THE VARTATION OF THE
REFRACTIVE INDEX AND DISPERSION
WITH TEMPERATURE OF THE
CIS AND TRANS ISOMERS
OF DECAHYDRONAPHTHALENE

by
SHAW J. MIZUHARA

A THESTS SUBMITTED IN PARTTAL FULFILMENT OF
THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF ARTS
IN THE DEPARTMENT
OF
CHEMISTRY ¥

THE UNIVERSITY OF BRITISH COLUMBIA

APRIL, 1941




ACKNOWLEDGEMENT

——-00000--~

It is, indeed, a pléasure to acknowledge the assis-
tance of Dr. W. F, Seyer, under whose general guidance this

work was performed.



CONTENTS
I IntroduCtion sevecesevssccsessaos 1
II Preparation f.o;.ow.,o...,e.@,aeo. 2
'Tf?‘{a) Separation
(b) Purification
TIT ApparatlS ccessossscsseenssscsanae &
(a) Refractometer :
(b) Temperature corrections
(c) Source of 1light
IV General observations of refracﬁionap &
V ResultsS ccovsoscosssossoesncocssasll
(a) Trans
(b) Cis
VI Treatment of results ...cosvcee. 15
(a) Trans
(b) Cis

VITI ConcluSioONS eesesoocuscsossscons 18


http://Propa.ra.tx

I INTRODUCTION

Fof‘Several‘§ears considerable work has been carried out
“in these labofatofies on‘the:phySical properties of decahy-
edronaﬁﬁhalene»(clong) or décalin under the direction of

Dr. W. F. Seyer.t This napthene*iskbelieved to exist in~five
etereo—ieomeric,forms, thefcis”aﬁdgfrans_forms being the limit-

~ ing positions and s therefofe, of greater'stability.
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In previous 1nvest1gatlons of the temperature effect on

the phy31cal properties such as. SD601flC heatsp and surface
~eten51on5; the trans form has shown no abnormalltleq, but the
; cis.form'has revealed oellnlte dlscont'lnultles° ~These dis-
fcontlnultles are probably due to transformatlons of 1somerlc‘
’,forms. The. purpose of the follow1ng research 1s, therefore,
‘twofold. flrst to flnd the tempevaturr ooeff101ent of the
fefractlveklndices and dlsper51on, secondly, to note if these

observations also show the discontinuities in the cis form.

o1. ,Seyer, W. F. Assoc. Prof. of Chem. Eng. University of B.C.
2, Davies, G. F. M.A. Sc. Thesis 1939

3. Davenport, C. H. B.A. Sc. Thesis 1938



II PREPARATION

| the’fipst sucecessful separation of the two isomers was
‘accomplished in 19358-37 by Dr. W. F. Seyer and R. D. Walker.4
The following preparation and purification is essentiaily that
of the original workers with some minor changes.

Commercial decalin obtained from Eastman Kodak Co. was
used. This wasytreated first with an acidiwash, then an alkali
wash, followed with a water wash until neutral. The separa-
tilon of the two isomers was obtained by repeated low pressure
rectification (approximately 10 m.m. of Hg.)

The final pﬁéificatiOﬂ of the isomers obtained by recti-
ficatidh is accomplished by repeated fractional crystalliza-
tion. The procedure 1s to save that fraction which crystall-
izes out before an eutectic is formed. By repeated operatibns,
the fraction retained eventually reaches a constant freezing
point which shows it to be of great purity.

The following table shows é comparison of the values

obtained for freezing points and refractive indices of the

various workers.

4. Walker, R. D. M.A. Sc. Thesis 1937
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tables © ————— 1.4828  ——e- _ 1.4701
Huckel 6 - 51, C 1.46958
Walker 7 = 42.60°C 1.48084 —30.30°C 1.46948

Sample used for R S
This research 8=45.287C 1.48098 —50.84°C 1.46934

TIT = APPARATUS
(2) Refractometer
The apraratus used is a Pulfrich refractometer, the

optical principle of which is:

‘_ __ _~__-/@//;3~/77‘ P ?70

‘n,;sin E=n,sin (@-r)
let B0 (the 1
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A, Huekel, W. Annalen der Chemie 441-.1.1095
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nesinr »=n,sin i=sin i---cemmmeoe_ (2)
ng=1 (for air)

sguare & combine (1) & (2)

Since n, i§'given for the prism and angle 1 1s observed,
n, can be calculated. The instrument is set in such a man-
ner that onlykthe grazing ray is refracted, that 1s, the
light source i1s at A. The angle of emergence, i, is read on
a circle by a vernier correct to 30" of arc which eorresponds

to #.00005 for n, or less than ,003% error.

(b) Temperature Correction
The value of the refractive index was obtained bywthe use
of tables calculated from the above formula. The taiges as-

sumed n, to be constant (the value of n, used is n%5),.there~

fore, there must b» a correction applied for deviations from

15°C.

- let n_=refractive index of the prism at 15 C

P

AN = n n correction per degree rise
n,=corrected refractive index.

then n, =n,+K

where K=correction value.

Z. z e 2.
n/=n;- sin*i

2
nZ?=[n+(t-15)and-sin®i

K=fepon, (t-15)
N
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for the prism used:-

C D F
an, ©.000024 .000028 000039
nlo 1.61839 1.82533 1.83573

The refractometer and ligquid is kept at a constant tem-
peréture by circulating water through it from a large constant
temperature bath. The method used gives a constancy of
i0,0l°C, but the thermometer reading can bhe read only to‘

40,02°C accuracy,

(¢) Source of Light

The source of H, and Hg lines is a Guild type of hy-
drogen discharge tube. It was filled and evacuated repeated-
iv with hydrogen gas which was generated electrolYtically;w
and then purified by absorption of impurities. The final
pregsure. of the hydrogen in the tube is of the order of 0,01
m.m. of mercury. The excitation of the hydrogen atoms is
effected by a 6 volt high ftenslion vibratory coil gensrating

-

5 to 10 thousand volts in the secondary circuit.
-3
H,=C=65624A ‘ >
Ho-F-4881 I
p== 8
The sodium D line was obtained by burning fused sodium
chloride with a bhunsen burner. This gave a sharp, intense
line.
NOTE. There were a few difficulties encountered in the
making of the tube, the major one being the determination of

the optimum pressure. Since the intensity of the illiumina-

<

tion is a function of the pressure and voltage, during



evaenstion the cecondars circult was completed, and
= r,,-) hod
A L e ey 1 ] 2
polnt of maximum intencity evacuation was stopred,

the maximum intensity, Tthe pressure heine verys low,
o S ARG — =

"rurning® of the gless 2t the end of the capillary

the available light. The burning

eventually cause 2 leak at the "hirnt" paint, However,

IV  GENERAL OBSERVATTIONS ON REFRACTION -

The law of Gladstone 2nd Dale states that fthe

r=specific refractivity

fﬂﬂ~l) [ R=molecular re t

ity

aft

o

subseripts refer to whose

Ra=(n-1) , squation

d=density

A greater constancy is ob
Lorentz and Lorentz.

rL:gn~+;% %

R, = n‘-lg u
Lin2e2

tained by using the formula

of



The purely empirical formula found by Eykman to fit
organie liruids has shown a greater constancy than the Glad-

Fal

gtone--Dale and Lorentz-Lorentz fo

3

mulae in the measurements

Ead

of temperature--pressures effect on the refractivity of

henzene, 9
(n> 1)
R 0 Wt
E €n+04)
2
_(n «1%
TE=(q +04,

Qs

o=

[

‘Previons investigators have shown, that, in general;, the
molecular refractivity is the sum of the atomic refractivities
‘hut in the case of isomers the laws of addition are very com-

plex and cannot be applied according to the table given by

carhon 2,413 2,418 2,43

m

hydrogen 1.092 1.100 1.115
These values were calculated'from~the'Lorentz—Lorentz
5 .

C
formula and the values of Ry, Ry, & R% do not allow for

isomers or variations with temperature. This would give for

decalin,

RE=(2.413) (10)+(1.092) (18) =42.79

RD=(2.418) (10)+(1.100) (18) =43.98

R =(2.428) (10)4+(1.115) (18) =44, 45

9. Gibson & Kincaid J.A.C.S. 80-511-1938

10. Eisenlohr, Z. Physikal Chemie. 1911-75-585



Moresover, later workersll have shown that the refractive
~index 1s a function of density which is a function of tempera-
ture and pressure. Apparently, their researches have led them
to the conclusion that all saturated compounds have a swnecific

lspersion of approximately 00,0099 irrespective of their boil-

[oF

ing point. Therefore, by the use of Cauchy ecuations

n&=nf-0.292(np-n,)

n%:n6—0¢708(ﬁanc)
and whén the density is known, the refractive indices can be
calculated. 1In effect, if the refractive indices are plotted
against density, the result will be a straight line. The line
wag determined by these'investigators and was given in the
- form. |

An=0.6044

or an=f(r,d)ad
which orn integration gives f(n,d)=constant. Since the formulae
of Gladstonej—Dale, Lorentz—Lorentz; and Eyvkman are of this
form, it should be possible to differentiate them to find the
slopeof the refractive-index density curve. Therefore, it now

remains to find the value of the function f(n,d).

For Gladstone-Dale eqguation

11, Ward and RKurtz. Ind. & Eng. Chem. (Anal. Ed.) 1G-=559-

1938



For Lorentz-Lorentz equation:

”TM
‘L n= ZNe)

For Bykman ecuation:

R Ilz -1 M
B nT30.4°d

Z_ 2 A
an= 2 %Zénégg”‘)zsd————f ------ (3)

As a first approximation, which is substantiated by un-

published data on high boiling point compounds, the specific

ispersion varies linearly with temperaturelua This is to bhe

o

expected since density varies linearly with temperature (4o =
first apnroximation) and the refractive index is directly

connected with density. However, the temperature coeffécient

of Specific dispersion is small,

T
8- 'F C - 8=specific dispersion
d U
4 H
t_nt D-molecular dis
w =mole  spersion
AM.EFa_rQ M
4

The advantage of measuring mean dispersionlS rather than
a refractive index is that the former varies less with tem-

perature: it is also possible that molecular dispersion and

specific dispersion have a larger temperature coeffieient than

Y

the mean specific dilspersion.
t

t %
e
12 Grosse, A. V., & Wackher, R. C. Ind. & Eng. Chem.
| Nov. 1939 pg. 614

13. Cheneveau et Vaurabourg. Bull. Soc. Chim. Memoires

1928 4€ serie 43



V RESULTS

(a) for trans decahydronapthalene

Temp.
9.2°

15, °C-

- 20. °C
30. °C
55, °C
45, °C
50. °C
54.5°C
. 60. °C
- 69.7°%C
79.8°C
84Q8%:

Angle

42°26 1301

142049130M

- 43°10'30M

4%°50130"

44°11"

24° 571701

45°12¢

45°297

450511301
48°28120M
- 47¢09!

47°28130"

"n

C

1.47096
- 1.46872
1.48669

1.460¢8

1.45676

1.45479
1.45294
1.45080

1.44702

1,44299

1.44103

Temp.

10.

°C
°C

°C

OC’

°C
°C
°C

°C

69.7°C

84.6 °C

Angle

42°56 1301
- 43°13!
- 43°38130"

43°591

49°191

440401
45°191z30M

Tase40130M

48°191 -

46°59 1301
47°36 130N
47°581

.

D

1.47345

1.47145

1.46934
1.48732

1.46536

1.46328
1.45938

1.45751

' 1.45349

1.44947

1.44579

1.44366

45, °C
50. °C
60. °C
69.7 *C
79.2°C
84,7 °C

 Angle

44°15150"

a4°391
45°

45°40130"

46°031

46223 130N

46° 431200

4703130

470451
48704t
49°041

L 29°28!t

t

e

1.47936

1.47700

1.47501

1.47106
1.46835
1.46685
1.46489
1.46293
1.45885
1.45479

1.45111

1.44879

¥4
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(b) for .cis decahydronaﬂihalgﬁé

temp.

10.1°C
15. °C
20.- °C
25, °C
5. °C
35, °C
40, &C
45, °C
50. °C
50;9°C
52.9°C
54,9 °7C
50. °C
65..°C

i

40°261"
40° 481301
41°10¢t30n

| &

N

41°20150M

N
(@)

C

]

1

i

1°%

[¥N]

on

n
N}

49°15130"

429361
42°55 130"
4%°151

3°18130M

452381300
43°58!

44°25 170"

b
ng

1.48274
1.48056

- 1.47844

1.47649

4t

CATAE

[

1.47011

1.46820

1.48628

1.4859%

1.46479"

1.46397

fd
h

. 4620

[AV IS

1.4595

R%

temp.
6.2°C
10. °C
15, °C
20. °c
25, °C
30. °C
35, °C
40. “C
45, °C
50..°C
51.2°C
55,l°c
55Q °C
60. °C
85.2%

~angle
40°40130"
40° 59 130"
41° 187
£1°401

427021

42°23 130"

- 4z° Q730"

43° 251

a1

N
[6N]

[
~
w

%7531

]
W

i~

NN

e

4

i

C27 130"

44°47 150N

4‘7 0 i SOAH

4° 071501

£
ng

1.48871
'1.48488
1.48310

1.48098

1.47884

1.47875

1.47472

1.47246

'1.47074

1,46848
1.46799
1.48727

1.46662

1.46459

1.46262

temp.

10. °C
15. °C
20. °C
95. °C
30, °C
%5, °C
%8.2°C
40. °C
45, '°C
50, °C
50.9°C
52.9°C
55. °C
60.5°C
64.5°C

42° 581301
43019 130"
43° 44!
44°04130M
44° 171
44°28130"
447471
145° 071
45°11
45°211

45732 ¢

o

>

48°09 130N

575z 130M" L.

1.49121

1.48892
1.48694

1.48479

1.48252
1.48054
1.47933
1.47819
1.47639
1.47445

1.47405

1.47398

1.4720

00

899

>
]_l

1:46834



(b) continuxed

tep. angle na : temﬁ. angle n% : temp. angle nﬁ

69.7.°C 44° 751 1.45839 69.5°C 45°05130" 1.46080 €9.3°C 46° 301300 1.4663%9
74. C 442 511 1.45680 74, °C 45° 221 1.45922 74, °C 46°49730"M 1.46442
20,4 “C £5°18130" 1.45418 80.4 °C 45° 477 1.45675 80.4 C 47°151" | 1.461192
85. T 45° 381 1.45213 84.8°C  48°05! 1.45498 85. °C 47°35130"N 1.45990

&7
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VI TIREATMENT OF RESULTS

‘, .
(a) for trans decahydronagthalene

Temp. ng | ng n% Density
10°C  1.47094  1.47340  1.47906 L8775
20°C  1.46670  1.48939  1.47502 . 8700
30 °C 1.48275  1.46540  1.47099 .8627

40°C  1.45876  1.46139  1.46685  .B953
50°C 1.45479 1.45752; 1.46289 . 8480
680 °C 1.45085 1.45349 1.45879 . 3405
70°C 1.446820  1.44945 1.45478 - 8331
30 °C 1.44295 1.,44549 1.45075 . 8255
a0 C 1.43898 1.44149 1.44675 2178
The above table was obtained from the grarh on plate 1.
The values for density were obtained from Davenpor’c'sl4
ecquation.
dgz,8849~,005742t
By graphic analysis

dne=-.000399/ C
dt

dnp=-.000398/ °C
at

dnp=-.000403/ °C
at

a8;g=--000016/ °C
ax

&5=~00777+.000016 (t-10)

A%;&ggg

Ap-1.0737364.002211 (£-10)
T .8849-.000742%

14, loc.cit,



Using the above values, the equations of Gladstone-Dale, Lorentz-Lorentz, and

Eykman were tests for "constancy".

2

n-1 n -1 M -1 M
Ro="g= M Rr=v=rz § Er%0.4 d
Temp,
- t t t t t t t t t
ng np ng ng; ngy ng ng ng ng
10°C 74,164 74,551 75,443 44,014 44,2182 44,661 97.9483 08.438 99.532
20°C 74,113 74,540 75,451 44,039 44.é56 44 .702 97,954 98.464 99.572

30°C 74,125  74.549  75.444 44,008 44,315 44,772 98,000 98.527  99.638
40°C 74,121 74.546  75.428 44,149 44,367 44.819  98.047 98.575 99,671
50°C  74.112 74,524 75.431  44.196  44.408 s4.574  88.086  96.625  99.727
80°C  74.186  74.560  75.431 44,9258 44,48 44,928  98.155 98,695 99,779
70°C 74,129 - 74,552 75,431 44,311 44,529 44,985 98.211 98.738  99.838
80°C  74.150  74.575  75.456  44.375 44,596  45.052 98,336  98.821  99.918

90°C 74,177 74.602 75.490 44,546 44,664 45,126 98.379 98,908 100.01%7

2/



7
The results of the table; may be condensed to the form
%%L=K(t);‘%%E=K'(t); and-%%G=O
Theréfore, to find density-refractive index equation, we must
use the Gladstone form. |
AnBzd Adorgaa,
which gives:-
for the C liné, A2n=.529ad.,

for the D line. An=.53%9ad,.
for the F line. &n=.5454d.
(b) for cis decahydronapthalene.
Davenportis equation for density is given by:-
3F=.9120-.000752t
which is linear to a first approximation over the temperature
range that the refractive indices were measured; and since
the refractive indices curves are @iscontinuoué, there can be
no general density-refractive index equation get vp for the
whole temperature range. (5° to 90°) |
If we assume that at each discontinuity, there is an
isomer, then by graphic analysis, it is seen that the mean
dispersion for each isomer may be assumed constant (less than
0.1% error); but each isomer has a different mean dispersion.
| below 35° é;=50085
35° 50" $ .=.0082

"__c

above 50° S =.0080

"
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VII CONCLUSIONS

(a)zfer trans.

Although the’temperature eoeffieient of mean dispersion

b is;very small, a correction Shoﬁldebe applied in usiﬁg the

’Cauchv equatlons. ; |
(ofi-nf) = .00777+.000016 (t-10)

The 1iﬁear,var1atlon of refracflve 1ndlces with tempera-
ture shows that the trans isomer has no- changes Qetectable by
| this method over the. temperature range of 10°C to 90°C.

(b) for cis 7

The curve for cis shows 5 breaks between 5° and 85 °
The following equatlon 15»derived from the»wave theory of.
light, Which’meane that refractive indexyvaries inversely N
;as;the'frequency'of oscillatioh‘of the atoms and directly:

proportional to the number of electrons.

n3i= 1 +

Ti : Nwo of elechroms o7
EA/Z 2 ﬁ&/arg/ 74’6/4%\?/\75(/ ,(//)
. A= 74‘7’4;5/_7?/ p//é/ rg e
The change of number of electrons per c.cs is the

77477

-density varlatlon and 51nce thls varlatlon is linear
over the temperature range that is used, it~follows that the fray

efrequeney‘ef oeciLlation‘ef the atoms mustlbe,the,cause

of the discohtinuities. Nowkfor the oscillation frequency tok

vary suddenly, it means that there must be a shift in

atomic strueture,.Therefore,'a shift in,positien of atoms

" equivalent to a structural change; I cenclude'that'cis has
“three isomers, thebtraneitien temperatures being~58°i 0.5

and 51 & 0.2 .
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7

Furthermore, in the study of the Raman effect, 15

the cis isomer has shown a difference in oscillation energy
of the atoms above and below B50°€. This has been interpreted
as a structural change by the workers.

In measurements of the refractive index near 51°C
there 1s a region where the light rays are indiSfiﬁ%9 i1.e.
the rays are sharp, then they become indistinct, then sharp
again when equilibrium is reached. Apparently, this is due to

transition of forms taking place.

15 Zotovy, G, M.A. Thesis 1940
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