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Part 1. =

Durlng the last few years con31derab1e research has been S ww
'kdone on ;he hydrocarbon, deoahydronaphthalene, N
e‘decalln) as 1t has been establlehed that this compound ex1sts oA
in at least two 1somerlc forms, the 01s ‘and the trans.h The great
dkdraWback to. all 1nvest1gat10n 1n thls fleld regardlng the 1somerlc'
,etructure llee in the fact that the two forms are very dlfflcult
Lto separate from one another 1n the pure state,» The separatlon v~k
. appears to be all the more compllcated when we oon51der that there
vlS always a poselblllty of nartlal converslon of one form to the k

f'other, and aleo that there 1s a pos51b111ty of there belng more -

' than two~1somere'present Slnoe tne ultlmate almvof the follow1ng

v,'researoh 1s to determlne the varlatlon w1th temperature of three
 :ffof the phyelcal propertles of the 01e and trans, a brlef summary

a7~fof prev1ous 1nvest1gat10n in this fleld Wlll now be presented

The flrst predlctlon of the ex1stence of 1somers of deoalln
”was that of Mohr N who postulated the pos51b111ty of two etable

f~forms. The ex1stence of these, the 01s and trans, has now been

deflnltely establlshed, but no agreement has yet been reached by “

"different 1nvest1gators as to the phy31oal and chemloal propertles

2

’of each A ehort tlme later, nghtman showed that flve 1somers;”

'fwere poss1b1e for decalln.
In 1924, reeearch on the eubJect was advanced by Wlllstatter
and Seltz3 who reported that they had prepared the cis form in

,.,ooo-o-0010A

1, lonr, 7. pﬁy Chem.,98 315, (1918) © 103, 316; (1922).
2, Wightman, J.,”. Chem. Soc.,127; 1421 (1925), R
B Wlllstatter and 881tz, Berichte, 57B., 683~-4 (1924),

/X
o

(C10H18--abbrev1ated f




'f5‘, presents the follow1ng values'

‘[,Whlch were later reallzed 1n the research Work carrled on at the

; :51x dlfferent Ways at temperatures ranglng from 20-8000 Thelr
product in all cases did not show varlatlons greater than a few |
Laun1ts 1n the 4th de01ma1 place for elther the dens1t1es or refrac—
“tlve 1ndlces.h In the ‘same year, N O Zellnskyl announced that
'~he had 1solated a Brd 1somer,rthat 1s, one dlstlnct from elther

01s or trans., Further research by Zellnsky and M B Turova-,~

Pollokl in 1925, showed that at 1oo°c . in the presence of a

";catalyst of alumlnum bromlde, 01s could. be transformed 1nto ‘the -

trans form Also they clalmed that other isomers of decalln were
' formed durlng the transformatlon process.k |

~As prev1ous1y stated, dlfferent 1nvest1gators do not agree
as to the phys1cal and chemlcal propertles of the 1somers. For‘

”7rden51ty, 1ndex of refractlon and freez1ng p01nt W’ Huoke12

" 202

”ijrahS'decalin d; - .8695 | Np 1 46958 | F7PS'E',;e9c
| cis decalin’ dZO - .8940 | W&o - 1, 47950 | F.p. = -51%-

According to Huckel,‘Herz‘ appears to have been the first to .

kk'attempt theiseparatiOn'of~the isomers'by fraotional distiilation5~'

'3Although Herz was unsuccessful, his methods suggested p0381b111t1es
 University of British Columbia.,

At this’University,,the‘first‘work on this'comPOUnd Wae

”‘carrled on by L. W, Klrk4, who, us1ng decalin prepared by

S
ooic'ooooo..o

;‘Zelinsky,"N O and Turova«Pollak, M. B., Berichte, 58B., 1292-98
. Huckel, W., Annalen der Chemie; 441, 1 (1925) ~ (1925)
. Herz, Z.. Physics. Chem. 101, 269 (1922). Lo

. Klrk, L, MQ, B, A. SC., Thesis (1935)

BN




;ff D Manleyl by reductlon of tetralln, obtalned a partlal
'pkseparatlon of the cis and trans 1somers° The method usedlwas‘v-é

=

", rectlflcatlon at 100 mms. pressure, but 1t was later thought that

5

',1f the rectlflcatlon Were at 10 mms. pressure, a better separatlon,'

'Would be obtalned s1nce the dlfference 1n b0111ng p01nt of theff

two 1somers would be much 1ncreased f Also 1t was reallzed that

at the h1gher pressures,‘the hlgher temperatures set up 1n the C

‘Jl

'ment 1ns1de the decalln moleculer

] ! Klrk's Work was supplemented 1n the same year by that of

ll w. F. Cornett2 Who carrled out tests in varlous mlxtures of ‘the-
cis and trans isomers at temperatures of 2000 and 10000, without vh
ethe presence of a catalyst Thls Work 1ndlcated w1thout doubt
that 015 Was changed 1nto trans, the rate of change belng much
'greater at 100 c than at 20 c, However, no conclus1ve ev1dence
fwas obtalned for the reverse actlon, the changlng of trans 1nto
p01s,,"'J s -o : , | | o o o

i The 1dea concern1ng the effect of lower pressure was now
jexperlmented w1th by R D Walker3‘1n conJunctlon Wlth Prof

lW’ F Seyer : Thelr method con51sted 1n rectlflcatlon at 10 mms.{
epressure, of technlcal decalln. In all, ten rectlfICations Were
meade; Selected fractlons of h1gh percentage 015 and trans Were

pthen recrystalllzed untll no further change in freez1ng po1nt

v Manley, D,; B.A. Sc., Thesis (19542

. Cornett, W. ¥., B. A. Se., Thesis (1935)

. Walker, R, D., M. A. Sc., Thesis (1937)’ B g
. Seyer, W F., Assoc, Prof, 'in Chem Eng., Umlvers1ty of ‘B, C




‘ [f~cou1d be- detected, the result of thls belng about 150 ¢.c, of

eT ‘Laborator1es was yellow—orange 1n color, and contalned varlous

| ﬁf'bbmpOnents, such a method as the follow1ng was used

,each isomer in what was thought to be a falrly hlgh state of

”‘ypurlty : T?e values they obtained for the phy51cal constants

U» are tabulated thus: | :f" o ] B =
L ttii,i;, Cis_Decalin ee,Trans'Decalin
Freezing Point (°¢) | =43.19%0,2 | —s1.20% 0,2
Density (Dgg) N - .8963 ; .8699
Index of Refraction (Nog)| — 1.48113 |  1.46968

L Determlnatlons of free21ng-pelnts Were made for varlous
mlxtures of the two 1somers,vthe results 1nd1cat1ng that the SR
eeutectlc temperature lies. between -60O ‘and 70 C - Also for thesee"k
'_same mlxtures, measurements were made of den81ty ‘and ‘refractive
: ;'flndQXa o | ; :

‘Tne above has been a presentation of the main aveilable data
‘on these ‘isomers up'tefthe preseﬁt time. ”The‘fOIIOWingewiilrshow-wV

”; how we obtalned substantlal amounts of each pure 1somer by follow1ng

‘the Walker-Seyer method, and flnally my determlnatlon of den51ty,

o v;50051ty and surface tenslonkover.a temperature_range.'

‘1. Purification of the TechniCalnDecalin Used.

The sample of decalln recelved from the Eastman Kodak

k7‘1mpur1t1es of~an aromatlc nature To remove these obJectlonable




“f;jstlll per51sted after thls treatment

About 2 lltres of sample were measured out and shaken ps

rrthoroughly in the cold with- 400 CsCo of concentrated sulphurlc

'Vﬁaplac1d After allowing the layers to. separate, the black a01d layer :

"was drawn off and dlscarded the upper 1ayer was collected and
ib“subgected to a second 51m11ar treatment ’ A total of three such
- ac1d treatments was requlred before the sample appeared practlcally
'coiorless.
| To remove a01d from the sample, 1t uas now shaken Wlth lod c.c

pof 107 sodlum carbonate solutlon, a pers1stent mllklness remalnlng

'n,ln both layers, even after standlng overnlght The layers Were
't‘fseparated, and the upper layer was now shaken Wlth 200 c. c. of 37

ﬁﬁf:tsodlum hydrox1de solutlon. Thls agaln produced mllklness, but

gave Well»deflned 1ayers. After separatlng agaln, the bottom

?fflayer was “tested w1th 2 drops of phenolphthaleln, the resultlng

n\d:fplnk color show1ng that all aCld had been destroyed

Now 1n order to render the sample neutral, 1t Was washed

hbseven tlmes w1th 200 CaCe portlons of Water Sllght,mllklness

RS

The flnal step Was to remove all traces of" Water and mllklness.’

ﬁlf7”Thls was accompllshed by flrst fllterlng through a slngle sheet

Jof heavy fllter paper to remove the bulk of the water,’and second9

'o”vgafby fllterlng through a double sheet contalnlng anhydrous calc1um ;e

‘“ftchlorlde.~ Our sample of decalln now appeared as a colorless liquid.

'ly,2 The Rectlflcatlon Apparatus.‘f

The apparatus used for the rectlflcatlons Wae essentlally

":;pthe same as that employed by R D. Walker and Prof, W' F Seyer.




"‘”TheVChief~improvements consisted in the followings

(2) the use of electrlc heaters in place of gas burners for

heatlng the column Thls reduced the danger of heatlng surges,

3

Wlth the result that we could be falrly safe 1n 1nterpret1ng e e

. temperature changes at the top of the column as belng due to changes

in. the comp031t10n of the llquld dlstllllng over, Hence 1mproved

o separatlon of fractlons could be expected

',(b) the mercury manometer Was reconstructed in such a manner

,that an absolute vacuum could be malntalned at all tlmes above the

7mercury in the closed tube.

i (c) When in operatlon, the apparatus was run contlnuously day

and nlght untll the completlon of the rectlflcatlon of the decalln‘

tcharge.‘

The follow1ng descr1pt10n, along Wlth the dlagram, glves the-
detalls of the apparatus used |

(a) The Rect1fylng Column--Thls con51sted of a glass tube,

" l 1nch in: dlameter and 95 1nches long, Wlth 3000 c.c, glass hulb

*Ablown on 1ts lower end A small 1nlet tube- Was attached to the

bulb, Except for the heatlng surface at the bottom and for a

f,;small peep hole in the side of the bulb both column and bulb - yegti
lf'were completely lagged w1th asbestos. Also9 1n order to compensate
¢;m7for heat losses to the atmosphere, two heatlng c01ls of nlchrome
‘k;’ere were Wound in parallel about the column next to the glass,
if‘one ‘coil coverlng the top, and the other the bottom,half of the
“icolumn. The accompanylng graph, reproduced from the results of

‘igAR D Walker and Prof, W F Seyer, shows the volts requlred across;
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the,double coil in order to maintain adiabatic operation The

: 1nter10r of  the colﬂmwas packed with No. 18 galvanlzed-lron

'Jack chaln.,“lr

(b) The Conden51ng Unlt-aBlown on to the side of the column .

o a feW inches from the top, Was the condens1ng unlt Thls Was e

made up of two reflux condensers JOlned 1n parallel, and leadlng

:from/the foot of thls comblnatlon was a caplllary tube through

: Whlch the product was taken off Also, a thermometer Was'lnserted-

1nto the top of the column, extendlng down as far as the outlet

‘1tube to the condensers,;rd“‘

(c) The Rece1v1ng Unlt«-Thls apparatusg as the dlagram shows,A’

'was made up of flve rece1v1ng bulbs, all JOlned separately to:

the bottom of & glass ca81ng.3 Runnlng through the oentre of thls‘

ca51ng and fused on to 1t at the top, Was the product tube from

'~fthe condensers, the 1ower end of the tube posse551ng a small i

dlscharge spout : The spout oould be rotated frcm one reoe1v1ng

’ bulb to. the next by mov1ng an eleotromagnet outs1de the glass
';ﬂcas1ng, the result belng that the magnet attraoted small 1ron

ffr'bars attaohed to the dlscharge tube, the whole then mov1ng

*;01rcu1arly on a plvot -~ To make sure that durlng dlstlllatlon

"uset for a partloular bulb a permanent magnet was strapped to the

'*ffthe dlscharge ‘spout. Would not Wander out of p031t10n when once »~'

'l31de of the ca31ng.

(d) The Pressure Manometers»~A mercury manometer for

N'f51'measur1ng absolute pressure in the apparatus, and a dlfferentlal

s fsulphurlc acid manometer for detectlng small fluctuatlons in
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';“Lpressure, were empIOyed _The latter was 7.3 tlmes as sens1t1Ve
‘izpaS“therormery The mercury manometer Was cnly used at the

'fp*beglnnlng of a run untll pressure equllibrlum,was establlshed~

*5then the stopcock on one. llnk of the ac1d manometer Was closed,,

zand future pressure changes were cbserved on thls scale.

m13 The Separatlon of Cls and Trans Decalin,

'froom temperature, condenser water temperature, and also of ~l»§;?

. of the column, and obtaln good separatlon of the varlous fractlons

7

(a) The Experlmental Procedure—-As prev1ously stated, each

;rectlflcatlon was made contlnuous, that 1s, for each batch of
‘decal1n used 1n the column bulb the reotlflcatlon Was carrled
on day and nlght until all but a llttle llquld re51due remalned@kf

-1n the bulb Readlngs Were made every. hour of vapour temperature,
ypressure. In thls way we Were able to malntaln adlabatlc operatlon

‘ Moreover,ylt enabled us to keep good check on- the pressure‘(whlch

;owas kept as close as. poss1ble to 10 mms. of mercury), but llttle

l dlfflculty was experlenced here, for once the levels had come to

~l’equ111br1um, they usually Would remaln constant for hours at a

‘tlme.; Sllght varlatlons 1n pressure Were corrected for by

adgustlng a stopcock Whlch connected the apparatus through a

- drylng tube to the atmosphere‘ The four Wlnchester bottles as
‘shown 1n the dlagram and hav1ng a total capac1ty of lO lltres,

"served as pressure equallzers.w

It may here be mentloned that the reflux ratlo 1n the

'apparatus could not be measured but could only be Judged by )

"observatlon of the amount of vapour condens1ng. It Was‘found

o




that the number of drops per minute overflow through the
capillary and discharge tubes had a ten@ency to decrease o ,;W
slightly &szthe rectification proceeded, However, the reflux
ratio was kept as constant as possible by controlling the

temperatures and the amounts of condenser water used, The | A
‘condenser water was pumped from a large constant-temperature

- bath,

(b) The Bxperimental Results--In the following tabulations 5?

will be found the results of our four rectifications. The h

first two, it will be noted, were run using our washed decalin,

the purpose being to obtain sufficient quantities of the
particularkfractions’Whigh>were high in Cis or trans content.,
Theny using-these high pércentage fractions,rws:combingd‘them
in the third and fourth rectifications reépectivgly, in order
tolobtain our final highvois and trans fraCtions,

k The refractije index at 20°C, and for D-sodium light was

recorded for eachyfraction, use being made of a‘Eulfrich

refractometer, Then, employing the refractive indices of pure
cis and trans as determined by R. D, Walker and W, F. Seyer

and assuming a linear relationship between the indices and

composition, the accompanying graph was constructed,‘ From this‘
graph, the approximate composition of each fraction could be

read off,

Other data and general information concerning the rectifications,

appeary in the following results,
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| Rectification No. 1 SR Qctober 16--October 20, 1937.

ieﬂcﬁaracteristics~of Charges

 (&) 2000 c.c. of ‘washed decalln (Eastman Kodak)
4“ E ,
(o) By = ca0m0

() Wp = 147965

20 , , . : ; H
(d)~approximate composition = 87% cis e _ I

5b

[Bulb 1 [ Buib 2 [ Bulb 3 | Bulb 4 [ Bulb s 4\3

1,'B0111ng P01nt of | SRR S S
.| Fraction (°C) - |60,8-64,0(63,9-64,2|64, 2-67 8|. 67 8»69 2169, 2~63 0
};Volume of Fraction | : o o
A {ec.c.) 12 - 332 743 - _352 ' 290
z~;T1me for Fraction R . s e T ek e
o (hrs.) 3,75 | 12,0 | 34,0 20,5 - 15.5
o Rate of Fractlonatlon o R | RS LT o
Al {c.eo/hr,) 32.3 e2n.r 21,9 | 17.2 18,7
i Index of Refractlon SN LSS I f L e T e T -
S CN%O) . |1.47081 [1,47170C |1,47975 |1,48113 |1.48229
. Approx1mate Composition| . o T A
o (% of cis) B A 18- -88 - : 99 - 1 >100

Final resldue in column bulb = 40 c. c.,_

Hence total loss durlng rectlflcatlon ’,122ec;c.

' The fact that the flrst fractlons (thatiis,,those,withethe o

'jﬂlower b0111ng p01nts) Were~h1gh in trans'content,~‘ndicated;that_of
ff;the two 1somers, trans has the lower b0111ng p01nt The‘anaIYSis
7:of Bulb 5 shows the presence of 1mpur1t1es of hlgh b0111ng p01nt,

' fthey belng such that thelr 1ndlces of refractlon had oon51dereb1e

eef;nfluence on the 1ndex of pure c1s.foEy1dently, these lmpurltles'

'i{fwere not;affected by the initial Washing treatment,




”'fCharacteristiCS~of Charge;"

October 23--0ctober 28, 1937

'(a) 2025 c. c. of washed decalin (Eastman Kodak)

Hence total loss dur1ng rectlflcatlon =

i

(b) = .8920
(c) Ngy = 1.47965
(a ) approx1mate composition = 87% cis
L e [Bale 1~ [ Baib 5 Bulb 3 T Bulb 4 | Buib 5
i | Boiling Point of R R [ SRR T T
| Praction (9¢) . [p7.0-62.4|62,4-64,4| 64 4-67 4 67,473,202 cceeen
‘| Volume of Fraction N R | B I IO Pl R
b (elel) , 225 240 745 403 ————
| Time for Fraction o R R I DR
P (hrs ) 1005 14,5 - 56.10 S0.0 °°°°°°°
‘1jRate of Fractlonatlon : R N
e (c.c./nr.) 21,4 16,6 15 30 13.4 Sl
:QIndex of Refractlon 5 : A B o
A (v2) |1.47076  |1.,47455 |1, 48098 1,48283 | cemmo-
?prprox1mate Comp081t10n‘ : SR L L
- (#ofcis) 8 43 97 >100 Sesoos
: Final Tesidue in column bulb = 97 ¢, c. -
315 c.c,

&4

Although the same type of decalin was used for

'f,as Was used for the flrst,

thls rectlflcatlon

1t was found thls tlme that four maln

' ﬁ;fract1ons, instead of five, could be obtalned

Thls was probably

‘ f;due to better control and separatlon durlng thls rectlflcatlon,“

(7;";51nce we used a smaller rate of product dlSCharge

5 'spo1nt 1mpur1t1es agaln appear in our last fractlon

“The high boiling




‘ﬂﬂtﬁectification No, 3

October 30--November 4, 1937,

G Characterlstlcs of Charge"

(a) 1725 c.c. of hlgh cis decallﬂ, compr1s1ng bulbs 4 and -

2

5 of Rectlflcatlon No. 1 and bulbs 3 and 4 of Rectlfl- =

oatlon No 2.

() ¥

N2, = L. 48166 EH I DTN R o o
'(c) approX1mate compositionﬁ ='A>lOO% cis

S

(;ue. T

el TS Bulb 1 Bulb 2 Bulb 3 Bulb 4 Bulb 5 B
‘\ngoillng Point of 0| ~ ‘ ; RN
| Fraction (%¢) 60, 4-63 5|63, 5«66 7 64, 5-57 8l67. 8—06 9|66,9-64. sf
‘ﬂv5Volume of Fraction : ,
e A 162 423 540 203 114
VTlme for Fraction. T | R I S s
P (nrs,) 18,0 - 42,0 ©38,5¢ 15b5 13,0
i Rate of Fractlonatlon c e SRS AN N s -

: ~ fe.c./nry) 9.0 | 10,0 14,0 15.0 8,8:
‘ojIndex of Rﬁfraotlon | AT R AR A
b (¥ O) , 11.48024 |1,48108 1.48113 |1, 48118 11.48118
Q;Approx1mat§ Comp051tlon~ e DA TR R »

| ‘ (% of 01s) 92.5. 100 100 '100, 100

Flnal re31due 1n column bulb = 95 C. c. ‘f

Hence total 1oss durlng rectlfloatlon = 188 c,c,

Bulbs 354 and 5 Were obtalned Wlth the rectlflcatlon pressure_f;

/

i‘°sllghtly less than that used for bulbs 1 and. 2. Our high cis decalln,~

ﬁilﬁﬁwas now. - concentrated in the last four bulbs, the chlef 1mpur1t1es
o;i:bengln the bulb 1, | j

Before proceedlng with the’trans, the column wa.s now Washed J
lf?:thoroughly by reflux1ng in it for 7 hours a charpe of decalln whlch .

"fhad an approx1mate como031t10n of 377 trans.

Thls washlng charge was:

'7ejfmade up of three fractlone obtained from the R, D, Walker - W, F, Seyefw

ferectlfloatlons.




Zinectlflcatlon No, 4

Characterlstlcs of Charge~

- November 16 =~ November 19, 1937

; (a) 1490 c, c,rof high trans decalln, compr1s1ng bulbs 1 and:

2 of Rectlflcatlon No

,and 5 Washe@ hlgh trans fractlons from the R. D, Wélker- |

W, F Seyer rectlflcatlons.

"‘f?~' (b) Nzo #

1 46987

‘f(c),apprOXImate compositithz iOO%~trans;

1s bulb 1 of Rectlflcatlon No.‘Q;

~k;Bu1b~l"

7”Bulbf2v

[ Bulb 3

[ Bulb 4_

" Bulb 5

"B0111ng P01nt of
- ‘Praction (°c)
‘;,Volume of” Fractlon
L elel)
‘ nglme for Fractlon
ki {nrs, SEs
f_fRate of Fractlonatlon
el ae ey
*ﬂgIndex of Rﬁfractlon

:f‘Approx1mat§OComposltlon

‘;(% trans)

50,5-64,0
230
8.0
28,7

1. 46192

>100

64,0-60,2

490
2555“
20,9

1'45918'

#100 |

60,2=59,5

240

13,5

17,8

1.46958 |

glodlrf:‘

59,5-60.9]
195

11'5

17 0
1, 46968*

1qo

60.9-61.8

141
8 5
16 6*’

147100

ffggj,

Flnal r851due 1n column bulb

Hence total 1oss durlng rectlflcatlon 4

From the 1ndex graph, 1t appears that the 1ndex for theu;~

: for pure trans.

low—b0111ng 1npur1ty,

165 c.C.

29‘0,0;

Thus bulb 1 must have contalned a great deaL

of some




o [t4 The Final Purlflcatlon of Cis and Trans Decalin by

;:eutectlc When a. mlxture of cis and trans decalln 1s frozen Thus; ﬂ

“,1f we have decalln contalnlng a certaln percentage of trans, and

’we cool 1t slowly, there Wlll be a certaln temperature at Wblch
,trans crystals commence to separate out ‘ Thls separatlon of trans‘

hi“erystals Wlll contlnue w1th further COOllnP untll We reach the;:ﬁfff

'ﬂép‘to glve the eutectlc mlxture.‘ Slnce the eutectlc mlxture w1ll be.
( d; of no use to us, then, 1n order to cbtaln the hlgh trans by thls o

';t method, 1t w1ll be necessary to stop coollng before reachlng the'

'fbfW1ll congequently be of higher trans content than the orlglnal decallnw
“°fm1xture. If we. repeat the process now Wltb the crystal mlxture 51
‘nobtalned, we will remove a llttle more llquld, and flnally, after
rta:idolng many of these crystalllzatlons,‘W1ll arrlve at the stage Where
iblf;the removal of a portlon of 1liquid will not 1ower the temperature

sbat which crystals flrst separate out, Thls condltlon w1ll then

”wp;lndlcate that the 11qu1d 13 pure, and the constant temperature will

'[f'be the true free21ng p01nt

*ﬁtfrdlagram shows the set-up of apparatus employed, and very llttle
‘17f7add1t10nal explanatlon is requ1red It may be mentloned that a
vaertlcal llne—lmage was formed on the graduated ﬂlass scale, and ‘

'aWhen the brldge was balanced, this line was at the centre of the‘

Fractlonal C sta Illzatlon

. This method of pur1f1cat10n is based on the formatlon of a .« it

eutectlc temperature, at Whlch p01nt all remalnlng llquld Wlll freeze

eutectlc temperature and to pour off the remalnlng llquld Theg:5?f

trans crystals obtalned, along Wlth a llttle of the cllnglng llquld, 5m

k (a) The Apparatus and Experlmental Procedure--The accompanylng

/
/

A
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15.

Jecale; Reeietance readings could be converted to temperatures
: by'gppiication of Callendar's formulae, |
The liguid te be purified was placed in a large glass tube
‘vin the Dewar, and was cooled by thersurrounding medium of eolid\‘f
cerbon dioxide. Durlng the first few crvstalllzatlons, mechanlcal
stlrrlng was emploved but thls had the dlsadvantage of leav1ng
a thlck crust of crystals around the perlphery of the Dewar, Wlth
the resultfthat the heat transfer was lowered and the‘thermemeter
could not be kept surrounded with liquid at all times, wHeﬂce,:
‘toward‘the end of purificatiens, hand stirringywae‘emPIOyed for
‘each r-un°
In carrylng through a crystalllzatlon, the llquld was cooled

slowly untll a constancy was obtalned in the re31stance read1ngs.¢a;5

_Thls corresponded to ClS (or tran as the case may be)rcrystelllzlng

out, and the tlmes of constancy oould be used for Judglng relatlve
purltles of succe581ve crystalllzatlons° When pure9 there was- no
eutectlc, and the temperature was constant for the greatest tlme0

When the temperature started.to drop agaln, 1t was in each case

;‘uobserved for several minutes, and then the remalnlng liquid was

e,decanted off,

Supercoollng was one of the chief dlfflcultles experlenced
We found that this could be minimized usually by v1gorous hand
stlrrlng and by uslngua slow rate of heat trausfer; when these
methods failed, seeding was alwaye successful

t(b) Eyperlmental Results for Cle Decalln—~The fraot1ons_

‘,‘seleoted for the purlflcatlon were bulbs 2 3 4 and 5 of Rectlflcatlon

o
{

-No, 3.,>~.It required about twenty separate crystallizations to obtain




the pure isomer, the final volumetric-yield being 313 c, Co

An appreciable amount of water was absorbed from the atmosphere

during the purlflcatlon, but this was ea511y removed by treat-

‘ment with metallic sodium, and then" by flltratlon In order

to glve a low rate of heat transfer 1n the flnal stages, the

“ligquid was placed in a large glass tube possessing a hOllow

Wall (resembling a Dewar) the hollow space contalnlng alr

Also, at the same time, the dry 1ce medlum was replaced by one

of mephyl a;cohol contalnlng,dry 1ee, The temperature‘of this
‘medium was maintained at -55°C,, and was measured with a pentane

thermometer.

For cis decalin our final Tesult is:

F.P. = -43.26 X .04 °C. and NDy = 1.48113
R, D, Walker and W, F. Seyer gave:
F.P, = -43,19 = 5 °C. and N9y = 1.48113

(c) Experimental,Resulﬁs for Trans DecalinnaTherpurifieeﬁion
of this isomer gave oonsideraﬁle trouble, From a large number
of crystallizations/basedg fipst, on bglb 2, and second, on

bulbs 3 and 4, ail of Reetificationyﬂoy 4, it Was diseovered

- that ho constaney in freezing ppint could be obtained, This

fact appeared to indicate the presence of some impurity whose
1ndex of refraction, fr6921ng p01nt and b0111ng point, are very

close to that of trans decalin, The presence of such a substance

3
{




appears all the more remarkable~when we consider that it dig -
not give‘tmquble at this stage in the research of R, D, Welker
and W, F. Seyer,» Since these 1nvest1gators used unwashed decalln
in thelr rectlfloatlons9 1t seems p0551b1e that the presence of ' L
other impurities (that are removed by Wash;ng) must in some way ‘
"helé to cause the removal of this impurity encountered in our ‘

‘highgfrans fractionse

To avoid further loss of time, we considered it advisable

te fractionate a quantity of unwashed decalin, The resuits

‘obtained are now presented.

5, Results of the 2nd Series of Rectifications and.

Crystallizations of Trans Decalin.

(Over)




. Rectification No. 1 (a)

18,

- Ga) 2000

(v) D
() wm
(d)

c.c._qf unwashed decalin (Eastman Kodak) -

§

Characteristics'ofHCharge;

.8890
1. 47829

approx1mate compos1t10n

:LQB%ftrans,'

January 6--January 8, 1938, E i

T Bulb 1

Buib 5

Bulb 3

Bu1b55,;i’

The pressure was silghtly greater in thlo rectlflcatlon than

[

in prev:.ous onee, ’

that very good rectlflcatlon was accompllshed
our malntenance of a slow rate of dlscharge, and aleo to tﬁe fact
that we dlstllled over less than half of the bulb charge, 51nce
we were not conoerned ‘now w1th the c1s 1somer (whloh has the “i‘

: hlgher b0111ng p01nt)

It will be noted from the compoelulons abtained

*e the 6 bulbs to glve oetter separatlon

; Thls was due to

The frdctlons obtalned were spread over

' " : Bulb

;fB0111ng Toint of - [ Eas RN
| | Praction (°C) 70,7-72,2]72.2-69,0 69,0-68,0| 68 O~69 9 69,9+73.1 i
CH Volume of Fraction [ I e o o S e
S (coc.) o - 288 135 - 140 173 .92
| | Time for Fraction ke R h L o s
R (hrs ) : 17,0 9,0 . 8‘0 12,0 8,0
'K)Rate of Fractlonatlon e RO L : SRR I
o (e.ves/nr.) 16,9 15,0 ; 17 5‘ 14,4 | 11,5
,eslndex of Refraction | ~— - R ' | D T T e
e (§D ) S 1 46938 11.46958 |1, 46983 11.47150 . |1.47760

‘prprox1mat§OComp051tlon o S o DS

S (% trans) 7>lOO ‘ 100 100 84 31




" Rectification No.

2 (a)

J,Characteristics of'FhafFe°'

AR
= Ry

January 12 -- January 15, 1938

{a) 1380 c, c. of Eastman Kodak decalln (unwashed) as

,used in Rectlflcatlon No, l(a),plus bulbs 2, 3

and 4 of Rectvflcatlon No 4,

[ ' ‘ o Bulb 1 | Bulb 2 ~Bulb 3 Bulb 4 | Bulb 5
B BOJ.llng POln‘t of ’ . R oo« G ~ :‘ RS IR S e ~‘. ‘ﬂ \ SRR N

| .Praction (° cy 59,8-62,0[62,0-62,4|.62,4-61,6 61,6-61.5 i
‘,LVolume of - Fractlon ; A L A L e PR
3 (c, c.) 325 180 361 380 -
q~;T1me for Fraculon R | L P R
Sl {hrs.) 18 5 10,0 | ,l9;0 k 27,0 | eemaw
wf‘Rate of Fractionation | EE R ' R
e (c.c./hr.) 17 6 18,0 19 o ‘ 14,1 SN
‘ fIndex of Rﬁfrdctlon S T LU e
e (x o .. | 1.46898 |1.,46968 |1, 46968 | 1.46987 i

f4Approx1mat§ Compoeltlon S et [ R

fte,~, - F trans) >100 100 100 29905 | meaas

The hlvh quallty of fractlons 2 and 3 as 1ndlcated by 1ndex

imeasurements suggested tae poss1b111ty of further purlflcatlon

‘by recrystalllzatlon.

that a oonstant free21ng 001nt could not be obtalned

\ rectlflcatlon was fherefore necessary.

Tbls Was attempted but it was found-

A thlrd -




(2)

fo;eRectifioation;No; 5

January 26--January 28, 1958

Characterlstlcs of Charge~

(a) 820 8.cos comprising bulbs 2, 3 and 4 of

g Rectlflcatlon Yo, 2(&).

" ' ' Bulb l Bulb 2 _Bulb 3 Bulb 4 Bulb 5

. Boillng P01nt of * v T R R
] ‘Fraction ( c) o 65, 8~66 9 66 9 67 3 67.3-69.2 69 2a09 3| 69,.3-68,1
7,;Volume of’ Fractlon ' T Vil

1 (e.es) 76 252 167 238 76

: Tlme for Fraction R Tl Lo et e i

1 (nrs.) 4,5 14,0 5o 13.0 6,0 |
'~3Rate of Fractionation | = - BRI [ SRR e R

gL (c.e./br,) | 17.0 18,0 18,5, 18,3 | 12,6

;qIndex of Rﬁfractlon el SR YO R T

[ 11.46908 1.46953 |1,46958 |1,46953 1.46953

_prprox1mat§ Comp051tlon ST o ey B T (R : i s

, (% trans)‘ >100 100 100 100 100

Bulbs 2 3y 4 and 5 Were now oomblned together and subJected
"to the crystalllzatlon treatment
°lcrystalllzatlons ‘were requlred 1n order to obtaln the constant

freez1ng p01nt, and that the volumetrlc yleld of the pure 1somer, 

"was 165 c Co

g a, beneflclal factor in the removal of the confllctlng 1mpur1t1es,f

For trans decalln,

e The above represents our flnal rectlflcatlon

our final resultkls:

The pressure

fﬁﬂjwas malntalned hlgher than. prev1ously, being kept at about 18 mms,

It was found that about eight

Ev1dently, the effect of the hlgher pressure Was

'F,‘P;w=' ~31,49 j&"gg °c;f and 120 = 1,46953
'R, D. Welker and W.. E. Seyer gaves:
B, P, - -31.20 % .2 %%, - and ND - 1.46968

20




PART -IT ;

The Determination of Physical Constants of Cis and Trans Decalin

Section 1--Variation with Temperature of-Density

The method emplqyed for this purpose was an application of
Archimedes'rPrinciple (see accompanying diagram), The formulae

- employed may be derived as follows:

{ -~ . Lets T = true mass of plummet in vacuum

. Wair = mass of plummet in dry air )
: - T )= at-temperature

Wwa < mass of plummet in pure water) of t9¢

Wli’ = massvof plummet in decalin

Pair = density of dryrair“4 
Pwa = dehSiﬁy of pure water
; P1i = density of decalin
% I , v = volume of plummet’at toc,
|

‘As%umeka neglible bubyant effect of liquids on immersed portion

~of wire
1 .

. . T~ Wair = V Pair
and T - Wwa. = V Pwa

s o V= Wair - Wws
Pwa = Pair

To obtain Pli we again use this formula, substituting Pair by Pli‘ix

.h, Pli‘: Pwa 4 Wwa - Wli
v

The standard value of employed in my determinations was 20,90°C.;ﬁ

and the values of WWagb,and p2

wasg were used as equgtlon constants.

Hences

N

. ' 4
\ Pli = P4

T B .0 o
wag =4 Wﬁago - Wiit v

) Tt o ) !
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, Having got V20 from air-water measurements, qu could Dbe
calculated from
V% = Voo + (V20) (5=20. 00)(.000038)

where  ,000038 = coefficient of cubical expansion of )

, guartsz glass plummet § - from ¢

4 - N ,
PW&ZO = .99823 Inte?natipnal}h

4 : . ;
Pairgg= »00120 Critical Tables.

~(a) Observations and Calculations for Cis Decalin

| Mass of sUspénsion (constant) .1219 gr.

]

Mass of suspen51on - plummet in pure Water at 20,00 C

22.6381 gr,

oy Mass of plummet in pure water at 20,00°C,

ST

22,5162 gr.

Mass of plummet in dry air at 20,00° C

$31.0059 gr,

,°° Volume of plummet at 20,00°%, (from.formula)

1]

8,5150 c.c,

L
|




g
| Témperature|iass of suspension Mass of | vorwms of Density (DY),
| (r%.) |4 Plummet (gr) | plummet (gr) plummet (V% c.c.) of decalin

| | -20.,00

| -10.00
110,00

| 30.00

e  80§00

| 100.00

| -10,00

40,00

70,00

‘,;;  ;60;00>

. 0.60

20,00

50,00
60,00

?M

| 90,00
1 110,00

| 140,00

,; ﬁ;15Q°Oo 

1 600 OO |

;“;flso,OO

170,00

23,2402

23,6311
23,6955
;f23'7599

23,8873

24,2101

24,3467
24,4154

24,5551

23,1751

25.3068
k‘23,3715‘,k
5—25,4566”

k23?502o~_,

23.5665

23,8243

23,9527

24f0i69‘f"
N  2a.0804
120000 |- 24.1460

24,2773

24,4857

23,0532

. 25,1185 
23,1849
| 23,2496

23,3147

23,3801
R3.4446
23,5002

| 23,5736
; é5?§380
23,7024
| 23,7654
| 23,8308
 23,8950‘
| 23.9585

24,0241

“;24.9832;,,
j24,‘1554
. 2432248‘
24,2035
‘,,24?5535

24,4332

8.4988

8.5020
88,5053

: 8 . 5<085
8,5117

- 8.5150

$8.5182

- f8.521§

8.5247
8.5279
85312
8.5344
it

38,5409

|- 8,5441

8.5473

8,5506,‘-‘
8.5538 |
8.5570
8.5603
8,5535'
8.5668

9350
.9274

,9196 -

19040
;78957;1
28892
L8817
’?8742 ,

8667
,385931'
L8519,

?84421

8360
8201

.8218

| L8144

t,sbasll
'37986
~57908
+ 7825

L7745




N
\

~ (b) Observations and Calculations for Trans Decalin,

X

R T R 1

700 )

T Tem%erature

Mass of‘susnensidn
=~ Plummet (gr)

Vass of

| Volume of

plummet (gr) plummet (Vt c,c,)

of decalin

| Density (pl).

o ey
  3 %2¢;00’5¥

| -10,00

| ”‘;;lQQOO,

,'"3'0/,5 OO Wl

e 40,00

| 60,00

80,00

90,00

" <100édOf'
| 110,00 |
7 * ;20506~’$

140,00

| 150,00

| 180,00

20,00

50,00

70,00 °

*

23,4114

23,7206

23,4757

25,5396
23,6027
25,6658

23,7927
23,8559
23,9190

23,9831

24,0472

24.1120

24,1781

”‘24.4390

24,2424
24,3106
24,3736

”24;5053
24,5764
| 24,6448
,24,7154

24,7865

25,2895'

: 23.5538

23, 4177

223.4808k

23,5439

23,6077

23,6708
25,7340

© 23,7971

23,8612

23,9253

23,9901

24,0562

24,1205
24,1887
- 24,2517

24,3171

24,3844

24,4545

24,5229
24,5945

24.6646

8.4988

8.5020.

8.5053

8.5085

8,5150

8, 5182
8. 5915

8. 5247*;

. 8.5279
8.5312
- 8.5344

- 8.5376

© 8.5409
 8,5441
 8.5473
8.5506
8.5538
'ﬁ8,557o 

© 8,5603

8,5635

8.5668

9072
8997
8922
8849
8775
8700
'38627;
.8553
.8480
.8405
8331
8255
8178
L8104
-8025
7952
7876
L7798
LY
‘.7555
L7474
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‘ejSeefion*liénvariation With Temperature'of Viscosity

j For v1s0051ty measurements, an Ostwald v1scometer was ..

”fﬂi"employed Thls was sultaoly suspended, along Wlth the surface

"e;ftenslon and den51ty-measur1ng apparatus, 1n a constant«temperature_'
‘ f:bath, thermostatloally controlled (see accompanylng dlagram)

The mathematlcal relatlon employed was the Well known equatlon

:5°7ffor relatlve v1scos1t1es,

ice. Uy dlt]k

g gty

f&‘fln whlch, for two llGuldS 1 and 2,'“U“ "d" and “t“ are respectlvely
efabeolute v1scos1ty, dens1ty and tlme to flow througb the caplllarv

,¥employed Hence, by know1ng the values of “U" and “d“‘at some

$ nstated temperature for a partlcular llquld, one may. measure "t" at

Agffjtbat temperature, and then, u81ng these valuesy obtaln a constant

;[rn the above equatlon ; Thls constant Wlll be satlsfactory for o
otlrer temperatures, however9 only When we. assume the absence of‘ :
changes 1n the dlmenslons of the ~capillary, The standaralzlng lquldk
used in’ my experlments Was ‘pure benzene, and the standard1z1ng

temperature Was 20 C.

(a) Observatlons,and Calculations for‘Cis Decalin

Dens1ty of benzene atMZOOC 8787 gn/c c. ) , “from

‘ »:’ )= Internatlonal
Abeolute v150051ty of benzene at ZGOC's 00649 g L Crltlcal Tablea

Observed tlme for benzene to run down caplllary 78 3 3ec,

s Constant( U : 8" .00649 060009433
“Gots (78 )0, 8787)
2tz
Working Equatlon'is: RERE R 1A (t)(d)(,00009433)‘




(%)

[ Temperaturs

; Densiny

(03)

Time to flOW:through
capillary (t sec, )

AbSOIute'viscoi

decalin  (Uj

1809 OO ’

9350

;9274

.9196

.9120

.9044

- .8967
.8892
.8817

8742

.8667

.8592
L8510
.8442
_,8558'*'
.8294
8218

- .8144

,8066
.7986

7906

7825 |

~1730,0
1240,0

851,0
536.0
489?5
 392.8
'319?4:
266.0
224,5

192,2

167,5
149,5
: 132,5
117,40
105.6
95.7
‘87;8,
80.4
,7455

69,0

64,5

60,2

- 15259
10348
.07382
05472
Loa75.
.08323
?é2579,‘ 
?0321?
L01851
w50;571'

. 01358
J301?O;'  
.01055

© . 00927
fgooazé“
00742
,00674
00612
,09561'

. 00515 -

00476
00440




V(b)kaservations and‘Calculations‘for Trans Decalin.

PN

“ Tem%egature ;Y Denilty Tlme to flow through Absolute v1sc031ty of
TOC) S caplllary (t sec, ) decalin (U%)

:},40;00‘
=800 | Leovz | gsze .07300
Q[—zQ.Qo ey '58997' . 629;8, o ,05345

| =10,00- | ,5922V : 484,9 B ‘?04081 :
. 0.00 e 8849 . 3835 | 03201

| 10000 | Lews - 310.6 . 02571

| 20000 | 800 | 1258.3 | o120
| 30,00 | Lase2r 219,40 ©,01785
| 4000 | olesss | 1870 | o1sos

| 80,00 T | Lsa05 11 -] Loi119

i ';?;70 OO R | ,8331 | o ;?5;5" | 1 ‘500986

| 80,00 8255 | 112,68 -, 00877
| 90,00 8178 | - 102,0 - .oo787

fpoo | s | s | oo
ff??llofoo";J’ k'  ¢8025 | 8432, e ,99657

| 120, 00 | .7esz | 77,0 Lo0s78
 !2?130 00  ' ;~‘ 37875 R 72,1 . 599536
CJuooo | s | ess | Loso

 |150.00 W f o 63,00 .00459
1000 | 9 | 53,5 | .ooeze

17000 | vsss | 54,5 | - 00388
o 180. 00 . L7474 .. 81,2 il . 00361




28,

Section lllanariation With Temperature of Surface Tension

Determlnatlone of surface tension were Carrled out employlng
the method of Richards, Speyers and Carverl (see accompanying
diagram), .Their equation is of the form
- Y = ma
where

= - surface tension

d = density of 1iquid used
K = constant
H

n

difference in levels in the two tubes, : ﬁ
_corrected for the meniscuses., 1

The value Qf His given by the equation |

H=({h; = hg) =% (T2~ To) . 1088 I o- ?5

where hl and_h2 = observed heights of capillary in the two tubes
above plane surface,

- T

l‘and r2 = radll of the two tubes.

Slnce the last term is neglible in this work, the equatlon becomesd;

s (b - ho) - (I2.7 T1) : ,
3 ' oL

The censtants X, Ty and Ty for the apparatus used in my measure-
‘ments were determined by R, Bennett2 by calibration with pure

benzene, - Their values are°

K = 25 63 dynes. cms /gr corrected for menlscuses)
Ty = ' §OSQ cms .
To =z ,121<cms._

80 9 56 @ 00 € 5B 9SO E G

1. Rlchards, Speyers and Carver; J, Am. Chem, Soc., 46, 1196 (1924). ki
2, Bennett, R,, B, A. Sc., Thesis (1935). , o




(a) Obse*vatlons and Calculatlons for Cis Decalin

i'Tem%merature

{(hy = h, cms,)
By = By

Différenée'ink
‘ levels

Corrected'Difference;Deniity Surface Ten51dn 

in levels (H cms,)

of Decalin
(54 dynea/cm)

1,670

. \10140

160,00

©1.750
1,710

i;630

1;548'ﬁ
:1,505
;;460‘,
 1.415'
lﬁ380  L
1,350
,; 1?515’,-'
1,280
1,245
if2io‘*
1.175°

‘fi,ios.-'

f 13076”
;,040,
1,005
.968

1721 .9350 |

n'1 681 | 9274

;;1 641 ?9;9;
\13601 | .e120
i€5éi.’ | .904a

1,519 | 8967

1.476 | .8892 |

1.431 15317’}
"1?585 ‘k: ~- : 8742
,13351‘- . 8667 |
1521 | .ese2
kifzsér R
10251 | Lsasz |
i T
i,}81  i : 332941

1,146 | .8218 |

1.111 8144
1,679 N & ?éoéé
1,047 ; 'f7gsé«
  ,l,bi1ﬁ,‘ | ‘;'67906'
,évé, | L7825 |
.939 S Lmas

58 02
36. 85
55?655
34;50‘

33,36

52,18
31,01
29,81
28. 53,_
27 67
26,82

25,08

| 24,95
24,04
23,14

22,25
‘21538
 20?55”
| 19;?5
18;89 ;

18,04

17,18




‘(5)7Observations”and‘Calculations for Trans Decalin.

§f7{TemFerature Difference in"CdrTected_Diffefence Den%lty Surface Ten5i0n1
- TOC .. levels | in levels (H cms,) (D ) gf Decalin 3
:(h1 = hg ems.)| S : ' XT dynes/cm)w .

1,675 o Leas | oz | 3500
1.635 | 1,606 | .8997 | 34,14

1.592 | 1563 | goss | . 32,95
1,555 | 1.526 | .e8a9 | 31,01

1,518 1489 8775 | 30,87

1.483 e 1.454 - | 8700 | 29,89

1.ass | 116 | geer | ss.ey

27,81

(N |
-3
[0)}
e " E
K]
R
£
W\

| 1.405 o ?%? ,
¢ 1éaé§'j  - , 1.u36 i ?84sd~f‘ | 26.77
00 .| 1329 L, soo“ | .esos | 25,82
ne0 | wmest | ess | sz
‘“‘1.257' ;j ; -~ l.228 | (8255 | ‘ﬁ~23f95

4 1.220 | 1101 .8178 | 23,02

l 100500 | 1,179 | 1as0 | [g1oa | 22,02

  110;00, kf},,l.139 " : ~ \:flallo :' | 58Q25 1 21,05
| 120,00 | 1,105 | 1076 o :7952”,~ 20,22

10,00 | 1om - 1.042 | ‘7876 | 19,39
10000 | y0sn | 1012 7798 | 18,65
C|150.00 | 1008 | 979 || 1785

| 160,00 o970 (I .941 u"f””,7§38p - 15,98
’$: 170;00" ‘ii :.935 ;, 1 ; .966 "‘ 37555‘ B '16f17
- 180, 00 903 B .84 L7474 | 15,44




PART IIT

The Mathematical Treatment of the Bxperimental Results.,

The following work represents an extensive study of the

. results obtaln@d for the three physieal properties of ClS and
traps decalin, For the most part 1tk1nvolves the application

of well-known formulae, the mginkobject being'to‘secure values

f@f various theoretical quantities aﬁd constants,'and tQ note .- v
the effect of temperature onrthese values, By this means?‘Sevéral
conclusiohs are drawn regarding transitions in the structure of --
decalin? Also, ‘in thisywork,'values fqr such quantitiés as 1at¢nt

heats of vaporization and fusion, critical temperature, ete, were

calculated, the object being to have these calculated quantities
~as guides in further research tc be done on the decalin,

1. A Study of the Plotted Results for the PhV51ca1 Properties ;
d : of Cls Decalin. 0

- . L i !

- The accompanylng graph shows the effect of temperature on |
' the physical properties of’cis decalin, Close examination of -
thesevburvms shows that each is marked by characteristic,breakS5

indicating possible transitions, It will be noticed that the

: R : . . . o
curve for surface tension is linear but shows arbreak at 50? - 6Q~

and another at 120° - 1300'00; the curve for logarithm of viscosity

is linear but shows four breaks at approximate temperatures of

-5% - 0% c.; 35° - 40° ¢,5 60°- 70° c.; 120° - 138 C.

After the cooling down tp_—BOo C., the physicalAproperties

: , o) L .
were remeasured at 20 C. Since no changes were observed the

following conclusions may be drawn:
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(1) if a transition from one form to another does take p;ece
on lowering the temperature, then the form’produced must be very
unstable at 20° ¢.

(2)‘if a transition to a form stable at 20° ¢ does oceur
on lowering the temperature, then tﬂe transition mestwbe e@time
“reaction, requiring a‘much ionger time than was used in these

experiments.

Similarly, after the heating to 180° C., the physical
properties were remeaeured at 200 c. MCpnsiderable changes were
disoovered, as the following record shows: | -

/ (1) in surface ten51on apparatus,’H had- 1ncreased to 1, 551 cms.
correspondlng to X = 32?92. Th;s is anylnerease of 2@50% over
the true value ng) = 32,18 for cis decalin,

u%z)'ln density apparatusa the ma.ss of suspension 4— plummet

1]

'had decreased to 23,4902 BT, correepondlng to Dgo

4
20

.8982, Thls_

is an increase of ,17% over the true value: .8967 for

cis decalin,
(3) in viscosity apparatus, the time had increased to, 403,5 sec,
corresponding to 1]26 = ,03419, This is an increase of 2.89% over

the true value 1]26 = .03323 for cis decalin,

This ev1denoe? then, along with that obtained from the graph, 15

suff1c1ent to show that ehanges occur on heatlng, and that these

changes are accompanied by a certaln amount of 1rrever51b111tyo
To 1nvestlpate further the effect of heat, fresh samplee of

pure cis decalin were employed and treated by the following schemes




1. Apparatus heated

Apparatus cooled
‘2., Apparatus heated

cooled

to

to

to

to

Readings
readings

Readings
readings

Readings
readings

Readings

checked
at this

checked
at’this

checked
at this

checked

with previous
temperature, .

with previous

temperature.

with previous
temperaturef>

with previous

Apparatus
o readings at this temperature,,

checked Wwith previous

at this temperature., . .

heated #o Readings

3. Apparatus
T readings

Readings for density ang ViSCOSity
checked with previous readings
but in surface tension apparatus

H had increased to 1.326 cms.

Apparatus cooled to

Readings checked with previous !
readings at this*temperature?k

4, Apparatus heated to.

Apparatus cooled to Readings for density and viscosity |
checked with previocus readings - :
. , but in surface tension apparatus
e : H had increased to 1.336 cms.

&

Readings checked with previolus
~Treadings at this temperature,

heated to

5. Apparatus

checked with previous

Apparatus heated to
' ‘ at this temperature.,.. -

Readings:
readings

Readings for density and viscosity
checked with previous readings
but in surface tension apparatus
H remained at 1,336 cms, o

Aﬁparatus cooled to

Apparatus Readings for density and viscosity
checked with previous readings’
but in surface tension apparatus
H had changed to 1,534 cms,

cooledyto

With respect to the above reéultsg it will be'noted that no.

changes in surface tension (which appears to be more sensitive than
either density or viscosity) were observed until after the decalin .

had been subjected to 120° C. DNow the graph indicates that a radical




° ¢, since no changes were

ohange occurs in the region 50° - 60
Observed on cooling to 20° ¢. even after the heating to 1006 C.,
‘kwe are thue led to the cono1u51on that Whatever happens around e
;500 - 60° C is reversible, The ease of rever81b111ty 1s apparently
great, as the cooling was accompllshed quickly. The poesibility
that the abrupt change,at 50° - 60° C. mey have been due to some-
change in the apparatus, may be dlscredlted, as all readlngs made

in the heating to 70°, 1oo°, 120%, 150°, 140%nd 160° in the above
check test (using fresh'decalin) duplicated‘the“previous“teaéings.

| The heat treatment at 120 and 1309»p:oouced eﬂchange”in‘thec .
curface tens1on at VO C. ~and 20 C., no further change being effected
: by hlgher heatlng Thls apparently 1ndlcates tran51tlon in the o
region i200 - 750 C. Since the veadlngs at 1209, 1§Q°7end higher
temperatures checked with prev1ous readzngs,»and since the timet;
of heatlng was fairly short, 1t may be concluded that the forward
actlon of th;s tran31t10n is rapid, The beckward'actlon, as‘the
koooling'shows,;is incomplete, for at 20° C. H now posseesed_theo
value of 16534 cms Which corresponds‘to ng 32.80, ontan inc;ease

of ,99%'over‘the true value for cis decalin, The increase at 20°C.
in the previous readlngs was, ac-stated, 2 307 However, since

the check test,wac done in much shorter tlme than were the prev1ous
observatlonq, it would appear that the longer the heat treatment

the greater is the tendency to produce irreversibility. |

I1. A Study of the Plotted Results for the ths1cal Propertles
of Trans Deca]ln,,

The accompanying graph shows the effect of temperature on the
physical properties of trans decalin, As in the case of the cis

form, examination of the curves reveals characteristic breaks, again
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indicating possible transitions, It will be noticed that the
curve for surface tension is linear but. shows breaks aﬁ “109‘T.Q? C.o
50° - 60° C., and 120° - 130° C.; the curve for dengity is linear
~but fells off rapidly beyond 80° C,; the curve for logarithm of ...
viscosity is linear but shows four breaks at approx1mate temperatures
- of -10° to -15° C.; 10° »20 Cos 60° - 700 C.s 120_ - loOO Co
| No,change was observed in the physical properties of trens:>
decalin at 200 C. after the cooling down to ~30° c. Hence?vregarding
the cooling treatment, the same conclusions may be drawn for trans
as for cis. } \ 7 L
Following the heat treatment to 180° C.;kthe @hysicsl_properties
were agaln measured at 20° Co Howevef, unlike the case for cis. .
decalin no changes were observed for transe Thls would then point
to the fact that any tran51t10ns 1n structure produced by heatlng
trans decalln ( the graphs show that such transitions must occu;)w
are totally unstable at lower temperatures; that is, the reactiohs
are reversible, - | |

As a brief summary we may now say that:

(1) between elO and’OOC.,_a COmpletely reversible reaction
occurs .for both 1somers. |

(2) between 50O and 60 Css a completely reversiole reaction
occurs for both isomers, ’

(3) between”lZO and ISOOC.yvs'reaction occﬁrs, completely:

‘reversible for trans, but not so for cis,

ITL The Variation with Temperature of DensityQ

The effect of temperature on the linear charactefistics of the

Di v.s. t° relationship has been previously mentioned, For




?c».ttemperatures of Cls and trans as 428 C and 410 C respectlvely.;an;y»

‘u‘c1s decalln, the linear sectlon ranges from -30°C, to 1300°¢, and is

- glven falrly Well by :
. Di= 9120 - 000752 %

Dev1at10ns from this equation do not exceed 027 ey N {k'

f‘ffFor trans decalln, the 11near relatlonshlp ranges from. SOOC to 80°¢,

i*;and is Well represented by . , .

' ‘ ’ 4 .. . - : ’ P ‘_ ; k Lon v c", . ,‘ . =

~ Dp= 8849 - 000742 t - . R
Dev1atlons from this equatlon do not exceed 017 The IBClUSIOH Of

1gsquare terms 1n an. attempt to extend these equatlons over the Whole

L temperature range studled,,was found to be- unsatlsfactory. C

- As a means of gettlng aoprox1mate values for the crltlcal den51t1es“

‘°'\7of the two 1somers, the laW of Callletet and Mathlas Was 1nvest1gated

fThe accompanylng table and graphs illustrate the ‘manner of procedure.wt

Values of "d",(saturated vapor density) Were calculated from the: 1dea1»‘9v

'7~r5ga5"law, us1ng vanor pressures prev1ously determlned by Nemetz and

'Hennlkerl On plottlng average dens1ty agalnst temperature, the usualr

?‘nrstralght 11nes were obtained, For cls, the line 1s Well glven by
" D% i d% S “ '
, » = F 4560 000576 t

' 2
Dev1atlons from thls equatlon do not exceed 027

,and for trans by

D 4 a ,
't — Lt = a2 - ooossa t
Dev1atlons from thls equatlon do not exceed 017 "ﬁxf;,ra~

‘;fstrom the Work on surface tens1on (see page 39) we may take the. crltlcal

substltutlng in the above equatlons (or extrapolatlng) we thue obtaln
: 5a crltlcal dens1ty of 2950 for cis and 2915 for trans.f Since the
i data show the 11ne for trans to fall off gradually at the higher

.'utemperatures, 1t ls probable that the crltlcal den51ty of trans is

1§3 lower than ,2915, pos51b1y around . 2880,
":1; Nemétg, H} and Henniker, C., M, A Sc. and B, A Se. respectlvely
S i ‘ ~ Thesis (1938)

l,
A5
|
|




'1,naea Involved in Plotting the TLaw of

for e¢is

. for trans

Cailletet and Mathias,

Tem%erature‘

D4

t

4
dt

—~—r—7
Dt + dt

&Q

4
T

-30
,;20’ 
=10

10
20
30
'  40 -
50
60

il

a0
80
100
110
120
130
| 140
| 150
%éo
| 170
| 180

‘,9550
9274 |
9196 
; ;°912°
|.00a2
"58957
638892
-8817 |
|.8742 |
,8667'
' ,8592,;”
M_,8519
f8442“
8368 |
8204 |
|.8218 |
‘ ;8144j

8066

7986‘
| .7906
i
7745 |

‘O oo oo o

0001
10001 |
o
.0001
L0001
.0002 |
0003 |
L0003
40005 |
L0007 |
L0008
0011
+0014
’;0018 ;
L0022 |
.0028

L4637

.4598
.4560

.4522

4483
aaes |
.4409 |,

L4371

04554
;4296,

.4260
.4222
.4185

L4149
 ?41i2  
4076
.4038
44000

.3962

.3886 |

.9072
8997

8922

| - .0001

O jO‘*O;'O QO

0001 |
.0001 |

0003

yfooo4
.0006

©,0008

| 0008 |

. 0011

- .o012

. 0016
.0018
0022

.0029
.0035 |

4536
€4498 
4461
4424
4387
+4350
4310
9?427?ﬁ
.4240
-4204
L4167
4130
,4093
L4056
.4018
.3982.
3946
K,39084
~?5869'
,5852
3792
.3754 ;
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k AS a means of gettlng approx1mate values for the orltlcal T
'7‘,pressures, we cannot use the 1dea1 gas law due to the hlgh pressureSx‘
1nvolved, bUt we may make ‘use of the equatlon of correspondlng statesifﬁ
- ‘”*g—"% 30, 1)- 89 |
k”;In thls equat1°n‘r TPt , o= Vt:,e; de l‘and’f 0. T Tt
Employlng the values of do = 2950 for 01s and dc = ?2880~f0r,trans;

<+

";p part;al pressures at lOOOC,.of PlOO = 5. 821 cms. for cis. and ey

| "’;Ploo = 16 041 cms. for trans, and calcualtlng leO from the ideal gas

‘“~/,k1aw, We flnd that Pc 1s equal to 46 l and 45, 0 atmospheres for cis

mfiand trans respectlvely.

lﬂIV The Varlatlon Wlth Temperature of Surface Ten51on.p.

v

As prev1ously stated the curves for strface ten51on are llnean
,;but show characterlstlc breaks.f For ecis decalln, the coudltrons are‘p

Well represented by.‘

(a) 5
e ¥

 ;fDe§iatiens in eQuatton (a) do not exceed ,09% and in equatlons (b)land

X
i

54,50 - 1162 t whaich holds from =-30°C, to 500C

33.24 - ,0920 t  which holds,fromﬁ~v6096

] S

bW

52.24 - .0835 t which holds from 15000 to 18000 v

‘utq)jdo npt.exceed]~i%-;‘f

’\Fer;tranS‘deealiﬁ, welhave'the fe119wing§_H

) ¥ = 3178 - L1170 ¢ which holds from .-30°C, to -10°¢C,

¥ = 31,91 - 1020 t which holds from 0%, to 50°C.

a) &

1{*1~Dev1at10ns in eQuatlons (a) and (b) do not eyceed 097 and in equatlons

L0930 t  which holds from 60°C. to 120%.

30.33 - .0835 t which holds_fromp 13000; to 18000

k”efy(c) and {4) do not exceed 47 and 1% respectlvely.
| As a means of gettlng an approximate value for the crltlcal

k { temperature of each of the two 1somers, the EOtVOS equatlon was




employed, this being given by

ﬂm? = k {(tc-t - 6).
‘Since'this equation contains two unknowms9 k and te, 1t was.
necessary to use pairs of temperatvres to effecf a solurwon
The relatlon holds strictly for the higher uemperatures but iv
order to show what happens at lower temperatur659 the accomp@rylng
talble ahowe Cdloua¢tlons coverlnﬂ the whole temperature range.
The f011011ng is a brlef summary s |

1, for ols decalln

(a) from -30%. to 50° C.s average k¥ = 2,83 and'average tC‘m
V | 353.3° ¢,
(b)'from 60°¢. to 180°%.,, average k!“ 2.24 ang average te =
428950 C.

(c) assuming Guldberg-Guye 1aw5 Tc = % Tb, to hold, and taking

~boiling point of cis as 193 C,; we get
te = % (273 + 193) 273 & 4?6 C

This ig in good agreement with results given in (b)

-2, Tor trans deealln

and average tc =

£

lav]

s -
o
PO

(a) from -30°C. to 50 C., average k
374,5° ¢,

1]

(v) from 60 ¢, -to 180%,, average k = 2,24 and average tc

409,5° ¢,
(c)kassuming Guldberg-Guye 1aw/to hold and taking boiling
point of trans as 185°C; we get
te = 2 (273 + 185) - 275 = 414%,
This is in good agreement with result given iﬁ ().

The value, k= 2, 24 for Eotvos constant, is normal and the same:

for botb cis and trans; since it is not abnormally low, no association’




' Calculatibns~of Critical Temnerature and EétVSs Constant N

, : cis T : ._.trans ,
'Palr of T?mperatures Val?e of tc Value of k Valuﬁoog tc Value of

.20, ;50 S 356.4  ;; | 29 343,1 2,74

-10’ O TR ‘ 363°O ‘ 2’74 : ) 376.4 - ; 2¢5O'

-10, 20 | 363.1 2.74 | 3831 2,45
=10, 30 | 388.6 | ozums 380.8 | 2,47
- -30, 50 352.3 | 2,82 | 3637 | 2.60

0,2 359,3 2.77 | 383.1 2,45

',o, 30 | \55551 - 2.81 | 38038ﬂ'kw_k 2,47
10, 20 T ‘348.6 S 2,87 { 395f4 2037
20,30 348,5 | 2.87 | 9.3 | 2,85
30, 40| 40,1 | o2 358,5 2?54
"fngo;'sp | sa1y S 295 | 359,0 "2,53,k
N So, 60 ~ ‘:41038,i’ . ,_2,361°f" '388,5 ] 2%40_

60,80 436,9 | 2,19 | 3037 | 2.36

50, 100 | a24.5 | 227 | 3853 | 2,42

| 7o, 90 486 | 2sn | ogosy | 2,29

70, 100 | a5 | a1 ©389,0 | 2,39
80, 120 | a20.1 | 230 ) 3841 | 244
110, 120 | 4200 | o.oa 4117 | 2,20
110, 130 |48 | 2026 | a1z 2.19
90, 140 428.4 | 2,25 | s01,1 2,31
130, 140 | as9.0 | s2.00 4490 | 1,94
| 120, 150 [ 4217 | 215 428,7 - 2:08
120, 170 4337 2,20 | 415.4 2,17
S| 130, 160 4404 2,15 418,10 - 2,15
o 180,180 fasas | 21 | 4polq 2,13
60, 180 | 428,9 2.24 | 405.8 | 2.28

150, 160 422,4 2,30 - 393.3 - 2,39
‘160, 170 | a%96.0 ‘ - 2,27 I 412.1 | 2,19




occurs at the higher temperatues,

With the purpose of obtalnlng further conflrmatlon of the -
above results for crltlcal temperature, Ferguson's equatlonl was
'next 1nvest1gated This is ofrthe form
~Xt by X6(1 - aﬁ)n ;
Wher? "a" and "n" are constants, Oﬁ‘differentiating, we obtain

'the straight line equation
Yol &) o L
th n an

Ve Would thus expect that at the eritical temperature;iwhere

Kt = 0, Ll l~ = 0, from which tc = é .

n an

‘The aécompanying table gives the necéssafy calculations and the

graphs show the result-of plétting X£(dt‘ )“v,s, iﬁ Sinée the

- graphs are by no means regulaf, no attemgt was made. to determlne
tc from any one portlon of them, However, it w111 be noted that
the plot lor 015 is approylmately linear in three sectlons, anq»

the breaks ocecur 1n the prev1ously mentioned ranges of lOO - OQC@,

500 - 60 C.o and 120 - 130%, The plot for trans appears a- llttle X

more c'omplexe The characterlotlc changes at =10° - O Cos 50 60°C

and 1200 - 130 C. are qulue ev1dent but in addition there are

~ breaks at 80°¢ and lOO C.

V. Determination of Parachors; o

Calculatlons of parachors were. carrled out employing Sugden' 5%
fequatlon L
‘ Mo X°25

oecooooeooeoeoe

1. "Surface Tenqlon and Surface Energy" by R, S, Willows & E, Hatschek i
(3rd ed.) 43-44.

2. Sugden, 7, ~chem, Soc,, 125, 1177 (1924).

[




Data and Calculatlons Involved in: Plottlng Ferguson S Equatlon, ]

~ cis L __trans , S
;'Temperature Wean t A¥ in dt Ty at X A¥ in] dt. Te 2ty
‘| Range (OC) ‘this ar, %ean g Yt dXt “this dZ{t mean t|
Lt = 20 °. | Range| - Range- : :

~30 to 10| -20 | 2,39 8,44 | 36,83 B311.0] 2,34 8,54 54,14

'1f;_205to,‘o | =20 | 2.33|8.58 | 35,65 | z06,0| 2.23| 8.97|32.05
| | =10 to 410 0 | 2.29 |8.75 | 34.50 | 501.5| 2.08| 9.61/51.91

r

‘0 to 20| 10 | 2.32|8.82

[e)}
(WA

.36 | 287.5| 2.02| 9,90|30.87
10 to 30| 20 | 2,35 |8.50

A
v}
.8
[
9e

| a2ma,s 2,00 1otoo'295895
1| 20 to 240 30 | 2337‘~85444:31»01 262,00 2.08| 9.61] 23,87
’fao't¢n'5qriéq | 2.38 3‘4? _29;81f ”*25055 _ gélofjggsg,zvési
40 to 60 fk501j1'2?14; 9,34 28,63 | 267?5 1f99,;o?05 25,77
SQ”t§  #dl"sbk 1.81 11,05 27?67‘ ﬂ 306;6: 1,95 16,25 R5.82
"”éo‘po,ﬂso 70 | 1.79 11518 26,82 | 00,0 f;fsv*lofvo 24,82 |
k35,jbf£o4'9Q*,;80", 1}37 l0°79 25,88 2?7§o © 1.80[11.10 25?95'

| 807t0 100| 90 | 1.8410.88 | 24.95| 21,5 1,93/10,37 23,02

| 90 to 110| 100 | 1.81 [11.05 | 24,04 | 265.5| . 1.97|10.15 22,02
100 to'120| 110 | 1.79 [11.18 25,14 | 258,5 1.80|11,10| 21,05
| 110 to 130| 120 1.76 11.35 | 22,25 |  253,0 1.66]12,05| 20,22

| 120 to 140 130 | 1.69 11,85 21,38 |  263.0f 1.57|12.74/ 19,39
1130 to 150| 140 | 1.62 12,35 20,56 |  253.5| 1,54 13,00 18,65 | =24
[ 140 to 160 150 1,67 11,98 | 19.76|  236.5 1.67|11.95/ 17.85 |

1150 to 170 160 1,72 11,62 18,89 | 2195 1.68[11,90/ 16,98
| 160 to 180( 170 | 1.71[11.70| 18,08 2119 1.54 13,00/.16,17 |
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The accompanying table gives the necessary data and calculations,
The results show that we may take averages for each isomer over

two separate temperature ranges, thus:

lo_for cis decalin
{a) from -30%., o 30°C, P - 366.0
(b) from 40°C. to 160°C, P = 365.6

2, for trans decalin

(a) from -30° to 40°%, P . 371.1

(b) from 50°¢ %o 150%¢, P 369,7

Parachor of Double.6~MEmbered Ring.

From Sugden's work we have the following parachorss for

carbon, P = 4,83 for hydrogen, P = 17.1; and for double bont
P

23,2, Knowing the formuls of decalln to be 010318 and
assumlng the additive nature of the parachors, we obtaln the
fo1low1ng values for. thn parachor of the double Smmembered rlng:'

1, from cis decalin

(2) from -30°C to 30%C,

= 11,1
(b) from 40°C t0 160%, P = 0.3

2, from tfans'decalin 7 o
(a) from -30°C to 40%, bp = 15,3
(b) from 50°C to 150%, P = 13,9

As a supplement to this work, the parachor for this structure Wasff

worked out from data on naphthaléne° From Intexnatnonal Crltlnal
Tables we are given the values at 80 ? (meltlng p01n+)~ ¢ = L9779,
| 5— 32, 26, and P-= 7,5 mms, The calculated parachor from this data

is 312,1, On subtracting parachors due to carbon, hydrogen and




V'Data;andicalculations of Parachors

ci

mn

trans

(°c)

. [emperature|

Y

ok

| Parachor

4
dt

Parachor

-so,oo‘
-20.00
' f1o,oo
: béoo,"
10506-”
'2ofoo_
30,00
| 20.00
 ;55?00 ‘*
 66500 e
| 7o.00
J_sb?co‘,
'9o,oof,f
3 10@,00’
| 110,09
| 120. 00
| 130.00
| 120.00
?f«lso,oolﬁ
: 160?06
| 170,00
| 180,00

38,02

36,83

35,65

54,50
n33?36 ‘
32,18 |
k31,01ﬂ'
' 29i8l‘
.'28553
27,67
 ’ 26382"
ﬁ 25788“
24,95
24,04
k23¢14,f

- 22,25

21,38

30756
19.76
18.89
| k18504 ’
17.18

.9350|
Lozme
‘f9196f
i?9129~
.9044 |
.8967|
8892

.8817

8742

8667
'?8519
k,ﬁ8442
.8368
‘?8294

.8218

.8144

.7986

L7906
27825

L7745

O O PO o Lo o

'70001

, 0003
.0005
. 0007

0011
,0014

. 0022

.+ 0028

366,9

"'367.l

:.ooolk
.0001]  366,1
.0001|
‘700012’ 

.0002]
,0003|

.0008|

.0018|

366.9|

567.1
367.1
366.9|

366.6]

365.6

35,29 .90v2

.8775

.8627
27.81|.8553
26,77| .8480

| 25.82(.8405

8255
| .8178
22,02 .8104
-8025

©20,22] 7952

7876
.7798
17.85 ,7717

16,98/ 7638

7555
15,44] 7474

| -8922
.8849(

| 8700/

.8331

e o T S o SISO

,odoi
1000;
ffoooi'
:?0003
.0004

,.0008|
+0009|
.0011
0012
0016

.0022]
. 0026
. 0029

L0035

1.0006|

~.oo18)

371.1
371,1

371,0
| 371.0 -
3711
| 7.3

371,2
37049
370,6

370,56
570,3

370.5

370,4

369.7

369.2
1368,9
368.8

369,0

369,0

365,4‘
3681

368,1




double bonds we obtain P = 11,3 for that of the double o-membered rlng
Thls agrees falrly well with thp narachor from 015 decalln from
-309C to 300099 1ndlcat1ng a 31mllar1ty in conflguratlon i

As statﬁd, the value P = 25 2 for the double bond, 1s used-
in the caloulatlons It may be mentloned, however, that since a
double bond possesses mOdllled propertleq 1n a Snelemenﬁ ring to
what 1t poesecses in say ethylene, we may not be justified ih
assuming the parachor the~same for_both cases,

Parachor of Single 6-Membered Ring,

For this, Sugden gives the value P = 5,1, Since this was;
»n0~doubt; obtained from data on benvene (unsaturated), it Was of
interest to see 1f the same resuli Would be obtalned from data

on Cyclohexane (saturated), From International Critical Tables we f@

are given the values at 20°c, : D4 = a'7'790, K= 25 30; and
P= 76,9 mms ., The calculated parachor from thls data 1% 242 2.

On subtractlng parachors due to carbon and hvdrogen we obtaln

P = 8,2 for that of the single 6=element rlnv ThlS differs
: cons1derably from Su den's va'luey and, as w1th the double rlnp,

is probably due to some effect of the double bonds

VI, The Total and Molecular‘ourface Wnerglés,

The accompanylng table shows the calculatlons of total surface
energy; where total surface energy = X + T(dy) The value of

é! (really ) was obtained by taking Aﬁt = 109¢ and gettlng 1
at }

- corresponding values of AY . Th@ following is a brief summary

of the results:

1. for cis decalin

(a) from -30°C to 50%, average 41 2117 and averare total
t R - : : i
surface energy = 66,44 ergs,




Data and Calculatlons of Total and Molecular Surface mnergles.

. e
cis 5 ‘ ' trans S B

,5Temperature It . ' Total‘ Molecular| )t , ~Total |Molecular
(°c) Ce | AY | Surfaced Surface |- AY | Surface| Surface

: R Energy | Energy Energy | Energ

' , lergs) Kerps) L ‘ {ergs) | (ergs)’”

| =30,00 | 38,02 | 66,45 1062, 6' ; 35,29 | | 61,05 |1006.3
{=20,00 | 36,83 N 66,43 | 1034,9 34,14 | | 60,96 978.9
foi oo 1.8 P e
1 =10,00" 35.65 | 66 .42 1 1007.4 32‘95‘ “",~ 60,83 | 950,1
IO | 1,15} 1o 1.04] o R
0.00 4,34 50 | 66 .44 | 980,3 51, 91 Tl 60,85 - 925.1
. 1‘14 . 4l 1‘904 . :
210,00 53, 56,] o 66 47, 953,2 30 87 T 60,87 9oo 0
S ‘ -1 1,18 RN L98( e ‘
20,00 .32.18 o 66 46 924,79 29,89 | 60,95 876.4
b ar ] \ o 02
rso.oo N ke B o A 66 46 896.2 .| 28.87 " | 60,99 | 851,3
. ' .‘ ; o o 1“20 - ‘. ) : 1906~ Yo, T 5
40 oo<f 129,81 - '66,43 866,4 27, 81 160,99 | 824,8
o - . lk¢18 R i - - B 1004 T R EV”\
50 00~ 28,63 | 66,42 836.8 26,77 | 61.01 | 798,5
: : o, 98 S e W95 R
60. oo 27,67 | 56.97 | 813.4 | 25.82 | 57,45 74,7
] ;_:’ ‘-: °85j ‘ '77 B l_OO B R ‘ \“‘,\
70 oo | 26,82 o _57 00g‘ 793.0 | 24.82 - 57,40 749,11
3 | .o4 LT BT e
80,00‘ | 25,88 [ . 66 94~ - 769.6 - 23, 95 oy 57,48 | 727,3
Ty = SN .93 A 93 L
90,00 24,95 | | 56. 89< V46,4 23, 09 | B7.50 | 703.4
ER - v . : 091 L i P lgoof s e g “"
| 100,00 24,04 | |  B6, 86'“ 723,4 22,02 " 57.45 677.0°
: - L L90 Lo ERRE L2 R b
/110,00 . | 23,14 : 56 84 700,5 21.08 ° | 57 45 | 651.4
I I .89 B R A .83 ;

1 120,00 | 22,25 ( 55 83. 677.7 | 20,29 ‘,51 66 | 6R9.5
[ R - L R -, 83]
130,00 21,38 | 56 .84 | 655.1 19,39 | 51,63 ‘607 6
140,00 120,86 | 56 .90 | 634,1° | 18,65 ~ ‘| 51,69 - 588,3 -
150,00 19,76 o] 86.98] 613, 5 [ 17.85 - 51 69 ,567 o'

160,00 - | 13,89 56,99 ;/590 4 | 16,99 " | 51 62 543,0
e .85 | N .81 - '
170,00 |1s,06| | 57,02 5677 | 16017 T 51.61 | 520.9
o LR ’ C | 086 S . . S . 73

Lfaocoo 17.18| . | . 57,04| 544,24 15,44 " | 51,68 | s01.0




{v) from 60°C to 180°C, average Qgg = ,088 and average total
surface energy = 56,02 ergs,

2. for trans decalin ‘ R

{a) from -300¢ tq 50°¢, average“%%— = .106 and average total
v surface nergy = 60,94 Ergs.. . i
(b) from 60°¢ to 110°¢, average Qé- = .095 and ave;age‘total

. | _\‘surface energy = 57945 ergs,ef\gé
'(c)'from 120°¢ to 1800¢c, aVerage %%—,% .OSQ-and_averageAtotal
) sur?aee energy = 51,65 ergs.

‘It will Dbe noted that the agreement beuween values of total surface
energles for dlfferent temperatures in any one temperature range, is
very good, 7 » ‘ R
The values of molecular surface energy (the JKMv? of the Edtvés

equatlanﬂ ‘are tabulated and the variation With temperéture is shown
.on the accompanyinv grapn, The curves are lﬂnear, and, as mlgh% be o
expected, are very similar to those for J'V g, t{ The eheraeteristic

breaks-are again ev1dent, those for both isomers showing up at

50° - 60°C and 120° - 1309,

VII The TLatent Heats of’Vapprizaﬁiqnwand Eusion,v_

As a means of getting an approximate,value fqr the latent heat of
vaporization, the work of Waldeﬁlwas investigated., We have the
equations:

(B () o,
¥

where AH# = latent heat of vaporization per gram

4
Dy

S

1. "Surface Ten51on and Surface Energy" by R, S, Willows &
. E., Hatschek (3rd ed, ) 41-42,

density of liquid at boiling point

surface tension of liquid at boiling point

© 0 #8890 en 0 L 08 e e
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Values of Db and X were obtalned by extrapolatlony and AAH

| determlned 28 in the follow1ng table:

leb S I% ‘ AH, in calories per gr.
o cis | 16,05 L7638 | 76,5
trans| 14,99 | 7433 | 73,4

These values for ;AH do not seem to be 1n vood agraement,'
' however, Wlth values calculated Irom the Claus1us~Clapeyron ;?7
equatlon Thls 1s shown 1n the f0110W1ng table, and may be due
'_to abnbrmalltles 1n the values of X and D at the b0111ng po1nt

o thus renderlng the extrapolatlon an 1lleg1t1mate procedure.

““Temperature ~ Vapor Preséure, ,:AHv infcalories per gr,
e T 191 7°c 74,276 cms, RO SR
cis 1 ' LT e B e 91,0
B R ~*202 6°c | 101,47 cms, R
| ' 1171,300,\, | 59,710 ems. o el
trans| e ~ L T .. 'B4,9
| 187.3%. | 80,485 cms. ~ S

. The equation given by Walden, and involving'thejlatent heat of .

fusion, iss:

( AH )( )
R o 15 14
o ‘ Tf ;
whereé: AHf = latent heat of fu51on per gram,;‘
U o= molecular welght
Tfia absolute temperature‘at freezing point.




\‘fobtalned appear perfectly regular and normal 1n shape.~ Howevcr, When

%o the other but concave to the rlght)f ‘we obtaln for each 1somer

o llnear portlons; the ohange from one to the other belng 1n the

" The following~tebleyshows the calculated Veluesé | , | : o I

Freezing point (°c) . B AHp in calories!per;g:.
eis | 43,26 1 21,8
Ctrans | 31,490 o 23,0 SN

fVIII The Varlatlon w1th Temperature of V150031tv.

The graph of u v, s° t was drawn for -each 1eomer, andythe curves:

log u 1e plotted agalﬁet % (or, as shown on . the accompanylng graphs,

' When log 1 1s plotted agalnst t—«@lVlng a curve form Whlch 1c 51m11ar o

: a curve Whloh is made up’ of flve dlfferent stralght 11nes,~ The‘bffw

‘traneltlon temperatures from one llne to another have been mentloned
’(see sectlons 1 and 2 ) Yow it Wlll be recalled that flve 1eomerlc
kforms for decalln have been postulated by Wightman It - may be
poselble, then, that theqe flve forme are representea by thls’
31mple v1scoe1ty-temperature relatlonshlp. | ’

Data for the v1sc001ty of benzene1 were next Obteined end Were

‘plotted 31m11arly agalnst %‘b “The resultlng curve 1s made of two

ffreglon 500 - 40 C. Slnce the values of Eotvoe conetant are not ’
‘abnormally low for elther benzene, or the 1somers of decalln; such
changes In slope cannot be ettrlbuted to caangeskln association,v

1 . B ,o.boouacooooloo

1,;~J.'Phy;,chem, 34, 1599~1606




but apparently are due to alterations in the molecular configurationw

To investigate further this evidende from viscosity, and to
link up'the viscosity with other physical data, the work of

BatsohinskiZL was examined., He proposes the relation

where a and ¢ are constants and v = specific volume,

Hence

P
u D

.& straight line for l',vas,

The ﬁlots for this e@uation are shown on the accompanying graph, -
It[will be noticed théi'the curve for cig is réa;ly made up of four
stréight lines separated at temperatures of -10° - 0°, 30° . 40°
and 8O°7~ 900; the curve for trans is composed of three straight
lines separated atfbmperatures of 0° - 109 and 50°‘~ 60°, These .

transition temperatures do not agree very well with those prgviougly

given, and no indication is given of any change near 120°; however,

“the parallelism'of the curves is quite marked, and the fact that

linear characteristics are shown, proves the applicability of

Batschinski's relations.,

e 00 05 9500 B T e s o

1. Batschinski, A., Zeit. physik. Chem., 84, 643 (1913).




Calculations Involved for the Plot of Batschinski'stquatioﬁ:'

cis

LTemperatur@
T {oc) |

1

s

u £

Cer

Trans

[ o

. -30,00

~10.00
 fo,oor
'-10300
'20?00 
’30400-

50,00

6000

~70§OO
‘  $0?00
90,00
| 100,00
110,00
4120?002
130,00
140,00
 150500
‘ 160§00
170,00

180,00

-20,00

18,28

40,00
- 54,02

194,33
210,04
227 .38

6,55
9,22
13,55

23,95

30,09
30,33 |

45,21

63,65
575?54*1
85?25 |
94,79 |

107.91 |

121,03

134,79 | -

148,26
163,48

178,19

1.069

1.078

1,087

1,096

1.106

1,115

lg125r
1,154
‘if144
1,154
i5164,
1.173 |
 lase
1,195

1,206
1.217

l.228,‘

1,240

1,252
1.265

L2va

1,291

.70 1,102
18,71 | 1,113
2450 | 1,121

31.24 | 1,130
38.90 | 1,140
47,17 | 1,149

56,02 | - 1,159
Se6.27 | 169

77.52 | 1,179
89,37 | 1,190

101,42 | 1,200
(114,02 | 1,211
127,06 1.223

141,44 1,234

f 156,99 | 1,246
, 173701 | ;‘ 1?258 o
18656 | 1,270
 204§081 o 1.282

217,87 | 1,296

236,97 | 1,300
L R57.73 | 1,324
277,01 1.338
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".~de30ribed Since, however, rather large Ylelds were obtalned,_g;; t:'”

";certaln dlfflcultles Were encountered (chlefly 1n the crystalllzatlon

sh 'several conclu81ons that this work haswbeen presented in some k

PART IV

T T
N N

”Informatlon Obtalned from Further Rectlflcatlon and Crystalllzatloh.

In order to secure more of each pure 1qomer for subsequent
~,kresearch, 1t Was de01ded to follow agaln the regular procedure of
,‘réctlflcatlon and crystalllzatlon.r Commen01ng Wlth the raw, Cr

upweehed decalln, the method Was pre01se1y the same as prev1ously

“treatments) and it is for thls Teason, and 1n order to present

1. Besults of the Reotification of Cis and Trans Decalin.

(over)




 Réctification No.'l

. September 26--October 1, 1938,

Characterlstlcs of Charge.f’

‘(a) 2000 c.c. of Eastman Kodak decalln.‘

~ (b) Dgo :
(c) N 20

Aa) approxlmate composition

.8875

-

‘a 1:47834”;g;;;;i'i |

24;5%‘trans('

Bulb 2

Bulb 4

“‘ifVolume of Fraction

igB0111ng P01nt of
- Fraction (°C) =

: ooniberel)r
‘*Tlme for Fractlon
1 (ors.)
F.Rate of Fractlonatlon ‘
Lk (c.e./nr)

: ]Index of Refﬁactlon

Osltlon

  'Approyimat6%§O

TR
'@w;w5a5

14,8
1.46983

13,5

.1.971

‘l 46995

59,5~ 61 2
'14‘5“
15. 6

2.2 |

23,0

1.47255

T Bulb 3.
61;25§4.3
331

14.4

26,6

|- 11.25
| 1.47975
- 88.1

64 3-66.4
1w5225.5w

66 4-67
528 o

|1.48118

2100, |

7 Final*residue in CCluﬁn‘bulb

"Hence total loss durlng rectlflcatlon

400 c Ce .

8;9 s} .C .




V;VRéctifioationiﬁo.

2

(b)
(o ) N

20
éo

(a) 2378 c.c. of decalln,
Eastman Kodak. decali
Rectlflcatlon No.
Rectification No.,
decalln from 1937

8890~

1 47849

‘Octbber 6-=October'13, 1938,

Characterlstics of Charge-

runs.

comprlslng 1475 c.é.
n ¥ 400 c.c.
1 + 330 c.c. of bulb 3

1 4173 c.c. of 84% trans

(d) approx1mate compos1tlon = 237 trans ‘

of raw
of bottoms of

Bulb 1 * 

Bulb 2 _

_Bulb 3 _

_Bulb 4 |

Bulb o}

”730111ng P01nt of
| Fraction (°C)
;Z;Vol me of Fractlon
S o
"QTlme for’ Fractlon

% ClS)

| 59. 5-60 2

24,5

‘,svo

1.46988
2 O |

181

60.2—62.0
500

1.47081
11.2

62.0-64,9
345 |
30,5

11,3
1, 47804A 

',73.2"‘

1.48125

64.9-67.8|
05|
;4535

9.5

>100

"’“‘9?-"6'.' :

| >100

N S

67, 8-689

U280
ok

29,0
KPR

B8
1.48128 |

A l

Flnal re51due 1n column bulb a 

440 c, c.t;t:'

'_ ; Hence total loss during rectlflcatlon = 38 c.c,




c-lRectificatioano.:S

' Qctober 21--October 28, 1938.

_4<gle’kk-(b) Dgo
| D
(e) oo

‘:j Characteristlcs of Charge'

(a) 2053 c.c. of high cis decalin co
Rectlflcatlon No.
“No,

mprlslng bulb 5 of
1; bulbs 4 and 5 of Rectification

=
gl

2; and 840 .¢c.c. of high cis decalin from the

8965

1.48118 :

:(d) approxlmate oompositionks

oo

crystalllzat1on treatments of l937=58

lOO% ciss

u,ooncentrated 1n bulb l,

,“rectlflcatlons.

Y”Kdecallnvof very hlgh purlty,

:ithoroughly by reflux1ng 1n 1t for 5n

'*5had an approx1mate composltlon of 707 trans

i

Before proceedlng Wlth the trans, the column Was now. Washed

S e , Bulb 1 _T7Buib 2 Bulb 3 _Buib 4
(ﬁolllng P01nt of T T SR S R g
_Fraction (0C) ~i67 1«67 6 67.6-68;0 68 0-68 6 68.5-68.8
'{Volume of Fractlon | TR Ll e T
(evel ) ~ 100; 330 725 ‘ ‘570; .
Tlme for Fractlon Bl R IR S e
: “nrs.) 10,0 o320 74,5 38, 5
ate of Eractlonatlon | I SENENRA s
oo Tifewel/nr) [ 10.0 10,3, 9.7, 9 5
‘ndex of Refr%ctlon T T R e B G e
e W) 1.48044 1 1.48108 |1,48108 1; 48108 }1.48108
3 rox1mate Cgﬁp031tlon S e R R i S
’ o (% 013) L ,93;0 100 - 100 1ooo’ 100 .,
Flnal re31due in column bulb 240 c. c. il L

Hence total 1oss durlng rectlflcatlon = 198 coc. 5
' It appears from the above that practlcally all the 1mpur1tles Werelum

and that the remalnlng bulbs contalned 01s

6 hours a charge of decalln whlch

Thlo Washlng charge Was

fmade up of two fractlons obta1ned from ‘the R D Walker--W‘ F Seyer“




 Rectification No, 4 " November

S—ANbvember‘Q;‘lQSS;‘

uChafaEteristics of Char?e'

(a)

1950 Cocy of hlgh trans dec
1 and 2 of Rectlflcatlon No,
Rectlflcatlon No, 23 and 65

D4 avoo

alln, comprlslng bulbs
1; bulbs 1 and 2 of:

3 ce.c. of high trans“”
~decalln from the crystalllzatlon treatments of l937~58

LA

i N
4 ’

k2

()
- {e)
’ii f‘§d)

20
D
W

20 -

1 47008 o

,approx1mate compos1t10n =

‘96}6% fransaP

q-

R
R ;
P §A-‘~: R

Bulb 2

Bulb 4

Bulb b

301llng P01nt of
| Fraction (°c)y
Volume of Fraction .

‘ o (e.cl)
&Tlme for Fractlon 3
S (hrs.)

N Rate of Fractlonatlon

(c.c./hr).

. (Ng )
Approx1mate 89mpos1t1

iflndex of Refﬁactlon, 

BT
f59,ogéi}o
b
'fi3:1

11.45889
on n

61 0-61 7

| 578’ |
50,0

11.46933

fl 46938

B T

61.6;62.3
,H'4§d

43,0
| 10 v

1. 45933

62,3 61.5
,'220‘

9 4 :

|1.as043

61.5-61. o*

i e b

345

o 4
© g

(7 trans) 2| >lOO | 100 B 1OQ~" 100

lOO

Flnal reqldue 1n column bulb = 590 c . Ca :u

Hence total loss durlng reotlflcatlon 57 c. °'~g

The above table

shows that the chlef 1mpur1t1es 1n our trans

of the low;b01llng p01nt type.,

Thelr removal

”;concentrates~were

;fappears to have been done qulte efflolently, for bulbs 2y 3 4 and 5

"are of the Same approx1mate oomp051tlon




ey

" 2 The Flnal Purlflcatlon of Cis and Trans Decalin by Fractlonal
N , ‘ Crystalllzatlon o : :

‘7 ( ) Apparatus and Experlmental Procedure.'ﬁ Except for minor

‘:changes, everythlng Was the same as 1n the prev1ous work, In the'!s;:
"lcase of the 01s, 1t Was found that the CIYSt&lllZatlonS could be Well
‘PidOﬂe by pla01ng our decalln in an 800 c. c. glass Dewar (us1ng an
salr wall),'and coollng the Whole w1th solld carbon d10x1de 1n a
kmuch larger Dewar. Hand stlrrlng was: employed throughout and no

\ trouble Wlth supercoollng was encountered ,However,ﬂforktransﬁgfg‘

"lllt Was necessary to evacuate the 800 C. c. Dewar 1n order. to reduce

J7lc‘1t was found that elght separate crystalllzatlons were requlred to

: fto a mlnlmum the rate of heat transfer Also, to reduce heat Vsy€;§i
;«transfer stlll further, 1t was necessary to use mechanlcal stlrrlng,,ﬁf

‘s1nce 1ts use allowed the formatlon of a thlck layer of crystaISn

‘f;on the sldes of the Dewar Such treatment favored the pbenomenon r?

'Vfof supercoollnp, but no- dlfflculty was experlenced as seedlng was

‘klemployed

e ,\(b) Exnerlmental Results for ClS Decalln The fractlons ’kj,n:
'e[selected for the purlflcatlon Were bulbs 2535 4 and 5 of Rectlflcatlon f

'No.»sc Us1ng @ comblnatlon of bulbs 254 and one-half of bulb 5,

obtaln the pure 1somer and that the volumetrlc yleld Was 530 o.c.""

k'ﬁ'As before the product was drled uslng metalllc sodlum ‘For.thls“ i

e materlal, our final result is:

c;xr.ip e "5-4329: f‘,.04'°r; and. ND 1. 48113

20 ©
The purlflcatlon treatment as app11ed to a comblnatlon of

sibulb 3 -and the remalnlng half of bulb 5, ‘gave very 1nterest1ng~’




srresults. After. flve crystalllzatlons, the mater1a1 could not
'tbe purlfled further and gave a constant ¥, P, = -43 0800

;Thls result Was obtalned approx1mately three weeks after the

~yffractlonat10n of the high 01s decalln by Rectlflcatlon No.f&iefe

:k;Ten days after the determlnatlon of thls freez1ng p01nt, another '
’”~iiytest was run on the same materlal L Thls showed the constant :

h'free21ng p01nt to have fallen now to -43 14 C Agaln, two months

klater, another test 1ndlcated the free21ng p01nt to be st111

75]—43 1400, The volumetrlc yleld of thls materlal Was 590 L
Thls Work on cis decalln clearly suggests the presence of ;;I\

ﬁsome unstable form of ols 1somer Its presence, predomlnately 1n

i 7‘bu1b 3, appears qulte remarkable, none—the-less fortunate, and 1ts{‘ E
”fconcentratlon may be attrlbuted to careful rectlflcatlon As ;d3,7‘

_,stated above, our flrst measurement on thls sample was. made about oy

wgthree Weeks after Rectlflcation No. 3; Hence, concernlnp furthers

,,flnvestlgatlon along tnls llne, 1t seems plauslble to suggest that,4‘

o follow1ng careful rectlflcatlon of c1s decalln, freez1ng p01nt

'd~determ1nat10ns should be commenced ‘as soon as p0551b1e w1th the E

/separate fractlons."

- \(c) Experlmental Results for Trans Decalln.b As mentloned eﬁ
f prev1ous1y, several precautlons had to be: taken in order to obtaln‘g

!optlmum condltlons for the crystalllzatlon of . trans decalln Manyr \

fﬂntrlal runs Were made to 1nvest1gate dlfferent effects, and 1t was.

7Lg\f,f1na11y concluded that, When a dry 1ce coollng medlum 1s employed,

a;Vthe use of mechanlcal stlrrlng and a Well evacuated Dewar (105 - 104

'd‘mms ), are neoessary.' Further, it was demonstrated that hand stlrr;ng!j

hproduces the same freez1ng p01nt as mechanlcal stlrrlng, but in the nfff

&

"«former oase the rate of ooollng 1s much greater due to the orystals




59,

forming within the bulk ofrthe liquid and not being swept to the
sides of the flask. , ’ o

Uéiﬁg a combinatiog of bulbs 4,75 and one-half of bulb 3,
ali of Rectification_No, 4,‘itywas found that,s;x sgparate~.;fggw
cr&stallizatiqns WQTG,TSQUired_t? obta@nrthe‘pure isomer and that
the volumetric yvield was 500 C.C, However,‘using buib 2 and

the other half of bulb 3, twenty crystalllzatlons were requlred ¥

"

to obtain the constant p01nt, and the volumetric yield was 135 cuc,

The freezing polnts of thevtwo batches'agreed. For trans decalin,

our final result is:

P. o= -31.16 T ,04%C. and N3 = 1,46954




PART v '

: r'A Studz of the Effect of Heat on: the Decomposltlon of Cis and

Trans Decalln

That heat produced decomposltlon 1n the 1somers of decalln

'~,seemed apparent from the dlscovery of the presence of unsaturateds

”ktpln the heat-treated 11qu1ds which had undergone the measurements
"fof denslty, surface tens1on and v1s0081ty.h In the case of the 01s
f'ffhllquld the reductlon of alkallne potass1um permangamate Was qulte

,phrapld, 1n the case of the trans llquld the reductlon was also

‘?fobserved but the tlme requlred Was much longer than for the ClS.
~aIn both cases, the refractlve 1ndex remalned that of the pure';

"1somer--one 1nstance of the fact that refractlve 1ndex ig not a

"?sens1t1ve phy51cal property cf these 1somers., It would,appear‘

cffrom thls, then, that at the higher temperatures cls and trans ﬁ;;;"

z

t?decalln tend to revert to the unsaturated compounds from Whlch they o

~,?Were formed' and that the tendency to do so 1s much greater for cis

hthan for trans.‘ Slnce hydrogen would be glven off 1n such a

freactlon, it 1s qulte poss1ble that vapour pressures read too hlgh

'*vfwhen hydrogen 1s present, but on the other hand 1t 1s pos51b1e

"t that thls may be compensated by the lowerlnu 1n vapour pressure o o

“1from the solutlon of the unsaturated compound in the pure decalln.

A sllght dlvergence from the true values may also be eXpected 1n -

t‘fthose obtalned for dens1ty, surface ten31on and v1scos1ty at the

| ‘elevated temperatures,rand 1t 1s 1nterest1ng to note that 1t may

;'~f be thls dlvergence Whlch 1s respons1ble for the sllght falllng off

k1n the curves at the hlgher temperatures.k Experlmental verlflcatlon

of the formatlon of unsaturateds agaln is 1ndicated thls tlme in -

R e LT




»hf’the data obtalned for 01s. As the author 5 work shows, the heat

*threatment resulted 1n the 01s llquld haV1ng a hlgher den51ty, surface

Z;_’to be hlgher than those of the. saturated (as pure cis or trans)

: ffundergone, it Was de01ded to follow the productlon of unsaturatedSA‘

k "essentlally that due to Hubl w1th the 1mportant modlflcatlon

ﬁ'fdlssolved in the purlfled a01d,:and then Washed and drled ohlorlne

‘pten51on and v1sc031ty at 20003 than the pure cis. possesses Thls O
fwould 1ndlcate a partlal change at least of the saturated conflguratlon&f%

'of pure 01s to that of an unsaturated, for a. study of the data on. the E

'l,,unsaturated double rlng (naphthalene) 1ndlcates 1ts phys1cal propertlesféj
To 1nvest1gate more fully the amount of structural change

'{bY fOllOWlng the change in 1od1ne number It 1s qulte p0551ble that

;)0W1ng results do not- 1ndlcate unsaturatlon only, as some

f,substltutlon may always take place durlng the absorptlon Thls

substltutlon Would be retarded by the use of low temperatures..'>7

.

'fVHowever, s1nce dlfferences only were. de51red,‘absorptlon at 20°C

'ff:was deemed sufflclently accurate for the purpose, and all’measurements-

Were reproduclble.

(a ) The Experlmental Procedure.,t The method employed Was

suggested by WlJS Two lltres of glaclal acetlc acld were dlstllled
5 tw1ce 1n the presence of potass1um permanganate in order bO ox1dlze
\,any alcohol or acetaldehyde.g The flrst 50 C.C. of each dlstlllate hdf '

‘hwas reJected Thls done, about 6 5 grams of pure 1od1ne Were e Ee

Was passed 1nto the solutlon untll the oolor changed from dark: brown

w;,to reddlsh yellow. That thls color change occurred When the tlter

‘of the solutlon was Just double that of the 1n1t1al 1od1ne solutlon,\t

'/"l..'l"‘l...l.....

}k1438utton;‘"Volumetrlc Analys1s" lOth edition, page 412-415




‘“;:pand lOO c. c. of Water were. added In order to prevent.loss o£M;

:e,Was Shownfby titrations WithVStandard‘sodium thiosulphaté On- v s
'the 1n1t1al iodine and flnal chlorlnated solutlons.~‘The»standard

‘;thlosulphate Was prepared by Volhard's method*‘ Chloroform was

used as solvent for the decalln, also used in the tltratlons:

| Were a 107 solutlon of potass1um 1od1de and a freshly—prepared

‘,fl7 starchfsolutlon.efEach tltratlon Was done~1n a 250 c.o.,:cleaﬁy
r_:PyreX flask possess1ng a Well-ground glass stopper.o' | |

' In maklng a determlnatlon, a welghed sample of the decalln E
l‘(about 8 grams) was placed in the flask, dlssolved in lO C 4 c.kof k
pchloroform, and 20 c. c. of the 1od1ne monochlorlde solutlon added.k'r
p,The flask was corked and shaken well and allowed to stand for 2 hours

‘gln the dark, after whlch tlme lO c c. of potasslum 1od1de solutlon

flodlne by volatlllzatlon, the 11qu1ds Were allowed to run around

ithe w1de-llpped neck about the stopper, Whlch Was partlallv removed

:>;to allow the solutlon to enter the flask The excess 1od1ne Was {v'

7;;t1trated Wlth sodlum thlosulphate, u51ng starch 1ndlcator at the end
The preparatlon of the decalln samples was done 1n the folloW1ng;
 l manner. About twenty small tubes, each w1th a 2-3 c c.pbulb on . the
v"end,,were prepared After thorough cleanlng a small amount of pure,

{dry decalln Was 1ntroduced 1nto each buh The samples Were then

frozen 1n a "dry 1ce" medlum and Whlle in thls condltlon the tubes;L
f~fwere blown on to a serles of T tubes extendlng vertlcally outwardsio

‘from a mother tube. By connectlng one end of the mother tube to ah

vacuum pump, the whole oould be evacuated Thls done, the deca11n~3
- was unfrozen under vacuum to remove dlSSOlVed alr, and then hydrogen
‘WasiadmlttedrtoLthekapparatus. Flnally, the decalln was. once agaln .

frozen,'the whole reéevaCUated,‘and the series of tubes sealed off "735

{




‘“under vacuum

W A

The heat treatment of the varlous samples Was done employlng

ba small constant temperature bath, equlpped Wlth thermometer,

,stlrrer and thermostatlc mechanlsm.~ ~;‘

,;,w(b) Results of the Heat Treatments. Prlor to the heatlng,

‘p;kanalyses of the pure c1s and trans 1somers prepared in 1937 38,“

41ndlcated for each an apparent 1od1ne number of 08 Whereas for

rthe pure 1somers prepared 1n 1938—39 the number was 04, ‘These o

T mall iodlne numbers may be attrlbuted to substltutlon. In

"wﬁconflrmatlon of the results obtalned Wlth alkallne pota351um

' ppermanganate, analys1s of the heat treated 01s and trans llqulds

h"from 1938 1ndicated apparent 1od1ne numbers of 36 and .15

“7p‘respect1vely.ﬁ

; Heat treatment of the decalln samples in the evacuated tubes

uﬁdecalln prepared in 1937-58, the 1od1ne number remalned 08 even

k'boafter 20 hours heatlng at 17000. and 6 hours heatlng at 2oo°c

i Tests Were carrled out at 170 C Wlth open tubes and 1t was. found

yfithat although small amounts of unsaturatlon Were produced,pthe

fresults Were not reproduc1ble for dlfferent tubes. Sllght

dlscoloratlons 1n some of the tubes 1ndlcated that the change 1n

1od1ne number could be attributed to mlnute amounts of 0il gettlng;4~

ylnto the tubes from the hot 0il bath

The above Work on heat treatment serves to clarlfy several

results obtalned 1n thls research on decalln"

l¢ The 1od1ne numbers found to ex1st for the heat-treated cis

ytand trans 11qu1ds of 1938, Were probably due to sllght amounts of

7;pfa11ed to produce any unsaturated compounds. Thus, u51ng the pureﬁ e




JOll vapor gettlng 1nto the open dens1ty tube (v1scometer and
1[qurface ten51on tube were closed) Ox1dat10n may have been

‘,respons1ble for part of the change.~

2 Irrevers1ble structural changes Wlthout the formatlon ;chfg‘

“fof unsaturateds must occur for Cls decalln at elevated temperatures

kahlS ev1dence 1s obtalned from the changes Whlch occured in. ‘the-

v

"closed v1scometer and surface tenslon tube. - As noted in prev1ous

[P - B

rﬂconclus1ons, such changes for trans are rever31b1e.__l'
5?5:' The results 1ndlcate that 1f unsaturateds are . formed from
‘01s and trans decalln at temberatures up to 200°¢, 1nn¢qued tubes,

"tthe react1ons are rever31b1e on coolﬁng.,
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