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Purification, Purity, and Freezing Points of 30 Hydro-
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By Anton J. Streiff,> Janice C. Zimmerman,” Laurel F. Soule,” Marie T. Butt,? Vincent A.
Sedlak,? Charles B. Willingham, and Frederick D. Rossini

This report describes the purification and determination of freezing points and purity
of 30 hydrocarbons of the API-Standard and API-NBS series, including eight paraffins, six
cycloparaffins, three aromatics, twelve olefins, and one acetylene.

I. Introduction

Previous reports described the purification and
determination of freezing points and purity of 84
hydrocarbon compounds of the API-Standard
and API-NBS series, which were produced as part
of the cooperative program on Standard Samples
of hydrocarbons of the National Bureau of
Standards and the American Petroleum Institute
1,2, 3, 4].3

This report desecribes the purification and
determination of freezing points and purity of an
additional 30 hydrocarbon compounds under this
cooperative program, including 8 paraflin hydro-
carbons, 5 alkyleyclopentanes, 11 monoolefins, 3
diethylbenzenes, ethylcyclobutane, 1-butyne and
cyclohexene. Four of these additional 30 com
pounds are second and purer lots of compounds,
the first lots of which were described in the earlier
reports.

The final lots of the material labeled API-
Standard are sealed “in vacuum’ in glass am-
poules and made available as NBS Standard
Samples of hydrocarbons, by the American
Petroleum Institute and the National Bureau of
Standards. The material labeled API-NBS is
made available in appropriate small lots, through
the Awerican Petroleum Institute Research
Project 44 at the National Bureau of Standards,

1 This investigation was performed at the National Bureau of Standards
as part of the work of the American Petroleum Institute Research Project 6
on the Analysis, purification, and properties of hydrocarbons.

2 Research associate on the American Petroleum Institute Research Project
6 at the National Bureau of Standards.

3 Figures in brackets indicate the literature references at the end of this
paper.
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on loan to qualified investigators for the measure-
ment of needed properties.

II. Materials

The starting materials were supplied as follows:
By the API Research Project 45 on the synthesis
and properties of hydrocarbons of low molecular
weight at the Ohio State University, Columbus,
Ohio, under the supervision of C. E. Boord:
Ethyleyclobutane.
cis-1,3-Dimethylcyclopentane.
trans-1,3-Dimethylcyclopentane (B).*
n-Butyleyclopentane.
I-Hexene (one-half).
trans-2-Hexene.
trans-3-Hexene.
3-Methyl-1-pentene.
2-Methyl-2-pentene.
2-Ethyl-1-butene (one-half).
1-Heptene.
1,3-Diethylbenzene (one-third).
1-Butyne (Ethylacetylene).
By the Hydrocarbon Laboratory at the Penn-
sylvania State College, State College, Pa., under
the supervision of F. C. Whitmore:

2,3,3-Trimethylhexane. cis,cis,cis-1,2,3-Tri-

2,2 4-Trimethylhexane. methyleyclopen-

2,3,3-Trimethylhexane. tane.

2,3,5-Trimethylhexane. cis,trans,cis-1,2,3-

3,3,4-Trimethylhexane. Trimethyleyelo-
pentane.

4 In this paper (B) following the name of a compound indicates that for the
API-NBS series, it is a second (and usually slightly purer) sample of the
given compound, the first sample of which will be labeled (A).
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TABLE 1.

Information on the purification of 30 API-Standard and API-NBS hydrocarbors

Hydrocarbon . o .
charged  for Distillation peli e
G - selected  sample
distillation
Lubon:noryb
a providing s Number %
Compound it B L B of Rate of | Results
. o trope- hydrocarbon | Distilling Reflux y
material Volume Purity Kind ¢ R forr el ’meor- ﬁo' collection’ | plotted API- API-NBS
OrT Y m N Kok f | etical [ of in Stondard
sub- azeotropic | number § | (opproxy -
d B3 e plates distillate figure
stance distitiate
(approx.)
Paraffins
liters mole % Z‘;Iu:ye ml / hour ml. ml.
2,2-Dimethylpropane * (Neopentane) Univ. Oil Prod. 2.00 Reg. | 150 15071 2.0 | 475
2,2-Dimethylpropane  (Neopentane) Colif. Res. Corp. 0.98 Reg. I 150 15071 2.0 2 q500 250
2,2,3-Trimethylbutane (B) General Motors 0.40 996010.05 h 3 260
2,2,4- Trimethylpentone  (8) APRPG 0.30 | 9983£0.05 g 4 180
2,2,3 - Trimethylhexane Penn State 271 Reg. 12 135 165/1 4.5 5
1.81 Azeo. Cell. 66 3A 200 160/1 4.5 6 990 266
2,2,4 - Trimethylhexone Penn  State 3.00 Azeo. Cell. 72 13 130 15571 8.0 7
2.44 Reg. 12 135 165/1 4.5 8
1.83 Azeo. Cell, il 15A 200 160/1 4.5 =) 985 195
2,3,3 - Trimethylhexane Penn State 2.24 Reg. 12 135 16571 4.5 10
1.61 Azeo. Cell. 60 4 200 160/1 4.5 1 785 156
2,3,5-Trimethylhexane Penn State 2:12 Reg. 12 135 16571 4.5 12
1.67 Azeo. | Me. Cell, 62 1A 200 16071 4.5 13 1015 225
3,3,4 - Trimethy Ihexane Penn State 2.44 Reg. 12 135 16571 4.5 14
1.54 Azeo. Cell, 30 ISA 200 16071 4.5 15 1040 213
Cycloparaffins
Ethylcyclobutane APIRP45 2.48 9962:0.06 | Reg. 12 135 165/1 4.5 16 294
cis-1,3-Dime thylcyclopentane APIRP45 '5.34 Reg. 4 200 160/1 4.5 17
*5.a9 Reg. 15A 200 | 160/1 a5 18
2.61 96.42£0.30 | Azeo. | Ethanol 62 4 200 160/! 4.5 19
1.66 98.72:+0.27 | Azeo. | Ethanol 60 2A 200 160/1 4.5 20 585 160
trans-1,3-Dimethylcyclopentane (B) APIRP45 s34 Reg. 4 200 16071 4.5 17
?5.88 Reg. 154 200 160/1 4.5 21
2.67 925+0.4 |Azeo. | Ethanol 63 3A 200 16071 4.5 22
1:73 99.21£0.10 | Azeo. | Ethanol 62 2A 200 160/1 4.5 23 91050 270
cis,cis,cis-1,2,3 -Trimethylcyclopentane Penn State 1.24 989010.10 | Reg. 4 200 160/1 4.5 24
0.90 99.22+0.08 | Azeo. | Me. Cell, 66 15A 200 160/1 4.5 25 460 100
cis,trans cis-1,2,3 - Trimethylcyclopentane Penn  State 0.14 98.48+0.12 | Azeo. | Me. Cell. 76 1A 150 15071 2.0 26
0.06 99.791+0.04
Azeo. | Me. 1. w 4 160/1 4.5 27 175 50
m0.29  |9988004 A7 | M CC 2oe
n-Butylcyclopentane APIRP45 6.05 99.85£0.03 | Reg. 14 125 12571 12.5 28
1.90 99.92+£0.03 | Azeo. Cell. 40 1A 200 16071 4.5 29 1158 345

2 See footnote a of table 2.

b The abbreviations represent the following laboratories: APIRP45;
American Petroleum Institute Research Project 45 at the Ohio State Univer-
sity, Columbus, Ohio. Penn State; Hydrocarbon Laboratory at the Penn-
sylvania State College, State College, Pa. NACA; National Advisory
Committee for Aeronautics, Flight Propulsion Research Laboratory,
Cleveland, Ohio. General Motors; General Motors Corporation, Detroit,
Mich. NBS Auto Sec.; Automotive Section, National Bureau of Standards,
Washington, D. C. Calif. Res. Corp.; California Research Corporation,
Richmond, Calif. Phillips; Phillips Petroleum Company, Bartlesville,
Okla. Univ. Oil Prod.; Universal Oil Products Co., Riverside, IIl.
APIRP6; American Petroleum Institute Research Project 6 at the National
Bureau of Standards, Washington, D. C.

° The abbreviations are: Azeo., azeotropic; Reg., regular.

d The abbreviations are: Cell,, Cellosolve (ethylene glycol monoethyl
ether); Me. Cell.,, methyl Cellosolve (ethylene glycol monomethyl ether);
Me. Carb., methyl Carbitol (diethylene glycol monomethyl ether).

e Approximate value obtained from the actual volume of hydrocarbon
recovered by extracting the azeotrope—forming substance with water in
separatory funnels,
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f See reference [5] for further details.

& This is a second and improved A PI-Standard sample of this hydrocarbon.

h This material was given its final purification by B. J. Mair by the method
of adsorption. See references [6, 7].

i Obtained by purchase of commercially available material from the Rohm
& Haas Co., Philadelphia, Pa.

i One of two similar charges. Both cis and trans -1,3-dimethyleyclopentane
were obtained from this material (see fig. 17).

k This charge consisted of material having substantially the same composi-
tion, from each of the two previous distillations (see footnote j), together with
material from the first distillation of the concentrate of the trans isomer (see
footnote z and fig. 21).

z This charge consisted of material having substantially the same composi-
tion from each of the two previous distillations (see footnote j).

m This is a second lot of cis, trans, cis-1,2,3-trimethyleyclopentane supplied
by the Pennsylvania State College.

= This material was divided into seven charges for purification by adsorp-
tion (see footnote h and fig. 31).

° This is a second lot of 1,3-diethylbenzene supplied by the API Research
Project 45.
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TasLe 1—Continued

Hydrocarbon ‘
charged for Distillation Vol'ur:e of |
distillotion selecte sample
Lobovuvovyb
idi Number
Compound ° pmm,’mq Azeo- | Amount of 5
storting . of Rate of Results
. ¢ trope - hydrocorbon | Distilling Reflux )
materiol Volume Purity Kind 2 < theor- 1 collection | plotted API- API-NBS
forming in the column % rotio :
R ¢ | etical of in Stondord
sub- ozeotropic | number f | (opprox)
d . e plates distillate figure
stonce distillote
(opprox.)
Aromatics
Iiters mole % % by ml / hour ml, ml.
volume
1,2~ Diethylbenzene NACA 3.60 97.6120.06 Reg. 4 200 16071 4.5 30
3.29 ) 3 750 170
1,3-Diethylbenzene (B) NACA 2.40 98.7120.10 | Azeo. | Me. Corb. 73 8 13- 14571 8.5 32
1.08 99.15£0.08
ARG e e 12 135 165/1 45 33 1080 175
1,4-Diethylbenzene NACA 3.56 9940£0.05 | Reg. 9 135 165/1 4.5 34
1.88 Azeo. | Me. Corb.| 66 1A 200 160/1 4.5 35
P2.42 h 36 1o 245
Oletins
1-Pentene (8) Phillips 4.65 Reg. 3 200 160/1 4.5 37 91240 470
I-Hexene APIRP4S 3.19 98.410.2 Reg. 9 135 165/1 4.5 38
1.8l 998010.08 | Reg. 4 200 160/1 .4.5 39 695 545
APIRPE Y 6.13 80.64£0.5 | Reg. 13 130 155/1 8.0 40
3.16 994410.12 |Azeo. | Ethanol 77 9 135 165/1 4.5 a1 780
trans -2 -Hexene APIRP45 $3.45 97.540.2 Reg. 1A 200 16071 4.5 42
'2.44 99.81£0.11 | Reg. 2A 200 160/1 4.5 43 1030 350
trans -3 -Hexene APIRP45 6.50 98.7+0.1 Reg. 13 130 15571 8.0 aa
1.71 9967£0.03 | Reg. 1A 200 160/1 4.5 a5 1020 200
3-Methyl-1-pentene APIRP4S Ys.00 Reg. 9 135 165/1 4.5 46
V2.44 Reg. 1A 200 16071 4.5 47 1000 175
2-Methyl-2-pentene APIRP45 3.13 998040.03 | Reg. 4 200 160/1 4.5 48 1120 335
3-Methy!- cls-2-pentene General Motors | %6.00 Reg. 8 i30 145/1 8.5 49
¥3.80 Reg. 2A 200 160/1 4.5 50
2.16 9962+0,08 |Azeo. | Ethanol 76 12A 200 160/1 a.5 51 1045 250
2-Ethyl -I- butene APIRP45 2.85 97.240.2 | Reg. 12 135 165/1 4.5 52
a7 99.41£0.06 [Azeo. | Ethanol 78 3A 200 160/1 4.5 53 %9620 40
APIRPEY 6.47 70.+ 5. | Reg. 10 135 165/1 4.5 54
1.59 99324 Q06 |Azeo, | Ethonol 79 a 200 160/1 4.5 55 %55 bba0
\-Heptene APIRP4S 2.89 97.8£0.3 | Reg. 12 135 165/1 4.5 56
1.96 9947£0.10 | Reg. 4 200 160/1 4.5 57 925 220
2,4,4-Trimethyl-1-pentene NBS Auto Sec. | °°6.00 Reg. 14 125 125/1 12.5 58
996.04 99241008 | Reg. 13 130 155/1 8.0 59
2.80 99.6740.06 | Azeo. | Me. Cell, 79 15A 200 16071 4.5 60 1160 350
2,4,4-Trimethyl-2-pentene NBS Auto Sec. | °©6.00 Reg. 14 125 125/1 12.5 58
44 54 Reg. 10 135 165/1 4.5 6l
2.73 Azeo, | Ethenol 50 1A 200 160/1 4.5 62 1140 320
Cyclohexene APIRPE Y 6.20 99.3£0.06 | Reg. 10 135 165/1 4.5 63 2250 735
Acetylenes
1-Butyne APIRP45 2.95 Reg. 1 150 15071 2.0 64 1125 265

» This material was divided into five charges for purification by adsorption
(see footnote h and fig. 36). It consisted of 0.80 1. from the first distillation in
column 9 (see fig. 34) and 1.62 1. from the second distillation in column 11A
(see fig. 35).

a Obtained by purchase of commercially available material from the Con-
necticut Hard Rubber Co., New Haven, Conn.

* The total volume of the API-Standard sample was 1,475 ml.

* One of two similar charges.

t This charge consisted of material having substantially the same composi-
tion, from each of the two previous distillations (see footnote s).

u One of two charges of similar material, one of which was 5.00 1. and the
other 2.80 1.

v This charge consisted of material, having substantially the same composi-
tion, from each of the two previous distillations (see footnote u).
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¥ One of three charges of similar material, two of which were 6.00 1. each,
and the third of which was 5.30 1.

* This charge consisted of material, having substantially the same composi-
tion, from each of the three previous distillations (see footnote w).

¥ Obtained by purchase of commercially available material from the
Eastman Kodak Co., Rochester, N. Y.

=a The total volume of the API-Standard sample was 1,135 ml.

bb The total volume of the API-NBS sample was 280 ml.

ce One of four similar charges. Both 2,4,4-trimethyl-1-pentene and 2,4,4-tri-
methyl-2-pentene were obtained from this material (see fig. 58).

dd This charge consisted of material, having substantially the same composi-
tion, from each of the four previous distillations (see footnote cc).
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By the National Advisory Committee for Aero-
nautics, through its Flight Propulsion Research
Laboratory at Cleveland, Ohio:

1,2-Diethylbenzene.
1,3-Diethylbenzene (B) (two-thirds).
1,4-Diethylbenzene.

By the General Motors Corporation Research
Laboratories, Detroit, Mich., through T. A. Boyd
and W. G. Lovell:

2,2 3-Trimethylbutane (B).
3-Methyl-cis-2-pentene.

By the Hydrocarbons Research Laboratory,
Automotive Section, National Bureau of Stand-
ards, through F. L. Howard and D. B. Brooks:

“Diisobutylene” (2,4,4-Trimethyl-1-pentene-
2,4 ,4-Trimethyl-2-pentene)

By the California Research Corporation, Rich-
mond, Calif., through A. Kremser:

2,2-Dimethylpropane (Neopentane).

By the Phillips Petroleum Co., Bartlesville,
Okla., through F. E. Frey:

1-Pentene (B).

By the Universal Oil Products Co., Riverside,
IlL., through V. Haensel:

2,2-Dimethylpropane (Neopentane)

F By the API Research Project 6 at the National
Bureau of Standards, by purchase:

2,2 4-Trimethylpentane (B). 2-Ethyl-1-butene
(one-half).

1-Hexene (one-half). Cyclohexene.

Table 1 summarizes the amounts of the starting
materials and gives some additional information
as to source and purity.

8 See footnote 4.

III. Purification

The procedure followed in the process of purifi-
cation and determination of purity was the same
as that described in the previous reports [2, 3, 4],
except that in the purification of 2,2 3-trimethyl-
butane, 2,24-trimethylpentane, 1,2-diethylben-
zene, and 1,4-diethylbenzene, use was made of
the process of adsorption.

In addition to the name of the laboratory
supplying the starting materials, table 1 and its
footnotes give complete information for each
distillation for each of the compounds.

Details of the distillation apparatus and opera-
tions are described in reference [5], and details of
the adsorption apparatus and operations are given
in references [6] and [7].

Figures 1 to 64, inclusive, show graphically the
results of the distillation and adsorption operations
listed in table 1. These figures give, as appropri-
ate, as a function of volume of hydrocarbon in the
distillate or filtrate, the refractive index (ng at
25° C, to £0.0001), the boiling point of the dis-
tillate (at the controlled pressure of 724.5 mm
Hg, to £0.01 deg C), the freezing point of selected
fractions of hydrocarbon distillate (in air at 1
atm, usually, with a precision near +0.003 deg C),
and the purity of the hydrocarbon distillate.
The letters W, X, Y, Z, indicate the disposition of
the material as follows: W, returned to the labora-
tory suppling the material; X, blended for redis-
tillation; Y, used for the API-Standard material;
Z, used for the API-NBS material.

As demonstrated in the previous reports [2, 3, 4],
the blending of fractions of distillate for the prepa-
ration of material of the highest purity can be
done safely only on the basis of the freezing
points of selected fractions. This is similarly
true for the blending of fractions of filtrate from
the adsorption process.

IV. Freezing Points, Cryoscopic Constants,
and Purity

Table 2 gives the following information for each
of the 30 compounds, except as otherwise indi-

Footnotes for table 2.

F" s (B) following the name of a compound indicates that for the API-NBS
series, it is a second (and usually slightly purer) sample of the given com-
pound, the first sample of which will be labeled (A).

b T indicates freezing, and M indicates melting. See reference [8] for ex-
perimental details and the definition of the cryoscopic constant.

o The values in this column, except as otherwise indicated, were calculated
as described in reference [8], using the values of the eryoscopic constants and
freezing points for zero impurity given in the preceding columns.
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d Not determined in this investigation. From the z tables of the American
Petroleum Institute Research Project 44, [9].

¢ This is a second and improved API-Standard sample of this hydro-
carbon. ’

t Estimated by analogy with isomers subjected to similar purification.

& This eryoscopic constant was determined by the procedure given on page
371 of reference [8].
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TABLE 2.

Freezing points and purity of 30 API-Standard and API-NBS hydrocarbons

Freezing  point of

Calculoted omount

Vwme-:::e:):ture the octual selected Freezing pom" Cryoscopic of impurity in the
i observations | SOmPe in air at Tatm. [yl oy constontb | 9ctual selected sample®
Compound used 10
,::'e;,:;::g API= | Api=ngs.fe s M ARG . A API- | API-NBS
point Standard Standord
Paraffins
°C e, °C deg™! mole % mole %
2,2 - Dimethylpropane  (Neopentane ) F -16.65 = -16.550 £ 0.020 d(0.005‘35) 0.06+0.02 -
2,2 -Dimethylpropane  (Neopentane) F -16.587 -16.580 -16.550 £ 0.020 9(0.00595 ) [fo.022:Q0I2 [ 0.018:0.012
2,2,3-Trimethylbutane (B) F = -24.950 -24.930+£0.020 @ (0.00430) o 0.009+0.008
2,2,4 -Trimethylpentane (B) M = -107.393 -107.365+£0.013 d (0.04031) = 0.11£0.05
2,2,3-Trimethylhexane = - = = - f0.30£020)| f025£0.20)
2,2 ,4-Trimethylhexane M = = -120.0£0.3 0.06 030£0.20 [ 0.25£0.20
2,3,3~Trimethylnexane M -116.829 | -116.8I5 ~116.800£0.020 0.0447 0.13£0.06 | 0.07£0.06
2,3,5-Trimethylhexane - e - - - f030+020) | (025+0.20)
3,3,4-Trimethylhexane M -101.27 -10..24 -101.20£0.03 0.033 0.23+0.10 | 0.13+0.10
Cycloparaftins
Etnylcyclobutane M - -142.770 -142.750£0.015 0.0378 = 0.08£0.06
cis-1,3-Dimethy'cyclopentane M -134.04 -133.990 =133290+£ 0205 0.046! 065£0.23| 0.41£0.23
trans-1,3 - Dimethylcyclopentane (B) M =133,714 | -133,706 =133.690£0.015 df0.0JG‘JO) €0.1£007 | 0.07£0.06
cis, cis, ¢is - 1,2 3 - Trimethylcyclopentane F and M ~116.47I -116,458 -116.430+0.025 0.0245 0.10+0.06 | 0.07+£0.06
cis, trans, cis-1,2 3-Trimethylcyclopentane M -112,736 | -112.727 -112.705+ 0.012 0.0365 0.11£0.04 | 0.08+0.04
n-Butylcyclopentane M 1079955 | =} 07992 .-107.9851:0.0@ 0.0424 0.034 £0025/0.030£0.025
Aromatics
1,2#Diethylbenzene E; =31.257 -31.250 -31.240 £0.010 0.0299 0.05+0.03| 0.03+t003
1,3-Diethylbenzene (B) M =83.938 | =83:933 -83.920£0.010 0.0369 0.07£0.04 | 0.05+0.04
1,4-Diethylbenzene F -42,878 | -42.860 -42.,850+0.010 0.0240 0.0710.02 |0.023£0.020
Olefins
1-Pentene (B) M -165.264 | -165.250 -165,220+0.020 d(0.06000) €026+042 | 0.18£0,12
I-Hexene M -139.828 | -139.826 -139.8001 0.015 0.0509 Q.14£0,08| 0.13£0.08
trons - 2-Hexene M =133001 |-132.998 -132.970£0.020 0.0564 0.17£0.11 | 0.16£0.11
trons -3-Hexene F ond M -113.441 | -113.439 =113.430+£0.015 0.055 0.06£0,03 | 0.05+0.03
3-Methyl-1-pentene F ond M 1S5 =533 ={53.0::0.1 9.03 0.30£0.20| 0.25£0.20
2-Methyl-2-pentene F ond M -135,088 | -135.078 -135.0704 0.015 0.0508 0.09£0.05 [ 0.041£0.03
3-Methyl-cis -2-pentene M -138,474 | -138.466 -138,445+0.015 0.0509 0.15+0.08| 0.11+0.08
2-Ethyl-1-butene F ond M -131.551 -131.540 -131.530£0.010 0.045'4 0.10+0.04| 0.05+£0.04
I1-Heptene M -119075 | -119.067 -119.035+£0.020 0.0509 0.20£0.10 | 0.6%0.10
2,4,4-Trimethyl - |-pentene Fond M -93,508 | -93.496 -93.480+ 0.010 4(0.0330) 0.09+0.03 | 0.05+0.03
2,4,4-Trimethyl-2-pentene Fand M -106356 (-106.353 -106.330+0.015 4(0.0300) 0.08+0.05 | 0.07+£0.05
Cyclohexene M -103,517 | -103.516 -103.500+0.015 9(0.01376) 0.023+0020|0.022+0.020
Acetylenes
I1-Butyne (Ethylacetylene) F ond M -125,756 |-125.749 -125.7204£0.020 90.035 Q.13£0.07 | 0.10£0.07
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cated: the kind of time-temperature curves,
whether freezing or melting, used to determine the
freezing point [8]; the freezing point of the actual
sample, in air at 1 atm [8], for both the API-
Standard and API-NBS lots; the calculated value
of the freezing point for zero impurity [8]; the
value of the cryoscopic constant, determined from
the lowering of the freezing point on the addition
of a known amount of an appropriate impurity [8];
and the resulting calculated amount of impurity
in the API-Standard and the API-NBS materials.

Grateful acknowledgment is made to the other
organizations and individuals listed in section IT
of this report for their contributions of materials
for use in this work.
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F.gure 1. Results of the first and only distillation of the

first lot of 2,2-dimethylpropane (neopentane).

This material had not been fractionated by the supplier. Regular distilla-

tion at atmospheric pressure in Still 1 (5/2/45 to 5/25/45).
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Regular distillation at 725 mm Hg in Still 4 (10/1/46 to 11/20/46). One os
two distillations of similar material. See footnote j of table 1. Fraction-
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note k of table 1).

332 Journal of Research



“PERCENT BY VOLUME

0 10 20 30 40 50 70 80 90 100
| [ | T | [
-133.80 [—
| —100.0
e = FREEZING POINT PURITY - l
- -1 99.0
-134.20 |— o~ =
| —| 98.0
° _i3a40 |— _ -
. |
. -134.60 |— / =} 4
g |
€ _i3as0|— — %6.0
e / |
g 1800 — Y — 950
¥ |
E _i3s.20 — i e
-135.40 [— / I 93.0
-135.60 |— a |
| —|{ 920
90.20 — BOILING POINT\ | ==
90.00 | —
Y 89.80 i —
: £
89.60 -
8 |5
[
&  89.40 |§' —
fro
89.20 [— IJ —
o 14100 — ]
REFRACTIV INDEX
o 14090 [— ERRACTIVERND \ j_l =
1.4080 [— | ~—
% 14070 P ]
o 1-4060 |— | —
£ NUMBER OF FRAGTIONS 30y,
1-152 153-309 | I
w ' X w'}:
| ] I [ | ‘ K R N | l | [t TN [ l Ryl I { I ] I | | ! [ I | ' 3 1 T [l | I 2 | Ll b [ ; Wl BN 1A, ! el AT AN | I Il YO DA 1y
0 500 1000 1500 2000 2500 3000 3500 2000 4500 5000 5500 6000

Ficure 18.

PERGENT BY VOLUME
70

VOLUME IN ML

o 10 20 30 40 80 90 100
1T T T 71T 1T T T T {
~133.80 p— |
FREEZING POINT<_, PURITY 9 sty
-134.00 |— \( o I 8
v — 90
-134.20 |—
e _ 2l | g
-] 90
y -13440[— =% ] W
5 w
2 ~134.60 |— / 7 ] o 97.0§
o
5 -134.80 |— / I — 96.02
I} >
£ -i3s.00|— / | — ss08
H
-135.20 f— 7‘ I by
BOILING POINT.
©  e8.10|— Y J =
Iz 68.00 — 1 ey
- 67.90 |—, I‘i’ —
& 6780}/ é —
r >
& 67.70 |— ] —
2
| 2
o (~
& a0s0|— REFRACTIVE INDEX~ f — 8/13/47).
5 1.4080 fm— | et
o 1.4070 }—
& NUMBER OF FRACTIONS ,
1-93 94-271 l
w X ~
t 1
Ll I L1l [ dadadinl I Stk J Rackindind l 1 hkak
0 500 s 2000 2500 3000

I
VOLUME IN ML

Purification, Purity, and Freezing Points

Ficure 19.

Results of the second distillation of cis -1,3-dimethylcyclopentane.
Regular distillation at 725 mm Hg in Still 15A (4/25/47 to 6/17/47).

See footnote k of table 1.

Results of the third distillation of cis -1,3-
dimethyleyclopentane.

Azeotropic distillation with ethanol at 725 mm Hg in Still 4 (6/26/47 to
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See footnote z of table 1, The part marked “x!’ was used as part of the charge for the
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Ficure 27. Results of the second and final distillation of
cis,lrans,cis-1,2,3-trimethylcyclopentane.

Azeotropic distillation with ethylene glycol monomethyl ether at 725 mm
Hg in Still 4 (2/4/47 to 2/11/47). (See footnote m of table 1.)
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Ficure 28.

Results of the first distillation of n-butyleyclopentane.

Regular distillation at 725 mm Hg in Still 14 (12/16/46 to 1/7/47).
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Ficure 29. Results of the second and final distillation of n-butylcyclopentane.

Azeotropic distillation with ethylene glycol monoethyl ether at 725 mm Hg in Still 11A (2/25/47 to 4/14/47).
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Fraure 30. Results of the first distillation of 1,2-diethylbenzene.

Regular distillation at 725 mm Hg in Still 4 (4/2/47 to 5/8/47). The part of the distillate marked “X1” received its final purification by adsorption.
(See fig. 31 and footnote n of table 1.)
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Ficure 31. Results of the final purification of 1,2-diethylbenzene by adsorption.
Sce legend for figure 30 and footnote n of table 1. The part of the filtrate from each of the first 7 charges marked ‘“X!”” was blended together for subsequent charges:s to 13.
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Ficure 34. Results of the first distillation of 1,4-diethylbenzene. Ficure 35. Resulls of the second distillation of
Regular distillation at 725 mm Hg in Still 9 (1/6/47 to 2/10/47). The distillate 1,4~diethylbenzene.

marked “X!”’ was given its final purification by adsorption.
and 11 in fig. 36.)

340

(See results in columns 13

Azeotropic distillation with diethylene glycol monomethyl
ether at 725 mm Hg in Still 11A (4/17/47 to 5/19/47). The
part of the distillate marked “‘X!” was blended and divided
into three similar charges for final purification by adsorption.
(See results in columns 1, 2, and 3 in fig. 36.)
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Ficure 37. Results of the first and only distillation of 1-pentene.

Regular distillation at 725 mm Hg in Still 3A (1/21/47 to 3/24/47).
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Frcure 39. Results of the second and final distilla-

tion of the first lot of 1-hexene.

Regular distillation at 725 mm Hg in Still 4 (2/13/47 to 3/4/47).
See footnote r of table 1.
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Ficure 40. Results of the first distillation of a second lot of 1-hexene.
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Regular distillation at 725 mm Hg in Still 13 (12/9/46 to 1/20/47).

o 10 20 30 40 50 60 70 80 90 100
| I I | | I I [ I T A
I £l
=3
| g
l -
| :
i FREEZING  POINT~ — PURITY | 200Ny
e L R ] = ligele0
£ - Tl -
i e — 99.40 2
= I
— g 3 g z
-~ | — 99.20 =
— >
&
| — 9%.00 £
| 2
= | 5|
|
— I s
BOILING  POINT
& \ el
R
e
N | 1
F e
e | —
r 5
- 3
C l ]
[ | =
- | -
L | -
L I <]
E [ a
- REFRACTIVE  INDEX : i
L N | 1
ey | =
| 2
I ]
& |;, )
13
S
NUMBER OF FRACTIONS 12
=
=1t 12-108 109-187 l
a T w J|
I T B s SV V0 l )y 1 TR | l Jrafiyery l ' ST 1 | I {25 0 B [ e Nl el J 4 L k] I ] I, (193 T [ ) ] e 100 | l ) | I § ! | LA 1! TS Hl 1
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 8500

Journal of Research



PERCENT BY VOLUME
o 0 20 30 40 50 60 70 80 90 100
T I T [ I T I I T |
I ]
o | 4
z | =
= ez - FREEZING  POINT~ PURITY | {9990 4
- e Ty, o e L «
£ -9se — P Nt | — 9980 &
14 P N | w .
g 13986 [— Ty | — 99.70 §
E -13988 [— 0 l —]99.60 =z
& | =
i
55.00 |— = 5
BOILING  POINT+ / 2
o 5480 [— \ | =
z 5460 | .
& 5440 | i
r |
a
@ s420 | =
I PERCENT BY VOLUME
" ‘ o 0 20 30 40 50 60 70 80 90 00
- 13880 |— —
b REFRACTIVE  INDEX < ! T I T I I ! I Vit
. 3860 [— \ _\/,“ == I =
< | | S
13840 p— il -13296 — —
€ | % ° FREEZING POINT PURITY | e oo
|3 -13300 — . — o gty —] 9980 &
S = TR Ty | H
NUMBER OF FRACTIONS I'2 ER0a I e (gl L
3 z
I§ € 3308 [— P M [
54 rJ s 7% | o 9920 3
54 55-112 ns-217 | Z - — 2
u 5 | | 9900 %
| & -3ve | >
N ot —{ 9880 =
N - Y - W —y -13320 (— | 3
| |
(SIS0 10 ST LTI o B IR D oy P 8 0 5 o P 4 | o o 1 ) BOILING  POINT |
o 500 1000 1500 2000 2500 3000 3500 » 6640 F \ I Tl
VOLUME IN ML 2 €620 |- |
& [
Fraure 41.  Resulls of the second and final distillation of SR (7]
the second lot of 1-hexene. |
Azeotropic distillation with ethanol at 725 mm Hg in Still 9 (2/11/47 to s : )
3/24/47).  See footnote r of table 1. u b 7]
o 13960 |— 5
2
PERCENT BY VOLUME * 13940 |— | —
O 10 20 30 40 30 60 70 80 90 100 0 |
o e e T e P B ! g o 13920 — REFRACTIVE  INDEX~ l—
o | b 13900 T
. | g |
z | &€ H
- | - 13
Z 3299 | FREEZING  POINT PURITY I w NUMBER OF FRAGTIONS Ik
* -i3300 |- R b B ] g 4
g -18801 |- — - ] - | H
Z -3302 [— = - - -
E : x 1-109 110-180 W]
H g |
| 2 J
| w 0 W1
o | |
. BOILING POINT\ | riar e D e B e e e ] e ien B S I
E eeno . ) 500 000 500 2000 2500 3000 3500
o €6.30 — -1 VOLUME IN ML
[= |
- |
| Fiaure 42,  Results of the first distillation of trans-2-hexene.
|
& REFRAGTIVE  INDEXY | I Regular distillation at 725 mm Hz in Still 11A (12/17/46 to 1/20/47). One of
L) . two distillations of similar material.
L, 13900 |- 4
& |
€ lu
B
NUMBER OF FRAGTIONS' 8
A
[
&
i~46 47-98 99-19 lﬂo—l!l'P
130 138 |
|
7. w4
W y U S = o o |
|
S B | I 1 J_LL[ odkak llJ e | l 1 LL‘

FIicure 43.

o 500 1000 1500
VOLUME IN ML

2000 2500

trans-2-hexene.

Regular distillation at 725 mm Hg in Still 2A (3/13/47 to 4/7/47).
notes s and t of table 1.

Purification, Purity. and Freezing Points

Resulits of the second and final distillation of

See foot-

345



o

s

z

y ThB4s

Z -u3so

a  -3s!

© -l352

=

~N

w

w

@

S

o

€

z 6570
65.60

°

S 6550

&

a

]

£ 13930

°

~ 13920

. 1310

< 13900

o 13890

[ 3

346

PERCENT BY VOLUME

[+] 10 20 30 40 50 60 70 80 90 100
I I | I 7
I g
I -
z
| 3
FREEZING POINT~—~ PURITY
i i __Y__‘____ |— 9970 g,
R I S o E e 18 M N e B I R B e TR O T [ 9560
= e e | 3
- = — 9950 %
| z
' >
<
| z
2
| o
BOILING  POINT~ }
- =
— REFRACTIVE INDEX\ el
B =
lg
2
-
=3
NUMBER OF FRAGTIONS >
|:x'
z
™
7 8-59 60-184 :‘}
X W |
ey ) ¥ 1
llllllJJllllllIllll‘llllllll|1I||ll||11|Iliilllllllllll‘llll
o 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500
VOLUME IN Mo
F1cure 44. Results of the first distillation of trans-3-hexene.
Regular distillation at 725 mm Hg in Still 13 (7/29/46 to 9/3/46).
PERCENT BY VOLUME
0 10 20 30 40 50 60 70 80 90 I00
TR i P g e B o [ |
| g
© -usaz |— o
& FREEZNG POINTy~ PURITY I foaitor
—-||3.00—_f———————\\ [ A e
:E; ~n3.46 f— N> o A §
a iy : w
g -nses — \ 1 0 s
g ~13.50 [— | — 99.60 §
o [ =ss 508z
I >
e E
- BOILING  PONT | £
= 65.60 e | =1 ~ e .
7 es.50 [— bl Frecure 45. Results of the second and final distillation of
B | trans-3-hexene.
|
; REFRACTIVE  INDEX\ ‘ Regular distillation at 725 mm Hg in Still 11A (11/27/46 to 12/16/46).
(TS I e K ot G TR e [ =
% 13910 |— -1
= |
|
NUMBER OF FRACTIONS ’ H
3
-4 | §
5-25 |26 39-77 V‘ 78-93 | -
38 | 2
|5
2 w—]
f -2 " i
. |
Ilillllllllllllﬂllll
o 500 1000 1500 2000
VOLUME IN ML

Journal of Research



PERCENT BY VOLUME

10 20 30 0 50 60 70 80 % 100
[ I T [ I [ I I T 1
o |
% et BOWING POINTYy | _|
8 s2.60— | = .
5 |
H
: )
S 13820 |— REFRACTIVE INDEXy ’—12—-
= 13810 (< 3]
< 1.3800 |— 12
3 |
= NUMBER OF FRACTIONS |§
1-86 J 87-182 J 183- 267 "
w ™ X w —:
= I T ! 3 l A ' Rnkslad [ Ll 1 1 ! Ll 1 1 l Latadak l B [ L) I 1
> 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

VOLUME IN ML

Fraure 46. Results of the first distillation of 3-methyl-1-pentene.
Regular distillation at 725 mm Hg in Still 9 (11/4/46 to 12/30/46). Omne of two distillations of similar material. See footnote u of table 1.
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Azeotropic distillation with ethanol at 725 mm Hg in

Still 12A (6/20/47 to 7/17/47).

Ficure 52.
2-ethyl-1-butene.
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F1GURE 54. Results of the first distillation of the second lot of 2-ethyl-1-butene.
Regular distillation at 725 mm Hg in Still 10 (12/20/46 to 2/27/47).
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Results of the second and final distillation of
the second lot of 2-ethyl-1-butene.

Azeotropic distillation with ethanol at 725 mm Hg in Still 4 (5/8/47 to 5/28/47.)
See footnotes aa and bb to table 1.
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Results of the first distillation of 1-heptene.
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Results of the second and final distillalion of
1-heptene.

Regular distillation at 725 mm Hg in Still 4 (12/6/46 to 12/26/46).
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Fraure 58.  Resulls of the first distribution of 2,4, 4-trimethyl-1-pentene and 2,4, /-trimethyl-2-pentene.

Regular distillation at 725 mm Hg in Still 14 (12/19/45 to 1/12/46).

One of four distillations of similar material.

See footnote ce of table 1. Fractions 41 to

74 (marked “‘x”’) were redistilled to obtain 2,4,4-trimethyl-1-pentene (see fig. 59). Fractions 109 to 131 (marked “x ") were redistilled to obtain 2,4,4-trimethyl-2

pentene (see fig. 61).
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Regular distillation at 725 mm Hg in Still 13 (4/16/46 to 5/20/46).
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Results of the second distillation of 2,4,/-trimethyl-1-pentene.

See footnote dd to table 1

Frcure 60. Results of the third and final distillation of 2,4,4-trimethyl-1-pentene.
Azeotropic distillation with ethylene glycol monomethyl ether at 725 mm Hg in Still 15A (6/26/47 to 7/30/47).
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Frcure 61. Results of the second distillation of 2,4,/-trimethyl-2-pentene.
Regular distillation at 725 mm Hg in Still 10 (4/16/46 to 5/31/46). See footnote dd to table 1.
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Ficure 62. Results of the third and final distillation of 2,4,4-trimethyl-2-pentene.
Azeotropic distillation with ethanol at 725 mm Hg in Still 11A (6/17/47 to 8/8/47).
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Results of the first and only distillation of 1-butyne.

Regular distillation at atmospheric pressure in Still 1 (9/6/45 to 11/0/45).
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Fraure 63.  Results of the first and only distillation of cyclohexene.
Regular distillation at 725 mm Hg in Still 10 (10/15/46 to 12/19/46).

WasHiNngTron, May 21, 1948.
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