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This report describes t he p urificat ion and determination of freezing points a nd purity 
of 18 hydrocarbons of t he API-Standard and API-NBS se rics, in cludi ng one paraffin, four 
a lkylcyclopentan es, nin e alkylcyclohexanes, two monoolefin s, o ne diolefin, and one acety lene. 

1. Introduction 

Previous reports described the purification and 
determination of freezing points and purity of 66 
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].3 
This report describes the purification and determi
nation of freezing points and purity of an addi
tional 18 hydrocarbon compounds under this 
cooperative program, including n-decane, 4 alkyl
cyclopentanes, 9 alkylcyclohexanes, 2 mono
olefins, 1,2-butadiene and 2-butyne. 

The final lots of the material labeled API
Standard are sealed "in vacuum" in glass ampoules 
and made available as NBS standard samples of 
hydrocarbons, by the American Petroleum In
stitute and the National Bureau of Standards. 
The material labeled API-NBS is made available 
in appropriate small lo ts, through the American 
Petroleum Institute Research Project 44 at the 
National Bureau of Standards, on loan to qualified 
investigators for the measurement of needed 
properties. 

1 'r h is investigation wa~ performed at the National Bureau of Standards 
as par t of the work of the American P et roleum JMtitute Research Project 6 
on the Analysis, P urifi cation, and Properties of H yd rocarbons. 

·Presented before the Dh' ision of Petroleum Chemistry of the American 
Chemical Society at the meeting iu New York, September 194i. 

, Research Associate on the American Petroleum Institu te Research Project 
G at the National Bureau of Standards. 

3 Figures ill brackets indicate the literature references at the end of this 
paper. 
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II. Materials 

The star ting materials were supplied as follows: 
By the API R esearch Project 45 on the "Syn

thesis and Properties of H ydrocarbons of Low
Molecular Weight" at the Ohio State University, 
Columbus, Ohio, under the supervision of C. E. 
Boord : 

I sobu tyleyelopentane. 
cis- I , 3-Di m et h y l cyclo

hexane. 
ll'ans-l,3-Dimethy lcyc lo

hexane. 
n-Propyleyclohexane. 
I sopropyl cycloh exane. 

] , 1 ,3- Trimet h y l cyclo-
hexane. 

n-B utylcyclohexane. 
I sob utylcyclohexane. 
sec-Butylcyclohexane. 
lel'l-B utylcyclohexane. 
2-Blltyne. 

By the Hydrocarbon Laboratory at the P enn
sylvania State College, State College, Pa., under 
the supervision of F . C. Whitmore: 

I-Meth yl-l-ethylcyclopenta ne. 
cis-l-Methy l-2-eth ylcyclopentane. 
3,3-Dimethyl-l-butene. 

By the Standard Oil D evelopment Co. , E sso 
Laboratories, Elizabeth , N. J. , and Baton Rouge, 
La. , through W . J . Sweeney: 

1,2-Butadiene. 

By the Tide Water Associated Oil Co., Asso
ciated, Calif. , through H . Y. Hyde: 

Cyclopentane (B) 4 

By the API R esearch Project 6 at the National 
Bureau of Standa.rds, through F. D . Rossini : 

n-Decane. 
1-0etene. 

• See footnote "a" of table 2. 
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T A 1H,E I. - Information on the purification of 18 A PI-Standard and A PI- NBS hydrocarbons 

Sto;ting Hydrocarbon Distillation f Volume of 
charged Azeo- Amount of Number Rote of Results selected sample material 

for trope- hydrocarbon Distilling of Reflux plaHed 
Compound 0 provided distiliCit ion Kind e theor- collection 

forming in Ihe column rot io in elieel of API- API-

by sub- oleo'ropic number plates (approx) f igure Standard NBS 
Volume Purity stanced distillate e (approx.) distillate 

laboratory b lilers mole percentage mllhour ml ml percent b volume 

Paraffins 

n-O e cane APIRP6 g '5 .80. 98.55:!Q.Q6 Reg. 14 125 125/1 12.5 I 
, 5 .80. 99.84±OQ2 Reg. 7 130. 145/ 1 8.5 2 140.0. 415 

Alkylcyclopen tone s 

Cyc lapen lane (B) TIde Woter Asso 2A5 99.84±OQ2 Reg. 2 10.0. 150./1 2.0. 3 10.20. 30.0. 

I-Melhyl-I- elhylc yclopen lone Penn Slate 2.10. Azec. Ethanol 33 4 20.0. 18011 4.0. 4 1240. 370. 

cis - 1- M ethyl -2- ethylcycklpentone Penn State 1.73 94.Q±Q.5· Azec. Isopropanol 14 4 20.0. 180./1 4.0. 5 716 158 

Isobulylcyclope nton e APIRP45 3.19 Reg. 13 130. 155/1 8.0. 6 
2.25 99.82±0..0.6 Azeo. Cell. 59 10. 135 16511 4.5 7 10.60. 290. 

A Ikyley clohexones 

ci5- I,3 - Dimelhylcyclohexone ' AP IRP45 ' 590. Reg. 15 125 125/1 12.5 8 
m5.98 Reg. 7 130. 145/1 8 .5 9 

2.60. 99.89±Q.Q5 Azeo. Me. Cell. 66 15A 20.0. 160./1 4.5 10. 1200 360. 

Irans-l,3- Dimelhyle yelohexane k APIRP45 '590. Reg. 15 125 12511 12.5 8 
m3.QQ Azeo. Ethonol 35 9 135 165/1 4.5 II l iDO. 360. 

n -Propyleyelohexone APIRP45 1.48 -Reg. 8 13.0 14511 8.5 12 
n 1.0.5 AzeQ Cell. 40 9 135 165/1 4.5 13 365}" 
O 2.25 99.48±Q.o8 Azeo. Cell, 40. 9 135 165/1 4.5 14 895 360. 

lsopropyleyeloh exane APIRP45 390. Reg 8 130. 15511 6.0. 15 
179 9S.8±Q.1 Alec. Cell. 43 10. 135 16511 4.5 16 875 147 

1,1,3- Tr ime Ihyleyc lohexone APIRP45 2.72 Reg. 7 130 155/1 8,0. 17 

1.8.0 99.64±o.Q8 Azeo. Me. Cell. 63 10. 135 16511 4.5 18 90.5 199 

n-Butylcycioh exone APIRP45 2.50 Reg. 13 13.0 155/1 8 .0. 19 
171 99.87±Q.o8 t...zeo Buty l Cell. 52 10. 135 165/1 4.5 20. 870. 215 

lsobulyl cyclohexone APIRP45 191 Reg. 2 10.0. 15.0/1 2.0. 21 
1.53 99.75±QQ9 Azeo. Butyl Cell 63 IIA 20.0. 160./1 4.5 22 930. 185 

sec -Buty lcyclohexone APIRP45 2.59 Reg. 12 135 165/1 4.5 23 
2.13 Azeo. 8utyl Cell . 54 IIA 20.0. 16011 4.5 2 4 975 210. 

fer 1- Butylcyclohexone APIRP45 2.53 Reg. 12 135 165/1 4.5 25 
1.68 99.94 ±.o0.3 Aleo Cell. 26 8 130. 14511 8 .5 26 1135 285 

Olefins 

3,3-Dimothyl-l- butene Penn Slole 3.80. 98.66~ o.I5 Reg. 9 135 16511 4.5 27 13 0.0. 365 

I-Ce lene APIRP6 g '6.0.0. Reg. 13 130. 155/1 8.0. 28 
, 6.15 99.7Q±Q.13 Reg. 13 130. 155/1 8 .0 29 2 0.0.0. 60.0. 

Diolefins 

1,2- Butadiene Std 011 Dev. lAO. Reg I 150. 150./1 2.0. 30. 
1.0.0. Reg 1 150. 15.0/1 2.0. 31 60.0. 10.0. 

Acetylenes 

2- Bulyne APIRP45 2.68 Reg 1 I~Q 150./1 2_0. 32 1125 265 

;'be fool notes on pa~(' n\. 
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Table 1 summarizes the amounts of the starting 
materials and gives some additional information 
as to the source and purity. 

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]. 

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

Details of the distillation appara tus and opera
t ions are described in reference [,')]. 

Foot notes for Table 1, Page 322. 

• Sec fOOLnote "a" of table 2. 
b'The abbreviations represent the following laboratories: 
AP l HP4 5; American P trolculll Institute Research P roject 45 at, the Ohio 
tate U niversity, ColLUnbus, Ohio. 
Pen n State; H ydrocarbon Laboratory at the P ennsy h 'ania State College, 

S tate College, P a. 
Std, Oil D ey .; Stand are! Oil Development Co. Esso Laboratories, Eliza

beth, N. J, ane! n aton Rouge, La. 
'ri de Water Assoc.; 1' i(le Water Associated Oi l Co., Associatccl, Ca lif. 
APLR1'6; Am erican Petroleum Institute Research Project 6 at the National 

Bmeall of Standards, Washington 25, D. C. 
o 1'hc abbrev iations arc: A zeo., azeoiro pic; Reg., I'cguJal'. 
d T he abbrey iations arc: Cell. , Cellosolve (ethy lene glycol monoethyl 

ether); me. CelL, methyl Cellosolve (ethylene glycol mOllomethy l ether); 
Butyl Oell. , butyl Cellosolve (ethylene glycol mono butyl eL her). 

e Approxi mate val ue obtai ned fro m the act.ual volume of hydrocarbon 
reco\'crcd by extracting the azcotro re-forming substa nce with wator in 
separatory fLUlllels. 

f See reference [5] for further details. 

Purifica tion, Purity , a nd Freezing Points 

Figures 1 to 32, inclusive, show gra phically the 
results of the distillations listed in table l. Th('se 
figures give, as a function of volume of hydrocar
bon dis tillate, the refractive index (nD at 25° C, 
to ± O.OOOl ), the boiling point of the distillate (at 
the controlled pressure of 724.5 mm H g, to 
± O.Ol ° C), the freezing point of selected fractions 
of hydrocarbon distillate (in air at 1 atm usually 
with a precision ncar ± O.003° C), and the purity 
of the hydrocarbon distillate. The letters lV, X , 
Y, Z indicate the disposition of the material, as 
follow: lV, returned to the laboratory supplying 
the material; X, blended for redistillation; Y, 
used for the API-Standard material ; Z , used for 
the API-NBS material. 

g Obtained by purchase of commercia ll y ava ilable material from the Con
necticut lIard Rubbol Co., New liaven, o nn . 

h One of t wo similar charges. 
i rrhis chargr consis ted of material, havi ng- substantia ll y the sa me composi-

Lion. from each of the two previous d istillations (soc footnote "h"). 
j Sec (ootnote "[" of table 2. 
k Sec footnote "g" of table 2. 
I One of three charges of silr ilar material, two of which were 5.90 liters each, 

and the third of which was 2.50 li ters. Both cis and trar/s-/ ,3-d imet hylcyclo
hexane were o btained from this ma l-or ial (sec fi g. 8). 

m "-rhis charge consisted of material, hav ing substa nt iall y t he ~allle com
position , from each of the t hree pre\- ious dist illations (sec fo ot note " i"). 

• T he 1.05 liters for this charge consisted of 0.93 liter from the first disti ll a
tion in colu mn 8 (see fi g. 12), and 0.12 liter which was a secone!lot of n-propyl
cyclohexane supplied by the AP l Research Project 45. 

o This is a third lot of n-propylcyclohexano supplied by the AP l Research 
Project 45. 

p ' I'otal vol ume of the AP [-Standard sample was 1,260 ml. 
q Qne of two cbarges or similar material , the second of w hich was 6.2 liters. 
, This charge consisted of material, having su bstantiall y tho same com pos i-

t ion. from each of the two prc\' ious distillations (sec footnote "q"). 

323 

J 



As demonstrated in the previous reports [2, 3], 
the blending of fractions of distillate for the prep
aration of material of the highest purity can be 
done safely only on the basis of freezing points of 
selected fractions. 

IV. Freezing Points, Cryoscopic Constants, 
and Purity 

Table 2 gives the follow'ing information for each 
of the 18 compounds, except as otherwise indi
cated: The kind of time-temperature curves, 
whether freezing or melting, used to determine the 
freezing point [6]; the freezing point of the actual 
sample, in air at 1 atm [6], for both the API
Standard and API-NBS lots; the calculated value 
of the freezing poin t for zero impuri ty [6]; 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 
[6]; and the resulting calculated amount of im
purity in the API-Standard and the API-NBS 
material 

Grateful acknowledgment is made to the other 
organizations and individuals listed in section II 
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of this report for their contribu tions of materials 
for use in this work. 
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TABLE 2.- Freezing points and purity of 18 API-Standw·d and API-NBS hydrocarbons 

Kind of F~eezin1 Calculated 
time· temperoture pOint 0 omounl of 

observat ions Ihe oclual Freezing point Cryoscopic impurity 

Compoundo used to selecled for zero impurity constant b in the 
delermine sample, oclua l 

the free zing in air in air ot I otm .c A selecled 
pOint b at I atm~ sampled 

·c ·C deq-I mo le percenl 

API- API - API - API-
Standard NBS Siandord NBS 

Paraffins 

n-Decane F 29.680 -29.677 - 29.673 !0.005 " (0.0585) 0.O4±O.02 0.023'0.018 

Alk Y Icyclopenla nes 

Cyclopenla ne (B) F - 93.9 02 -93 B87 - 93.7 7 iO.04 "(0.00227) 0.030!0009 0,026!O.009 

I-Melhyl -t- e Ihyl cye lopenla ne F ond M -1 43.B3 -143.82 -1 43.800 iO.018 0.0444 O.l3tO.08 O.09!O.OB 

cis -1-Melhyl-2-et hy leyclopen to ne Fond M -106.05(I) -106.01 ([) -105. 95 ±0.05(n 0 .0 480 (I) 0.4BtO.24 0 .29 '0.24 
-106.62 ±0 .05(ID(u) 

Isobu Iy Ic yc lop en 10 ne M -115.264 -115 .25 4 - 115 . 225 ±0.020 0.0405 0.16 !0.08 0.1 2 '0.0 8 

Alkylcyelohexanes 

cis -1,3- Di me Ihy Icyelohexon e f M -75 .588 - 75579 - 75.5 60 tO Ol5 " (0.0 333) 0.09' 005 0.06'0.05 

trons-I,3- Dlmelhylcyc lohexone g M - 90.145 -90. 134 - 9 0 .100 ±0020 "(0.035) 0.16 !0.07 0.12 !0.07 

n-Propy lcyc lohe xa ne M - 94.924 -94 .918 - 94.900 ±D.015 0.0324 0.08 to.05 0.06 '0.05 

Isopropyl cyc lo hexane Fond M -89.432 -89416 - 89.390 t o .020 0.0373 0.1 6'007 0.10 !0.07 

1,I,3-Trtme t hylcyc lohe xa ne Fond M -65.831 -65.809 - 65.750 10.020 0.0260 0.21 ! 0.05 0.1 5 !005 

noB uly Icy elohe x a ne M -74747 -74 .736 -74.725 to.O IO 0.0385 0.08 :0.04 0.042!003~ 

Isobutyl cye lohexone M -9 4 .839(1) -94830([) - 9 4. 7B ±0.03(I) 0 .0291(1) 0.1710.09 0.15 10.09 
- 95. 72 ±0.04(Il)( u) 

sec-Bul ylcyc 10 hex an e hp.30±0.20) h(0'25!0,2Q 

tert -Sutylcyc lohexan e M - 41.173 - 41 .170 - 41 . 158 ± 0.010 0 .0303 0.05 ±0.03 0.04 ± 0.03 

Olefins 

3,3- 0 i mel hyt-l- but e ne Fond M -115.370 -115.365 -115. 20 ± 0.12 " (0.0053Q 0.09'0.06 0.09 =0.06 

I-Ocl ene Fond M -101 .748 -101.746 -101 .710 ±0.020 0.0637 0.24 '0.13 0.2 3 !0.13 

Diolefins 

1,2-Butodiene M -136.209 -136.204 -136. 190 ±0.012 "(0.044 62) 0.08:0.05 0.06 !0.05 

Ace tylene s 

2-Bulyne Fond M - 32.296 -32.2 81 -32.260±Q020 "(0.0191) 0069+0038 0.041'0.038 

• (Bl foJlowing the name of a compound indicates that for the API-NB S 
series, it is " second (and usually Slightl y purer) sample of the given com
pound, the first sample of which is laheled (A ) . See reference [1]. 

d T'he values in this column, except. as otherwise indicated , were calculated 
as descri bed in reference [6]. using the values of the cryoscopic constants and 
freezing points for zero impurit y given in the precedin g colum ns. 

b F indicates freezing and J,f indicates melLing. See r eference If,] for experi
mental details and the definition of the cr yoscopic constant. 

" When a given h ydrocarbon has more than one cr ystalline form , the several 
forms will be labeled I , II, and HI, in order of decreasing temperature of 
fusion (or freezing point). Forms other tha n I will be, at their respecth-e 
freezing points, in metastable equilibr ium with the undereo()l ed lirlUid, b ut 
will be unstable witb respect to transition to some other solid form at t he SRme 
t emperature and pressure (I atm) . This is indicated by a letter u in paren
theses following the Roman numeral. 

Purification, Purity, and Freezing Points 

e Not determined in this investigation . 'From the II z" tables of the Ameri· 
can Petroleum [nsti tute R esearch Project 44 l7] . 

f 'ellis isomer, formerl y labeled "lrf].ns" , has the following properties: 
Boiling poinl. at 1 atm, 120.09" C; refractive index, nD at 25" C, 1.4206; density 
at 25° C, 0.7620 g/mllB]. 

g '['his isomer, formerl y labeled "cis H , has the following properties: boiling 
point at 1 atm, 124.45° C; refmcth-e index, liD at 2.<;· C, 1.4284; density at 25° 

C, 0.7806 g/ml l ] . 
h E stimated by analogy with isomers subjected to similar purifica tion. 
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FIGUR E I. - Results of the firs t distillation of n-decane. 

Hegular distillation at 725 mm H g- in still 14 (7/27/4.1 to 8/18/45). This is onc of two similar disti llations. 
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PERCENT BY VOLUM t 
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FIGURE 2.- Results of the second and final distillation of n-decane. 

Regular distillation at i25 mm JIg in still 7 (9/18/15 to 10/22/45). See footnote "i" or table J. 
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FIGURE 3.- Results of the fiTs t and only distillation of 
cyclopentane. 

Regular distillation at 725 mm fig in still 2 (1/29/46 to 3/25/46). 
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I-methyl-l-ethylcyclopentane. 

Azeotropic distillation with eLhanol at 725 mm fig in st ill 4 (2/25/46 to 
4/22/46) . 
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