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THE STATE DIAGRAM AND THE CRITICAL
CONSTANTS OF AMYLENE,

By Rvo Kivama, Keizo Suzukn and Tarsuva IKEcami.

1. The State Diagram of Amylene.

Introduction.

The state diagram of l-butene was repoited in this journal®. The authors,
therefore, have cairied out the experiment on amylene, which is the same homologue
having onc more carbon in number. We have the compressibility data of amylene
in its liquid statc® in the narrow region, but no completc data in its gaseous
state.

Apparatus and Procedure.

The apparatus used and the procedure were the same as in the preceding
experiment. In the capillary tube (plezometer) used in the previous repoit. two
pieces of platinum wire were sealed at the same position. Therefore, there was
a disadvantage of leaving mercury on the platinum wire, and making the mea-
surement of the volume incorrect. In this experiment, a sirgle picce of wire was

sealed alternatively at each contact except at the first contact point.

Sample.

Amylene was prepared from isoamylal-

Temperature (°C)
°

cohol (BB, P. 125~130°C), which was de- oo0a T
hydrated* and then carefully distilled by
means of the Podbiclniak fractionating ap- L — e S
paratus, The distillation curve is shown in Caleulated pressure (Illl;l Hg)
e . e w " (distilled at 420 mm Hg)
Fig. 1, where it is scen that three kinds Sr:

yE

1) R. Kiyama aud . Kiooshite, T Jowrnal, 19, 43 (1948)

2) W. A, Suchodski, £, Phrs. Chem,, 74, 227 (1910)

* 'The catalyser of alcoliol dehydration and the conditions were the same as in the case of buiene
in the previous work,
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of isomer are contained in tke di:tillate.

In the picsent experiment was used iso-
amylene (2-methylbutene -2) having the highe:t boiling point, 37.8°C (760 mm Hg)*.

Results.

Summarizing these results obtained, we asstmed amylene gas urder 1 atm to

follow the ideal gas law at each temperature.

and 2, and graphically in Fig. 2%*

Measurements (i):

Table

The gas sample,

1

The results are shown in Tables 1

3.700cc at 5440 mm I 1g, 27.9°C.

a) 150°C
Fatm VA Vifmol PV F Phase
1.0 1.551 1. 551 Gas
12,4 1101 220 | 1. 255 i
3.7 0. 0844 1. 891 | 1,159 i "
4.4 0. 0672 1. 505 0.954 | Cas & Liquid
1.4 0. 0511 1. 146 0,727 | By
14.4 0. 0337 0.754 0.478 i »
14.4 0. 0164 | 0. 367 0. 238 | 1"
b) 185°C
Patm | v Vil | vy Plase
,_,____* =
Lo 1.606 '| | 1. 606 Cas
13.3 1. 101 3 1.343 i
15.2 ‘ 0. 0844 1, 891 1. 282 "
17.4 0. 0672 1.505 1.170 "
18.5 0.051} 1. 146 0. 945 5i
18.8 0. 0237 0,754 0.632 Cas & Liquid
18.8 0.0164 ~ 0. 367 0. 308 i
¢) 175°C
Patm v Vifmnl l‘ PV | Phase
1.0 1. 642 ‘ 1642 Gas
12.8 0, 101 \ 2970 1,402 "
15.7 0, 0844 1. 891 1.323 | i
18.2 0. 0672 1.505 1. 800 "
ap, 7 0, 0511 1,140 1. 059 -
2.9 0. 0337 0. 74 ‘ 0,713 Gas & Liquid
b I 0. 0164 0. 367 ‘ 0. 347

| "

* Regarding the boiling points of the isomers, there is a difference in varions tables. After G.
Eglail, « Physical Constinds of MHydricarhons, Vol. T (1929):
A—methylbutene~-1 20.1°C,

fomethyllmtenc=2 38.6°C,

*+ The cxperimental errors were %0.2°C, 13 atm, 1/5000 volume,

2-methythntene-1 31°C,

.1 (1950)
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d) 186n¢
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Patin

v Vifmol | PV Phase
1.0 1.679 i 1.679 Gas
14.2 0.101 ‘ 2,270 1.441 "
16.6 0. 0844 1.891 1.404 "
19.6 0.0672 1.505 ] 1.319 W
83 0,0511 ' 1.146 1.178 "
047 0.0337 0.754 | 0.830 | Gas & Liquia
o487 0,0164 0.347 ‘ 0.404 | 3
e) 1950
Patm v Vlfmol PV Phase
1.0 1.716 ' 1.716 Gas
15.0 1.101 2 9270 1.519 #
7.1 Q. 0844 1,891 1,445 i
0.1 0. 0672 1, 505 1,352 0
2.0 0.0511 1,146 ‘ 1. 298 i
28,0 0. 0337 l 0,754 | 0. 941 Gas & Liquid
o3.0 0.0164 i 0. 367 0.458 =
) 21eC
Fatm v | V1/mol | PV Phase
1.0 1.770 1.77 Gas
15.5 1.101 5970 1. 568 ”
18.0 0. 0544 1.891 1.519 "
21,3 0. 0672 1. 505 . 1.430 "
5.5 0.0511 1.146 1.302 "
50.0 0. 0337 0.754 1.029 "
339 0. 0164 0.367 0.555 "
g) B|OC
Patm v V1fmol PV Phase
1.0 1,844 1,844 Gas
16.0 0.101 2270 : 1.686 "
19.8 0. 0344 k. 801 1.674 "
¥3.0 0. 0671 1.505 | 1547 "
7.6 0.0311 1. 146 ' 1411 "
24,6 0.0337 0. 754 .‘ 1.166 "
42,8 0. 0164 0.367 h 0.701 =

* The volume at 0°C, Latm was taken as unit.

. 1(1950)

The critical temperatute was found between 195~200°CC from the measure-

ments in the neighbourhood of 200°C.
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Measurcrients (ii):

Table 2

The gas sample, & 667 cc at H3l.1 mm Ly

b4

Q) 150°C
Paim v Vol | PV Phase
1.0 1.531 1. 551 Gis
14. 4 0. (661 1«51 0. 939 Gas & Liquid
14.4 0. 0550 1, 234 0.752 i
14.4 0. 0438 0. 953 0. 42 "
14.4 0. 0334 0. 748 (O et § "
14.4 0. 0220 0. 402 0,312 "
14 0. 0107 0, 40 (. 152 "
b)Y 185°C
Patm v Vifmol PV Phase
Lo | 1606 I 1. 606 Gas
17.6 0. 0661 1, 451 1. 164 n
18.8 0. 0450 1. 234 1. 033 Gas & Liquid
18.8 0. 0438 0. 982 0. 823 "
18.8 0. 0334 0.748 0, 627 "
18.8 0. 0220 0.492 0.412 1
Q) 155°C
Patm v Vifinol 1 ry Phase
1.0 Leds | | Ledz Gas
15.3 0. 0661 | L43L 1. 209 »
20.1 0. 0550 1. 234 1. 103 n
i 0. (138 . 0, 982 0. 929 CGas & Liquid
[l
2.2 | 0. 033 0.718 0. 707 "
&.2 : 0, 0220 0,902 I 0. 165 n
818 0. 0507 | 0, 210 l 0. 227 "
d) 185°C
Patm v \ Vijmol 19 Phasce
1.0 1.679 \ 1.67¢ G
19.7 0. 0661 1. 431 1.305
21.% 0. 0550 1,234 1.1983 m
243 o.o38 | o982 1.064 .
24.6 0. 0334 0,748 0.820 Gas & Liquid
246 0. 0220 0,192 0.540 ”




P (atm)

40
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o}
[ N L N
e as 10 L5 z0
V (Imol)
Iig, o
0) 195°C
Patm v Y1{mel l by Phase’
1.0 KA } ' 1516 Cas
0.8 0.0561 | 1,481 . 1.3¢2 G
231 0. 050 I. o3 . 1. 273 @
2.1 0. (435 0. 982 [ L 45 o
.0 0033 0,748 i 0. 931 Gas & 1 .iquid
3.0 0.0220 ‘ 0. 492 ‘ 0.614 "
/O 0. 0107 ' 0. 40 ‘ 0. 299 "
fy 210°C
Patm v | Vimol | PV Phase
1.0 1771 1771 Gas

.5 0. 0661 1,451 L. 440 ”
24,6 0, 0350 1, 9314 1.3531 '
%7 0. 438 0. 952 I 213 .
30.8 0. 0334 0. 748 1.0 "
21 0.0220 0492 0.787 "
36.7 0. 0107 0. 240 0. 500 i
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g) 230°C
Patm ‘ v Vifmol PV Phase
—— - — - | i
1.0 L. §14 oM Gas

e 0, 0641 1,481 1.541 "

9.3 0. 0330 1,934 1. 449 7

50.1 0. 0138 0. 938 1.319 | ”

H.6 0. 0534 0,748 1.156 »

39,4 0. 0220 0, 493 0. 865

46, & 0. (107 0, 0 0. 302 i

2, The Critical Constants of Amylene.
Introduction.

We determined previously the state diagram of amylene, and then found the
critical temperature being between 195~200°C.  But the fluid having a very large
compressibility in the neighbourhood of the critical point, we o~
must makc a measurement apparatus so high in accuracy in
order to determine the critical constant directly from the
isothermal line. The apparatus which we used for measuring
the P-V-T relation is not adequatc for the present purpose.
Then, we gained the critical constant of amylenc from measure-
ment for the ecritical phenomena, which has been generally

made since Andrews.,

Apparatus and Procedure.

The mecasurement apparatus consists of the glass vessel

A and the steel pressure bomb B as is shown in Fig. 3.

2L
(o]

The upper pait of A is made of the thick glass tube, which
is Tmm in the outer diameter and 1 mm in the inner diameter
and anealed to take off the strain before use. The lower

part of A is served as a gas holder. This thick glass tube

¢

was safe to 200°C, a few hundred atm. In the steel pressure

PR,
174
L

bomb a is a steel ring, b a hard rubber packing. The part NN
¢ is connected to the Cailletet pump and the pressure gauge Fig. 3
through the metal tubs. It is possible to mezasure up to about 100 atm in use

of this apparatus. The pressure gauge used is of Burdon type. The degree of
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the scale is 1/3 kg/em®.  The procedures of samipling or by which the sample is
put in the apparatus arc the same as in the previous report. Thus A is se¢t into
B filled with mercury. Ieating of the thick gluss tube A is done in the air bath
with a long narrow glass window. The measurement of the temperature is made
by means of mercury theimometer. The degree of the scale is 0.2°C. Such pre-
paratory procedures as stated above arc followed by the measarement of the ciitical
point*.

We determine the point as critical at which the meaiscus suddenly disappears,
with a slow rise of temperature.

Moreover, a carefal attention should be paid for the equilibrium of the tem-
perature because the thick glass tube is used. We obtain the differesce between
the outer and the iiner temperatures in the glass tube (thickness, 5.5 mm, the
diameter of the bore, 4 mm) filled with the oil with rise of temperature in the
same manner as in the measurement of the critical point. From the results the

oater and the inner temperatures arc found to be equal**,

Results.

According to the nbove procedure, we obtained 197.2°C and 33.7 atm as the
critical temperature and pressure respectively.  The critical temperature was be-
tween 195~200°C from the results of the state diagram of amylene obtained pre-
viously. Accordingly. both results coincide. Comparing with the critical constants

of amylene alrcady obtained, we have the following table.

nr | T (obs.) ‘ T (zal) I, Lilerature
amylene 40 201.2 202 — McKee & Darkes®
i~amylene 36 1912 197 — "
" — 191.6 — 3¢ Nadejdine?)
" 37. S 197.2 199. 7 3. 7 Authors

McKee and Tarker have proposed the following relation between the boiling

¥ From the result that temperature in the disappearance of the meniscus is influenced by the thermal

history of the material, 0. Marass has defined the critical temperature as follows: it is the tem-
perature wlen the nieniscus diminishes with rising temperature after the material has been cooled
below 1°C at Jeast lower the critical temperature belorehand (744, Trans,, 256, 302 (1937) 1 Chent.
Rer., 25, 17 (1938)).

¥ The difference bztween the inner and the ouler temperaturcs is observed by the copper-constanian
thermocouple.

3) R I MceKee and 11 . Parker, fef. Eng. Chem, 20, 1169 (1928)

1)  Landolt- Birusteins Pabellen, 355 (1923)
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point and the critical temperature of hydiocarbon,
t.= 1.05t,+ 160,

where t. is the critical temperature and-t, is the boiling point.  Substituting the
value of the boiling point, 37.8°C of the sample used, we have 190.7°C as the
critical temperature.  The comparison with the results of McKec and Parker is
shown in the above table. |
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