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THE DEVSITY AND TRANSTTION POTNDS

I INTBDDUGTIOﬂ T L e B
: I'b has been Imown from K-ray studies a.nd other investigations that
selid pa.raﬁ‘ins, in common with o’aher 1ong-c:hain ca.rbon compounds, ex=
hibit sudden transformations in their crysta.l stmcture as ’chey are

% passed through certain tempera.ture ranges near their mel’cing points. '

According to A. Mv.ller.1 there are ‘three - types of pa.ra.ffin orysfzals ‘
“’lmewn 80 far: I o : o
e ,(A) 'me normal form, in which the chains are packed 1n a priamatie
i eall of,regtangula‘r)cross—s‘ectiong ‘Th_'e eha.ins;are‘perpendi-
"fcularv £ 0 the base of the cell. ' |
(;33‘),' A fom of lower symmetry, in that the chains ‘may be tilted re- |
o “',la.tive to the base, whieh is net rectangular. ' '
: ,(40) A form which has a rectangular eross—aeetlon ‘end ohains which ‘
 are tilted relative to the basss |

“';These forms are. illustrated below: :

Ae O

». lv.' ’:_» ,k"" e . M . ' B '.' : . ; < B . o . i, ’
Huller, Pmc‘ ‘Roye Soce, Londone, 158 A, ’514;' <(195‘2’).



- (2)

;Z%ray measureﬁents show thatrthe length of Ahe ehain‘axis depends much
1:1ess upon the temperature than the other twe axes which are contained in
k‘the plane of the base- Enller, in measurlng the expaneien ef these axes
’, in the A and c forms, found that an abrupt transition took place fer
tetraceeane (024H50) and all the higher members of the seriess One ob-
Ject ef this present work was to determine whether or not this trans- ."
itlon affected the den51ty ef the hydrocarbone-' | - u
s H. Piper and his asseciates have shown that at or near this trans-‘

: itien point studied by’mnller there is also a change in the molecular
tilt, whioh may or may not be reversible upon cooling.2 This ‘change is
k;ahewn by the large ingrease in the 001 spacing when atudied by xhraye.

'ﬂﬂhxs can alao be eeen when 2 amall sample of 8 paraffin is heated in a

S melting point anparatue, (Fig. 1) in whieh case there is 2 definlte

ch}‘ i_in the opacity and velume ef the eubstence. Since there is a den-v

vesity{ehange invelved in. this tran51tion, “the dilatemeter methed wae
adopted last year by‘W.M. M‘orris5 of this laboratory who detenmined the
:density'and transition points ef n—dotrlacentane (dieetyl) The presentu
.work is an investigatien of the gimitar prepertles of n—tetracosane,

" employing the same type a-f,apparatum

"‘“I:i” oriet al, Biochem. J., 25, 2085 (1951).
Morrie, M.A.Se. ’l’hes:.a, UsBeCo (1958).
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;1; ; EKPERIMENTAL PROCEDURE

(1) a;ga.ratmn and Pumflg_atlon of Tetracosane.

7 The n—tetracosane had been previously prepa.red by HePe Godard of

"'this lzboratory for his resea.reh ‘on the solubihty -of tetracosane in
varlous solven‘bs.4 It had been. syntheswed from Eastman Kodak Compa.ny
| ,lauryl almahoi, using Kraff'b 8 method,5 employ,ing Vthe‘}\‘furtzrﬁ‘ittig ro~
v‘a.otion. L T i : SR : - '
I‘b véal purified by repeated fractional crystallizatlon from glacial
acetic a.cid, followed by washing with distilled wa.ter and drying in 2
vacuum desicoa’oor. The pmcedure was. contimzed zmtil 2 oenstant melting
Vpoint was. obtained. : ‘ | k
| T.he preparatlon was qulte pure,4 sé ﬁhat' ohe of the Smples was re=
;; fcrystallized only onces -The, other sample was Vreéwstal/lized,fourteen ,
'cimes.~ ' | o e

(2) Devterminatlonof the Meltin'r ?oin‘t;. ~

', '.T.'he a.pparatus Wa$ the same type as that employed by Piper, ’c%on- 7
‘~‘aisting of a small glass 'bulb, con‘baining about 100 c.c. of eoncentrated
aulphuric a.cid- (see Fig- l) The tempera.ture was ralsed slowly by a
| gmall burner, and was read off a calibrated 'bhermometer which was grad-
‘uated; in tenths of a degreyenau, The. usaal_ stem ,qorzfeotipu was a.pplied, 0
‘using the equatic';n,‘ ; | | '
R A g 0+000186 & (T-Ty)

where To. = oorreoted temperature, ;

.5a<i
1

observed temperature, B

5God.ard, MtAo Sc- Thesis, UOBOGO (1937)-
:eKrafft, Ber., 19 2219 (1886). .
Piper et al (J:ogo cite p. 2081
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(a)
L= length in degrees‘of mercury celnmn not at temp-
e"rature t0 be measured, | |
Ty = te‘:mpe,rature of the middle point of Vt}fe’ ‘emergeﬁt
thread. : | | | ' :
'_'11: was posalble with care to repeat meltlng points w1thin an aczouracy of
o.1°c. ‘ By taking eare not: to. raise the ‘bemperature at a rate faster than
kk 0.5° per minute, 11:wae found that thermelting‘peint of tetracosane wa‘.s‘
‘ 50~',7,° = 50.89C, Although this melting peint was lew,effhan: the values
'o"btainedwith lde'bhods employing, moref rapid rates ef heating, it was ih '
’ accordance with Piper 8 assertion that his method gave results 0.50 -
gt 0. 7° lower than the others.6 mhe recorded values of the melting point of -
n—tetracosa.ne va.ry ‘from 51.0° ? 51s 198 4o 51 5°c R - ‘
A second method for the determmatien of the melting point using the
| ; dilatometer and thermostat has been discussed elsewhere. Eﬂhq.s method
',gave the melting poin‘h as 50 700. |
.,(‘5):

& The dilatometer tubings used 1ast year b,; W.M. Morrislo were employed

'l‘ Pre v:ar_yti‘nb "'f“th:““Dilatnmete:j.y :
,aga.in thle_ years These pyrex capillary tubings had been fonnd to be of
',uﬁiform eross~-section by, mea,surmg,f at a eonstant temperature; “the l‘engthn

B l ’of a given amount. of mercury at different poin‘cs along the tubings. Know-
!ing the me.ss, a.nd hence the volume of the mercury, it was possible t0 cal~
‘cula.te the eross-seotlonal area of 2 tubing. The cross—sectional areas

; of the tubmgs used for thls present work were 0.00545 8qe ome and 0+00521

vsq.; eme, when calculated b,; this method. C |
Piper et al (1oc. cite pe 2081)s

Zﬂildebrand, JeA.Ce8. B1, 2487 (1929).

Beilstein, Org. Chems, Vol. I (p. 107) (1895). ‘

ngrafft, {loce Gite)s
orris, (100. cit. ) :



(8)

New, a thiel:-wa.lled buldb of about 2 cme diameter was blown from a
pieee of etrong pyrex “tubing end was welghed aecuretely. About 0 7 gme
of tetracoeane was weighed out, melted, filtered, and then poured inbo
the bulb by means of 8 emall funnel, whose end was drawn. The buld was
' - then attached to a syetem evacuated to .00005 mm. and the hydrocarbon wasg
B repeatedly melted e.nd eolidified to remove all oceluded solvent e.nd gasee. R
kThie procedure was repeated until a conetant weight we.s obtained. 'l‘he
bulb was now sealed to the O. 00521 5qe cm. dile.tometer tubing, ‘the brass
zero-jpoint clip wae attached near the bottom, and the oompleted dllato-v
‘me{tér' wae wedghed; The dilatometer was now attached to “the vacuum eyetem,

',eva.euated to the same order as before, ‘and, mereury was distilled in.

" ,When sufficient meroury had been dietilled over the dilatometer Was re-

meved, e.nd then weighed again. All the weighte were reoorded to the

neareet 0.1 mge and oorreeted for the buoyaney of ‘the a.ir.

(4) The Use of the Dilatometer.

» ‘The dilatometer was now clamped. vertically o a Welghted bre.ss rod,
a.nd plaeed in the themoetat (B‘ig. 2) whioh consisted of a cylindrioal
‘pyrex glaee vessel centaming water electmoelly heated by a eoil of ni-
, ,ohrome wire controlled by ‘a preclsion type thermo-regule.tor- . Gpoed ’agiu-
tation was obtained with a propellor—type etlrrero The temperature was
‘ eontrolled to within 0.020’ in the range 500-75°G, by meane 6f this arrange-
ment. For lower readmge. the- tempera.tures were held oonetant me.nually
by an adjusted flow of iee waters

The height of the mercuryf 1eve1 above the zero poi'ntimazd: at ve.rioue
temperatures was measured by means of 2 oathetometer. graduated in O 005
cme All the readinge were taken after the temperature had been kept con=

etant for from 5 hours to 75 hours, depending on the temperature. - For 5
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(6)

temperatures very near the :bz%nsition,.pcints, it was found necessary to
keep the temperabure canstant for 24 hcurs or more, in order that egui-
librimn vzas to be reaehed. Moa’c of the readmgs were duplioated, whether
they were obtained by heating' or cooling the bathe The temperatures were
read off ’che callbrated thermometer placed totally inmersed in the bath.‘

It waa found necessary to add gome more mercury for the low temp—
'erature read.ings. This was oorrected for in the denaity calculaticns.

Far the tubing of 0.00543 ‘8Qe- cme eross-sectioxmal ‘area, a.bout 0.5
rgm. of tetracosane was roquired. ‘

To de‘bermine ‘the melting peint: of tetracosane by using the dilato-,
‘meter- a.nd 'che thermostat, the. 'bemparature was raised ‘bo 50.4°9C," a.nd kept
k there for z heurs, then raised 0.1° avery 3 hours. It; was found that 'bhe |
hydrocarbon melted completely at 50.790. af‘ber 2 hours, which agreed very
ok well wi‘hh the value obtained prev:,ously-, ; |
(5) ‘

Ga.‘libra 1 ion< £ »ythey Dilat Jmete Ls
, The mercnr;y and hydrocarbon wera removed :t'rom the dilatometer.,
: The meroury was removed by applying vaemzm, and the hydrocarbon by re-
peated washing with hot 95% eﬁhyl alcohol. Aft:er ma.king sure that all the
.hydroca.rbon was removed., 'ohe dried dila‘bometer Wa.s weighed and ‘ohen att-.
- aohed to. the vacuun system. Meroury was'.aistilled in‘ao it, completaly |
£111ing the bulb. After welghing, 1t was placed in the thermostat and
the height of the mercury column was measured at various temperatures,
Knewing the mass of the merecury, the volume of the mercury wa.s easily
" detemined as was the cra_a,s-aegc‘bional,area, of the capillary tubing, whioh .

valuéf agreed excellently with that obtained by the ‘f‘irist methode
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 1IT. RESULTS

In the following tables and discussions, Sample 1 refers to the‘
'tetraoosane whieh had been recrysﬁallized once frcm Goaard's preparation,

‘ (loc. eito) while Sample 2 refers o tham which had been recrystallized

,\14 timﬁﬁo’

(1) Galibration of Tubes by the Second Hethod.

Samg;ekcalculations;fOr'thé'two tubings are giY$n:

Mase of Mercury o ‘ ‘ 'J:_:

Vblume at 5006. - , L R - ‘,5Q

vblumeiaxgsoec.k - ST
> D1fference in Volume ‘  L Vk  ;‘

.Correction fer Expansion Qf Glasa

(z@)(5.49727)(o.ooooogs)

Net expansion ef Msrcury 1& o ,*

47,2891

550968

B.49727

0.,01261

0400067

O 01194

Difference 1n.Levels - 7.820 - 5 550 - 2 290 cme

_Area = ¢01194/é.zso~«= ,0.005214 8q+Cme

Vblume of Bnlb to ‘Zero-Point at 5000. »

Oc¢‘ “

CeCe

caco‘ '

Cese

OQQ.

vge a v§b~ - nA = 5.49727 - 5. 550(0.905214)

= 5.46844 0:0. o

Sample 2.

- Mass of’Msrcury ' e
:Yb}ume a$;50¢c. , ‘  o -
olume at 30°C. -

: Differénce in Vblume | ; | -

’Correotion for Expansion of Glaas

= (20)(4.68179)(0 ooooosa)

6303057 gme

4469875 0uce

0401695 Cece

0,00690 CeCe




Hét Expansion of Mercury U e 0401605 cece

Difference in levels = 11.275 = 64585 = 44690 cm.

e

| Area = 0.01605/4.690 = 0.003422 sqe cme

Volume of Bulb to Zero-Point at 509Cs ,

80

= V- hA o= 4.66079 - 6+565(0,003422)

= 4465926 cecCe

The vglues are ta'bﬁlatad in Table I bélow:; ‘

| jsginplé [ _ Temperature 1 4rea of Capillary Volume at Zero Pt
T c. | | 0.005214 sgecme | 5.466’44‘_(:.@,.’ |
2 50° ¢ | 0.008422 sqeome | 4-65926 cec.

- The areas of the dapillary tubings computed by the sbove method are

seen to agree very Well with the values ob'ha.ined by the firat method. :

ViZe, 0 06521 SqeCMe and. 0.00543 sq. ome .

(2) Ca.leulation of Densities.

Since all the calculations follow the same. pattern, only one ex=-

iample has been given. The following symbola were used-

A =

cross-sectional area of the tube-

temparature at which reading wag taken.

volume of ‘oalb at the zero mark, the subscript 1ndicating
the temperature, 50°G., a‘b Which the volume wa.s determined.
height of mercury column a.bove ZeT0 . mark.

volume at heigh'b h at. zo Ce o

 volume at height h at $°C.

_vh ¢ 1+8(t-3)) wieres = 3.6 x 107 c.ce/ %,

vthe‘ __,\QQE,;f@Zﬁ:LQient of dubiﬁal ; exjgénsian of pyrex glasss
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-
'

mass of mercury in the bulb.

+ volume of mercury in the bulb at t°C,

[

W X (Specific Volume of Mercury at t°0.)

4
1

mass o,f te‘,sra,egggne in the buJ.bs :

| volume of tetracosane in the bulb at t9C.
. -Vﬁ- Ve e
density of tetracosane at t°C.

t =~ 50,907 Qo
A - 0,005214 8gsome
h o~ 520665 cme | |
ha = (0.005214)(52 555) £ 0.17082 cec.
\ vgo t 5t 3.4-6844 Geca
A N B .46844 + ox.avdsz- = B.63876 c‘.c.
"= 3.63876( 1+ (9.6 % 10"5)(50 90 - 0. oo) )
50s90 .
CooE ,3-63949 CeCo ‘
W.oo® 56,6769 gm.
“?5@4'9'0 = 56.6789(0.07425506) ;" 2472287 cecs

' ",750"_,90 = 5.65949 - 2 73287 = o91662 CoCe

W= 0. *7157 gme

\11)59990 = 0.7187 r/,o_.;alﬁesg, - 0.7,786 gm.'/ GeCs

The results for the two samples for the complete temperature

| 'ranae are as follows: k




04005214 sg. cm.

027137 gme -

3646789 gme

(10)

. h

e

. . ,t i

Y

Ve

Dy

80400
135400

',,49.00;
| 42200
{5000
[ 600

f,46»§9

"f¥46!BQ_

| 46490

i;47§¢0‘ 

47410

| 47.20

Jareso
,\147350~
|areeo.
g 47?79
; 47?§O
: 4759@}
|28-00
|48.50
\ f49900f

~ |49.30

1.340 |
24050

29590'

,3o560f
40220
54175
5550
5605
6880
7,855
84495
;9.9;0 

109516:

109559

13.350

[r8.900.

14,385

14,440
~14?559

14.885

|50400

15,150

34155

14,7680

10400699

10401069

10401850 |

0401645

0401856 |

0402200
0.02698

10,02083
0:03088 |
0.085827|
0404096
0102429
005167 |

10405480 -

0,05542
0.06961
007247

0407500

007529

0.07586
0.077085

o.c??éif

B.47543

8447915

3.48194

8,48489
5448700
| 5.900e
3949543f

:3949?27:f

5.49912 |

450171

,.595§949f 
51512?5; 
3.52011
zgséaé&;
B.52506 |
| 5.53@05
3.54091 |
| 5554344 
5054675
 8.52430

5954550’
3.50605

354927

8447543

8247950

| 3.48227

5268529
8448750

93349995,

5449598

5449969

| Be50228

3450998
5451851

552070

| B.58865

$+54152

’~59544Q§5‘
5?54454,
5.54492

5.54615

3.54671
5454895

‘ 29?1359

2471505

zomL7EL
2471674
271996 |
/2g72045,
‘zz?zo75

: 3;?2084‘
272089
2472094
2472009 |
272104
2.72114 |
2973;19,
2072124
2;73129

| 2o72154
272189
*?»72145

2472156

2.72194 |

2472209

[oovzrsa |
j‘o.764é5-’"
0.76478

"0,75555 i
0476754
o.77058 |
077528

0477699
0477880

O.?8l54»

0.76699
0.79227

0.79956

080264
1 0.80321

0.81756

0.82018

0.82266

062291

0.82854 |

0.82462

0.82653

0.82421

049356
049539
049338

049811

0r9299

0.9262

0.9206
0.9185
- 049164 |
0.0154
1 0;9946 |
| 0.9008 |
0.8926

. 0.8892"

0.8886

0.8782
048702 |

- 0.8676

0.8675

08668

048659 -

0,8655

048635

0.07988

2472242

E
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h

nA

gg_‘,

—
¢

;mté

Vi,

Dy

50430
50450
50460

B50.70

| 50Js0 |

| 50.90

| 52.00

55400 |

| 86200
gso;bp‘
66.00
| 70200

175900‘

5.00|

 10?00

| 15000

, 2030Q;'

35QQO
| 50,00
88400
| 40400
| 4400
| 45000

"4Q!Q0

| 48,00

15.485

154875

184255

82615

32,645 (.
324665

82.928

534625

‘53.365

54605

354990

»5?5155

384350

54220

i 54950

64650

vats]
© 7,865
84545

9.315

10135

10,905,

11,220
124085

'22,050§

o;¢a¢4sl
0408277
0.09518
0.17005
o.;vozi
0f17053t
0;17167
017502
'0.1565? 
0.16147
0}18?55
0.19575|
0.19996]
0.02722|
 0;05092 
0.08457|
0.08762|
004101
0+04455|
0404857 |
0.05264
'Q,oasasf
0408850

0.06285

0.11497|

354692

5455121

B.56362

3.63849

366665 |
366876 |
3.64011
5.64576

,3!64501
564991

3465609

B.66217
5,66840

[7ith paaitionalnite

5%%9565
549936
'5959&9;5
3:50606
3050945

5451299

8+51701 |

352128
5452550

3,52694

5453129

| Be63921

3454961
B.55191

3955455

Z.68949
8464088

f5964454

8464592

3065096

3465732

'59@6557

- 8.669%8 |

roury W

3449482

3.49869

350251
3.50572

susoses |

A5951399
51718
5.52162

352577

sasenas

"B.53183

5,50408

3.63957 |

2472257

272267
2472272
| 2er2277

2072262

2.72287 |
2.72341 |
| 2.72487

2.72755

2472978

. Re73225

‘23754?01

082704

\0,82934
0084161
© 0.91644
0691655
0.91662
0.91747

0.91977

0.92055
| owzses
o.02758
095152

0.98528

- BY.2142 gm.

‘ 2;?5974 ;
2.74223 |
2478472

2or4721 |

2474969

275218

2.75467 |

2475717

2475917

2475966

2,76015

2476115

0475508

075646

0s75779

0.75651

0475959

076081

0.76251

| 0.76445
0476660
0.76779
| 0.77168

’ 9.82286

0.8630

‘096607

048480

0.7788 |

0.7787

0s7786

047779

0.7760

047758 .

0.7727

0.7694

’017665

0.7631

0+9452

0.9435

0.9418 |
0.9409
0.9396

© 10,9386

0.9360

049336 ‘
049810
'0?9296

10,9249

0.8673




- 0.4561 gn.

- 4.65926 c;a.

‘ P f0§005422 éq.

- 56,8663 gu.
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Clls
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'na

o n

80

5 .
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Ve

V'Yt

Dy

| 88200

| 40000 |
,j145,90;
| 26400
:;4§§éQ”
V‘- 46§§Ci
f %??i°f
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012793

0.18385

0013974

0.01968

0.02585

10402803

.0.03150'

9.03579

0.04016

0404459
0404925

0.05525

0405450

0,05667

40e9939f

4.78119

4.78719

4479809

4479900

4;67894k
4168509~
4,66729°
469076
4.69505 |
469942
470585

4.70849.

4.?1251

;4.71576
4471593
'4,7521?'

4.78257
478880
4.?9495
74.30107
¥

g.67782
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0,48419
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0.48865
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0,49179 |

jo,ﬁzsse
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049420 -
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0.9397
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/Q;aéea
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0.9354

0.9312

1049302

6592?4

, 0-8$62‘

(5) The density-temperature curves have been plotted for the range Oo to

;80 0. 9 for the two samples. (Plaﬁe I at the end.) The density at 5l. 1%.,

0.7785 gm./b-c., obtainad~w1th Sample'l. has been found $0 correspond very

 we11 with the value found in Beilstein.'

1viz., 047786 gm./b.c. The low

;valuea found for Sample 2 are probably dne to an error in the callbration

Qf tha dilaxometer-’_

' (4) The melting point of tetracosane has been found to be 50 7 Ce using

two methods- The value is lower than those found in the literature by

Gis‘ff éﬁaéilsteins (ioce.ciﬁzl




(14)

0,89 $o 6589, but "i‘e,i ingeneral agreement with Piper,',s reeulfe.?z
» ‘(5{) The f‘bransitien pein‘be of tetraeoeane. as’ indice.ﬁed by definite
rbreaks in the;deneity eurves, haye been found to oceur at 4% 9° C. and
:50 6+ G.. At these temperatures definite changes take place in the crys-
,.talline structure. The opaque form stable at room. temperature is eenvertede: 
'ecompletely inteh&hé*&naﬁelunent form at the lower traneition point, while
at the higher tran31tion point, the translucent fonm is converted into a
"seeend epeque ferm, whieh 1s stable only within & fow hundrédths of a de-
"f'gree. Immediamely abeve this second traneition temperature, the hydrecar—

’ bon melte.

All the reaetlene were found to be reversible at the traneition

'~‘peints, or more correctly. transitzon regione. It was. found, however, that

the metamerphesie from the tranelueent inte the epaque form required many
days, and perhepe weeks. before the traneformation was cemplete. The
ehange from the opaque into the tranelucent form did not require more than
o & few heurs, before equilibrium was eetabliehed. A% the eecond eraneition
"point. equilibrium was reached in a few heurs whether -approached frem
"belew or above it. It was not poeaible to obtain 8 reading right at this
pointy,. because of the limitations of the thermoatat-
| ;(6;" From the deneity—temperature curvee. it can be seen that ‘the curve -
' for Sample 2 has & steeper slope at the first traneition point then that.
for Sample 1. This shows that repeated fraetional reerystallizationa will
purify a hydrecarben, oonfirming the resulte obtained by Morrie1 with his

werk on dotriacontane-~

12P1per et al. {loce cite p.zosl).
13 Mbrrie, (leeo cit.). 4




(15)

'fzyér‘ TBEATMENT QF RESULTS.

(1) Fram the denaity—temperature curves, 1t may be seen that no sudden :
Lchange ’Gakes place at 400 - 41°C-, at which temperature Mullerm

; served a definite expansion in the cross-sectional area of the unit mol-
,ecular crystal of tetracoaanen From this fact. it may be inferred that

"‘changes in eross-seetion of the crystal have little or no effect on its
, denaity. |
o ( ) The A a.nd B forms of the 001 apacings have been found by Muller and

_ fSavila %o, be 52-5 3 and 30.4 3 respeetively, fer tetracosane. The ra~-

ltio of the . B to the . A spaoing is then O 955. Now, if the density (w ,8676)

‘ :a,t the’ firat 'bransition point, 4”?.9 G¢, is divided by the estimated den-
.sity (0 927) at the same temperature found by extrapolating the low temp—
erature part ef the curve, the ratio 1s found ﬁo be 0.955 againo It may

"therefor be inferred that the B form corresponds to ﬁhe opaque form of tet-‘

';racosana whieh is stabla at lew temperaturas. and the A farm corresponds

; fto ﬁhe translucent form. One may also ‘say. that the change in density at

o the transition point is due wholly to the ehange ‘in mnleeular tilte.

If one appliesthe same calculatiOne to the denaity eurves of dotria-
>«contane obtained by Morris% the ratio of the densities is found to be ;’H
a,0.8770 / Qe 954 ’ i.e. 0.959. This showa that the opaque fonn of tpis hy-,
drocarbon is of the B type as in the ease of tetracasane' Gne wondera why

,]..'

Piper and his assaciates ceuld not obtain B. spaelng meaaurements for do~
triaeontane.17, | | |

| If it is assumed that the A form is the tranalucent and vertical type
of orystal. then the ratie B:4A corresponds to the sine of the angle of

: 14Muller. (Log. eit.), : ,

- 5wmitler and Savile, Proc. BQyJJSoc. Londs, 1274, 417 (1930)
16 Mbrris. (loes oite) PR ; g ,
17Piper et al, (loce cits)
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(16)

,mqleoular;tilt, which angle whéﬁ calculated for the case offtetjacosane

comes to 69650;

(5) Since the 4 spacing is a linear function of the number of carbon atoms
in the hydrocarbon molecule.1 it is perhaps safe to 1nfer that the density
at the first transition point is also a similar function. Using the values
:gbobtained with tetracosane and detriacontane, & graph has been plotted for -

Oy to 035 paraffins. (Fig. 3.) The preaicted densities are tabulated be-

lows
k i;mgggE;;II |
" nq,»th¢ éﬁoﬁsyyr ‘.':7f“<vlr Density at. First Trans- Pt-
o :23 ';:k e e - 0.8668 gm./boc.f‘ ot
o e e '048688« o |
2% | o0
R if~5}k9e8?11 
28 P . oweres
e | e , A
B B 0.8758
;"55' | 3 B = i 0. 8782

{4) Fxom ‘the denaity—temperavure gurve. for Sample 1, the following den-‘
sity equatien was established for the liquid 11ne: |
- Dy & 07788 - 0.00064 (t - §047),
where Dy is the density at temperature t° C. ,
_ Applying this equatian to three densities found in Beilatein,lg the val-

ues. corresponded very well- They are tabulated below.

18piper et al, (loc. cits p.zoeo)
19 Beilstein.»(loc. cit.)ﬂ ‘ '
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- TABLE IV
| — T = e
.+ Temperature - Beilstein Calculated
| 51,10 ¢, . 0.77686 0.7765
7640° - 07628 07625
98.9° o;-'?é,féz; ; ,.0.7430

From 'bhe same curvé the coeffic:.ent of cubiaal expansion of the
liquid hydrocarbon was determined. Id:s. value was found 0 be 0._0008411'
"c.c. /a.c. / °0. The speeiific volume _qua;tiégn for the liquid 11:91‘51?#;:93&:16 is
'then-~r,\ | k o | _k : ,  !
e o= 1.2340 {1+ 0.0008411 (t-so.v) ) E

where t is any temperature above 50.700. :

The 1iquid line ‘was found ‘ao be exactly parallel to that for detma-

oontane, showing that a.11 liquid paraffins have the same eoeff:.cien’c of

- ,cubical expansion.

form have praetically the same density.

(5) For the solid part of the curve, it was seen to require a complicated
. form of equation. Due to 1ack of time,,its deriva’cion was not carried oute
‘?L‘he curve waa. hawever, seen. 'ao be quite parallel to that of dotriacontane.

_vA further observa‘bien indicated the.t both hydrocarbons in the opaque aolid




(18)

(1) Ehe deneity-tempera‘bure curves fei two samples of n-—tetracesane have
| 'been de‘bermined and ple’sted for the range 0° +o 80°C. k
';(2) Two 'braneition points have been determined.
‘ '{5 ) 4n equation has been developed for the density above the melting ,
" pomt. ; | |
 (4) The eoefﬁcien‘b of cubloal expa.nsion of the liquid hydrecarbon has ‘
| been determmed. |
“ (5) An attempt has been made to correlate the results obtained with
E tetraeosane to these of dotriacontane in order t6 generalige some
properties. | ‘ | . | | |
“;(6) The density has 'been feund to be independent of cha.nges in croee— x

g seetional area of the erystals, but is affeoted groatly by the mole-

| oular t116e ‘ | - o B
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