. &, Department of Commearce
Maticnal Bureau of Standards

Reseurch Paper RP1929
Volume 41, October 1948

Part of tha Journal of Research of the National Burean of Standards

Purification, Purity, and Freezing Points of 30 Hydro-
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Sedlak,? Charles B. Willingham, and Frederick D. Rossini

This report describes the puriBeation and determination of freezing points and purity
of 30 hydrocarbons of the API-Standard and API-NBS series, including sight paraffing, six
cyoloparaffine, three arotnatics, twelve clefing, pod one acetylets,

I. Introduction

Previous reports described the purification and
detertuingtion of freeging pointa and purity of 84
hydrocarbon compounds of the API-Standard
and API-MBS series, which were produced as part
of the cooperative program on Stenderd Samples
of hydrocarbons of the Nationial Bureau of
Standerds and the American Petroleum Institute
(1,238, 4]*

This report describez the purification and
determination of fraezing points and purity of an
additional 20 hydroearbon compounds under this
cooperative program, including § parafiin hydro-
carbong, 5 alkylcyelopentenea, 11 monoclefing, 3
dieth¥lbenzenes, ethyleyclobutane, 1-butyne and
cyclohexens, Four of these additionel 30 com.-
pounds are second and purer lots of compounds,

the first lots of which were described in the earlier.

reporte.

The final lots of the material labeled API-
Standard are sealed "in wacuum™ in glass am-
poules and made available as NB3 Standard
Samples of hydrocarbons, by the Awmericsn
Petrolenm Inatitute and the National Bureau of
Stendards, The material labeled API-NBS ia
made available in appropriate small lots, through
" the American Petroloym Institute Reassarch
Project 44 a$ the National Buresu of Standards,

1 Thiz inwestigation waa pefformed at the Wationsl Boroa: of Aleodeeds
B parg of the wiork of the Ameriean Petrodmum Instiute Fesblrch Frojech 8
oty kb Amsiyeke, purifiestion, and properties of bydrocsrbons,

T Faaearih aasgalate on the 4 merbean Pedrolpom Instiiate Restarch Froject
& nb the Mublonl Burean of Btandands,

1 Figures o brackets idicate thea liferatnra referenoces at the end of this
DRPET.
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on loan to qualified investigators for the measure~
ment of needed propertiss,

II. Materials

The starting materials were supplied as follows:
By the APT Research Project 45 on the aynthesis
and properties of hydrocarhons of low molecular
weight at tha Ohio State University, Columbus,
Ohio, under the supervision of . E. Boord:
Ethyleyelobutane.
cts-1,3-Dimethyleyclopentans.
trans-1,3-Dimethyleyclopentans (B).*
a-Butyleyclopentane.
1-Hexene (one-half).
trans-2-Heoxena.
trang-3-Hexene,
3-Methyl-1-pentens.
" 2-Methyl-2-pentens.
2-Ethyl-I-butene (one-half).
1-Hoptene.
1,3-Disthylbenzene (one-third),
1-Butyne (Ethylacetylene}.

By the Hydrocarbon Laboratory at the Penn-
sylvama State College, State College, Pa., under
the supervision of F. C. Whitmore:

2,3.3-Trimethylhaxana. eigeis ei8-1,2 3-Tri-

2,2 4-Trimethylhexane, methyleyclopen-

2 3,3-Trimethylhexanea. tane,

2.3, 6-Trimathylhexane. cia,trans,cie-1,2,3-

3.3 4-Trimathylhexane. Trimethyleyclo-
) pentane.

11 tbia paper (B) following the nam of o compomd indicates that for the
AFI-NHE sarier, it 15 6 3=cond (and wally slightly purer) agmpls of (s
given compeoumd, the first sample of which wrill ba tababed (A).
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- b The sbbrevistions reprssont the Rilwitg Iaboratores: APIRPsf;
Arnerkwt: Patrobaumn Institute Bsssnrch Project 48 st the Chio Biate Toiver-
Jity, Columbuy, Oblz. Pean Biake; Hxdrocarbon Laboratory st the Penn-
Brlvstiin Biale Tolleg, Eiste Collme, Fa. MNACA; National Adrisory
Commitise for Aeroniatitics, Flight FropgMion Eesearch Laboratory,
Cleweland, Ohin. Genarsl Motors;, General Motors Corporation, Drefrolt,
Mich, NEBB Auxto Sec.; Aotamative Beatlon, MNatkual Borsen of Btandprds,
Washington, D. . Calil. Res, Corp; Cablfornty Bescurgh Corporstioo,
Richmond, CeHi. Phillps; Philllpe Pairolsum Owmpany, Baribstyia,
Okls. Univ. QI FProd; Universal 00 Prodoetz Co., Rlvwndide, T
APIRFS; Amerioun Fatrolsum Ingtifnte Researoh FProject & st (e Mationsl
Enraan of Btandards, Washington, D. G.

* The: pbbravistions ara: Avee,, aseatmple: Beg., rmgular,

4 Thy abbravlubione aret Oadl, Salloslvs {sthylons glyes] Mooosthyl
ether); Me, Coll, methyl Cellosslve {athxbetie glyool monomethyl wiber);
My, Carh,, Dwthy] Carbltal (dlsthrlens ghrool fonometksl ether).

* Approalivats velue obtained fom the amtos]l wolome of bydroecarbon
resovered by extracting the aseotrope—lioming sobetance with wabor in
sparetory bomuoibe
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# Thin iz second st mproved A PE-Siandacd samaple of Bt Bydmearbon,

& This motevinl wag glven 185 Bnsl poritistion by B, J. Malr by the method
of sdoorpdbon, Bee tefereiias [6, 7).

' Ohtaingd by parhisee of sonderdally svsilable iateris] from the Robm
4 Hase Cn,, Philsdelpbia, Fa.

¥ Ot of tors Hmfar charpes, Both cir and framr -1, 3-dimethyboevelopentane
waht givtwined fror thie materin! (see Gy. L7, )

¥ ‘This eharge consleted of material kaving snbatantially the sames compoal-
tiom, iy each of the two Dravicus distillatlione (Bee botota 1), towethar with
materinl imm the Ars disttlation of the ponosnirate of the frens BHmer (Bed
footnote @ and Ag, ).

* This charge oonaipbed of matariat having snbatantially fhe BAEM (OBNpEH-
tlon drom enoh of the iwo prevwbons dEgEaLlnm {See Bt ).

= This I+ 5 peocmd kf o cla, irawd, cliel, 2 3-inethylewelopentatin aapplicd
by the Pennsylvania Stals Collee,

& This magerind way dlvided Inte soves chisrpes for purifiestion by edsori-
thon (Bee Batote h wod Ag, 30).

= Thig ks 4 paettid bot of 1,3-dxthylbatzvae sepplied by the AP? Research
Prigock df.
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* This toaterial was divlded into Bve charped B puHbstion by wdaseptbon
{oos feotnote b and g 38, It condisted of (.50 1 Bom the et Jiablkation In
column O {see Gz 34 amd 147 L from: ¢he second dbdifntion T oodumn HlA
(5o B 35).

% Dbtained by porehass of commersaily avmilable meteriel from the oo
nectionl Bard Bobber Co., New Haven, Conmn.

* Thw tolad Tohime of the AF-8tandard sample was 5,475 ml,

+ Ownp af bwo imier ohanees.

UThd charge conalated of maderial having snbelankialiy the same cormposl-
titm, Eom cach of the bwo pravions disidiatione (s footmata 8],

w Cmw of $oro chinoked of Rimlkw Bapterly), ook of which waa 500 1. and tha
other 280 1, .

* This chiarge conslstad of tinbersl, having subsfangially the pames pompoak-
tiom, trom sach of the two Draviods dRtRlathons (Sex Bolnate ul
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= One af (hree chargas of slmdler maerisl, bwo of Which werq 4.00 [ sach,
and the thitd of whicl wes 5530 1

= This chagn oondbdad of materlal, having scbstantialy the same compoal-
L, eona ededy of Ehe three Brovloua distilations (sea footonts wh,

r Oltalned by paorchase of mmmerclally avallable materlal trom the
Ensttnan Kodak Co., Rochester, 9. Y.

8 The toisl yohume of the AFT-dtandard samphe was 1,135 mlL

0 ‘Tha total ¥olums of the AFT-WBE aample was 20 ml,

4 Jme of four similar aharges.  Boih 2,4, 4trimethy-1-pentene and 24 4-tr-
methyl-Frentens were chialned rom thin matarial {oee fig. 38).

& Thig charga conalatad of materisl, havhyg substant i)l y fhe apame peampoak
Hen, brom sl of The Four previogs disdiiationg (s kotnobe oo,
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By the National Advisory Committee for Aero-
nautics, through its Flight Propulsion Research
Laboratory at Cleveland, Obio:

1,2-Diathylbenzene.
1.3-Diethylbenzene (B) {two-thirda).
1,4-Diethylbenzena.

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

2,2 3-Trimethylhutane {B).
3-Mathyl-cis-2-pentene.

By the Hydrocarbonz Resesrch Laboratory,
Automotive Section, National Buresu of Stend-
ards, through F. L. Howard and D. B. Brooks:

“Bhisobutylene” {2,4,4-Trimethjrl-£—pentene+
2.4,4-Trimethyl-2-pentene)

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

2 2 -Dimethylpropane {(Necpentane).
By the Phillips Petroleum Co., Bartlesville,
Olda., through F. E. Fray:
1-Pentene (B).

By the Universal Qil Products Co., Riverside,
Il., through V. Haensal:

2. 2-Dimeihylpropane (Neopentene)

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

2,2 4-Trimethylpentana (B). 2-Ethyi-1-butene
{one-halfh.

1-Hexene {one-half}. Cyclohexene,

Tabla 1 summarizes the amounts of the starting
materials and gives some additionsl information
84 to source and purity.

¥ B footmote L

. Purification

The procedurs followed in the process of purifi-
¢ation and determination of purity was the same
a8 that described in the previous reporta [2, 3, 4],
except that in the purification of 2,2, 3-trimethyl-
butane, 2,2 4-trimethylpentane, 1,2-diethylben-
gene, and 1,4-diethylbenzene, use was made of
the process of adsorption. -

In addition to the name of the Iaboratory
supplying the starting materials, table 1 and its
foutnotes give complete information {or cach
distillation for each of the compounds.

Detailz of the distillation apparatus and opera-
tione are described in reference [5), and details of
the ndsorption apparatus and operastions are given
in references [8] and [71.

Figures 1 to 64, inclusive, show graphically the
resulta of the distillation and adserption operations
listed in table 1. These figures give, as appropri-
ate, as a function of velume of hydrocarbon in the
distillate or filtrate, the refractive index {n; 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 O}, the freazing point of salected
fractions of hydrocarbon distillate (in air at 1
atm, usually, with a precigion near £+ ¢.003 deg C),
and the purity of the hydrocarbon distillate,
The letters W, X, ¥, Z, indicate the disposition of
the material aé follows: W, returned to the labora-
tory suppling the materiel; X, blended for redis-
tillation; ¥, used for the API-Standsrd material;
Z, used Jor the APT-NBS material.

As demonetrated in the previous reports {2, 3, 4,
the blending of fractiona of distillaie for the prepa-
ration of materiol of the highest purity can be
done safely only on the basiz of the freezing
points of selected fractions. This is similarly
true for the blending of fractions of filirate from
the adsorption procesa.

IV. Freezing Points, Cryoscopic Constants,
and Purity

Table 2 givea the following information for sach
of the 30 compounds, except s otherwise indi-

Foslnoize Ry fans 2,

F « (B} following the toatos of 6 campound indlontea that for the APLNEBR
perien, it 8 & weoond (o osaelly slightly purer} eamphe of the glyen som-
pound, the first xample of whish will be Inbelsd (A).

¥ ¥ Indicates fretring, and M bdicems meltlog. Bes referancs |5] for ex-
pertmental detalls and tha defindtion of the crporeopde soostant,

» T'ha vahues in this oolomn, axoept k8 othacwise ndionksd, wev: orlculated
a8 geearibed in refarenios (5], naing the valuss of the tryostopie sonithats aod
fronping polngs for eara imporiiy glven in the preeding colmmns,
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3 Mt derermined in thin Investlgation. From tie z tables of the Americsn
Patroleam Ingtiints Research Frojedt 44, [H.
«This Is & peaxnd 8nd impeaved & PL-Standard ssmple of this hydra-

arban
! Kstimatad by anabogy with lsomers sobjeoted to almikar porifiston.

§ Thig ary oo sonatant wag delarnijined by the procedirs glven on page
371 ol redorenos [3),
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cated: the kind of time-temperatura curves,
whether freezing or meliing, used to determine the
freezing point [8]; the freezing point of the actusl
sample, in air at 1 stm [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 eryoseopic constant, determined from
the lowering of the freezing point on the addition
of & known amount of an appropriate impurity [8];
and the resulting calculated amount of impurity
in the API-Standard and the API-NBS materiala.

Grateful acknowledgment, iz made to the other
orgznizations and individuals listed in seetion TI
of this report for their econtributions of materials
for use in this work,
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