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PREFACE

'fThe ultimate purpose of this reeearoh'wasrtok
“oollect dafa on the density and ooefficient of expansion’ '
| of a branched stralght—ohaln hydrocarbon, hexamethylethane.
Durlng the past several years s1m11ar data has been obtalnedf
in thls laboratory on several normal stralght—chaln hydro=-
;carbons by Wllllam.morrisfz nlgl Yatabe 25Ralph Pattersonj;7
and John Keays.7, Since the normal parafflns (even;numbered)
have been examlned fairly completely between Cl6‘and’034 it
was deolded to 1nvest1gate a branched paraffln.‘ It should
be p01nted out that the den81ty of the compound has not beenf
examined completely between 7000 and 9900
- ~Care has ‘been taken to describe all phases of the
“work undertaken as. completely as pos31ble although the

method of. measurlng the dens1t1es was exaotly the Same as:
) <

~ that used 1n prev1ous work here. 1hls should serve as an

ald to those who f£ill in the blank reglon existing in the
denslty curve, | g

I wish to acknowledge the valuable a551stance and
helpful suggestlons given by Dr. W, F, Seyer of the Depart-
mentfof Chemlstry throughout the‘oourse of the work. -I am
also 1ndebted to H, Soroos of the hthyl Corporatlon for the

Sample of hexamethylethane°

Reg. B, Bennett
beptember, 1945
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| THE DENSITY AND COEEFICIENT OF EXPANSION Oﬂ
HEZANLTHYLﬁIHANE ~ :

Durlng the past 20 years a great deal of research
has been carrled out by the petroleum 1ndustry, partlcularly
on liquid fuels. “Much of thls work has been conflned to the’
determination of the physical and ohemlcalgpropertles of thei
different hjdrodarb@ns‘whioh are‘preseht.k‘lnfthe eeSe~of

. automotive fuels it has been fOun.d"‘that the'pr’esenoe of
Ncertaln branched stralght-chaln hydrocarbons is essentlal
'for the productlon of 'high grade gasolines because of thelr

5,temperature stablllty5 and power. For th1s~reason, hexa-
. methylethane (2 2,3,3 tetramethylbutane), is of prime
1nterest | o ‘N'
E Data have been obtalned for some of” the phy81cal
k‘propertles of hexamethylethane. The heat of combustion at
constant pressure was found to be verZ elose to that of

:1so-octane, being 1501 3 Kﬁcal /mole. ~ The'ootane number

coof hexamethylethane is 105 whloh makes it useful for

blendlng purposes. Although it is a solld at ordlnary

L;Vtemperatures, hexamethylethane melts ab 101, 6 C and boils

’at 106 6 C - The following vapour pressures of the solid
9

’have been determlned by 1, Llnder.

TABLE l ;
- 5,0 2,08 '
- 0,3 .. 3,55

6.0 5,80



Since hexsmethylethane is the simplest compound
contaiﬁingwtwo néo”éarbOn atdms.it is of partiouiar inter-
est Ytheoretlcally, 1n the field of 1ntramolecular rearrange-

vmants.zzﬁzékInvestlgatlonskhave shown that Whenvthe quaternary
] grouping is.éymmetrical ,as is thé case with this compound,
there 1s a pecullar effect of restrlctlng the liquid rangek
comblned Wlth a large 1ncrease in den31ty of the compound.

1
1he follow1ng data is. glven by Morgan,bCarter, and Duck

TABLL~2 -

WP, B.E.
pepentame - 150.8  36.5°C
2,2 dilethyl propane B =80 96D -
n’nonane , - 51 - 150.5
- 3,3 diethyl pentane e a - 4] 139.2

n-ootanev : o= B7.4 124.7 -
" hexamethylethane (double R TR
quaternary grouplng) o #103 %106

”he crystalllne structure of hexamethylethane has
% beenrinvestigated by several,men.a G, Westzz found that the
i oompdund:was plastic and'iSOtrog}c7f0rming dqdecahedrons,

E whap’sublimed._yihié’may be'intéfpretedkonkthé basis of a

‘ body-centréd packihg of roughly,spherical mols.{,Powder
Ekphdtography'indieated body-centred_crystals'aontaining\tWo
| moleoules,,similar to hexachlorethane, While determining
é}thermal data on hexamEthylethane Parks,_Huffman,;and‘Thomasls"
| found a transition point between two crystalline forms ab
-125°C ana meaSuréd theaheatnofutranSition'(4‘20 cals/gﬁ),'

; From Qooling,cﬁrvg data‘obfained by the EthylZUorpdration

; another transition pbinthasafoundrto exist near the melting

point, Since the variation in the orystalline structure of



‘normalnparaffin hydrocarbons;is known, in many;céses, to

be accnmpanied by a variation in the density;'it was decided
4to inVestigate the densiﬁy and tnansition points of the
hexamethylethane by the dllatometer method and. determlne

‘the coefflclent of expan81on.

CRYSTAL FORMS oF NORMAL PARAFFINS

20
Tt has been shown by L-ray studles by Sav1lle,
14,15 16
Mﬁller, Piper, and others that uany members of the

paraffln series; along with other long-chain hydrocarbons,
 ex1st in several enantlotroplc forms° It/masnalSO‘found
that at the p01nt of tran31tlon from one orystalllne fonm
i"to another Lhere Was only a very sllght ehange in the basal
area of the prystals but a veryzlarge change in the OOl
latfice spacings,knGSulting in a‘sharpvchange in the
Z'vdenSity, ,Becauseybf this,fact, denéity«changes;with'temper—f

‘ature cén bé‘used'to determine the tranSitiOnftemperatur ‘

f 'and ‘the. relatlonshlp between the den81ty change and the

crysta111ne form. m
_ Ea S 14 15
It has been shown by A M#ller ~ that the
allphatlo hydroearbons may ex1st 1n at least three
crystalllne forms: " ' ‘

A, The normal form - the crystals are rlght reotangu—f
lér'priSms w1th the chaln axis perpendlcular to the lease.
In this form the planar spaclngs are a dlrect measure of
the length of the moleoules. '

B;' A lower form of symmetry - the orystals are not

- rectangular in eross-section and the chains may be‘inclined



at a constant relative to the base.
c. A form.whlch has a rectangular cross—sectlon with

“the- chalns tilted relatlve to the base of the crystals.,~

1gure 1

The hydrocarbons w1th an even number ol 18 or
more carbon atoms and odd. members of 11l or more. carbon '
'atoms eéxist in the A form;near the meltlng point. Thls isl
‘a characterlstlc property of the even-numbered parafflns

;up to C44, Even numbered parafflns up ) 24 atoms erys—

B :talllze 1n thc B modlflcatlon at normal temperatures. NearV

the meltlng temperature the B crystals are converted to the~*

e A form but revert to the ‘B form when cooled, - 0dd- numbered

chalns of 9 or. 1ess carbon atoms also ex1st in the B form
at normal temperatures. lhe paraftlns w1th 26 or more |
; carbon atoms crystalllze, when pure, in the C modlflcatlon,‘{
and show a higher tran31tlon temperature.‘ In the case of

Eﬂqnetetratrlacontane (54 carbon atoms) Plperlsldentlfled the

orystaisein the G/form‘as rhombs of,acute:angle 739,



e Apparently_odd number psraffins nener take.ﬁhe C form, but_‘
Wflller found single orysbals in the & form with an ’a‘eute' |
engle of 650. ‘The paraffln with 26 carbon atoms 1s the only -
'hydrocarbon that shows all three phases. \

The members i8, 20, and 22 glve a dlfferent
Tldensity curve on heatlng than they do on coollng.~ Muller
1~recorded thls phenomenon.from measurements of Lhe length of
the carbon chaln.‘ It was shown by Keays that the ‘Gensity-
temperature characteristics of ZQ and 22 were the same as
7k24,_26;etc., with‘decreaSing,temperatures;and\similar to‘
theflOWer'eVenfnumbercmembers'cf‘the‘series With'decreasing
i temperatures.' i/:; l
N ' An 1nvest1gatlon of the llquld sbate of several
{ hydrocarbons by Keays showed that the den51ty-temperature
f llnes were stralght and almost parallel Slnce~the llnes,
’are stralght and have the same slope it has been concluded
‘: that the molecules are in a llquld crystalllne state.';brom
E observatlons ~made by Mﬁller it is belleved that hexagonal

: packlng occurs 1n this uemperature reglon.

The crystalllne structure of the normal parafflns

~n has also been 1nvest1gated by Co G, Gray by mlcroscoplc

“lmethods, ‘He has shown that there are four crystalllne forms.
1,“»1he hexagonal system, ‘ |

2. ‘The orthorhombic system.

; bslcéThe monocllnlc or trlcllnlc systemkw1th the» ;

; molecules tllted at an - angle of 73° to the "base of the

j crystal.



4. The monocllnlo or trlcllnlc system Wlth two .
unequal 31de spaelngs but with the molecules tilted at an
angle of 619301 to the'base of the crystal.

© The ranges of the four modifications,are as
follows: - ] ‘ ’
' 1. 0d4d paraffins from;0‘111upwards§,even from C 18
upwards. ’ | k : | ”
2;1:Odd froi[C 11, even from C 18 upwards. |

‘B;V Odd from ¢ 5 to c 9 1nolu51ve evenvfme C 6 to
C 22 1nclu81ves

4. BEyen only from C 24 to ¢ 26 1nclus1ve. This
mc&ificatlon~has beenﬂobtalned-only by crystalllzation‘from }
sblvehts.f It has not been obtalned by orystalllzatlon of
‘mslts or by tran81t10n from one of the other modlflcatlons.

-It~must be remembered that-the crystalllne forms‘
given have been determlned for the normal parafflns only.
iIt stlll remalns to be found whether or not the branched
Vparafflns w1ll also crystalllze in the same: forms. ~b1nce
hexamethylethane 1s isotropic it 1s doubtful that the

_Sane crystalllne forms are present

PR TMITAL PROC’EDURE.P -

(1) Théorykgf‘the Dilatomeﬁer;‘

The dilatometer method is one of the most
aocurate,meanS‘of deﬁerﬁining thé‘deﬁsity,of{organic éoﬁr
pounds. An accuraﬁély weighed sample of thé\éubstance is

~placed in a dilatometer and then mercury is distilled in



7
‘under a vacuum until the bulb is filled. Density changes‘
in the compound at different7temperaturesvere indicated by
changes "in theJheight ofkﬁhe mercury column in the capillary
tube of the dllatometer. ‘Since the volume and’weight bf ,
the mercury is known along W1th the welght of the substanee
and the,volumevof'the;dllatometer,ylt'lsfp0551ble,tp cal~
culate the density of~the subetances onfrectiOnsumusﬁ be

made for the coefflclent of expan81on of the mercury and

v;'the dllatometer ‘and for buoyancy of the alr.

(2) Preparation of Dllatgmeter..' o ;

The capillary tube fOr;the dilaﬁometer~wae o

7 seleoted'from a piece of smsell bore capillary tubing of
uniform diameter. 'he diameter‘of the tube was determined
by measurlng the length of a welghed amount of nercury

‘at centlmeter 1nterles.v, “ ; | : |

: A glass bulb approx1mately 2 ecm, in dlameter was.
~£hen'blown fromrheavy pyrex tublng. ‘Before welghlng the
fbulb was cleaned with dechromate oleanlng solutlon and
drled by Washlng Wlth absolute. aleohol and heating to 50 b.y
‘The hydrocarbon was then placed in. the bulb and the welght |
xdetermlned. The caplllary tublng'was then sealed on and

'mereury dlstllled 1nto the bulb under a pressure of

1x 10~ _mm.f The dllatometer was then welghed and plaoed in 7{' '

‘bath, | | ; .
ySome‘difficulty was encountered iﬁ placing the

"hexemethylethane'in’the‘Bulb, The high vapour preSSufe

“and'ﬁhe narrow liQUid rénge of‘thé:compound‘made'it Aiffi-

cult to handle. Two methods were used.,



Figure 2.

A diggram of the apparatus'first used in filling
 the bulb is shown in hlgure 2. lhe dllatometer pulb is
3 shown with three gfound glass connectlons, one for the

Vﬂhexamethylethane, one for applylng a vacuum, and thc dast

for the dlstllled mercury.tcThe bulb was evacuated and heat~

applied to the bulb contalnlng the hexamethylethane, Dryv

'$~1ce WaS packed around the dllatometer bulb to condense the

E‘subllmed hexamethylethane,, Although most of Bhe compound
condensed in the bulb some also crystalllzed in uhe
f/caplllary tublng and in the mercury reserv01r. It was“c
b'found p0831ble to- remove all of the hydrocarbon from.the‘;
wall of the caplllary tubing by heating but some always |

recrystalllzed back on the tublng when - cooled



o To prevent the formatlon of orystals on the

9.

caplllary Walls 1t was decided o melt the hexamethylethane

under pregsure and pour it into the bulb., A dlagram of the

apparatus is shown ‘in ﬁlgure Se

-ﬁlgure 5

 The dilatometer bulb was sealed in a tube with a small

'.funnel and the bulbeof hexamethylethane. iﬁe tube was .

then eVacuated and hydrogen gas admltted untll the pressure

3 Was 25 lbs. per sq. 1n. As the apparatus Was heated the

hexamethylethane melted and flowed freely through the funnel;

1nto the dllatometer bulb The bulb Was removed from the

’tube, welghed acourately, and the eaplllary tube sealed on.

ihe mercury was dlstllled 1nto the bulb under a pressure of



, 10.
1 x 10 %ma.

Calibration of the dilatometer was left until the
end of the‘inVestigation when the mercury was,removed and
weighed, and the dilatometer cleaned of’all,the‘hYdro;
| carbon. oMercurylwas distilled infunder'a pressure of _
| 1 rfl0*5mm;‘and therleVel of the{mercurj noted at»different
temperatures. In this Way it was p0381b1e to determine the
volume of the dllatometer and cheok the bore of the
caplllary. All Welghts were oorrected for buoyancy.,

; In preV1ous dllatometer work done in this labora-
tory mach smaller samples of hydrocarbon were used (ligm,
in place,of 3.9 gms.).k It was belreved that this would giref
| 1the dllatometer 1noreased sen31t1v1ty. This made it
necessary, however, to remove mereury eeveral tlmes durlng
the:oourse of the work The welght of mercury Varled from
86,0971 grams for lower temperatures to 70 0516 grams for
the meltlng reglon.' ‘ |
(3) Temperature Control

; A constant temperature bath Was used to obtaln

constant temperatures) Tne bath was a pyrex glass cyllnder‘

= 25 om, in diameter and 46fcm,"high‘andﬂwas fitted with a.

‘stirrer, rariable heating eoil eontrolled by a precision-
“tuermo~regulator; and'a stand foretheldilatometer.e The'
bath assembly is shown 1n Flgure 4.‘ For temperatures below
VOOC‘Water was used in the bath but. was replaced by
Stanolax 01l at- hlgher temperatures because of large
temperature losses.~ k |

At flrst temperauure control was malntalned by
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means of the rhermo—regulator butrit*was found that the
: temperatare varied as mich as 0.1°C, 1Im the actual |
5eXperimental work the degree of heating was adjusted by
insulating the bath and immersing a 100 wattvlamp>in the
oil, vThe’temperatures at‘which deneity measuTements were
made‘areywithin f0.0ZQC of the reccrded'Values.'
’(4),Experimentel Observetions
- ' “‘he only experlmental measuremente requlred for
ethe den31ty determlnatlons were the temperauures and
correspondlng caplllary helghts.k ALl . temperature measure-
’ments were obtained from a platlnum re31stance thermometer
:#169154),, “he:thermometer had been callbrated by the :
- U. S} Bureau‘okatandards, ;The_capillary heights were -
| measured with a cathetometer graduated in 0,001 mm. It
;waS‘not possible;;hcwerer~ tokcheck'readings any closer
tﬁan £#0,004 mm. The mercury column was 1llum1nated fron ’
.behlnd the bath to facilitate readlng the caplllary helﬁhtSa'
| It was found that the tlme requlred for the »

hydrocarbon to reach its flnal state at any one temperaturef

",varled from.lS mlnutes to 48 hours dependlng on the region

being examined ﬁqulllbrlum was reached in a few mlnutes
Wlth temperatures up to SOOb and in the meltlng region. vIn?
this case readlngszwere taken every half hour. 4above 80°C
it was found that several hours elapsed before a state of
equilibrium wasvreached. At the transition.and setting
.points it Wasrfoundythateéa‘hcﬁre wes required In general; 

'equlllbrlum was reached more rapldly when the temperature
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intervals were kept fairly large. »bmall intervals of O.loQ
sometimes required two or three hours before equilibrium was
reac@ed. | |
RESUL‘I"S’. V |
(1) Caplllary'Helghtso

From the discussion of the dllatometer method
already glven it IS‘readlly seen‘thatklf the caplllary is
of uniform diameter thevgeneral«shapefef’the deﬁsitys
temp erature curves can be thained simply by plotting the
capillary’heights‘agéinet the resistence oflthe platinum

reSistance thermOmeter; In the case, the Sample of hydro-

o carbon Was SO large that mercury had to be removed every

200 or so with the result that the curve was not conblnuous.j
“ ‘It was poss1ble, however, to determlne any dlscrepancy in ¥
the dens1t1es in the region belng examlned Wherever
poss1ble eaplllary readlngs were checked w1th 1ncrea81ng
and decreas1ng temperatures. ;

?v‘(z) Gallbratlon of Caplllary Pube. .

i ’ Tne bore of the caplllary tube was determined by
measurlng the length of a known welght of ﬁercury at
centlmeter intervals along the length 01 the tube.' These,
results were later checked at dlfferent temperauures when
the bulb was fllled w1th mereury. 1hese results checked
very closely. The average area determlned by the flrst
method was 0. 0059515 sq.,cm. One caloulatloniof the area

determlned oy tnefsecond method is given.
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H

lags of mercury 1492362 gus,
 Volume at 84,80°% = 11.14665L cos.
{avoiumefat 43.94°C = _11.063626 cos.
uDifference in VOiume e , 0*085005,003.
hborrectlon for expan31on of glass -
= (40.86)(11.065626) (0. 0000096) = 0.004340 ccs.

0. 078665 ccs.'

’Net'expanSion ofhﬁercury :

oleIerence 1n mercury levels :A 19 853 cms. k
~Area of'cross-seotlon = 0. 078665 = 0,003962 sq. cil,

19.853
(3) Calculatlon of Den81t1es.
' The follow1ng symbols are used

temperature at whlch readlngs ‘were taken - °C.

helght of mercury above zero reference mark

cross~sectlonal area of the caplllary tube.

ko
n

0
V20 = Volume of ‘the bulb to the zero p01nt at 20°b
Vool = lotal volume to helght h at 2o°u

i L VZOO hAs : : i : ‘

b _ Total volume to helght noat tob

35 Ve |
| vzoh vzoh(t =20) a; where a o 0000096 cc/cc/OC

‘ f the coefflclent of expan81on of pyrex glass.v
Wwyltotal mass of mercury in dllatometer w1th hydrocarbon.;

'ﬁﬁ Volume of\mercury in dllatometer at too (see appendlx)

o owo= mass of hydrocarbon 1n bulb

't = volume of hydrocarbon in bulb at t b
s Vth - Tt ,‘ |
ﬁﬁ\£ dens1ty of hydrooarbon at toc

W
Nia”



ﬁxample of Calculatlons
‘ S A1 den31ty caloulatlons were made in the same
mannerQ

T

91.50%¢
'h

30.509 cms.

A = 0.0089% sq, om.

hA = 0.12026 cess

v20® = 11.05358 cos. | W |
~‘v20h = V20%th4 = 11.05558 ¢+ O. 12026 . 11.17584 cos,
h

‘ Vt = 11, 17584 & ll 17584 (91 50-20, OO)(O 0000096)

s ; = 11,18151 ccs.
W o= 82 6576 gms°

Tt = (82.6576) (0. 0747816) = 6.18127 cos.

ot = V&'Vt = 11.16151 - 6.18127 = 5.00024 ces.

= 5.8851 gms. e

AL T - .3.,8851 SR e

».»..xv__—-———-——:o.~ /oo,
?f“;,:m = 5.00024 ~ 7770 gme/oc.

,‘ngzfe TABLE 3
: TeQQ. 1% Density ' "Temp. Dengity
20 i s - n&u% . o , L
£0.69 — /a~ﬁ“w 0.8240 . 36,12 °  0.8151
21.18 0.8237 = 56 .43 0.8149
S B2.le. . 0.8231 37,31 0.8144
24,36  0.8221 38,96 ,¥ 0.8152
55,06 0.8217 - , 29, 55wm%  0.8131
25,81 . 0.8214 o ars ' 0.8117
25,67 .0.8210 43,55 - 0.,8107
26,73 0.8207 43,59 ¢ 0.8106
26,96 0.8206 43,90 \370.8103
- 27.75 0.8199 © 45,24 P 0.8097
- 27.98 %% 0.8198 L 48,50 o' 0.8075
30, 28e90r%\ 0.8193 - 51.,78Y = 0.,8055
31,57 . 0.8l78 52,07 © 0.8051
31.75 0.8174 56,93 0.8021
35.15 - 0.8168 58,11 ©0.8010

83,92 0.8l64 o 58,61 0.8008
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Lemp., - Demnsity Temp, Densitz
61.86 (¥®  0.7989 100.00 0. 7645
63.66 . g% 0.7974 - 100.10 047841
65.18 ~  0.7964 . 100.14 0.7620
65.76, L 0,7962 S 100.25 0.7614
68,01 9 ¢ 0.,7943 ~ 100.28 0.7608
71.55;iﬁ%§ 0,7920 : 100,35 - 0.7600
72.62 °  0.7915 oo 100.40 - -0.7584
72,89 - 0.,7914 - - 100.44 0.7572
73.08 0.791% 100.50 0.7548
74,51 . 0.7898 ~  100.56 0.7518
74,82 {9 0.7897 100.60 4 WP,
78.75 ¢4 o0.7869 “ v 100.59-/ By 0.6567 -
79.87: 87 o.v8el, '100.714 ~ 0.6568
84,525 - 0.,7826 ©100.84 0.6566 .
- 85.85-+ " 0.,7820  101.18  0.6563
85.97 0. 7812~k 101.92  0.6557
87.78 . ® 0.7797 . I02.26  0.6553
89;25J9Vﬂ“;"o 7786 . 102.58 0,6551
92,07 4" 0.7764 102,64 0.6550
99.48, 0.7682 102,80 - 0,6549.
99.92.  0.7657 o 103.42 - 0.6543, ~
99.98 0.7649 . : -
‘ . Descendlng Temperatures Only. :
LTemp., o Den31tz, . Temps ~ Density
. 99.83 ©0,7336. 93,16 0.7389
99,17 - 0.7340 . 90,87  0,7404
98.76 ~  0.7342 89,77 047411
98.32". 0.7345 89,02 0.7417
98,11 . 0.7346 87,86 0.7424
97.97 . 0.7381 . . ¥ 86,50 . 0,7433
97,01 0,7359 . '85,38 0.,7442
96,02 0.,7362 8412 ©0.7457
95.8L 0.7369 . 83,50 0.7469
94,97 0.,7370 S 82,60 = 0,7473
94.85 - 0.7377 ‘ , ~

(4) Dlscu381on.‘ , o
o The dens1ty-temperature curve for hexamethylethane
1s glven in Elgure 5 k’k
In the tamperature range between 200 and 92°¢ the
deh81t1es were checked w1th both 1norea31ng and deorea31ng
temperatures at least twice. @very ZOQ or so it was found

necessary to remove some mercury from the buib so that



l6.
néasurements could be made at'nigher temperatures. This
,,Wes done in each case without nelting,the,hydrocarbon} M
. Whenfmercury'was removed from the bulb to'measure the

o density between~92° and the melting'point~the'hydrocarbon

. was melted It can be seen from the dens1ty—temperature

that the hexamethylethane Solldlf16d in a different phase.
'Hence there is a regron where hexamethylethane has two :
den81t1es at one temperature representlng two erystalllne ‘
~phases. It Was not reallzed durlng the measurements that |
’two phases existed and as a result there is a blank spaoe

in the'dens1ty‘eurve. Itfwas notedf'however, that it was
1mposs1ble to obtaln con51stent readlngs in thls reglon.

tIt was later found that the meroury tended to stlck 1n the

- caplrlary tube when the temperature was lowered. iny one
~set of'measurenents has been obtained for”this phase betWeen3
8200 and 990G The existence of a s1mllar hystere31s in k
the den51ty-temperature gurve has been determlned by Keaysk k
‘ for the normal paraffln hydrocarbons 018 CBO and 022.,.

) | Some dlfflculty was encountered in obtalnlng
pgood readlntrs petween 99.5°C and 100,5°C, Until the
presenoe of the dense phase had been detected the hydro-
carbon was usually Solldlfled at 98 C To determlne the
density of the hexamethylethane Just below the meltlng point
~the temperature was. flrst set at 100, 4 C and then dropped '
to lOO.lop’after~48 hours./yln this region the temperature' '
had to be controlled within 0.1°C or less before accurate

' readings‘eould‘be made;‘:The'dense region could'be deter—

mined with both increasing and decreasing temperatures
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showing that supercooling was not*present. On,one occasion
the dense reglon was supercooled 50 98 Oob Apparently .
the dense reglon between 99 9% and 100,6°C is not stable.

Den51ty measurements in the llquld range were
obtained readlly. Readlngs were reproduced several tlmes;
The melting point of the hexamethylethane was found tq’be
100.60°C. | | e

Treatment of Results.,

/ l. : The den31ty-temperature’ourve for hexamethylethane
has been plotted from the results obtalned and is given in
1gure 4, The meltlng p01nt of the sample was found to be’
100, 6 L and a trans1tlon polnt was found to exist between

 65 G and 80° C The‘less dense phase is apparentlyvunstable
: between‘99.9 Ckand‘lOO‘6QGo Density determinations have not

_ been made between ézotand 9000 for the morefdense phase
B between 60 % end 82 C for- the less dense phase. The melting
,p01nt is definitely lower than that glven by Doss (101 600)%
2‘ o From the dens1ty—temperature curve the den51ty =
equatlon was establlshed for the llquld reglon ‘

b vt = 0.6568 = 0, oooag(t -100. 6)
,where Dt is the den51ty at any temperature to
| - The extrapolated 11qu1d density at zo°u is

"057288'gms/eo¢: This agrees falrlyfwell with the result
0.7219 gms/cc. obtained by G,~Ca11ngaertl,from solutiens
‘of hexamethylethane in n~octsane., ‘he coeffieienth;OOOSQ
agrees fairly well with arerage value 0.00085 obtained by

Calingaert for several branches hydrooarbons; ‘'he density
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coefficient is larger than theivalue 0}00064 given by e
Yatabe for n-tetracosane. | |
B - The density for hexamethylethane at 20°C~is,
’O 8550. This compares fairly well with the value O 83
given by West o2 ‘
4. - The coefficient of expansion of the liquid was
calculated to be 0. 0015515 eoﬁ@cﬁgc The speclfic volume "
equation for the liquid hexamethylethane 1s then: -
vVt = l 5226 (l ¢ O, 0015515(t -lOO 6)) ’
where Vt 1% the spe01f1c volume at any temperature tob
' : The moleoular volume of the llquid hexamethyl-
, ethane at 20 C was oalculated to be 156.42 ces. This fits

B
falrlyywell,ln‘tha curve given by balingaert@

SUMMARY.

v”he den31ty of hexamethylethane has been deter—

~kmined between 20°C and 103°C. There is a region between

92°C and 99°c for the dense phase and between 60° and 82°C’
: for the less dense phase where the den81t1es have not been
~‘determined.‘ The ex1stence of a-hysteres1sf1n the denSity
curve has been established but the tran51tion temperature
between the two phases has not been determ1ned.{ The
'temperaturefat'whlchnthe less dense phase reverts to the

more dense phase has been determined (99.9°V),



1l..

2.

4,
S.

6‘0"

7.

R
10.
11.

’\ 120',

13.
14.
15.

16,

17,

18.
19.

20,

220
23,

Ay,

19;

BIBLIOGRAFPH Y

‘Callngaert Beatty,yﬂuder,‘ihomson, Ind, ﬁng. Chem,

55 103, 1941,

“ballngaert and ﬂladly, o Am, Chem. Soe. 58, 155 1936,

'vDay”and;Pease, I, Am.vChem, Soc. 56’,12ll?~1934°

ﬁoSs PhYsieal ConStanﬁs'of'Prinoipal Hydrdoarbons, 1942,
Everhart Hare, Mack, J. Am, Chem. boc. 55, 4894 1933

ﬁran01s, Ind. mng. Chem., 55 554 1941

,Keazs, Master s Thes1s Unlver81ty of Brltlsh :

olumbla, 1942‘~

: Kurtz and Lipkin, Ind, Eng. Ohem., 35 779 1941,

Llnder, J. Phys, Chem. 55 531, 1931.
Lambert and Lecompte Ann Phys, lO 505 1938,

 Morgan, barter Duok Js th—:-:m° Soc. 127 1257 1925,

Morris. Master s The31s Unlver31ty of Brltlsh
""‘ﬁ'fhmbla, 1938, |

Miller, Proc. Roy. Soc. (Lomd.) Alza, 317, 1929.
Mﬂller’ Proc. Roy. Soc, (Lond ) 514, 1932,

Parks Huffman, Thomas, J Am, Chem, S0, 52, 1032, 1950.‘

‘Plper, Chlbnall Hopklns Pollard Smlth Blochem. J47

25, 2073 1951.

'Patterson, Master's Th351s Unlver51ty of Brltlsh

Solumbia, 1940, |
Parks and Todd, Ind. sng. Chem, 21, 1255;'1929.

thzer and bcott N Am. Chem, S0G., . 65 2419 1941,

Sav1lle Chem. Soc. 127, 591, 1925.,'

'1hacker, Folklns Mlller, Indo Eng. Chem, 33, 584 1941.
'West Zio Krlst 88, 195, 1954.

whitmore, Marker and Plambeck I Am. Chem. boc. 83,
1626 1941,

Q@%wﬁﬁwd S&W%ﬁ‘wmﬂ&&%ﬁ%wwﬁ
Cpeees Zc;,,jwpészf ,f%é-féf’)




24,
25.

Whitmore, J, Am Chem, Soc, 54, 3274, 1932.

Yatabe, Master s Thes1s University of British
solumbia, 1939, .

20,



21,

APPENDI)& A
Speclflc Volume of Mercury from 0°C to 105°GC,
lhe follovvlng Valu.es for the spec:Lf:Lc volume

for mercury were used

.Lem}g. S;;gec.Vole SRR “T:e@ o : bp ec.Vol,

20,0 . 0,0738233 63,0 4246
21.0 ' 8367 64,0 4381
22,0 8501 . 65,0 . 4516
23.0 . 8635 66.0 4650
24,0 - . 8765 87,0 : 4785
25.0 = 8902 68,0 0.0744650 5o
26.0 : 9036 69.0 4785 :
27.0 - 9170 - 70,0 4919
28.0 9304 - 71,0 5053
29.0 S 9437 72,0 ~ 5188
30.0 9571 73,0 . 5322
31.0 9705 - 74.0 5457
32,0 : 9839 75,0 5587
33,0 9973 76,0 5733
34,0 - 0.0740107 77,0 ‘ 5868
35,0 0241 78,0 5996
36,0 . 0374 : 79,0 , 6130

'B7.,0 . 0508 80,0 - S 8264
38,0 0642 81,0 6399

- 39,0 0776 : 82,0 6535

' 40,0 0891 83,0 L 6670
41,0 . 1024 - 84,0 6804
42.0 1158 85,0 6939
43,0 1223 86,0 7074
44,0 0,0741426 87.0 : 7209
45,0 e 1560 88,0 . 7344
46,0 1695 89,0 o 479

47,0 : 1829 90,0 . 7614
48,0 1963 91,0 L7449
49.0 2097 92,0 - 7884
50,0 , 2231 93,0 8019
51.0 , 2365 94,0 ‘ ~ 8154
52.0 2500 95,0 8288
53,0 : 2634 96,0 ‘ 0,0748423
54,0 = 2768 - 97.0 558
55,0 e 2903 - 98,0. o 693
56,0 3037 , 99,00 - 828
57.0 o 3171 100,00 ; 963
58,0 . 3305 - loi.,0 - 0.0749008
59,0 L 3440 - 102.0 S 143
60.0 3843 103.0 g8
61.0 3978 ©104,0 413

62.0 4112 ~105.0 | 548



