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Purification, Purity, and Freezing Points of 30 Hydro
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Sedlak,2 Charles B. Willingham, and Frederick D. Rossini 

This r eport describes the purifi cation and determination of freezin g poin ts and purity 
of 30 hydroca rbons of t h e API-Sta ndard and API-N BS series, including eigh t paraffins, s ix 
cyclopa l'affins, t hree a rom atics, twelve olefins, a nd one acetylene. 

1. 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 coopera tive program on Standard Samples 
of hydrocarbons of the National Bureau of 
Standards and the American Petroleum Institute 
[1,2,3 , 4].3 

This report describes the purification and 
determination of freezing points and purity of an 
additional 30 hydrocarbon compound under this 
cooperati\re program, including paraffin hydro
carbons, 5 alkylcyclopentanes, 11 monooleful , 3 
diethylbenzenes, ethylcyclobutane, I -butyne and 
cyclohexene. Foul' of these additional 30 com·· 
pounds arc econd 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 American Petroleum Institute Research 
Proj ect 44 at the National Bureau of Standards, 

I 'l' bis investigation was performed at tbe National Bureau of Standards 
as part of the work of tbe American Petroleum Institute Researcb P roject 6 
on the AnalysiS, purification, and properties of hydrocarbons. 

, Research assoeiat~ on tbe American Petrolenm I nstitu te Heseareb Project 
6 at t he National llureau of Standards. 

3 Figures in brackets ind icate the literature references at the end of this 
paper. 
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on loan to qualified inve tigators for the measure
ment of needed properties . 

II. Materials 

The starting material were supplied as follows: 
By the API R esearch Project 45 on Lhe synthesis 

and properties of hydrocarbons of low molecular 
weight at the Ohio State University, Columbus, 
Ohio, under the supervision of C. E. Boord: 

E thyleyclobutane. 
cis-I ,3-Dimethylcyclopentane. 
trans-I ,3-Dimethy lcyclopen tane (B).4 
n-Butyleyclopentane. 
I-Hexene (one-half). 
trans-2-Hexene. 
trans· 3-Hexene. 
3-M ethyl-I-pentene. 

. 2-\1ethyl-2-pentene. 
2-Ethyl-I-butene (one-half). 
I-Heptene. 
1 ,3-Diethylbenzene (one-third). 
I-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. 
2,2,4-Trimethylhexane. 
2, 3, 3-Trimethylhexane. 
2,3,5-Trimethylhexane. 
3,3,4-Tl'imethylhexan e. 

cis,cis,cis-I,2,3-1rri
methylcyclopen
tane. 

ci s ,trans ,ciS - I, 2 ,3-
1rrime thylcyclo
pentane. 

• Iq,\his paper (B) following the name of a compound indicates that for tbe 
AP I-NBS series, it is II second (and usually slightly purer) sample of the 
given componnd, tbe first sample of wbich will he labeled (A). 
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TABLE 1. Information on the purijicat£an of 30 API- Standard and API- NBS hydrocarbor,s 

Hydrocarbon 
f Volume of 

cha rged f" Distillation 
distillation 

selected sample 

Labora Tory b 

providing Number 
Compound a Azec- Amount of 

s larl ing of Rate of Results 
Ir ope- hyd rocorbon Distilling Reflux 

malerial Volume Purily Kind C theor-
rat io f 

collec tion" plolted API - AP I -NBS 
forming In 'he column 

elicel of In Slondot"d 
sub- ozeotropic number r 

plotes f 
(approxJ 

dis'IHo te figure 
stonce d distillat e e 

(app ro •• ) 

Paraffins 

liter s mole '7" .. by 
ml/hour ml. mi. volume 

2,2 - Di melhy lpropone .' (Neopenlone ) Univ. Oil Prod. 2.00 Reg. I '5 0 15011 2.0 I 475 

2,2 - Dimethyl propane (Neopen ione ) Cali f. Res. Corp . 0.98 Reg. I 150 150/1 2.0 2 9 500 250 

2 ,2 ,3 - Trimethylbulone (B) Genera l Molors 0.40 99.60±O.05 h 
3 260 

2,2,4 - Tr ime1hylpenlone (B) APIRP6 i 0.30 99.83-tO.05 h 4 180 

2,2 ,3 - TrimelhylheAone Penn Stote 2. 7 1 Reg. 12 13 5 165/1 4.5 5 
I .BI Aze o. Cel l. 66 3' 200 160/1 4.5 6 990 266 

2,2,4 - Tr ime !hylhe~one Penn State 3.00 Azeo. Cell. 72 )3 130 155/1 B.O 7 
2. 44 R ... 12 135 165/1 4. 5 B 
1.83 Azeo . Cell. 7 . 15A 200 16 0/1 4.5 9 9B5 )95 

2,3,3 - Trimethylhexone Penn Stole 2.24 Re .. 12 ' 3 5 165/1 4.5 10 
1.61 Auo. Cell. 60 4 200 160/1 4.5 " 7B5 ' 56 

2,3,5- Trimefhylhexone Penn State 2. 12 Reg. 12 135 165/1 4.5 12 
1.67 Ano. Me. Cell . 62 II A 200 160 / 1 4.5 13 1015 225 

3,3,4 - Trimethylhexone Penn Stole 2.44 Reg. 12 135 165/1 4.5 14 
1.54 Azeo. Cell. 30 15A 200 16 0/1 4 .5 15 104 0 213 

Cycloporof fins 

Ethylcyclobulone APIRP45 2.48 99.62iO.06 Reg. 

CiS-I,3 - Dime thyl cyclopen1one APIRP45 j 5.34 Reg. 
k5 .49 Reg. 

2.61 96.4210.30 Aleo. 
1.66 98.7210.27 Azeo. 

frons -I ,3-Dimet hylcyclopentone (8 ) APIRP45 j 5.34 Reg. 
z 5.88 Reg. 

2.67 925±0.4 Azeo. 
1.73 99.21 t o.10 Aleo. 

cis,cis,cis -1,2 ,3 -T r imef hy Icyclope n 10 n e Penn Sl ole 1. 24 98.9010.10 Reg. 
0 .90 99.22± 0.08 Aleo. 

cis,lrons,cis '1,2,3-Trimelhylcyclopenlone Penn State 0.1 4 98,48±0.12 Aleo. 
0 .06 99.79± 0.04 

Aleo. mO. 29 99.8810.04 

n -Bulylcyclopentone APIRP45 6.05 99.85±O.O3 Re<j. 

1. 90 99.92<0.03 Azeo. 

a See footnote a of table 2. 
b Tbe abbrev iations represent t he following laboratories : APIRP45; 

American Petroleum Institute Researcb Project 45 at the Ohio State Uni ver· 
sity, Columbus, Ohio. Penn State; Hydrocarbon Laboratory at the Penn
sylvan ia State College, State College, Pa. NACA; National Advisory 
Committee for Aeronautics, Fligbt Propulsion R esearch Laboratory, 
Cleveland , Obio. General Motors; General Motors Corporation, Detroit, 
Mich. NBS Auto Sec.; Automotive Section , National Bureau of Standards, 
Washington, D . C. Calif. Res. Corp .; California Researcb Corporation, 
Richmond, Calif. Pbill ips; Phillips Petroleum Com pan y, Bartlesville, 
Okla. Univ. Oil Prod .; Universal Oil Products Co., Riverside, Ill. 
APIRP6; American Petroleum Institute Researcb Project 6 at tbe National 
Bureau of Standards, Washington, D . C. 

c The abbreviations are: Azeo., azeotropic; Reg., regular. 
d The abbreviations arc : Cell ., Cellosolve (ethylene glycol monoethyl 

etber) ; Me. Cell. , methyl Cellosolve (ethylene glycol monometbyl ether); 
Me. Carb., methyl Carbi tol (diethylene glycol monomethyl ether). 

• Approximate value obtained from t he actual volume of bydrocarbon 
recovered by extracting the azeotrope-formin g substance witb water in 
separatory funnels. 
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12 13 5 165/1 4.5 ' 6 294 

4 200 160/1 4.5 .7 
15A 200 160/1 4.5 18 

Ethanol 62 4 200 160/1 4.5 19 
Ethanol 6 0 2A 200 160/1 4 . 5 20 5 85 160 

4 200 16011 4.5 17 
15A 200 160/ 1 4.5 21 

Ethanol 63 3A 200 16011 4. 5 22 
Ethonol 62 2A 200 160/1 4.5 23 9 1050 270 

4 200 160/1 4.5 24 
Me. Cell. 66 15A 200 160/1 4.5 25 460 100 

M •• Cell. 76 IA 150 150/1 2 .0 26 

Me. Cell. 77 4 200 160/1 4 .5 27 175 50 

14 125 125/1 1,2.5 2B 
Cell. 40 IIA 200 160/1 4.5 29 1158 345 

f See reference [5] for further details. 
• Tbis is a second and improved API-Standard sample of this hydrocarbon. 
h 'rhis material was given its final pllrification by B. J. Mail' by t.he method 

of adsorption . See references [6, 71. 
i Obtained by purchase of commercially available material from tbe Robm 

& Haas Co., Philadelphia, Pa. 
j One of two similar charges. Both cis and trans -l ,3·dimethylcyclopentane 

were obt.ained [rom tbis material (see fig . 17). 
k This charge consisted o[ material baving substantially the same composi

t ion , from each of the two previous disti llations (see footnotej), togetber with 
material from the first distillat ion of the concentrate of tbe trans isomer (see 
footnote z and fig. 21). 

, Tbis cbarge consisted o[ material having substantially tbe same composi
tion from each of tbe two previous d istillations (see footnote j) . 

m This is a second lot of cis, trans, cis-I,2,3-trimetb ylcyclopentane supplied 
by the Pennsy lvania State College. 

n Tbis material was divided into seven charges for purificatiou by adsorp
tion (see footnote h and fig. 31) . 

o Th is is a second lot of I,3-diethylbenzenc supplied by the API Researcb 
Project 45. 

Journal of Research 



TADLE I- Conti nued 

Hydrocarbon 

• charged '0' OI stillatlon Volume o. 
di s tilla t io n 

sel ecte d somple 

Labora tory b 

Compound a 
pr oviding 

Azeo- 01 
Number 

Amount o. Rol e o. Results starl ing 
hydrocarbon Dis tilling Reflull. 

Ki nd C 
Irope-

materia l Volume Purity 

" 

thear-
rOlio' 

collec tion plo tled APt- API-NBS 
for ming the column eliea! o. 

" 
Standard 

sub- ozoo tropic number f 
plotes f 

(appro..) 
dis tillate 

sianced disliltofe e ligure 

(appr o ~.) 

Aromatics 

H ier s mole "0 .. by 
ml t hour mi. ml. volume 

1,2- Dielhylbenzene NACA 3.60 97,61iO .06 Reg. 4 200 160/1 4.5" 30 
"3.29 h 31 750 170 

1,3-Die lhy lbeozene (8) NACA 2. 40 98.71iO.lO Azeo. Me. Corbo 73 8 13'&- 14 5/ 1 8.5 32 
1. 08 99.15iO.08 

Reg . 12 135 165/ 1 4 .5 33 1080 175 
APIRP45 °0.93 99,15±O.Oe 

1,4 -Dielhylbenz ene NA CA 3.56 99.40±O.O5 Reg. 9 135 165/1 4 .5 34 
1.88 Az eo. M • • Corbo 66 II A 200 160/1 4. 5 3 5 

D2.4 2 h 36 1110 245 

Ol ef ins 

I- Penlene IB I Phillips 4 .65 Reg. 3A 200 IGO / 1 4 .5 37 gJ240 470 

I-Hexene APIRP45 3.19 98.4±0.2 Reg. 9 135 165/ 1 4.5 38 
1.8 1 99.BO±0 .OB R.o. 4 200 160/ 1 • 4 . 5 39 r 6 95 545 

APIRP6 Q 6 . 13 BO.GtO.5 Reg_ 13 130 15511 8 .0 4 0 
3. 16 99.44iO.12 Azeo. El t'onol 77 9 135 165/1 4 . 5 41 '780 

lrons-2- He~ene APIRP4 5 s:t45 97.StO.2 Reg. IIA 200 IGO/I 4 .5 4 2 
12.44 99.81! 0. 11 R'9- 2A 200 160 /1 4. 5 4 3 1030 350 

Iron s-3- Hexene APIRP45 6 .50 98.7t0.1 Reg. 13 130 155/1 8.0 44 
1.71 99.67tO.0 3 Reg. IIA 200 160/1 4.5 45 1020 200 

3-Me Ihyl-I-per'llene APIRP45 u 5 .00 ReQ. 9 135 165/1 4 .5 46 
Y2,44 Reg. II A 200 lGO/i 4.5 47 1000 175 

2- Melhyl-2-penlene AP IRP45 3.13 99.80:t0.0 3 ReQ. 4 200 160/ 1 4.5 48 1120 335 

3 - Me thyl- cis-2-pen tene Generol Motors w6 .OO ReQ. 8 ;3 0 14 5/1 8. 5 49 
' 3.80 Reg. 2A 200 160/1 4.5 50 
2.16 99.62±O.0 8 Azeo. Ethanol 76 12 A 200 IGO/I 4.5 5 1 1045 250 

2 -Elhyl -I- butene APIRP4S 2 .85 97.2iO.2 Reg. 12 135 165/1 4 .5 5 2 
1. 77 99.41! 0.06 Aleo. Ethanol 78 3A 200 160/ 1 4 . 5 53 00620 bb l40 

AP IRP6 Q 6.47 70. t 5. Reg. 10 135 165/1 4.5 54 
1.59 99.32± Q06 Aze o. Elhonol 79 4 200 160/ 1 4.5 55 00 515 bb l4 0 

I-Heptene AP IR P45 2.89 97.8.1 0. 3 Reg. 12 135 165/1 4 .5 56 
1.96 99.47.10.10 R'9- 4 200 160/1 4. 5 57 92 5 220 

2,4 .4 - T rimelhy l-I - pen lene N8S Au to Sec. ee 6.00 Reg. 14 125 125/1 12.5 58 
dd 6 ,0 4 99.24 iO.08 Reg. 13 130 155/1 8.0 59 

2 .80 99.67 i O.06 Azeo. M •• Cell. 79 15A 20 0 16011 4 .5 60 11 60 350 

2, 4 ,4 - r rime lhyl-2 -penlene N8S Auto Sec, ce6 .00 Re g. 14 125 12511 12.5 58 
dd 4 .S4 R.g. 10 135 165/1 4 .5 6 1 

2.7 3 Azeo. Ethonol 50 IIA 200 16 0/ 1 4.5 62 1140 320 

Cyelohexene APIRPG y 6. 20 99,13 t O.06 Reg . 10 135 165/1 4 . 5 63 2250 735 

Ace Iylenes 

I-Bulyne APIRP 4 5 2_95 Reg. 

P T his material was di vided into fi ve charges for puri ficat ion by adsorption 
(see footoote h and fig. 36). [t consisted of 0.80 1. from the fi rst dist illat ion in 
column 9 (sec fig. 34) an d 1.62 1. from the second distillat ion in column llA 
(see fi g. 35). 

• Obtained by purr hase of com mercially available material from the Con-
necticut Hard Ru bber Co., New Haven, Conn . 

, 'rhe total volume of the API-Standard sample was 1,475 ml. 
• One of two sim ilar charges. 
1 This charge consisted of material hav ing substan t iall y the same composi

tion, from each of t he two prev ious dist illations (sec footnote s). 
u One of two charges of s im ilar material, onc of w hich was 5.00 1. and tbe 

other 2.80 1. 
v T his charge consisted of material , having substan tiall y the same composi

t ion, from each of the two prev ious d ist illatio ns (see footnote u)_ 

Purification, Purity, and Freezing Points 

I 150 15011 2 .0 64 11 25 26 5 

'fI' One of three charges of similar material, two of which were 6.00 1. each, 
anrl the third of which was 5.30 1. 

2. T his charge consisted of material, havin g substantially the same co m posi
tion, from each of the three previous distillations (see footuote w) . 

• Obtai ned by purchase of commerciaUy available material from t he 
E ast man Kodak Co., Rochester, N. Y . 

a. T he total volume of the API-Standard sample was 1,135 ml. 
bb T he total volume of the A P I-NBS sample was 280 ml. 
cc One of foUl' similar charges. Both 2,4,4-trimethy l-l -pent.ene and 2,4 ,4-t ri

methyl-2-pen tene were obtained from this material (see fig. 58). 
dd T his charge consisted of material, having substan tially the same co mposi. 

tion, from each of the foUl' previous dist illations (see footnote ec) . 
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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, D etroit, Mich., through T. A. Boyd 
and W. G. Lovell: 

2,2,3-Trimethylbutane (B). 
3-Methyl-cis-2-pen tene. 

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

"Diisobutylene" (2,4,4-Trimethyl-l-pentene+ 
2,4,4-Trimethyl-2-pentene) 

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

2,2-Dimethylpropane (N eopentane). 

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

I -Pentene (B). 

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

2,2-Dimethylpropane (N eopentane) 

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

2,2,4-Trimethylpentane (B). 

I-Hexene (one-half). 

2-Ethyl-l-butene 
(one-half). 

Cyclohexene. 

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

• 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, 2,2,4-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 material;" 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 (na at 
,25 0 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 neat' ±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 similaTly 
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-

Footnote. for table 2. 

r '. (B) following the name of a compound indicates that for the API-NBS d Not determined in this investigation. From the z tables of the American 
series, it is a second (and usually slightly purer) sample of the given com- Petroleum Institute Research Project 44, [9]. 
pound, the first sample of which will be labeled (A). • This is a second and improved API-Standard sample of this hydro· 

b F indicates freezing, and M indicates melting. See reference [8J for ex- carbon. . 
perimental details and the definition of the cryoscopic constant. f Estimated by analogy with isomers subjected to similar purification . 

• The values in this column, except as otherwise indicated, were calculated • This cryoscopic constant was determined by t he procedure given on page 
as described in reference [8]. using the values of the cryoscopic constants aud 371 of reference [8J. 
freezing points for zero impurity given in the preceding columns. 
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TABLE 2. F1'ee zing points and purily of 30 A PI- Standard and API- NBS hydrocarbons 

Compound a 

2,2 - !Jime1hylpfopone (Neopen1ane) 

2,2 - DimelhY'propone (Neopen1one) 

2,2,3-Trimerhylbutone (8) 

2,2,4 - Trime1hy:penlone (8) 

2,2 ,3- Trimethylhe~ane 

2,2,4-Trimethy hellone 

2,3,3- T rimethylnell.one 

2,3,5- Trimelhylhelone 

3,3,4 - Tr imelhylheJ(one 

Ell'I'y lcyclobulane 

C:S·I ,3 -Dimethylcyclopen tone 

I rans-l,3·0:methylcyclopentone (8) 

cis cis, cis - 1,2,3 - Tr;methylcyclopentone 

CiS, I rons, ciS-l,2,3 -Trimelhylcyciopen1one 

n - 8ulylqclapentone 

1,2 ~ Die r hylbenzene 

1,3-Dielhylbenzene (81 

1,4 -Di.e lhy lbenze ne 

1- Pentene (S) 

Irans- 2-Hexene 

Irons - 3- Hexene 

3 - Methyl-1-penlene 

2- Me Ihy l - 2 - pe ntene 

3 -Methy l-cis -2-penlene 

2 -Elhyl-l-bulene 

l- Heplene 

2,4,4 - Trimelhyl-l -penlene 

2,4,4 - Trimelhyt-2 -penlene 

Cyclohexene 

I -Bul yne (Ethylocelytene) 

K ind o f 

t im e - temperoture 

obser vations 

used to 
de term ine 

Ihe free Zin g 

point b 

M 

M 

M 

M 

M 

M 

M 

F and M 

M 

M 

M 

M 

M 

M 

F and M 

F and M 

Fond M 

M 

F and M 

M 

F and M 

F and M 

M 

F and M 

Purification, Purity, and Freezing Points 

FreeZing pOrnl of 

the oc tual selec ted 

sample in air 01 I aIm. 

API- AP I-NBS 

SlonJord 

Pa rof f ins 

°c 
-1 6 .65 

-16 .587 - 16.580 

-24.950 

-107.393 

-116.829 -116.815 

-101 .27 -101.24 

Cycloparof llns 

-142.770 

- 134.04 -133.990 

-133.714 -133.706 

-116,471 -116.458 

-112.736 -112 .727 

-107.993 -107.992 

t. roma l lcs 

-31 .257 -31.250 

-83.938 -83 .933 

-42.878 -42.860 

Ole l lns 

-165.264 -165.250 

-1 39.828 -139.826 

-133.001 -132.998 

-113 ,441 -113 .43 9 

-153 . 1 -153.1 

- 135.088 -135.078 

- 138.474 - 138.466 

-131 .551 -1 31.54 0 

-119.075 -119.067 

-93.508 -93.496 

-106.356 -106.353 

-103.517 - 103.51 6 

Ace tylen e s 

- 125.7 56 - 125.749 

rreezing pamt 

for zero Impurit y 

in Olf 01 I aIm . 

°c 

-16.550±0.020 

- 16.550±0.020 

-24.930 ~0 .020 

-IQ7.365t 0.01 3 

- 120.0±0.3 

-116.800±0.020 

-101.20±0.03 

-142 .750iO.OI5 

-133.90±'0 .05 

- 133.690±O.015 

-116.4 30±0.025 

-112.705t 0.012 

-107.985±0.010 

-31.240 to.OIO 

-83.920±0.010 

- 4 2.850iO.010 

-165.220±0 .020 

-139 .800t 0 .015 

-132.970.0.020 

- 11 3.4 30±0.015 

-1 53.0±'0 . 1 

-135.070± 0.015 

-138.445± 0.015 

-131.53 0±0.010 

-119.035± 0.020 

-93.480± 0.010 

-106.33 0 ± 0.015 

-103.500±0.015 

-125.720±0.020 

CryoscopIC 

conS l on T b 

A 

deg- I 

d (0 .00595) 

Calcula ted amoun t 

of Impuri ty In Ihe 

ac tual selec ted sample C 

API- API -NBS 

S tandard 

mole % 'TIcle % 

0.06iO.02 

d (0 .00595 ) ' O.022±ClOI2 O.o18W.012 

d (0 .004 30) 

d (0 . 04031) 

0 .06 

0.0447 

0.033 

0 .Oj78 

0 .0461 

0 . 0245 

0.0365 

0.0424 

0 . 0299 

0.0369 

0 . 0240 

0.009±O .OOB 

O.lltO.05 

1(0.30±Cl20) '(025tO.20) 

0.30i0.20 0.25>020 

0 .13tCl06 0.07±0.06 

'(0.30i020) 1(025±0.20) 

0 .231:0.10 O.l3:tO.lO 

0.08iO.o6 

0.65'0.23 0.41±0.23 

e O.iliO.07 0 .07±.0.06 

0.10=0.06 O.o7±0.06 

0 .11±0.04 0 .08±0.04 

0.034 .G.Ce5 O.o30tO.025 

0 .05 : 0.03 0.03iO 3 

0 .07±0.04 O.o5±O,o4 

C.07t0.02 0,o23iO.020 

d (0 .06000) '026±0.12 0.18 i 0 .12 

0 .0509 0.14 .1.0.08 0 .13'0.0 8 

0 . 0564 0.1 7iO.l t 0 .16iO . 11 

0.055 0 .06±0.0 3 0.05.0.03 

90 .0 3 0 .30.0.20 Cl25±O.20 

0 .050 8 0.09±Cl05 0.04±0.03 

0 .0509 0 .15±O.o8 0.11'0.08 

0 . 0 454 0.10±0.04 0.05±0.0 4 

0 . 0509 0 .20±0.10 0.16iO .10 

d (0.0330) 0.09±O.o3 0.05±0.0 3 

d (0 .0300) 0.08±O.o5 O.O7± 0.05 

d (0 .01 376) 0.023±0020 0.022±0.Q20 

gO.035 Q13±O.o7 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 II 
of this report for their contributions of materials 
for use in this work. 
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FIGURE 61. R esults of the second distillation of 2,4,4-trimethyl-2-pentene. 

Regular distillation at 725 mm Hg in till 10 (4/16/46 to 5131/46). See footnote dd to table 1. 
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Azeotropic distillation with ethanol at 725 mm Hg in StillllA (6/17/47 to 8/8/47). 
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FIGUR~~ 63. R esults of thv first and only distillation of cyclohexene. 

Regular distillation at 725 rnm H g in Still 10 (10/15/46 to 12/19/461. 
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