0212 0.0252 -
nczgw Tricosene 0.0220 0.0261 0.0%12 .
nCa4ls0 Tetracosane 0.0243 0,0288 0.0346 (1)
202%5  Octacosme o 0.03¢0 0.0410 0.0501 -
uCoolge  Triscontane 0.0404 0.0487 0,0804
nCx18es Heatriacontane 0.0437 0,0635 0.0660
nCs4870 Tetratriacontane 0.0614 0,063% -
nCs5872 Pentatriacontene 0.0567 0,0683 -
nCgelizg Hexatriacontene 0.0589(2) 0,0726 -
nC Tritetracontme 0.0872 - -
OogHso 2-llethyltricosane 0.0248 0.,0206 0.0356
Cosfigo 2,2-Dimethyl-n-docosanse 0.0271 0.0326 0.0399
Coghiga 13-Methylpentacosene 0,0271 0,0324 0,0893
CogBea 19-Ronylnonadecane _ 0.0268 0,0328 0.0403-.
Cgollgs 7,12-Dinethyl~9,10-d1-n-hexyloctadecene 0.0389 0.0492 ©.0630
- C,,800 22-Hethyltritetracontene - - -
cidi  1-Cyclohexyloctadecene 0.0318 0.0385  0.0470
Csolss 1-Cyclohexyl-2-hexahydrobenzylheptadecane 0.0654 0.0856 0.1149

temperstures then those listed in the table.

51; By Backer's préparation method.
2) By Backer's preparation method.

The viscosities were detormined on ssveral hydrocarbons at still more
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n-Hentriacontane, Cylgy 7{ 67, 4 = 0.0704
: S 7)67 5 = 0.0702
10-Nonylnonadecans, CpgHsg ; 7/0’ = 0.4580
20° - 0.1770
40° =~ 0.0875
60° = 0.0803
7,12-Dimothyl~8,10-di-n-hexylootedecene, Czoligg 7740° = 0.1848
' 60° = 0,083

1-Cyclohexyloctadecans, CggHag ; H4y 7 = 0.0966

772> = 040947
742 6 = 0,0934
765" = 0.0870
A5’ = 0,055
71600 :_ 0.0588

In Graph VI, the viscositles of the hydrocarbons at 90 C are set 2521
up as o function of the number of carbon atoma. The normal hydrocarbons form a
flowing line, while the branched snd cyclic somtimes lie above end sometimes
"below thie line. )

- In Craph VII, the semilogarithmic paper of the log)l is set up against
the temperature. ' .

: . The hydrocarbons aemtriacontene and l-cyclohexyloctadecene ars to be
cbasrved especielly; their viscosities are measured very thickly above the melting

noint;

The log 7(,- tenperaturs curves bacome straight above the melting peint,
end the courss of the curve i normal thereafter. The asswapiion that the paraffin
molecules tend to aggregate above the melting point is not subatantiated by the
vlaconity. _

IV. Aniline Points of Various Hydrocarbons ST
The aniline point had already been determined on several hydrocarbons,

fnough hydrocarbon end aniline was welghed out in ordsr to have ths volume of both
sahbstaness equal at 80 C. A resume of the valuss found is given in Table XXIIIX,

Table ¥XTIIX
' ’ Aniline Point

Hydnocarbon Hane . 4n ©
02144 Henelcosane 107.3 C
nC28i4g Tricosene 111.4

nC24850 Tetracosene o 113.7

ncza 58 Octacosane A 120.8
nCeolge Triacontene 122.8 ~
-nCglfgy Hentriacontene 117.2

nO8eH70 Tetratriacontane 128.8

{Continued)
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Teble XXI1X (Continued)

: ' Aniline Point
liydrocarbon Reme : in C
¢ Pentatriacontane 150.4
ﬂciﬁﬁ Hexatriacontene 120.4
nCaHgs Pritetracontane 150.7
Co4Bs0 2-Methyltricosane 11.3.8
Cogflsn 2,2-Dimothyl-n~docosane 115.0
02%5;4 13-Bathylpentacossne - 116.0
CqcH00 22-Hethyltritotracontane 189.0
Coaligg 1-Cyclohezyloctadecane 106.5

In Graph VIII the number of carbon atoms is plotted as a funetion 2532
of the smiline points. A flowing curve can be drawm through & number of the
nornal hydrocarbons. Several of the normal hydrocarbens do not 1ie on this
curve, nenely, u-Czgg, n-Cgglyq. The cause of thess deviations 1s not Imowm.
Concerning the remaining properties, for example, melting point or refractive
index, thess hydrocarbons pass in the common ranl. Perhaps 1t should be
pentioned here that the concentration by mixing, which has little or pract-
icslly no influence on the other propertles, powerfully affects the eniline
point. A closer investigetion was desirsble rogerding this.

0f the branched hydrocarbons, only 2-methyltricosene lies wpon the
line; 13-methylpentacosane, nethyldiheneicosylmethene and l-cyclohexyloctadecans
1io beneath it end 2,2-dimethyl-n-docosane ebove- the lina. -

V. Dotermination of the Heat of Fuslon, the Jeat
of Transformation and the Specific Heat of

Hydrocarbong

‘ The following method was employed for the determination of the bydro-
carbons named in thermal volume. _

A, The temperature eill rige by the addition of heat until the melt-
ing point or a trensition point is reached. The temperature will remain con-
stant a8 leng as the melting point or tremasformation remction is in wotion, btut
1% will again rise as soon as this is completed. If the temperature is get uvp
against the time, a curve is obtained as is ropresented In t;l_e following drawing.

/
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AB introduces the solid substeanee in the first modificationg
BC, the transformation of the first into the second modificationy CD, the
warning curve of the second modifications DB, the melting process; emd
EF, the warming curve of the liquid. '

1f the addition of heat per wmit'of time 18 Imown, then the 2534
length of the curves, the specific heat, the heat of transformation and the
hoat of fusion of the substances cen be calculated from the slope.

B. Dotailed Explanation of the Method.

: A cylindricel, eilver vessel with a dlameter of sbout 1.8 cm end
a helghth of about 2 ca contuins thicily comprosssd, gold-plated nickel geuze.
in the middle of the vessel is found a room for the raservoir of a thermometer.

The veasel was placed in a flesk which itself is located in o water
bath., The temperature difference between the vessel and the thermostat was
held at a constant value during the eatire experiment. Usuelly aroung 10 C
was chosea., By gaging with naphthalene, the number of calories that hed been
added to the vessel per mimute at various temperatures could bo knom. 3ince
the principal of these methods (detalled by Streub end #laloteux) has been
described in literature, only & brief dessripticn is included here. Several
corrections were introduced by us in everything,

Dotermination of the thermel volume with the help of a calorineter
nade possible the exact results that have been glven, HNsvertheless, the first .
mothod was favored, and this because the apparatus is cheap and simple and
becense the values can be obtained with more eese in an hour's time, RMNoreover,
the possibility of the observations of this netkod is effective over greater
temperaturs changes.

The infericr aceuracy of ssveral per cents that were obtained by
this method, favored for the purpose designated, namely, obtaining an insight
into the behevior of the paraffin hydrocarbons, verifies ths disadventagss
of the time-consuming calorimetric method. -

The determination of the quentities wes carried out, in case A6
preparation wae pure a8 possible, in duplicate, most of the tims oven in triple
or quadrupls,

The average velues for the heat of trengformation, in so far as
these hydrocarbons possess & transition point, end for the total melting
hsat mey be found in Table XIIV.

1t chould be noted that the heat of transformation is very high
in comparigon to the melting point. It can be seen that the total melting 2535
neats, time, the melting point at the lowsat temporature where the normol
hydrocarbons are of stable modification, deviate little from one smother.

(1Y Rec. Trav. Chim, 52, 275 (1933).
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Seblo TXIV
N Heat _of g‘_gggsfomation tel Melling Heat,
- Hzdzocarhon _Heme , in gate/B at_ hjf:cd s &b
”
Coaflge Henolcosene 12,9 32.8 - 57.1 - 40.4
Sosllg  Tricossne 16,6 40,8 5.8 474
Cosflgy Tetracossue : 21.0 47.4 60.8 50.8 (1)
e u Al 48,6 60,8 50.8 (2)-
SogHsg Octacosane - 15.4 54.2 57.7 8.3,
Coglge  Triacontems 4.4 59.2 56,7 8509
Cplgy  Hemtrlacontene 16.4 . 68l.8 57.7 87.3
Cgifiyg Potratriacontene - - - <
Ciflye  Pemtatriacontsns 14.9 71,8 57.5 74,5
Ozglps  Hematrlacontano 14.2 78,5 56.6 75.8 (1)
® 6 ’ 14.1 73.4 - - (2)
CspHgo Totracontans : - - 56.0 81.5
Cssdpg Tritotracontene - - §6.8 8504
CogHgn 24iethyltricosane - - 48.8 - 87T
Cogliso 2, 2~-Dnethyl-n-docosene - ' - 47.0 35.0
Cogliss 13-Methylpentacoaeane - - 48.7 = 28.0
Coglisg 20-Honylnonadecane - - - -
04800 Hethyldibenelcosylnsthane - - - -
Gé'gﬁés 1-Cyclohexyloctadecane - - 52.8 4.5

(l) Prepared by Prof. Backer.
{2) Prepared by Prof, Wibaut. .
g 3) grobably the profuet is not very pure. -

-T

The specific hest of the various hydrocarbons was determined at various
tenperature linits, depcading on tho experimental. conditions. The values found
for the various hydrocarhons es an average of at least two experiments ave given

in Table XZY,
Table XLV, 2536
- nC21Bag nCesfge vCodso ~ nCegllsg

femp. Spec. Pemp.  Spec, Temp,  Spece Temp, 3pec,
Ranga._.Hesl Renga._Heak Renga . Heat, _Range  Feaf o
1520 0,45 8, 2535 047 S 2535 043 8 2585 0.8 Sp
20-32 0,47 3y 4347 1,12 35-45 0.48 89 35.45 0.64 So -
24-%9 1.38 Sl 55-85 0.60 & 45-50 0.97 8 45-53 0,03 BS»

L L~ 52-6L 0.58 L 54-60 1.0l §

4855 Q.57
. 8276 _0.6L L

(Continued)

-
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‘Table XXV (Continued)

aCsotie2 nbsifley nC3sl72 n056i7e
Tenp. Spee. Temp., Spec. Temp. Spec. Temp.  Specs:
- Remps _ Heat Ronge  Hoat at H
. ‘. B 0.45(1 L
28-36 0,47 8y 25255 0.46 Sp  26-B6 0,44 8y 25-35 0.41(2) 8,
: . . 0.50
8545 0.52 8 ~B5<45 0,80 o 35-46 0.50 8, B5-45 0.46 8p-
: S - 0.58
48-57 0.60 8, 45-56 0.58 8, 45-56 0.64 8y  45-65 0,55 8o
. ‘ ' 0.76
€0-65 0.98 &  63-66 1.04  § 65-65 0.86. 8, 55-66 0.72 8y
. 0.93 ‘
67-77 0.6L L 76-85 0.60 L. 65-70 0.83 Sp 65-72 0.89 - Sy
72.5-73.61.15 8 74-75 1,56 8
0.61
75-80 0.85 L 77-86 Q.61 L
oCaglge a%459gs
Teap. Spec. Temp. Spec. 1) Pre;
Y Y epared by Prof. Backer.
Benge _ Heat .Renge  Hoat 52) Propered by Prof. Mbaat.
0-40 0.4 8 48-60 0,50 8 :
0-50 045 8 50-20 0.5 8
50-60 0.53 8 80-70 0.62 S
80-7¢ 0,80 § 70-76- 0.74 8§
T0-80 0,98 8 76-83 - 0.92 8
82-80 0.80 L B6-81 0.68 L
n024f50 . Codlp - Ceefigg T
. 2-Bethylbricovars 2,2~Diaethyldocosane lS-Mepthylpentacossne 1-Cyelohexyloetadocsns
Temp, -~ Spec, Temp. Spec. Temp. Spec. Temp.  Spse,
Rengps _ Heat Range Heat Bange Heat Ranpge Heat .

13-23 0,44 8 16-25 0.47 8 15-25 0.43 8 16-26 0.43
88-483 0,68 L 25-55 0.48 8 3645 0,55 L 25-36 0.42

59-45 -0.65 L 45-65 0.57
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Table XXV1 : 2536
Onfaa - g0flls oGl . nOpfis
T@pc BPBCO Tﬁmp.: Speco . T@po SPBCD ‘ Tmpo Sde,
Rangs Heat e Hea Hea Ran Haat
15-2L 045 S  25-35 0,47 Sp 25-35 0,45 8, 25-35 0.48 Sy
252 0,47 S,  43-47 1.2 85-45 0,48 85 3545 0,54 S,
84-33 1.8 § 56-65 0.60 & 46-50 0.97 & 45-53 0,63 82
45-55 0,57 L o L 52-8L 0.566 L 54-80 1.0l 8y
62-75 0.8 L.
nCz0lge e e 0CsH7e nCsgiye
Tamp.  Spec, Temp. Spec. Pezp.  Spsg, Temp.  Spec. .
Rengo  Heat __Benige  Hoat Renge Heat  ° Renge g;_?ag ?__.
. '.. ' 04
25-85 0,47 82 26-85 0.48 8 25-85 0.44 Sp e5-35 0.41(2)%
0050
35-45 0,52 8 35-46 0.80 8§, 8546 0.80 B8, 5545 0,48 S
. ' 0.56
45-57 0,60 8o ¢6-56 - 0.58 8o 45-55 0,54 82 45-55  0.55 89
‘ ’ 0.78
60-85 Q.98 31 6i-66 1.04 § 5565 0.65 8p 55466 0,72 89
. .0.93
67-77 0.6 L 75-85 0.60 L 85-70 0.83 82 65-72 0.8 o
1.081
72.5-73.5 1.18 8§ 74-75 1.38 Sl
0.61
_ 75-80 0.63 L 77-868 0.6l L
nC4oflge nCqsfas
Temp.  Spec. Temp. Spec. ' (1) Pre
parad by Prof. Backer.
Ranze Heat Renge Heat (2) Preparsd by Prof. Wibaut.
80-20 0.4 ¢ 43-50 050 8
40-50 0,45 8 50-60 0,56 8
50~G0 0.5 8 60-70 0.62 8
60~7C 0,80 8 7078 0.74 8
70-80 0,95 8 76-83 0,92 8
82-00 0,60 1 _ 86-91 0,65 L
aC24fi50 Co¢H 50 - Oogilse Coelyg
2-Hothyltpdcogane 2,2-Dimethyl gsne  13Methyl geopane 1. ohexylostadegeng
Tep. 3pes, Tenp. Spec. Tenp. Spec. Temp. Spec. ;
Rouge Heat __Renge Heat Reange Heat Bange Heat

15-26 0.45 8  15-25 0.45
8546 0.55 L  25-35 0,42
45=55___ 0,57

13-23- 0.4 8 15-26 0.47
83-48 0.85 L 26-35 0.48

57-45 0,55

il N <)
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_ A1 normal hydrocarbons investigated containing from 21 to 36 2557
carbon atpus, had a transition point which ranged several degrees below the
melting point, Thia sontradicted the observations of A. Buller (1), who found
no tranaition point for n-CoyHeg and Coglyg but a varying of structure up to
the melting point. It is probable that Miller's product was not entirely pure.
The branched hydrocarbons listed in Table XXIV possess no stable transition
points for the temperatures investigited. For 22-methyltritetracontene,
Baclter end B8trating (2) found a metestable melting point.

Worth noting 15 the strong dependehce of the specific heat of
bydrocarbons on the temperature. The bigh specific heat is astonishing;
those behaved somevhat similarly to the density under the stable modification
of nomal paraffines to the melting point. The specific heat of the normel
hydrocarbons which have no trensition point, namely, CgoHgs and Cqglgg are
also high under the melting point; they reached & value tgat lies botween
6.5 aad 1.0 )

1. Pfoperties of Hydrocarbons in the Solid Stats .

At our wish, uander the direction of Dr. J. H. Bijvoet in the
Laboratory of Crystallography at the Gniversity of Amstordam, two of the
hydrocarbons, henelcosene (Co3H4e) end n-tetracosane (024}!50;, wers subject-
ed to several X-ray anelyses at varying temperatures.

It can bo supposed that 1t is possible by X-ray enalysis to
euactly dotermine the cells of the lattice of a crystal. The transition
point is marked by & sudden change of these measursments so that in the
revolution apparatus of hydrocarbon demsity under the melting point, one
can gay that the cell measurements correspond. However, e pycnometer-
deternined denaity chengos in en emalogous mamner. The measurement of
laagth of a rhombic cell has more decomposition theam the simple measure-
nent of velume, and of course mot only because the gell formation comes
into light at approximately the same cell.volume, but because the chenge
in forn of the coll crystals glves e mtﬁ.cation of the type of structure chengne

4 survey was mads of n-CojH,, 2t the following tsmperatureé 2542
(ic Centrigrade): 20.5, 22.1, 30.5, ¥0.8, 32.0, 32.7, 33.7, 34.6, 35.3,
88.4, 87.8, 83,3,

The length of tho s~ and b-axis was meassured each time at
these temperatures. The values for the e-axis, b-axis, 100 x 1/ab and
a/b are given in Table XXVI.

(1) Proc. Royal Boc. London A, 120, 487 (1938) 3 A, 120, 437 (1938).
(2) Re¢s Trav, Chim, Hx, 942 (1940)0
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Table XXVI.

Temp. o 100 = .

in € _ain® bin®  1/eb a/b
20,5 7.43 4.96 2.7 1.5
2.1 -T.45 4,96 2,706 1,50
50.5 7046 4&96 : 2070 ) 1.505
30,8 7,45 4.965 2,705 1,50
52 7.46 4,965 2,70 1,50
32,7 7.TL 5.02 2.585 1,58
38.7 7.7 5.01 2.59 1,54
34.8 .72 5.00 2.59 1,545
85.5 7.81 4.94 2.9 1.58
36.4 7.84 4.93 2,585 1,59
57.6 7.9% 4.90 2,57 1.62

88,3 7.97 4.90 2.5 1.83

Ia Graph IX the length of the a-axis is found, in Graph X the
length of the baxis, in Graph XI the values for a/b, and in Graph XIII
the value for 100/ab is set up agalnst the temperature.

The motive for the velues found is given to which of the
following conclusions?

Tho length of the a~axis increases suddenly as it reaches the
b-axis by & good 32 O3 this points to the presczace of a transition point.
After these transitlon points, the length of the a~sxis inoreases re-
gularly in contrast to the b-axis which decreases. Correspondingly, one
finds 8 continual incrsase for the valus of &/b above the transition
point, (Table XXVI, Graph XI). The significance of this information ie
depignated as followss o o

» " 1In Pigure I there is found a perpendicular cross-section through
the packing of the paraffin bonds, the surfecs which the hydroearbon covers
going in the direction indicated by the diagram. :

The preferred direction of the molecules ABCD is one other than 2543
that of the molecules E and F. In case the molecular bonds begin to rotate
around thelr longltudinsl axis, then a corresponding cross-ssction, as in
Figure la, will be given in Pigure lb. The molecular points A,B,E, etc.
1ie then upon a lattice of three equilateral triangles. From this hexagonal
form, the proportion of the e-axis to the b-axis iss v 311=1,73.

' It 48 evident from the proportion of the velues a/b that, at the
transition point which is obaserved at a good 32 Cy mo hexagonal form is ex-
hibited; these tremsition points, therefore, do not depend on the fact that
the molecular bonds are recovered in rotation. Above these transition
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are ~
points, however,/others that we have alresdy reprasented as the a-

- and b-axis in the sense that the proportion e/b always nears the value
¥ 81 < 1,73

Near the melting point the rotation of the molecule in the
orystal 1s therefore imcomplete 1f partial rotation has already occurred.
The ocourrence of the transition point at 32 C has already ylelded the
measuremant of the specific gravity. In Table XXVII and CGraph XII the
values of the specific gravity as a functlon of the tempsrature are pre-
sented, As a check for the specific gravity determined in a pyenomstér,
the specific gravity was caloulated upon a dilatometer panel.

Table XXVIY
3 t
Femp. in C Pycnometer 0 Dilatometer

20 0.8518
23 0.9%08 0.9304
26 ' 0.,9280 0.9295
26 0.,9201 -
27 0,9285
28 0.927% -
20 0.9266 0.9286
32 0.92%7
32,5 0.8888 0.883%0
33 0.8821
34 0.8800
35 0.8777
88 0.8758
37 i 0.8704

38 0.8686

A sudden change in specific gravity occurs between 32 sad 32.5;
1f the value of 0.9237 at 32 C is comparad with that of 0.8838 at 32,5 C,
a change of 4.3 per cantAis evident, -

Algo the value 1/ab, which is derived from the X-ray photograph,
displeys a cudden changs if it ie plotted as & function of the tempsrature
{Graph XIII). The value 1/ab represents an smount for the demslty of the
hydrocarbon. If the chenge is calculated as 1/ab between & temperatare of
32 ¢ end 32.7 C, where these values range from 2,70 up to 2.585, then a

break is found of 4.1 per cent. The correspondence of the I-ray photograph

method and the pycnometer method for the calculation of the values is sat~
isfactory. '

2548
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" Herswith 1t is definitely proven that the observation of
A. Buller (1) hed not been made with a pure product. This observation is,
vamely: %CojHes bohaves in the same way as CgsHgg® and, concerning Coxflgas
®The traneiti%n rom the leas symmetricel form into the hexagonal close pack~
ing is a continuous function of the temperaturs.®

A sharper transition point was found with our product, which did
not coineide with the beginning of the rotation of the long molecular bonds.
The course of the a/b curves proves that the hexagonal proportion (2)s
1 below tho approzimate molting peint, was not attained; the rotation
was not complete, therefore, before the melting point was reached.

, An emalogous X-ray investigation was followed through with the
vormel hydrocarbon OggHgg. In literature it is given that the modification,
noneclinic type II, is steble at room temperaturs and &t 40 C changses over
into monoclinic typs I then between 40 and 44 a gradusl trensition shell
ogour to the hexagonal form, From this investigation & complicated proportim
of the hydrocarbons results., Now the essential point, that has been found
by this investigation, will be treated.

The acheme of the different modifications eppearsas followss
42°. 5 Triclinic (steble)

Hexagonad~scoe———=-Honoclinic I .
46.5-42° v Honoclinic II (metastable)

The temperatures given in these transition schemes relate to the 2547
cooling of the hydroearbonsy upon warming, the transition from triclinic to
nonoclinic occors first at appreximately 45 C. We will return later to this
phanonencn. .

The following velues were esteblished for the cell measurings:
Triclinic Hodification at Room Temperaturs:

as 7,428 o|= ~(b,c) = 102°
bs 50353 13:° 693) 29995
c= 3258 . 3/-‘-' -(a,b) = @9°

Honcelinic XTI Hodification at Room Temperatures

a= T.50 R
b= 4,99 ,6= 94
c = 32,7

Honoclinic Modification at 42
7.94 ' 0
4,95 ',6= 24
b

e
®un

Hoxagonal Modification at 46,5:°
a= 4,77 .
b = 85,3

51) Proc. Roy. Soc. London A 138, 8§14 (2932). .
{2) A. $uller, Pronr. Rov. Soc. London A 138, (1932).
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In Tablo XEVIII below, the area of the perpendicular crose-
sootions of the cells at various temperatures, the length of the o-axis
and the volume, v, calculated thercupon ave glven. The molecular volume
of the substonce is thoreby caleulated by multiplication of the number
by the Avogadro munber (0,608 x 1024) end dividing by two (the numbse of
molecules per cell). : -

ble XX -
: Avea of the Pere
Hodification % in G pendicular Cross Sect, . c-Azls v ¥ in_cnd
Triclinic 20,0 7.5 8 & s2.5a  1.2009%3  me
0.5 . B1.6 ¢ 1,22 ©
85,7 © 878 ® ' 1,23 ©
§6.5 37.6 8 ‘ 1,02 © ,
4.8 87.9 © 82,6 84 1,25 © 373
Honoclinle I 42,0 £8.9 ¢ 83.2 Q 1,88 ¢ 389
24,2 39,6 © . .52 ¢ 8968
Hexagonal 28,6 89,4 ¢ 38,3 8 1.8 = £95
Hatastable B
Homoclinic IT¥  20:0 3.6 5278 1.2 587

Tho values dovermined for the specific gravity by the pycacumoter 2548
nethod end those values ealculaged from then for the molscular volume follow in
Toble ¥WIX, Tuese values wers deternined sterting at roon tenperatare and
rising %o s higher temperature.

Table XHX
Tcap. g t? Hol. Vol. Tenp. g t°  Hol. Vol,
in C 4° Sn_ca in GC 4° in_ea
20 0,9396 560.2 &6 0.9280 384.5
26 0.987 530.8 48 0.8200 £67.8
50 0,985, . 38l.5 4G4 0,0312 8.4
a7 0.,8798 -
85 0.9848 362.2 47.2  0.8780 306.7
g3 0.96837 S6R.4 47.4 0.8708 68,7
o 0.668% -
Co 009526 562.9 o 4705 0.86‘98 3%- 7
47,8 0.6877 -
42 0.9322 388,0 - 48 0.8874 © 38G.L
: 48.3 0.8672 -
48.5 0.9%19 863.1 48,6 00,8669  -S80.5

. 49.0 0.6361 -
44.8 0,581 863.4 8,5  0.8866 860.8




Report 567-46

In Graph XIV tho specilic gravity is chown as a function of the
temperature; wherefors, one canm see that the molecular volume calculated
from thepysomater end the x—ray photographic method correspond. .

_ ~ 8ince the first named value 18 obtained upon warming and the
sccond upon cooling of the material, the tremsition temperatures are not
the seme. Even the absolute values of the molecular wolume obtained by the
%-ray photographic method wers higher then the others, since these absolute-
vaines in favorable conditions can bes calculated within 1 per cent. The
differance in moleculer volume amounts to approximately 6.5 per cent between
4% end 48 by the ¥-ray method and by the pycnomster method, between 44,5
and 47.5, to about 7 per emt. This conformity is satiafactory,

The specific gravity and the molecular volume, determined by
pycnometer and X-ray metheds, ars set up against the temperaturs in Graph IIV,

In Graph XV the specific gravity of nommal CogHpo 15 plotted as ths
fonetion of the temperaturs, where the measursmeant is glven at increased 2549
as well as decreased temperaturss, is shom, It is clearly visgible thats
the transition temperature is not the same upon heeting and upon cooling
. of the material,

At various points on the graph the time 1s glven during which the
preparation of the preparation was held at a determined temperature before the
gravity determination,

The values are partially glven in Pable XXX,

Table XXX

Specific gravity of. c Hs0o inereazed to
higher {empsratures ena decreased to lower

temperatures,
at® Hrs. hald at at’ Bra. held at
t.in € 4° Heag. Temp, tin C 4 ° Weas. Temp,
43 0,8874 : 43,6 0.8087 68
47.4 0.8684 43,0 0.8782 14
48,4 0.8695 4 end 16 43,0 0.9169 40
45,0 0.8712 4 and 15 42.5 0.8837 6
4.6 0,873 4 42,5 0.8917 15

43,6 0.8768 4 42,5 0.9328 24

Prom the observation at 43,5 0, at 43,0 C and at 42.5 C it 1ie
clearly visible the specific gravity found is dependent upon the time during
which the preparation has been held at the measuring temperature. The trans-
formation Into the stable modification at lower temperatursa occurs very
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slowly. The hysteresis rise, which one can obtain, is therefore wholly
dependent on the thermal prehisbory of the substance.

The specific gravity of various othsr hydrocarbons in the solid
states was determined at olher temperatures. Ho X-ray analysis was made of
these paraffins.

The results are summarized in the tables to follow.

fable XXXT
Specific Gravity of n-Cogfgg, Tricoseme 2652
Tempo Tenp.
in © cnomate: Dila te C ometer pﬂa eter
20 0.9370 - - 0.9268 0.9272
25 0.9551 - 40 0.8812 0.8807
80 0.9326 0.9327 42.5 0.8728 -
85 0.9205 0.9206 45 0.8647 C -
N Table XXXIY

Specific Gravity of n-Cpgligg, Octacosane

Teitp. Temp.
du aet Dilatompter _in C Pycnometer Dilatometer
50 0.9245 0.9285
26 0.£400 52,6 0.9217
50 0.9370 0.937 53,6 0.9208
35 0,934 0.9352 86 0.8777
0 0.9317 0.9550 576 0.8723 :
45 G.9281 0.9301 . 680 0.8673 008684
Tablp XEXITY

Specific Gravity of n-Cgpfigp, Triacontane

:.emp. remp.

An Pycnometer  Dj latonetsr Pycnomster atometer
20 0.9406 47.% 0,9262
25 0»9385 4895 . : 009245
30 0.9388 0.9358 50 0.9232

85 - 0,9328 0.9328 5b 0.9184
' | (Continued)
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Table XEXIII (Continued)

Temp. o Temp, ‘

in C Pycnometer Dilatometer in C _ Pycnometer Dilatomster
% 0,954 ~ B7.6 0.9181
40 . 0.9804 0.9297 ) 0.8777
42,5 0,9289 ‘ 80 0.8768 0,8752
45 0,9268 0.9278 62.5 - 0.8708 0,8692
46 0.9268 '

fable XIXIV
Specific Gravity of n-CgpHgy, Hentriacontane

Temp. Temp, '

in 0 Pycnometer Dilstometer in C _Pycaomgter Dilatometer
20 0.9434 47.5 0.9292
25 0.9418 48,5 0.9288
30 0.9385 50 0.9274 0.9286
35 0.9357 < bb 0,9233 0,9247
83 0.,9348 57,6 0.,9206
40 0.9342 : 80 " 0.9154
42,5 0,9524 -1 A 0.8887
45 0,9510 0,957 62,5 0.8786
48 0.9304 oo 88 0.8707

Table XXZV
Specific Gravity of n-Ozqli7g, Tetratriacontans

Tenp. Temp.

in O _ Pycnometer Dilatometer in C Pycnometer Dilatometer
2 0.9486 € . 0.9272 0.9268
25 0.9471 62.5 0.9238
80 0.9455 64,5 0.9200
85 0.9452 87.5 0.9160
40 0.9405 0,9399 68.5 0.8926
45 0.9374 . 0.9375 8.5 0.8769 0.8763
5 0.9843 0.9345 70 0.8760 - :
55 0.,9312 0,9308 n 0.8743
57.5 0.9291 :

2555
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Table XXXVI
Specific Gravity of n-Cgtfgn, Pentatriacontene

Temp. ‘ Temp,

_in G Pyvcnometer Dilatometer —in C _Fycnometor Dilatomoter
20 0.9476 50 0.9380 0.9858
25. 0.9457 55 0.9507 0.9510
%0 0.9436 0.9436 57.5  0.9287
%5 0.9405 0.9413 €0 0.9277 0,9277
40 0,9332 0.9389 65 0.9245

009365 :
' fable YAAVIT
Specific Gravity of n-Cagfigg, Tritstracontene 2555

T@&po i - ﬁ‘-empo
in G Pycnometer Dilatometer 3im € Pycnometer Dilatomster
20 ' 0.9589 | 55 0.9418 0.9422
25 0.9570 57.5 0.9395
%0 0.9552 0,958 60 0.9381 0,988
35 0.9550 0.9525 62,5  0.936L '
20 0.9507 0..9500 64.5  0.9350
45 0.9480 0.9472 67.5 0.9323
50 0,9461 0.9452 70 0.8298 0.9298
65 0,9418 0.9422 76 0.8227 0.9228

In Greph XVI the specific gravities are represented as a fimetion
of the temperaturs, 'The gradusl change in specific gravity at a deternined
tenperature, in all cases, is very clear. The exlsience of a sharp transition
poiht will,therefore, be proved in other ways. 1t is noticeable that, 1f one
compares the specific gravities of the solid materials at, for exemple, 30 C;
n-Cenfao has & lower specific gravity them a-C and n-0 & iower
",apegffg gravity than n-Cz.A70. ' 28858 55“72

1f 1t is certain that the occurrence is real, then e mors thorough
investigation is nscessary.

. A difficulty encountersd in the specific gravity determination of
all hydrocarbons with & transition point is the following: 4n order that the
hydrocarbon be completely free of air in the pycnometer, it 1s necessary o -
deaerato the melted substence in the pycnometer. If this is followed, then
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deasrated water is let lnto the vacuum. The melted materiel will ‘
bocome solid on cooling and trenspose after a time into the modificution
that 1o stable at lowsr temperatures, which brings with it a considar-
able changs in volume., It 18 easily conceivable that cavities exist

in the paraffin, vhich are not attainable for water, so an incorrect
neasurement of tho specific gravity has to follow.

" VI, Dotormination of the Solubility of Hydroearbons
I. 7The Bolubility of n-Heneicosane in
2,8,4-Trimethylpentane (Iso-octeane)

Various amounts of n-Co1Hgq were introduced into a glass tube
in which purs 2,2,4~trimethylpentene was found. This tube was ascaled
ond warmed in  water under continuous agitation. The heating took place
very slovly. The moment wes observed in which the last bit of hydro-
carben dissolved. The results of this experiment are summarized in Teble
XXXVIEI,

- Psble FXXVIIL
Solubility of n-Colfisg in 2,2,4-Trinethylpeatene

fii. to 02134 4
in

Hol. % famp, dn 6 log X 1/T. - 1/T

5,88 10.2 0.8375 ~3898 x 10™7
11.82 15,0 1.06852 ~2809 x 10°7
20,75 20.7 1,570 -2133 2 16~7
40,8 27,7 1.8086 -13%9 x 10~7

84,07 83,0 1,8087 - 782 x 10~7

The relation between temperature and solubility in en ideal
gltuntion (when the hest of mizing and the change in volume ars zero)
49 represented by the eguotions

Inx= o/ (1/% ~ 1/T)

In this case x 18 the copesat¢ration in mol, per ceat of tho
nydrocarbon, Tg tho melilng temperaturs in abzolute degreecs and T the
temperature at which the material dlszolves.

i? 1n = i6 oet up graphically against 1/T4 - 1/%, then &
streight line is obtained. Fron Greph ZVIT it ia cloar that it is possible
to drav a otralght line through a great part of the lnvestigatsd reglon.
The likeness, according to Clapyron; is thms practicable sbove a greater
concentration area. Also in Craph YVII is designated the T-x Xigure of
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normal heneicosane with 2,2,4-trimethylpentane. As it can be seen,

the point determined et tho highest concentration shell lie directly

. upon the fusion curve which reachos stable modification £t higher
temperaturse, e

11. The Solubility of n-Tricoseno in 2,24~
Primethylpentane
The velues for the solubility of normal tricosane can be
found in Tsble XXXIX.
Fable XEXIX
Solubility of n-Tricosane in 2,2,4-Trimethylpsntane

Ant. n-Cogflag Temp. '
in Bol. & jn C log X 1/%a = L/T
5,26 12.2 0.513%0 -2849 x 1077
¢ 810 17.5 0.7855 -$201 = 10=7
52,99 88,3 1.5182 -1435 ¢ 10~7
52,38 : %8.0 1.7192 - 934 z 107
7,77 42.1 1.8560 - 52% x 10=7

Algo, at thess conditions, from Greph XVII it results that
the equation of Clapyron corresponde to & greater concentration area.
The point determined at the highest concentration lies upon fugion line
of the rodification stabilized under the melting point, as is seen
from the T-x figare in Oraph XVIL.

I1Z, The Solubility in Acetone

Pure acotone was heated for an hour with ignited calcium
carbonate, Following this, the acetone was distilled and collected in
e otock bottle, free from moistened air. _

. The values found for the solubility are found in Table p:t A
It turns out that at a concentration of 4.60 mol per cent n~tetracozgue
and a temperature of 44.7 C two liquid phases occur. Between 44.7-and
. 54,3 C an squilibrium prevails between these two liquid phases, above
54,5 these teo pheses are again identicel. Other points in the dis-
jntegration area were not investigated, It cem bs concluded from Graph
ZVIII that the equation of Clapyron applles above a very small concenbra~
tion ares. Consequently thers 18, as & result, a deviation of the
approximation of the disintegration ares. :

2668 -
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Table XL 2669

Solubility of n-Tetracosans in Acetone

Amto n-02¢350 TMP. .

Azt. a~C2tfgy Temp, ok .
in Mol % dn G log x /T, =3/T in Mol B in C log X 1/Tg = /T
0.00145 4.4  -2.8373 -BL52 x 3077  0,0552 26,1 -1.2561 =25%5 x 1077

0.0018% 6.7  -2.7367 -4984 x 10~7 0,114 30,5 ~0.9457 ~2061 x 10°7 -
0.00287 9.4  =2,5415 4511 x20~7 0.223 34.4 -0.6522 -1634 % 1077
0.00802 18,7  -2.2205 -3988 x 10"3 0,420 87,0 -0.5771 -1361 x 10=7
10,0147 . 18,7  -1,8321 -3273 x 107 0,910 £1.9 -0.0409 - 864 x 1077
0,0186 20,3  -1.7797 -3193 x 1077 1.3 44,4 -0.2635 - 612 x 10~7.
0.0%07 931  .1.5128 -2876 x 10°7 4,61 54,3(1) -0,6638 - 343 x 10°7
- 0,0508 23,2 -2869 x 107 -

~1,6016

(1) Tomperaturs at the exact dissppearance of the disintegration.

Again in Graph IVIII & T-x
of the beginning of dislntegration.

figure is glven with the posstble location
Since oaly one point was determinad, the

lonation camnot be established with suretby.

b, Solubllity in Ethancl

acid

Abgolute othenol was heeted for an hour with

eleohol was dlstilled off.
in order to combine eveninally with ammonia present (from calcium nitrite

end water).

minations are given in Taeble ZLI.

calcium flakes; then the

The distilled aleohol wee treated with dry tartarle

Fhe alcohol is redistilled. The results of ths solubility deter-

Table XLI

Solubility of n-Tetracosane in Ethanol

.{‘.mto n"c 48 T@po .

in 4&_1912 %50 in C log ¥ 1/, -1/
0.00128 5.2 -2.8955 -5043 x 10°7
0,00795 17.9  -2.1022 -5485 x 1077
0.0200 26.8  -l.5525 ~2462 x 107
0.125 88,0  -0.8045 -1265 x 207,
0.29% 42,7  -0.538L - 779 2107,
1.042 (1) 53.5 0.0178 - 720 x 10~

(1) At these tempsretures the iwo coexisking
liquid phases become identical.
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It i3 to be noticed thet at & concentration of 1.04 mol per 2561
cent of hydrocarbon aand a temperaturs of 48,8 G two liquid phases occur,
wbich become idemtical at 58.5 €. Trom Graph XVITI it can easily be ssen
that the eguation of Clapyron is only epplicable over & smell area, The
disintegration disturbs the course of ths fusion curve, In the Twx figurs
the prcbable course cf the bsgluning off the disintegration is shown.

c. Solubility in Chloroform
Chemically pure chloroforn was distilled shortly before the
solubility determinations. The resulis of the determinations are set forta
in Table ILIX,
Table XLIT

Solubility of p-Totracosans in Chlorcform

Amt- Il—-@zéggsc. Teﬂlp.
L

in__Bel in € log x /T -1/
0.0295 WL -1.5298 7275 x 1077
0,174 -« 0.5 0,785 5772 % 10=7
0,840 10.7  -0,0238 -4343 x 1077
1,53 14,7 0.2375 3854 % 10~7
3,69 20.9  0.5672 =3223 x 1077

14,13 30,1 1.1503 -2085 z 10~7

56,52 39,1 1,5625 1148 = 10°7

In Graph XIX one 3ees that the esmation of Clapyron is velid
over a imrge concentration area, The [-x figure is also plotted in Graph XiX;
in %ho ares of higher concembrations, no points ere ascertalned; so it is
declared thet the prcbable course of the figure is plotied.

d.  Solubility in 2,%,4-Trimetbylpentane '
Purs 2,%,4~trinetaylpentene was distilled wnder reduced pressure

for these determinations. The resu’ts of the solubility deteminsetions are
suzparized in Teble ILIII,
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Table ILIIT
T 2562
Amt. n-0 ﬂso Tenp. dmt. n-C m Tmp.
| M o _in_No? Y.
0.0816  ~9.8 ~1.0886 ~7060 x 107 26,88 36.2  1.4262 ~1450 x 10-7:
0,406 2.0 -0.3028 5480 x 10~7 38,56 9.9  1.6860 -1069 x 1o=';“
1.560 11,1 0.1886 -4303 x 10~7 52,185 43,0 1,171 -754 x 10"
3.382 18,1  0.5227 -3464 x 10~7 67.06 45,8 1.8264 -494 x 1077 .
9,533 26,9  0,8792 2455 x wg 91.85 49,2 1,968 -142 x 10~7
19044 88,8 112886 f1757 b 4 10-

1% appears, from Graph XX, that log x set up against 1/7g - 1/T over
a large range of concentration cen be repressnted by a stralght line, thus prov-

ing that the equation of Clapyron is applicable over a large concentration

The T-x figure displays the normal course of the fusion curve.

Qo

Solubility in Tolueme

area.

Pure toluane was subjected to distillatlon under reduced pressure;

then the material was used for the solubility determinatlons.

these determinations are assembled in Teble ILIV,

) Amto B-cgqﬁso Tmpo
—in Mol % in

Table X.IV
Solubility of n-Tetracosane in Toluene

in Mol C_ log x 1/? -1/T
0.108 5.5 ~0.9885 ~B493 10°;
0,409 3.4 -0.3385 -5280 x 107,
1.198 10,8  0.0777 4340 x 10™.
3.944 19,3 0,.5960 -~3510 x 10~/[
15.11 28,8 1,1175 -2238 x 10~
22,43 5.8  1.3508 -~1697 x 1077
$0.75 9.7 1.5993 1074 x 10
86.1 48.3  1.9349 -~ 283 x 1077

The results of

From Graph XXI it is evident that the equation of Clapyron may be
applied to a seemingly large range of concentration, nemely, between 0.1 end

13 mol per cent of hydrocarton.

Also, a stralght line may be dram through

the pointas, which comprises the concentration range from 13 up to 88 mol.
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Hers agein the squation proved correct for a determined arss, 2566
However, 1% did not apply over the entire concentration renge.

The values for the solubility of n-hentriacontane in 2,2,4-
{rimethylpentane aro given in Tabls XLV,
Tablo XLV

Solunility of n<CGgiHgs in 2,2,4‘.-»1'riinathylpentana

Mmt, n-Cgyfgs Temp., ,
in Mol $ in C log x 1/T5 - 31/T

4,32 29,8  0.6356 =263 x 10°7
8,17 24.%  C.9123 2147 x 10~7
14,72 48.4 1.1680 -1725 x 10~7
54,4
59,7

52,17 1.5066 .~1156 x 10=7
54,31 1.7343 - 670 x 10~7

" fhe log x is ast forth agdnet 1/Tg - 1/T in Graph XILX. The
equation of Clapyron proves correct for the concentration range from 4.5 to
%2 mol per cent. Tae T-x flgures exhibit the normal plcture of a %usion
curve, Here, as in former cases, the range of the higher concentrations of
the hydrocarbons was not investigatec. .

The eutetic lies wery one-tided for all investigated hydrocerbons in
the solvents 2,2,4-trimothylpeatane, chloroform, toluens, acetons and ethancl.
The solubility of the solid hydrccarbons in the corresponding solvents bescomes
alightly extreme at the entetical temperature. '

THIRD CHAPTER
Hixtures of Hydrocarbona

Hixtures of the various hydrocarbons were preéared in order that
an insight might be gained into the possibiiities presented thersfronm,

A. Determination of the Viscosities of Mixtures
of Hydrocarbons . . 2887 .

"A mixturz of 50 mol per cent n-heneicosane and 50 mol psr cent tri-
cosene was prepared and the viscosity measured at 70, 80 and 9C C. In Table
XLVI the values found are pglven together with. those of the viscosities of
the pure components so that a comparison may bs made.
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Temp. Viscosity Viscosity Viscosity Mimture Viacosity Viacosity
in € in Poise in Polse in P;iee of 50 in Polse in Poige
n-CpsHgq 1n-C Mol % CoiHg4 and  Acc. to log Eque~ Acc. to Fluldity
= B4 5 ot B ooty tion Equation
. ¥
70 0.0252 0.0312 0.0281 0.0282 0.0280
80 0,0212 0,0261 . . 00236 0.0237 0.0236
90 0:0181 0.0220 R 000201 ) 0.0200 000199

The valuss of the viscosities of the mixztures in the next to the lasﬁ
colwm were celculated according to the logarithmic equation of Arrheniuns, which
is ‘a8 follows: ' '

logll = % log]( 140 log?’l s

in which V; and Vp ropresent the volume of the components in per cent. The
fluidity equation, from which the values in the lest colum are determined, is -
thuss

YA =.Vl/ﬂ’1+‘72/7l2
. In the case above, the deviation between the viacosities observed
- tnd those caleulated from both equations is slight, the largest devietion

emounting to 1 per cent.
2, Hixtures of n-Henlcosene and n~Hentrlaconteans

) Three mixtures were prepared, one with a composition of 25 mol per
cent of CpiHsa and 75 mol per cent of CgzlHgy, one with a composition of 50
mol per cent GnyH,, and 50 mol per cent 0516& 4» 2od one with a composition
of 75 mol per cent ConHgs and 25 mol per cent OgHgq. The velues of the
nessared and calwla%led viscositles are presentg in Table XLVII,

Table XLVII S 2569

Temp. Viscosity Viscosity Viscosity of Mix- Viscosity Viscosity

tn C in Poiso in Poise ture 26 Mol % n- in Poise in Poise
n-Omfge n-Cglgs Cpifaq and 75 Mol  Ace. to log Acc. to Fluldity
2 a 4 n-CzHg4 Equetion "ation
70 - - 0.0252 0.0660 0.0540 . 0.0649 0.0503
80 0.0212 0.0535 0.0440 0.0447 0.0413
g0 0.0181 0.0437 0.,0385 : 0.0370 0.0345

(Continued)
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' Table JLVII (Continusd)

Temp. Viscosity Viscosity Viscosity of Hixture - Viscosity Hacosity

in C inPoise In Poise 0 Itol 4 n-CyjHga and = in Poise in Poise
n-CojHgs n-Cxfgg S0 Mol 4 u—&%ﬂlm Ace. to log. Acc. to Fluldity
Equetion __Fguation
70 - 0,0252-  0.0660 | 0.0439 0.0445 0.0397
g0  0.0212 0.0635 0,036 - 0,033 0,038
00,0181 0.0437 - 0.0304 0,006 - 0,0278
Temp, Viscosity Viscosity Vigcoelity of Hixture Viscosity Viscosity
in C 4o Polse 4n Poise 75 Mol % n~CnHgq end  in Poise in Polse
n-Co1fag n-OgHgs 25 Hold % n-%lﬂm Acc, to log Ace, to Fluidity
‘ Bauation Bguation
00,0252 0.0860 0.0340 0,0344 0.,0315
80 0,022 0,053 0.0285 0,0288 0.0265
80  0,0181 0,0437 0.,0239 0.0242 0,0224 .

From the teble it appears that the value calculated for the vis-
coslty of the mixture by the logarithmic squation is always too high, the
deviation being proportionally slight and elways remeining under 2 per ceat.
The fluidity equation gives a considerably lower value for the calculated
viacosity of the mixture. o

A mixture of 50 mol per cent n~tetracosane and 50 mol per cent 13- :

nethylpentacosane was prepured and the viscosity measured, The values found .'

snd those celculated ars set up in Table ILVIIL.

Teble XLVIIL

Tamp. Viscosity Viscosity Viscosity of Hixture Viscosity in Viscoelity in

in C in Polse 1a Poise 50 Mol % n-Cp.Hsy end Polse Poise
n-Cogisop Branched 50 Hol ¢ br-Cogigs  Acc. to log Acc. to Fluidity
Cogllga Equation Equation
80  0.0288 0,0324 0.0308 0,038 . 0.0%086
90  0.0243 0.0271 0.,0257 0,0257 0.0258

It cen be.seen that the calculated value of the viscosity of 2570

mixtures both according to the logaritimic end the fluidity equations
deviates very little from the actual volue. The greatest deviation io

approximately 0.4 poer cento

Fhe nunber of measurements of the viscositles of mixtures has been
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too small to justify a generel conclusion; in the casse. investigated

the logarithmic oquation seems to be better then the fluldity equation,
even when the components of the mixture show a seemingly powerful separate
molecular welght.

B. 7The Bshavior of Several Binary Systems

The fuston curves for thess systems wers calculated for the ideal
pituation (that is, that no heat of mixing and no change in volume occurred)
from Clapyron's equation. The temperaturs was caleulated at which the solid
substance began to orystellige out. The values are givea bslow,.

Fusion Durve of n-CojHaa Fusion Curvs of nu-caﬁ:;e

50 Hol % n-cgla% 52,86 € 25 Bol % n-Cog4g  33.5 C
65 @ ® 85.5 & o ® @ 40,8
75 o & W 37.1 7 ®w @ @ 44.4
90 ©» °© 2 - 48,5

The geme heat of fusion, that which gave the stable medification
at lower temperatures, was takem each time. This emounted to 16,900 cal./mol
for n-C2lHa4 and 19,375 cal./mol for n-Cozflsg. In Graph EKIII, the calculat-
od fusion curve is dram 8s a T-x figure.

: It is t¢ be concluded that the end melting point does noi agree
generally with the calculated value, As an end melting point of a mizture
of 50 mol per cent n~Coifsq and £0 mol per cent n~Coafgg, 44.4 C was found
oxporimentally, and likewlse a velue of 42,2 C was found as the end melting
point 6f a mixture of’ 80 mol per cent n-C2llizga azd 20 mol per cent n-C23Hgg.

From the poor conformity of the observed points with thooe cal~
culated in the T-x figure, the assumption stating that the two components
forn a eutetic is proved to be incorrect.

Since information has beem published that the components form 2572
pixed crystels, a calculation must be mads as to vhere the beginuing end
ad melting points are. Also, 1t is hereby agsumed that no heat of mixing

occurs botween the paraffins.

The following relation then rosultss

&) - L=Gfl -‘% ()

[

Then it follows that @

7, = {(3-py) ey , - '.“
© (epey 4 (Q-pplsg '

8 end &y = the mol fraction of the hydrocarbon
ayP1s 8gPp = ‘the Liquid part at & given temperature
LR L) v;-_ ihe composition of the solid paraffin

@ ¢,= the moleculer heai of snsion of the first =nd second
components, respectively
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‘!l; T, = the melting point of the first end second componmts,
‘ 2 respectivel_y. - .

In case the paraffin crystallizes out immediately 2t the beginning
theplz_lmdpa-;_lo : - '

Bquation (1), in thie cese, is transposed intos

o hC %{%1'%? o

LT o
L = 84o

Tor the eolid phase 1t results, upon erystallization, that
¥ ¥ Yo = 1o Thus, 1t follows, in connection with equation (3) thats

axg_l.-l}.s& LR-1) =1 O
alen T Tl azeR T ‘E‘z

For a mizture of 50 mol per cent n~0m844 end 50 mol per cent
n~Cogflags it would be thuss

16300 é;_ - o.oosmé + 19878 él - oooosmj -1
0.6¢ '

0.5 1.988 (T 1,886 (T

(4)
$he golving of the value for T in the. simplest manner from thess

equations is accomplished by calculating the sums of the values of the
o-powers for different values of T. It is found, for examplet

Zemp, 1
n € T abs, Smm of the e-Powsrs
43 0.003165 2.338
44 - 0.003155 2,129
44,5 0.005150 2,053
45 0.003145 1,940
486 0.008.85 . 1.767
47 - 0.008126 1,610

If one then draws tho sum of the e-powers as a function of the
temperature, the temperature can be read off vwhere the sums ere squal to two.
Fheso last values correspond then to squetion (4). A temperaturs of 44.7 C
is found, which is ths beginning of the erystellization of the first traze
of peraffin.
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In a similar memner, the temperature at which the entire mass
completely solidifies can be calculated. The following relation resultss

16900 é; - g $
0.66 - 1.9686 {T  0.00329
0.5¢ - 19376 _é;; _ ; - 1
1.9688 (T  0.003121 ' (5)

Prom thin method it is found that the mixture solidifies complete~
ly at & temperature of 43,6 Co

Experimentally, 44.4 aad 43,1 C, respectively, was found for this
temperature, This agreement can be designated 38 satisfactory. By these
formations of mixed crystels, emough of the correct compound can never be
expected to crystailize. Groater or smaller deviation occurs secording
to the more or less faster cooling.

Using this method, we havs calculated the theorstical values to bs
oxpected for a mixture of 80 mol per cent n-CpyHsq and 20 mol per cent

n-Opgflage

For the temperature at which the erystalligation begem, 42.4 2574
wes calculated and 42.2 € was fowid experimentally. For the temperature at
ghich the entire mass solidified, 41.6 was found both experimentally and by
csleculations., The conformity, in this case, is recognized 83 being good.

, from the collective data, 1t follows that the two nydrocarbons,
n-Cpyf,y and n-Cosflgg together form mixed crystals. :

Also, from a temperature-time curve, ghich is made from an investiga-
tion of these mixtures that were combined in a silver vessel that can be .
soaled, 1t is ovident that these two hydrocarbons form & row of mixed crystals.
One can slso ses from these temperature-time carves that if’'ths transition
point in the mixture is lowered considerably, the tramsition stretch lies
botwesn 26 end 26 C while the tramsition point of pure n-CoH 4 is 52,8 &and
that of pure n-Cogfigs 18 40,6

As the T-x figure was not further investigated, it vould be interest-
ing to assemble data conceraing it. :

2, The 8System of n-Henelcosens and n-Hentriacontene

The 1deel fusion diagrams of the systems wud caicnlated again by
the recognised ation of Clapyron. The following valuss were found (for the
conceatration -an temperaturs) at waich the first treces of solid material

should appesar.

2 ol % n-CxHgy 349 C 50 ol # n-CyHgy €11l ©
§ » @ b 42,0 gs ®= ¢® " 63.4
15 & °© ® 50.8 7% ® @ a 84,7
g6 8§ @ n 55.1 95 @ *® . 66,8
0 = ¢ u 59.1
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The velues found by thermel enslysis for the heat of fuslon wers,
namely, 57.7 cal./gs therefore, 57.7 cal./mol,

Simultenecusly the fusion curve for n~C,.H,, was calculatsd and
the following founds at 85 mol per ceat, 38.5 C3 K’% % mol per cent, 37.1;

at 60 mol per cent, 34.6; and ab 50 mol per centy 32,6, The specific total
hest; of fusion was noted as 57.1 cal,/g, therefors §7.1 cal./mol., A graphical
repreosentation of ell this information is given in Graph XXIV; one sses from
this thet for & concentration of 4 mol CxHggy & eutetic occurs at a temperature
of 40 C. The total heat of fusion will always be used at the line of the
fusion curve. o

The velues found end calculated for the freesing points of several 2575
mixtures are as follows. "

Found Celoulated
25 Mol & n-CgyHes 2 54,6 C 65,1 C
75 ® % n-Cyfy, |
80 kol § n-CpH + 61.0 8lol
50 Mol % n-c%E ,
75 bol $ n-Cyfpy 1+ 64.8 §4.7

25 RBol % n-CojHyy

_ The values found and calculated seemed to agree favorably, Ths
components behaved ideally concerning the body of their fusion curvesj the
presence of a cutetic was very pleusible. Also, the couse of the temperature-
time curve of the mixzture of 75 mol per cent n-Co1fyy and 25 mol per cent
n~Cyfgq and of 50 mol per ceat n-C2lBgq &nd 50 mol per cent n-CzHea
corresponded to the T-x figure plamned. A piateen of constent temperaturs
i{s observed at the eutetic temperature of 40 C, Yhen the temperature rises
glovly up to the point at which the last tracs of solid material disappears.

At this point, the temperaturs again undergoes a sharp rise, since without
exception the liquid phape werms it ups The transition point of n-~-Co1Hgq

in *he mixzture will be observed as the seme asthat in the pure component. Iv is
thersfore not probatle that 2 1imited mixing occurs in the solid phese. Should
this be the case, then an influence, generally, on the transition point by
nixing with the second compeneat can be expected.

%, The System of n-Tetracosane apd 13-Methylpentacoseanse
The fusion curves were determined for these syateme as in the

foregoing cases. The first trace of solid maderial appeered as glven a
the temperatures and concentrations appearing belowm .

5 Mol § n-Cpllgy 231 C 60 Mol % n-Coglgy 45.7 C
15 2 © # 52,7 .- 75 © @ " 47,9
25 @ © " 37.4 g5 @ ®© R 49,2
g0 9 °© 0 41.8 g5 ©® ® " 50,3
g0 " “ 43.9
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In the same way the followlng vaiuss wers found for the cal-
mlei,ed fusion carve of 13-methylpentacosane.

2 Mol £ Cpglizg 14.9 0 60 Mol % Coglligy 25.6 C
50 % e 75 Mol . % 259

The total heat of fusion for the nommal hydrocarbon Cg,Hgp of .- 2677
€0.8 calo/gy or 338 x 60.8 - 20550 cel./mol, wes ussd; = valus was ueed '
28 the hoat of fusion for 13-methylpentacosane of 46,7 cal./g, or 368 x
46,7 = 17092 cal,/mcl. In Graph XXV the calculated graphical curve is
reprosentad. On the bacis of this curve, 2 entotic con be expected at
e tenperature of 28 G, while the eutetic combination lies at 8.5 mel
per cent setracosae snd, thersfors, ab 91,5 mol per cent L3-methylpentar )sane.

A mixture with a composition cf 50 mol per cent tetracosane and 50
mol per ceat X3-methylpentacosene was then investigated, This ghowed a
beglrning separation of solid material et 43.5 C, shile the caleulated value
wag 43,0,

The jemperature-time curves for these mixtures correspond to the
T-x Pigures drawn 1n CGraph XXV. %he temperature remains at a eutetic con-
stant, increases slowly through the melting rangs, and increases, except
8t 45,5 0, even untdil tho solid material has disappeared.

Laberatory

K. V. de Baticafsche Petroleum
Haatschappi}
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