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ABSTRACT 

This report gives the results of the purification and measurements of r efrac­
tive index (nD at 20° and 25° C), density (at 20° and 25° C), boiling point and 
pressure coefficient of t he boiling point (at 1 atm) and, except for four of the 
compounds, tije freezing point, t ogether with the calculated amount of impurity, 
of samples of 51 hydrocarbons, including 29 paraffins, 4 alkylcyclopentanes, 
10 alkylcyclohexanes, and 8 alkylbenzenes. 
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I. INTRODUCTION 

In connection with the work of the American Petroleum Institute 
Research Project 6 at this Bureau on the analysis, purification, and 
properties of hydrocarbons, samples of 50 hydrocarbons, including 
29 paraffins, 3 alkylcyclopentanes, 10 alkylcyclohexanes, and 8 
alkylbenzenes, were purified in the period from March 1941 to May 
1943. On these 50 compounds, plus an additional one (cyclopentane) 
not requiring further purification, measurements were made of the 
boiling point, freezing point, refractive index, and density. This 
paper gives the results of the purification and measurements of these 
properties. 

II. MATERIALS AND PURIFICATION 

In table 1 are given the sources of the materials from which (except 
for the cyclopentane supplied by l'vL R. Fenske, which was not further 
purified) the final "best" samples of the compounds were obtained by 

1 This investigation was performed at the National Bureau of Standards as part of the work of the 
American Petroleum Institute Re!eafch Project 6 on the Analysis, Purification. and Properties or 
Hydrocarbons . 

, Research Associate on the American Petroleum Institute Research Proiect 6 at the N stional Bureau 
of Standards. 
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purification in the distillation laboratory of the API Research Project 
6. As indicated by t able 1, the starting materials were supplied from 
eight different laboratories, as follows: 24 from the API Hydrocarbon 
Research Project (now the API Research Project 45) at the Ohio 
State University, Columbus, Ohio; 15 from the API Research Project 
6 at the National Bureau of Standards; 2 from the Petroleum Re­
fining Laboratory at the Pennsylvania State College; 2 from the 
Ethyl Corporation, Detroit, Mich.; 2 from the Barrett Division of the 
Allied Chemical Corporation, New York, N. Y.; 2 from the Dow 
Chemical Co., Midland, Mich.; 1 from the Humble Oil & Refining 
Co., Houston, Tex.; and 3 as commercially available materials from 
the Phillips Petroleum Co., Bartlesville, Okla. 

TABLE 1.-1 nf ormation on the sources of the starting materials and on the purification 

Purification b 

Compound 

PARAFFINS 

Source of 
starting 
material .. Kind Still 

No. 

n·Pentane_ .... ... .. .... _ ........ Phillips .•..... Azeotropic (methanol)...... D 
2-Methylblltane (isopentane)_._ . ... . _do ......... Regular.................. ... D 
n-Hexane ....................... APIRP 6 ..... Azeotropic (methanol) .. _... H 
2·Methylpentane ..................... do .............. do ............... "....... H 
3-Methylpentane._ .................... do .............. do ............ _.......... H 

2,2-Dimethylbutane............. Phillips ............ do ...... _ ..... ......... _. 
2,3·Dimethylbutane._........... Penn State ......... do_ ..................... . 
n·Heptane .. _. .................. APIRP 6 .......... do ..................... _. 

~:~:Bl~~~~~lg~~~:~:::: :::::::: . ~:~~~-.~:::: ::: ::: :Jg:: ::: :::::::::: :::::::: 
n·Octane ........................ APIHRP ..... Azeotropic (ethanol) ....... . 
2-Methylheptane ..................... do .............. do ..................... _. 
3·Methylheptane ..................... do ... _ .......... do_ .............. _ ...... . 
4-Methylheptane ..................... do ......... ..... do ..................... . 
3-Ethylhexane ....................... do .............. do ..................... .. 

2,2·Dimethylhexane .................. do .............. do ...................... . 
2,3·Dimethylhexane ...... .. .......... do .............. do ...................... . 
2,4·Dimethylhexane .................. do ......... ..... do . ..................... . 
2,5·Dimethylhexane .................. do ..... ......... do ..................... .. 
3,3·Dimethylhexane .......... ... . .... do .............. do ........ ............ .. . 

J 
J 
F 
I 
I 

I 
I 
I 
I 
I 

I 
I 
J 
I 
I 

3,4.Dimethylhexane .......... '" ..... do .............. do.............. ......... J 
2-Methyl-3·ethylpentane ............. do ..... .... ..... do ... _ .............. _ .. _. I 
3·Methyl·3·ethylpentane ............. do .............. do........... ............ I 
2,2,3·Trimethylpentane ............ _.do ......... Azeotropic (methyl Cello· J 

solve). 
2,2,4·Trimethylpentane . ........ APIRP 6 ..... Azeotropic (ethanol) .. __ .... D 

2,3,3·Trimethylpentane ... """ APIHRP ....... . .. do....................... I 
2,3,4·Trimethylpentane ............. _do_ ......... _ ... do_ .. _................... I 
n·Nonane ................ ....... APIRP 6 .... _ Azeotropic (Cellosolvc) _..... E 
n·Decane._ .... ................. _ ..... do ......... Azeotropic (butyl Cello· E 

solve). 
AL KYLCYC!.OPENTANES 

Cyclopentane ................... Penn State . . _. (b) __ ............................. . 
Methylcyclopentane_ ........... APIRP 6 . .... Azeotropic (methanol)...... D 
n·Propylcyclopentane . ..... ..... APIHRP .... . Azeotropic (methyl Cello· J 

solve). 
Isopropylcyclopentane ... _ ........... do ...... . ....... do. __ ........... .. .. ..... J 

ALKYLCYCLOHEXANES 

Cyclobexane _ ................. _. BarretL ....... Regular ...... .. . _........... D 
Methylcyclohexane ........... _. _ .... do_ ........ Azeotropic (methanol) __ .... F 
Ethylcyclohexane ............... APIRP 6_ .... Azeotropic (methyl Cello· I 

solve). 
cis·l,2.Dimethylcyclohexane..... APIHRP..... Azeotropic (isopropanol).... J 
trans·l,2·Dimethylcyclohexane ....... do_ ............. do ..... _ ............ _.... J 

See footnotes at end of table. 

Time of 
distillation 

12/2/42 to 12/13!42 
3/30/43 to 4/17/43 
2/14/42 to 2/26/42 
6/6/42 to 6/14/42 
5/14/42 to 5/22/42 

1/1/43 to 1/8/43 
7/7!42 to 7/16/42 
12/29/42 to 1/8/43 
4/14/41 to 4/26/41 
3/31/41 to 4/11/41 

10/10/42 to 10/17/42 
7/28142 to 8/9/42 
8/10/42 to 8/22/42 
8/24/42 to 9/5/42 
7/6/42 to 7/17/42 

8/6/41 to 8/23/41 
4/28/41 to 5/9/41 
6/6/42 to 6/18/42 
6/2/42 to 6/13/42 
7/25/41 to 8/6/41 

6/25/42 to 7/6/42 
11/4/41 to 11 /26/41 
10/16/41 to 11/3/41 
4,'26/43 to 5/6/43 

12/14/42 to 12/26/42 

7/10/41 to 7/24/41 
7/17/42 to 7/28/42 
12/'l!J/42 to I/R/43 
1/28/43 to 2/3/43 

4/8/42 to 4/22/42 
3/26/43 to 4/9/43 

3/17/43 to 3/26/43 

3/8143 to 3/28/43 
12/18/42 to 12/28/42 
11/10/42 to 11/16/42 

3/3142 to 3/19/42 
2/23/42 to 3/3/42 
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TABLE I.-Information on the sources"of the starting-materials and onY'the purifi­
cation-Continued lI' 

Purification b 

Compound 

ALKYLCYCLOHEXANEs-cOn. 

Source of 
starting 
material a Kind 

cis-l,o-Dimethylcyclohexane___ __ APIHRP ___ __ Azeotropic (ethanol) _______ _ 
t~an8-12-.DimethYlcyclohexane _______ do __________ ____ do ___ , __ , __________ _____ _ 
c18-1,4-lJlmethylcyclohexane ___ __ ____ _ do _________ AzeotroplC (Isopropanol) __ _ _ 
trans-l,4-Dimethy lcyclohexane _______ do _________ Azeotropic (methyl Cello-

solve). 
n-Propylcyclohexane _____ _____ __ APIRP 6 _____ Azeotropic (butyl Cello-

solve). 
ALKYLRENZENES 

Still 
No. 

I 
I 
I 
J 

J 

Benzene _____ ____________________ _____ do ____ ___ __ Regular _ _ _ _ __ _ _ _ _ __ __ __ ___ _ _ E 
Toluene______ ___ ___ _____________ Humble ___ __ ___ ___ _ do ___ __ _______ ______ _____ D 
Ethylbenzene ___________________ APIRP 6 ______ ____ do_______________________ N 
o-Xylene _____________________________ do _________ Azcotropic (Cellosolvel ___ ___ J 
m-Xylene _______ _____ ________________ do ______________ do_____ _ __ _ _ __ _ _____ __ ___ I 

p-Xylene _____________________________ do _________ ___ __ do __ ___ _ _ _ _ _ __ __ ____ __ ___ I 
n-Propylbenzene ________________ Dow _______ __ _ Azeotropic (butyl Cello- H 

solve). 
Isopropylbenzene __ __ ___ ___ ______ ____ do __ _____ __ Azeotropic (Cellosolve)______ D 

Time of 
distillation 

11/26/41 to 12/8/41 
1/24/42 to 2/2/42 
3/17/42 to 3/27/42 
4/29/42 to 5/12/42 

3/8/43 to 3/15/43 

2/4/43 to 2/18/43 
1/26/43 to 2/12/43 
4/29/43 to 5/10/43 
12/H/42 to 12/25/42 
12/14/42 to 12/24/42 

12/28/42 to 1/15/43 
12/18/42 to 12/26/42 

12/26/42 to 1/14/43 

• The abbreviat.ions represent the following laboratories: APIHRP, American Pctroleum Institu te 
Hydrocarbon Research Project (now the American Petroleum Institute Rcscarch Project 45) at the Ohio 
State University, Columbus, Ohio. APIRP§, American Petroleum Institute Research Project 6 at the 
National Bureau of Standards, Washington, lJ. C , Penn State, Petroleum Refining Laboratory at the 
Pennsylvania State College, State College, Pa. Ethyl, Chemical Laboratory of the Ethyl Corporation, 
Detroit, Mich. Barrett, Barrett Division of the Allied Chemical & Dye Corporation, New York, N. Y. 
Dow,--Dow Chemical Co., Midland, Mich. Humble, Humble Oil & Relining Co., Houston, 'I'ex. Phil­
lips, yhillips Petroleum Co., Bartlesville, Okla. 

b See text for further details. Methyl Cellosolve is ethylene glycol monomethyl ether; Cellosolve is 
ethylene glycol monoethyl ether; hutyl Cellosolve is ethylene glycol mono butyl ether. 

Table 1 lists the kind of distillation used in the purification and the 
azeotrope-forming substance (if used), together with (for purposes of 
record) the number of the distilling column and the time during which 
the distillation was performed. The details of the assembly, testing, 
and operation of these distilling columns are given in another report 
[1]. * Column D had a Pyrex glass rectifying section consisting of 138 
bubble cap sections, each 25 mm in diameter and 20 mm in length [7], 
and the over-all separating efficiency was near 100 theoretical plates at 
total reflux. The other columns listed in table 1 had rectifying sections 
packed with stainless-steel helices \%2 in. in diameter, No. 30 A WG 
wire) and had the following sizes of rectifying section, capacity of still 
pot, and approximate number of theoretical plates at total reflux: 
E, 25 by 2,750 mm, 3 liters, 100; F, 25 by 2,750 mm, 3 liters, 100; H, 
15 by 2,700 llilU, 3 liters, 110; 1,10 by 2,800 llilU, 0.75 liter, 125; J, 10 
by 2,800 mm, 0_75 liter, 125; N, 25 by 2,730 illill, 3 liters, 100. The 
distillations were performed at a reflux ratio approximately equal to 
the number of theoretical plates. The volumes of hydrocarbon 
charged for azeotropic distillation ranged from 250 ml for the com­
pounds distilled in columns I and J to near 1,500 ml for the compounds 
distilled in the larger columns_ 

For this group of compounds, no time was available for the detailed 
examination of the purity, by measurement of freezing points,3 of the 

'Figures in brackets indicate the literature references at the end of this paper . 
• In more r ecent work in this laboratory on the preparation of API-NBS hydrocarbons and of NBS 

Standard Sam pIes in the cooperative program of the American Petroleum Institute and the National Bureau 
of Standards, the blending of fractions of distillate is done on the basis of measurements of freezing points of 
appropriate fr actions of distillate [2]. 
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distillate as a function of its volume, and the best sample was taken as 
an appropriately selected "heart" cut (not necessarily the middle 
part of the distillate) of 50 to 200 ml, comprising not more than 25 
percent of the distillate. The heart cut was selected largely on the 
basis of refractive index and boiling point, although, as will be shown 
in a later report [2], this is a procedure that frequently results in the 
discarding of the best material. Only this best sample of each com­
pound was subjected to measurements of properties. In each case the 
sample was filtered through silica gel to remove water and non­
hydrocarbon impurities. 

III. REFRACTIVE INDICES 

The measurements of refractive index were made with a precision 
refractometer, by reference to three hydrocarbons 4 2, 2,4-trimethyl­
pentane, methylcyclohexane and toluene, for which the values of re­
fractive index were determined on a spectrometer with hollow prism by 
L. W. Tilton, of the Optical Instruments Section of the National 
Bureau of Standards. The values for the three reference hydrocarbons 
were reported accurate to ±0.00001. The reference compounds were 
used as follows: 2,2,4-Trimethylpentane for the paraffin hydrocarbons, 
methycyclohexane for the naphthene hydrocarbons, and toluene for 
the aromatic hydrocarbons. By this procedure, the refractometer was 
actually used only to determine the difference in refractive index, nD, 
between the reference compound and the hydrocarbon being measured. 
The uncertainties of the values of refractive index, which are reported 
in table 2, are estimated to be as follows: Precision, ± 0.00002 to 
±0.00003; accuracy, (including the effect of impurities), ±0.00005 to 
±O.OOOOS . 

• These three hydrocarhons were substantially the same as those which became available on December 1& 
1944 as NBS Standard Samples of hydrocarbons certified with respect t o refractive index at 20°,25°, and 30 
C at each 017 wavelengths. 



TABLE 2.-Properties of 29 paraffin, 4 alkylcyclopentane, 10 allcylcyclohexane, and 8 allcylbenzene hydrocarbons b 

Compound 
Boiling 

Formula 1 point at 
760mm Rg 

Pressure co· 
efficient of 
tbe boiling 

point at 
760mm 
dt/dP 

R efractive index ' 
nD,at-

20° C 25° C 

Density at a-

20° C 25° C 

Freezing 
point of 

the actual 
sample in 

air at 1atm 

Calculated 
amount of 
impurity 

---- ---------1--1----1 1-
PARAFFINS 

n· Pen tane ... __ ...... _ .......................... _ ... _ 
2·Methylbutane (Isopentane) ... _ ................. __ 
n·Rexane __ _ .................. . . ...... ....... .... . . . 
2·Methylpentane_ .......... . .... . ............ . .... . . 
3·Metbylpentane ................... .. ....... ... .... . 

2.2·Dlmethylbutane . .......... _ .... ...... ....... . .. . 
2.3·Dimethylbutane ..... . _ .. .... _ .. _._ ... _ .... __ ... . 
n·Reptane . . _ ............. ....... _ ....... .... .... . . . 
2.2·Dimethylpentane .... ... ___ . ____ . _. ___ .. . __ ..... . 
3.3·Dimethylpentane_ ..... __ .... _ ... _._ •... __ .... _._ 

n·Oct8ne .. __ ._ ......... ____ .... . __ .... __ ... _ ..... __ . 
2·Methy lheptano ............... _ .............. . ___ _ 
3·Metbylheptane. _ 
4·Metbylbeptane ............ ...... __ . _______ ._ .. ... _ 
3·Ethylhexane .................... .... ...... ... __ . __ 

2.2·Dfmetbylbexane ............... __ ............... . 
2.3·Dfmethylhexano ..... _ .. __ .............. _ .. . .... . 

~:tgl~:t~~l~:~:~:::: ::::::::::::::::::::::::::::: : 
3,3·Dimetbylbexane ....... _ ..... _ .. ........... _ . .. __ 

3.4·Dfmethylbexane ........ .... . ... ___ .. _._ .. ______ _ 
2·Metbyl·3·ethylpentane ......... _ . ... . . . __ ..... _ .. _ 
3·Methyl·3-ethylpentane .. • _ ....................... . 
2.2.3·Trimcthylpentane . _ .......... ..... ........... . 
2.2.4·Trimethylpentane ....................... _ .. . __ 

2.3.3·Trimethylpen tano _ ... ......... ... .. ..... .. _ .. . 
2.3.4·Trimethylpentane . _. _ .... ____ . .. ___ . _ .. .. .. . __ 
n·Nonane . ............. ....... __________ ._ .... _ .... _ 
n·Decane ... ................ .. ............ _ ...... . .. 

See footnotes at end of table. 

C,R" 
C,RI! 
C,R" 
C,R" 
C,R" 

e,R,o 
C.R" 
C,R" 
C,R" 
e,R" 
C.R" 
C,R" 
C,R" 
C.R" 
e.R" 
C.R'I 
C,R" 
C,R" 
C.R" 
C.R" 

C.R" 
C,R" 
C,R" 
C.HII 
e,R" 
C.R" 
C.R" 
C.R" 
CIOR" 

° C 
36.073 
27.852 
68.740 
60.271 
63.282 

49.741 
57.988 
98. 426 
79.203 
86.069 

125.665 
117.647 
118.925 
117.709 
118.534 

106.840 
115. 607 
109. 429 
109.103 
111. 969 

117.725 
115. 650 
118.259 
109. 841 
99.238 

114. 760 
113.467 
150. 796 
174.123 

o C/mm R g 
0.03856 
. 03815 
.04191 
.04141 
.04182 

. 04117 

.04173 

.04480 

. 04394 

.04510 

.04738 

. 04691 

.04712 

. 04695 

.04719 

.04650 

. 04724 

.04664 

.04646 

.04741 

.04752 

.04749 

.04844 

. 04755 

.04651 

.04833 

.04761 

.04965 

.05172 

1. 35745 
1. 35369 
1. 37486 
1.37145 
1. 37652 

1. 36876 
1. 37495 
1. 38764 
1. 38217 
1. 39085 

1. 39743 
1. 39494 
1. 39848 
1. 39792 
1. 40162 

1. 39349 
1. 40113 
1.39534 
1. 39246 
1. 40009 

1. 40406 
1. 40401 
1. 40775 
1. 40295 
1. 39145 

1. 40750 
1. 40422 
1. 40549 
1. 41189 

o/ml o/ml 0 C 
1. 354661.............. ........... ... -129.751 

U~g~~ ...... ii~65937· ...... ii~ii548i · -.!~: ~~ 
1. 36873 . 65315 .............. -153. 700 
1. 37386 .66431 .65976 

Mole/raction 
0.0014 
.0054 
.0009 
. 0011 

1. 36595 
1. 37231 
1. 38517 
1. 37955 
1. 38837 

1. 39505 
1. 39257 
1. 39610 
1. 39553 
1. 39919 

1. 39104 
1. 39880 
1. 39291 
1.39004 
1. 39782 

1. 40180 
1. 40167 
1. 40549 
1. 40066 
1.38901 

1. 40522 
1. 40198 
1.40316 
1. 40967 

.64916 

. 60164 

. 68367 

.67385 

.69322 

.70252 

.69792 

.70582 

.70463 

.71358 

.69528 

.71214 

.70036 

.69354 

.71000 

.71923 

.71932 

.72742 

.71602 

.69192 

.72619 

.71906 

.71766 

.73005 

.65762 

.67949 

.66958 

.68909 

-99.991 
-128.798 
-90.609 

-123.794 
-134. 99 (II) 

.69849 -56.806 
· 69392 -109. 248 
.70175 -120. 595 
• 70055 -120. 983 
• 70948 ____________ .. 

.0006 

.0010 

.0007 

.0001 

.0017 

.0004 

.010 

.006 

.0015 

.69112 -121. 232 .0018 

.70809 ... ____ . ____ .. __________ __ 

. 69620 __ . __ .. __ . ______ ______ . ____ . 

.68934 - 91. 405 . 010 

.70596 -126. 13 . 0012 

.71516 

.71522 

.72354 

.71207 

.68777 

.72232 

.71503 

.71382 

.72625 

-115.050 
-90.996 

-112.453 
-107.396 

-101. 655 
-109.248 
-53.606 
-29.724 

.005 

.005 

.007 

.0012 

.006 

.0016 
<.003 
<.003 

~ 
~ 
~ ... 
~ 

~ 
i 
~ 

<l> ;;;. ... 
~ 
I::> 

"" 

i 
C':> 

~ 
C>' 

~ 

...... 
CJ..') 
CJ..') 



TABLE 2.-Properties of 29 paraffin, 4- alkylcyclopentane, 10 alkylcyclohexane, and 8 alkylbenzene hydrocarbons b-Continued 
- ----

Boiling 
Compound Formula point at 

760mm Hg 

ALKYLCYCLOPENTANES ° C 
Cyclopentane . _. _. ________________ __________________ C,H" 49.262 
Methylcyclopentane ______________________ _________ _ CSHI' 71. 812 
n-Propylcyclopentane ______ ______________ __ ____ _____ CSHI' 130.937 
Isopropylcyclopentane ______________________________ CsHlI 126.415 

ALKYLCYCLOHEXANES Cyclohexane ________________________ ____________ __ __ C,HI• 80. 738 
Methylcyclohexane _____________ ______________ ______ C,HI' 100.934 
Ethylcyclothexane _____ ______________ _______ __ ______ CsHI, 131. 783 
ci.·1,2-Dimethylcyclohexane __ ___ __ ____ ______ __ ______ C,HI' 129.728 
tran.-1,2-Dimethylcyclohexane _________________ __ ___ C,Hu 123.419 

ei.·l,3-Dimethylcyclohexane ________ ____ _____________ CSHI' 124.450 
tran.-l,3-Dimethylcyclohexane ____ _______ ___ ___ __ ___ CSHIS 120.088 
ci.-1,4·Dimethylcyclohexane ___ ___ ________ ___________ C,Hu 124.321 
tran.-1,4-Dimethylcyclohexane ___________ ______ ___ __ C,Hu 119.351 
n·Propylcyclohexane __ ___ __________ _______ • __ _______ C,H" 156.711 

ALKYLBENZENES Benzene ______ ______ ________________________________ C,H, 80.103 Toluene ___ _____ ___ _______ ___ _____ ___________________ C,H, 110. 623 
Ethylbenzene __________________________ ___ __ • ______ _ CsHlo 136.187 o-Xylene _____ ______________________________ __ __ __ __ _ C,HIO _ 144.414 

m-Xy1ene ________ ___ __ ___ __________________________ _ CsHlo 139.102 p·Xylene __ ___ _________________ ______________________ 
CsH" 138.348 n·Propylbenzene ______ __ ________ ___ ___ __ ______ __ __ __ C,HI' 159.216 

iaopropylhenzene ____________________________________ C,H" 152. 393 

• For air-saturated hydrocarbon in the liquid state at 1 atmosphere_ 
b See text for uncertainties of experimental values. 

Pressure co· 
efficient of 
the boiling 

pOint at 
760mm 

dt/dP 

° C/mm Hg 
0.04003 

.04274 

.04886 

. 04913 

.04376 

. 04671 

. 04969 

.04938 

.04951 

_ 04910 
.04880 
. 04921 
.04903 
_ 05201 

.04273 
_ 04630 
. 04898 
_ 04969 

_ 04903 
. 04918 
.05143 
.05076 

Refractive index ' Density at &- Freezing no at- point of Calculated 
the actual amonnt of 
sample in impurity 

20° C 25° C 20° C 25° C air at 1 stm 

u/ml U/ml °C Mole fraction 
1. 40646 1. 40362 0. 74538 0.74045 -93.917 0.0003 
1. 40969 1.40698 . 74860 .74393 -142.468 .0013 
1.42627 1. 42393 .77625 .77223 -117.402 .0032 
1. 42586 1. 42355 .77656 . 77257 -111. 462 .0028 

1. 42623 1. 42354 .77855 .77389 +6.547 .00003 
1. 42305 1. 42056 .76936 .76501 -126.597 .0010 
1. 43304 1. 43073 .78792 .78390 -111. 343 .0017 
1. 43596 1. 43358 .79627 .79222 -50.211 .0008 
1. 42697 1. 42471 .77601 .77204 -88.284 .004 

1. 43085 1. 42843 .78472 _ 78055 -93.39 .023 
1. 42294 1. 42063 .76603 .76196 -77.052 .015 
1. 42967 1. 42731 .78285 .77870 -87.730 .010 
1. 42090 1. 41853 .76254 .75835 -37.093 .004 
1. 43696 1. 43470 .79349 .78960 -94. 954 < .005 

1. 50110 1. 49790 .87903 . 87368 +5.506 .0004 
1. 49682 1. 49405 _ 86683 . 86220 -95.032 .0010 
1. 49580 1. 49319 .86696 _ 86258 -95. OSI .0046 
1. 50524 1. 50282 .88005 .87583 -25.225 .0010 

1. 49715 1. 49455 .86412 .85985 -47. 976 .0029 
1. 49580 1. 49319 .86100 .85666 +13.233 .OOOS 
1. 49195 1. 48950 .86198 .85776 -99.581 .0028 
1. 49125 1. 48874 .86175 .85748 -96.043 .0004 
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IV. DENSITIES 

The measurements of density were made with a density balance, 
the assembly, calibration, and operation of which has been described 
[3]. The uncertainties of the values of density, which are reported in 
table 2, are estimated to be as follows: Precision, ±0.00002 to 
± 0.00003; accuracy (including the effect of impurities), ± 0.00005 
to ±0.00010. 

V. BOILING POINTS 

The normal boiling points of these compounds were determined as 
part of another investigation on their vapor pressures, and the values 
reported in table 2 for the normal boiling point and the pressure 
coefficient of the boiling point at 1 atmosphere are taken directly 
from the report of that investigation [4]. The uncertainties in the 
values of the normal boiling point reported in table 2 are estimated 
to be as follows: Precision, ±0.002 to ±0.003° C; accuracy (including 
the effect of impurities), ±0.005 to ±0.01O° C. 

VI. FREEZING POINTS AND PURITIES 

The freezing point of the actual sample of each of the compounds 
(except for four of the octanes) was determined from time-temperature 
freezing and melting curves, by using the apparatus and procedure 
described in another report [5]. The values of freezing points are 
given in table 2. 

The purity of the actual sample was calculated, according to the 
method described in section VIII of reference [5], from the freezing 
point for zero impurity and values of the cryoscopic constants subse­
quently determined in another investigation on the preparation of 
API-NBS hydrocarbons [2,6]. The calculated amount of impurity 
is given in table 2. From the manner of preparation and purification 
of these compounds, it is believed that the impurities in each case are 
substantially all close-boiling isomers. 

Grateful acknowledgment is made to the following persons and 
laboratories for supplying the materials for purification listed in 
table 1: C. E. Boord, supervisor of the API Research Project 45 
(formerly the API Hydrocarbon Research Project) at the Ohio State 
University, Columbus, Ohio; M. R. Fenske, supervisor of the Petro­
leum Refining laboratory, Pennsylvania State College, State College, 
Pa.; George Calingaert, director of Chemical Research, Ethyl Corpo­
ration, Detroit, Mich.; Barrett Division of the Allied Chemical & Dye 
Corporation, New York, N. Y.; Dow Chemical Co., Midland, Mich.; 
Humble Oil & Refining Co., Houston, Tex. Additional thanks are 
due Professor Fenske for having supplied the very pure sample of 
cyclopentane. 
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