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Purification, Purity, and Freezing Points of 8 Nonanes, 
11 Alkylcyclopentanes, 6 Alkylcyclohexanes, and 
4 Butylbenzenes of the API-Standard and API-NBS 
Series*l 

By Anton J. Streiff, 2 Evelyn T. Murphy,2 Janice C . Cahill,2 Helen F. Flanagan,2 
Vincent A. Sedlak,2 Charles B. Willingham, and Frederick D. Rossini 

Th is report describes the purification and determinat ion of freezing points and pu rity 

of 29 hydrocarbons of the API-Standard and API- N BS series, incl uding 8 nonan cs, 11 

alkylcyclopcntanes, 6 a lkyl cyclohexa ncs, and 4 bu ty lbcnzenes. 

1. Introduction 

A previous report described the purification , 
and determination of freezing points and purity 
of 37 hydrocarbon compounds of the API
Standard and API- NBS series, which were pro
duced as part of the cooperative program on 
standard samples of hydrocarbons of the National 
Bureau of Standards and the American P etroleum 
In titute. Tllis report de cribes the purification 
and determination of freezing points and purity 
of an additional 29 hydrocarbon compound under 
this cooperative program, including 8 nonanes, 6 
alkylcyclohexan es, 11 alkylcyclopentanes, and 4 
butylbenzenes.3 

The final lots of the material labeled API
Standard are sealed "in vacuum" in glass ampoules 
and made available as NBS standard samples of 

' Presented before the Division of P etroleum Chemistry of the American 
Chemi cal Society, Chicago, III., September 1946. 

•• Figures in brackets indicate the literature rderences at the end of th is 
pa per. 

1 This investigation was perfOrmed at the National Bureau of Standards 
as part of the work of the America n Petroleum Institute Research Project 6 
on tbe Analysis, P urification , and Properties of H ydrocarbons. 

2 Research Associate ou the American Petroleum Institute Research Project 
6 at the Na tional Bureau of Standards. 

3 T he eooperative program was carried 011 under the API Researeh Pro
ject 46 Committce on H ydrocar bons fOr Spectrometer Calibration (W. J. 
Sweeney, chai rman) . :Furt,her details arC given in references [1 , 2, 3]. 
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hydrocarbons [4] . ** The material labeled API
NBS is made available in appropriate mall lo ts 
on loan to qualified inve tigators for the measure
men t of needed propertie . 4 

II. Materials . 
The starting materials were supplied as follows: 5 

By the API R esearch P roj ect 45 on the" Syn the
sis and Propertics of Hydrocarbons of Low Molecu
lar Weight" at the Ohio Statc U nivers ity, Columbus, 
Ohio , under thc supcrvi ion of C. E. Boord : 

3,3-DiethyJpentanc. 
2,2,3,3-Tetramethylpe ntane. 
Ethylcyclohexane (B ) . 
l , l-Dimethylcyclohexane. 
cis-l ,2-Dimethylcyclohexane. 
tr ans- l , 2-D imethy lcyclohexane . 
Ethylcyclopentane (one-half) (B ). 
trans-I , 3-D imethy lcyclopen tane. 
n -Propy]cyclopentane. 
I sopropyJcycJopent.ane . 
1,1,3-Trimethylcyc]opentane (three-fourths). 

• The allocation of tbe API- NBS samples of bydrocarbo ns is handled by 
tbe Ad visory Comm ittee for tbe API Resea rch Project 4<l on tbe "Colleetion , 
Analysis, and Calculation of Data on the Properties of IIydrooarboLls" 
(W. E . Knhn, chairman ). 

' (8) following the name of a eo mpound indicates that , for the API- NBS 
series, it is a second (and usuall y slightly purer) sample of t he given com
poun d, the first sample of which is labeled (A ). (See reference [5]). 
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By the Hydrocarbon Laboratory at the Penn
sylvania State College, State College, Pa., under 
the supervision of F. C. "Whitmore: 

2,4,4-Trimethylhexane. 
Ethylcyclopentane (one-half) (B ). 
1,1-Dimethylcyclopentane. 
cis-I, 2 .. Dimethylcyclopentane. 
trans-I,2 .. Dimethylcyclopentane. 
1,1,2-Trimethylcyclopentane. 
cis, cis, lrans-1 ,2,4-Trimethylcyclopentane. 
ci s, trans, cis .. 1,2,4-Trimethylcyclopen tane. 

By the National Advisory Committee for 
Aeronautics, through its Aeronautical Engine 
R esen,rch Laboratory at Cleveland, Ohio, and the 
Automotive Section at the National Bureau of 
Standards: 

I!-Butylbenzene 
Isobutylbenzene 
sec-Butylbenzene 
lert-Butylbenzene 

(B ) . 
(B ) . 
(B ) . 
(B ). 

2,2,3,4-Tetrameth y Ipen
tane. 

2,2,4,4-Tetram e thylpen
tane. 

2,3,3,4-Tetrame thy Jpen
tane. 

By the Standard Oil Development Co. , Eliza
beth, N. J. , through W. J. Sweeney: 

cis .. 1,4-Dimethylcyc1ohexane. trans-1,4-Dimethylcyclo
hexane. 

By the Gulf Oil Co. Fellowship at the Mellon 
Institute of Industrial Research, Pittsburgh, Pa. , 
through '.V. A. Gruse: 

1,1 ,3-Trimethylcyclopentane (one-fomth) . 

By the API Research Project 6 at the National 
Bureau of Standards, under the supervision of 
F. D. Rossini: 

n-Nonane. 2,2,5-Trimethylhexane. 

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

TABLE 1.- I nformation on the pW'ification of 29 API-Standard and API-NBS hydr()wrbons 

Hydrocarbon Volume of 
charged for Dist illation f se lected sample 
distillation 

Starti ng material b 
Amount Num .. Compou nd a of hydro" Dis .. pro vided by- carbon tilling ber of Reflux Rate Results Azeotrope" theo .. of col .. API .. Vol .. Purity Kind ' forming in tbe col .. retical ratio f lectio[] plotted Stand .. API .. 

ume azeo- umn (ap .. in NBS substan ce d tropic num- plates f prox. ) of dis .. figure ard 
distil .. ber f (ap .. t illate 

I 
late " prox .) 

PARAFFINS 

% bV 
Liters 1,,[0Ie % volume ml/hr ml ml 

n-~onane __ . ______ . _____ . ___ APIRP6 . ................ 5.20 99.05 Reg .......... ------------ --------- 14 125 130/ 1 12. 0 I - ---- - -- ----------
2.75 99.75 Azeo ____ Cel1.... .... _ .... 49 1:J 130 145/1 8. 5 2 1350 305 

2.2,5 .. Trimetbylhcxane .............. APIRP6 h ............... 2. 40 99.50 Reg .. _ ...... ----------.- --------- 3 100 120/1 2. 5 3 1550 250 
2,4,4-'rrimethylhex8ne _______ P enn State .. .. ............ 2. 62 99. 26 Azeo ....... Cell... .......... 70 13 130 145/ 1 8.5 

2. 08 99. 54 Reg .. .. ...... ------------ --------- 12 135 185/ 1 4. 0 1065 248 
2,2,3,3 .. T e tra me thylpentane .. APIHP45 ................ 2.00 Azco ____ CeIL .......... 61 10 135 165/1 4. 5 -------- -------- --

1.38 99. 90 Reg ......... ------------ -------- 11A 200 180/ 1 4. 0 7 818 150 
2,2,3, 4-'r e tra me tb y lpen tane _ NACA ...................... 11.89 ( i) ...... do ---- ------------ ------.-- 6 125 125/1 12. 5 8 -------- ------.---

2.85 -------- Azeo ____ M e. Cell .... 58 10 135 165/ 1 4. 5 £98 295 
2.2,4,4 .. T e ira me th y lpentane .. .......... do .......................... 1.32 98. 62 .. .... do .. _ ...... Cull .. ............ 76 4 200 145/ 1 5. 0 10 855 IuS 
2,3,3,4 .. T c trametbylpentane .. ......... do .......... _ .............. 4. 83 94. 61 Reg .......... - -- --- -- -- -- --------- 8 130 155/1 8.0 II 

2.35 99. 86 Azeo ____ Cell ------ 58 8 130 155/1 8. 0 12 1100 385 
3,3 .. Dieth y lpentane .................... APIRP45 .................. 3. 05 i 99. 31 R eg .... .. .... -------.---- --------- 13 130 155/ 1 8. 0 13 --- - ---- -- - - -- -- --

1. 75 99.89 Azeo . ____ CelL ........ 55 13 130 14:i/ 1 8. 5 14 895 .152 

ALKYLBENZE N E S 

1l .. Butylbellzene (B ) .................. N A C A ...................... .. 3. 75 1 ................ R eg .................................... .. 9 135 165/ 1 4.5 15 1415 375 
Isobulylben zene (B ) ........ .. ...... .......... do ....................... .. 3.69 99. 75 .... .. do .................................. .. .............. .. 8 130 155/ 1 8. 0 16 1190 337 
,ec .. Butylbenzen e (B ) ........ .. ...... .......... do ....................... .. 2. 47 £9. 09 Azeo ...... Me Carb ... 83 8 130 14 5/1 8.5 17 -------- ----------

I. 03 £9. 73 ... .. do .................. _do .......... 83 13 130 150/ 1 8. 25 18 --- - ---- ---- .. -- ---
I. 32 £9. 73 Reg .................... .. ............................ .. 12 135 165/1 4. 5 19 1000 132 

lert .. But ,.lbenzen e (B ) .. .... .. ...... I .......... dO .. .. ................... .. 3. 23 99.87 A zoo ........ M e Carb_. 86 8 130 145/ 1 8.5 20 1225 365 

Foot notes on page 56. 
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TABLE I. - Informa lion on the 1J111'ijLcation of 29 API-Slandard and .I1PI-lI'B hydl'ocarbons- COlltinued 

II yd roca rbon 
cha rged for 

I 
Distilla tion ! 

SUHl ing m ate rial b Com pou lld a pro\·idecl by-

t 

Ethylcyclo pcn tflne (B ) .•. . . APIRP45 ... . ... . . 
P enn State ..... . . 

1,1·Dimet I1 I' Jcyclor:entane ._ P enn Slale ....... . 
cis- } ,2-D inlet hy l cyc loPCll- ___ do . 

tane. 
tralls-1 ,2-D irncthy !cyc loPc l1 -

tane. 
. do 

distillation 

Vol· 
ume 

L illrs 
3. 47 
2.90 
2.80 
I. 82 
1.36 

Am o un t 
of hydro· 

Azeotrope· ca rbon 
l)ul'ity Kind c formin g in the 

substa ncc·t azeo-
trop ic 
distil · 
late e 

ALKYLCYCLOPENTANES 

% by 
lvIole % volume 

~~: ~~ 1 R eg ....... . ... . . . ... . ....... . 

99.86 A zeo .... EtharoL 52 
99.958 ... do ...... clo 64 
99.90 ... do ..... do 53 

1.46 99.68 ... do ..... do 61 

lra71s·I,3·Dimetb y lcyclopen· A P I HP~5 ...... _. 3. 00 73. 6 R eg ............... . 
~nL 1 .~ 90.0 Azeo .... M ethan ol. 55 

n·Propylcyclopcnl.ne . . .... cia 
I. 13 
I. 30 
0.30 

94 . 6 ... do .. Elha nol . 6-3 
...... . . Reg ........... . 

. . do .. ... . ... m 2. 70 :f~~ } .. do ................... . 

..... do ........... " 0. 44 
Isopropylcyclopcllt anc ........... do ......... . 5.7 1 ........... <10 . 
1,1 ,2·Tril11ethyl c r c1open - Pen n StaLe _____ _ 1. 32 Azeo ... l soprop .. 3J 

UUlC. 

1.07 R eg ........ _ ................ . 
1 , l t 3-rl' rim ('t h~' l cyc l op e n - Gu lf-l\r{elloIL .. _ 0. 60 ___________ do __ __ __ ____ ___ __ _______ _ 

lan e. 

cis, cis , Ira1l."1- I,Z,4-TriJ11cth
y lcyc lO )J c nta.Jlt-~ . 

A PI HP4 5 ..... 

P enn S tale ..... 

cis , trans, cis- l ,2,4-Tril1,:c th- _____ do . _ . ____ ._ 

ylcyclopentane. 

, ~:~~ } ......... do ............. . ....... . 

1.57 ........ Azeo ... M e. CeiL. 80 
0.80 ......... do . I soprop .. '16 

. ~ .. ~~ } .......... do ....... do...... 46 

3.00 R eg ............... . 

1. 86 98.5 
1.2898.9 
I. 80 98.5 

Azco .... I soprol'- .. 30 
... <10 _._ ... <10 ._... 30 
R eg ....................... . 

1.42 99.66 Azeo ... Ethanol 48 

ALKYLCYC LOHEXANES 

Elhy lcyclohc'"J1e .. _ ...... APIRP45 ... _ .... 5. 06 R eg ........... . .... . 

:::: :'d~:::::::::::: , ~: ~ ::~~} Azeo .... Cell ...... 63 
..... do ............ ' 0.27 99. 50 

1, I.Dimcthrlcyclohexanc ......... do............ 1. 50 98.95 R eg ......................... . 
1. 36 Azeo .... EthanoL . 64 

ciS-l , 2-Dim('th~· lcyc l ohexa ne - _do _____ _______ • 9. 16 R eg _______ _____ ___ __________ _ 

2.84 ........... do ........................ . 
tr(l'ns-I,2- Di m('l hylc~· cloh('x- do ___________ • 9.16 ___________ do _____________________ ___ _ 

an(' . 
5.21 ........... clo ....................... . 

2.39 99.84 Azeo ... 'I ~Zi;~o~~ :: ~~} 
ci8-1 ,4- DilllE'th~r l c ~· Cloh('xan e- Std. Oil Dc\- 1. 70 99.90 ... do .. _. Ethanol. . 30 
(7(/718·1,4· D imet hy lcyclohex· .... _ do ...... . 1.90 99. 66 ... do ...... do... . .. 36 

a rt C'. 

Footnotes on pa~e 56. 
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Dis· 
tillin g 

col· 
umn 
n um-
bel' f 

15 

13 
9 
9 

10 

13 

10 
9 

3 
3 

12 

12 

Jl 

4 

2 

9 

8 

15 

12 
9 

13 

9 
10 

N llm· i ber of 
theo. RenU } 

rctical lalla 
plates! p~~~. ) 

(ap. x. 
prox.) 

125 

130 
135 
135 

200 

200 
135 
200 
ZOO 

I JO 

135 
135 

100 
]00 

]35 

135 
130 

200 

200 

(u) 

200 
100 

135 

130 

110/1 

155/ 1 
165/1 
165/ 1 

160/1 

145/1 
165/1 
180/ 1 
145/ 1 

155/ 1 

145/ 1 
165/ 1 

150/1 
120/1 

185/1 

165/1 
145/ 1 

180/ 1 

180/1 

160/ 1 
145/ 1 
150/1 

165/1 

145/ 1 

-

Rate 
of col· 
Icct ian 
of dis· 
tillate 

ml/hr 

14.0 

8.0 
4.5 
4.5 

4.5 

5.0 
4.5 
4. 0 
5.0 

. 0 

5.0 
4.5 

2. 0 
2.5 

4. 0 

4.5 
8.5 

4. 0 

4. 0 

4.5 
5.0 
2. 0 

4.5 

8.5 

125 125/ 1 12.5 

135 185/1 4.0 
135 165/1 4.5 
125 125/ 1 12.5 
135 165/1 4.5 
125 125/1 12. 5 

130 

130 

135 
135 

1['5/1 

145/1 

160/1 
165/1 

8. 0 

8.5 

4.5 
4.5 

---

H esults 
plot ted 

in 
fi gure 

ZI 

22 
23 
24 

25 

26 
27 
28 
29 

30 

31 
32 

33 
34 

35 

36 
37 

38 

39 

40 

Volum e of 
sdected sa mple 

---

A P J· 
Stand-

arel 

?rtl 

1400 
1126 

780 

906 

I 

-

A PI· 
KDS 

--

lilt 

375 
260 
120 

138 

570 102 
1333 '7f> 

9i2 2if> 

11 80 3il) 

680 115 

4(;0 65 

4 1 515 8[ 
42 ........•..•.• •• .. 

43 790 125 

44 ...........••.•. •• 

45 

46 
47 
48 
49 
48 

50 

51 

52 
53 

23f>O 

732 131 

1090 

I ......... . 
103~ 33C 

1000 215 
1160 260 
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TABLE l.- lnfonnation on the purification of 29 API-Standard and API- NBS hydrocarbons-Continued 

a (B) fo llowing the name of a compound indicates tbat for the API- N B S 
series, it is a second (and usually slightl y purer) sam ple of the given com
pound, t he first sample of wbich is labeled (A). See reference [6]. 

b The abbrev iations represent the following laboratories: APIRP45; 
American Petroleum Institute R esearcb Project 45 (formerly the American 
Petroleum Institu te H ydrocarbon Research Project) at the Obio State 
University, Colmnbus, Ohio. Penn State; H ydrocarbou Laboratory at t he 
Pennsylvania State College, State College, Pa. NACA; National Adv isory 
Co mmittee for Aeronautics, Aeronautical Engine Research Laboratory, 
Cleveland , Ohio, and the Automotive Section, National Bureau of Standards 
Washington, D . C. Std. Oil Dev.; Standard Oil D evelopment Co., Eliza
beth , New Jersey. Gulf-Mellon ; Gnlf Oil Co. Fellowship at the M ellon 
Inst itute of Industrial Researeb, Pittsburgh, Pennsylvania. APIRP6; 
American Petroleum Inst itu te Research Project 6 at the National Burcan of 
Standards, Washin gton , D . C. 

c rI'he ab bre\7iations are Azeo., 3zeotropic; Reg., regular . 

d The abbreviations are Cell. , Ccllosolve (ethylene glycol monoeth yl 
ether); Me. Cell. , methyl Cellosolve (ethylene glycol monomethyl ether); 
Me. Carb ., metbyl Carbi tol (diethylene glycol monomethyl ether); Isoprop., 
isopropanol. 

• Approximate yalue obtained from the actual volume of hydrocarbon 
recovered by extracting the azeotrope-forming substance with water in 
separator y funnels . 

f See reference [4J for further details. 

, Obtained by d istillation from an Oklahoma petroleum . 

III. Purification 

The procedure followed in the process of puri
:lication and determination of purity was the same 
as that described in the previous report [1] . 

In addition to the name of the laboratory sup
ply ing t he star ting m aterials, table 1 and its 
footno tes give complete information for each 
distillation for each of the compounds. 

Details of the distillation apparatus and opera
tions are described in reference [4]. 

Figures 1 to 53, inclusive, show graphically the 
results of the distillations listed in table 1. These 
:ligures give, as a function of volume of hydro
carbon distillate, the refractive index enD 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° C), the freezing point of selected 
fractions of hydrocarbon distillate (in air at 1 atm, 
usually with a precision near ± 0.003° C), and 
the purity of the hydrocarbon distillate. The 
letters TV, X, Y, and Z indicate the disposition of 
th e material , as follows: W, returned to the labor
atory supplying the material ; X , blended for re
distillation ; Y, used for the API-Standard mate
rial ; Z , used for the API-NBS material. 

As demonstrated in the previous report, the 
blond ing of fractions of distillate for the pl'epara-

56 

h Obtained by distillation from commercial "pentenes" alkylates (pentenes 
+ isob utane). 

i This starting material consisted of a blend of 2,2,3,4-tetramethylpentane 
(approximately 25%), "S-4" reference fuel ("isooetane") (approximately 
66%) , and n-heptane (approximately 9%) . 

; Calenlated from the measured freezing po ints of two separate lots which 
were blended together for tb is charge. 

• T be total volume of the API- Standard saruple was 1,305 ml. 
I Tbe total volume of the API- N BS sample Ivas 350 m!. 
m This is a second lot of n-propyleyclopcntane supplied by API R esearch 

Project 45. 
ft Fractions 272 to 292 from tbe distillation of iso propyleyclopentane ill 

column 10 (see figure 31). 
o This second lot of 1,I,3-trimetbylcyclopentan e was supplied by t he API 

Researcb Project 45. 
• Fractions 41 to 60 fro m the azeotfopic disti llation in column 12 (see fig. 36) 
• Th is is a second lot of ethylcyclohexane supplied by tbe API Researcb 

Project 45. 
''I' his is a thi rd lot of ethylcyclohexan c su pplied by the API Resea rch 

Project 45. 
• Both cis and trans l,2·dimethylcyclohexane were obtained fro m this 

m aterial (see fig. 48). 
, T he distillation was begun with isopropanol as the azeotrope-form ing 

substance, but because of the relatively small percentage of hydrocarbon in 
the azeotropie dist illate, cellosolve was added to complete the d istillation. 

• T he n umber of theoretical plates for this colum n was not oetcrmilled. 

tion of material of the highest puri ty can be done 
safely only on the basis of freezing points of 
selected fractions. An example of a case where 
the pures t material is at the very beginning of a 
distillation is shown in figure 27 on trans-l ,3-
dimethylcyclopentane, and an cxample of a case 
where the purest material is at the end of the 
distillation is shown in :ligUl'e 17 for sec-butylben
zene. 

IV. Freezing Points I Cryoscopic Constants l 

a nd Purity 

Table 2 gives the following information for 
each of the 29 compounds, except as otherwise in
dicated: The kind of time-temperature curves, 
whether freezing or melting, used to determine the 
freezing point [7] ; the freezing point of the act ual 
sample, in air at 1 atm [7], for both the API- . 
Standard and API-NBS lots; the calculated value 
of the freezing point for zero impurity [7] ; the 
value of the cryoscopic constan t, determined 
from the lowering of the freezing point on the 
addition of a known amount of an appropriate 
impurity [7]; and the resulting calculated amount 
of impurity in the API-Standard and the API
NBS material. 
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TABLE 2.- Freezing 7Joint and pw ·ity oj 29 A PI-Standard and A PI- N B hydrocarbons 

Compound 3. 

n-Nonono. _. _____________ ____ ______ . __ __ ____ _ 
2,2,5-Trilllclhylhexane ______ ___________ __ ___ _ 
2,4 ,{-Tri meth yl hexane. ____ _____ ____ ______ __ .. 
2,2,3,3-Tetramethyl pell tano ____ __________ ___ _ _ 
2,2,3.4.r l'ctr311.1CLhyl pcntanc _____ --- _ -- ___ -- _ --
2,2,4,4-Tcl ramct ll yl penta ne __________ _____ . __ _ 
2,3,3,4-TeLramethy 1 pentane _____ ___ __________ _ 
3,~-Dieth y l pe ntane ____________ __ ____________ _ 

n-B u tylbcnzc ne (R) __________________________ 

lsobu ty lbe nzcne (H) _ . -----------------.----

sec-B uty lbenzc ne (R) __ ----------._-------.--
tert-Butyl benzcne (H) ___________________ _____ 

Ethylcyclopent.ane __________________________ _ 
1,I-Dimethylcyciopcntanc ___________________ _ 
cts-l ,2-Di mct hy 1cyclopcntu ne. _.- _ -- -. ___ ----
tranS-l ,2- D im cthylcyciopentanc . ____________ _ 
trans-I,3-D imcLhylcyc1opCll tane ____________ _ 
n-Propylcyclopentanc _______________________ _ 
lsopropylcyclopcntane ______________________ _ 

1,1 ,2-rrri mothylcyclopcnLanc .--.-- -.------
1,1,3-Trimcthy lcycio nentB Ll e ___ ------ ____ ----
cis, cis, trans- ] ,2,4.rr l'imethylcyclopcnta nc 
cis, trans, cis-J,2,4!f ri mctbylcyciopenta n 

Ethylcyclohexane ____________ __ ______________ 
1,1-DimeLh ylcyrlohexane _____________________ 
cis-l ,2-D imoth y Icyclohexa ne __________________ 
trans-l,2- Dim eLhylcyclohexane ____________ ___ 
cis, 1,4-D imel hy lcyc lohexane~ _________________ 
trans-I ,4-D imethylcyclohexanc ____ ___________ 

Kind of 
Lime·Lem · 
porature 
observa

t iolls used 
to deter
mlne the 
freez ing 
pOin t b 

F 
F a nd Iv[ 

11'1 
F 
F 

F a nd M 
F a nd jvI 

j\[ 

J\[ 

]'v[ 

M 
M 

:r..1 
F 
1" 
]'v[ 

]'v[ 

]'v[ 

J\[ 

F 
]'v[ 

J\[ 

111 

M 
Fand 11 

11 
J\[ 

M 
F and 11 

:Freezi ng poi nt of the acLual 
selected sample, ill a ir a t 
1 a tm 

API-Sta nd· 
ard API- N B S 

PARAFF 1NS 

ac a C 

-53.555 -53.550 
- 105.856 - 105.834 
- 113. 434 - 113. 430 
- 10. 06 - 10.05 

- 121. 221 - 121. 178 
-66.599 -66 .. 180 

- 102. 137 - 102. 135 
-33. ll8 -33. 11 6 

If reez ing poi nt for zero 
impurity in ai l' at 
1 at m 

a C 

-53. 535±0. 010 
- 105. 780±0. 01 5 
- 113. 380±0. 020 

-9.90 ±0.05 
- 121. 09±0. 05 
-06.54 ±O.03 

- 102. 123±0. 010 
-33. 1I0± 0. 005 

AL K Y l-B ENZENES 

-88.000 -87.993 - 87. 970± 0. 020 
-5l. 523 -51. 520 - 51.48 ± 0.03 
-75.5 ll -75.493 -75. 470± 0. 020 
-57.876 -57.876 -57. 850±0. 01 5 

AL KY L CYCL OPENT ANES 

- 138.454 -1:18. 452 - 138. 435± 0. 010 
-69.802 -69.802 - 69.73 ± 0.04 
-53. 927 -5:3.9 10 -53.85 ±0.04 

- 11 7.03 - 117.61 -117.57 ± 0.03 
- 133. i57 - 133.758 - 133. 680± 0. 020 
- 1I 7.379 - 117.378 - 117. 340±0. 020 
- li l. 433 - 1/1. 43 1. -Ill. 375±0. 020 
-21. 69 -2l. 68 -21. 64 ±0.03 

- 142.50 -142.55 -142. 44 ±0.08 
-132.66 - 132.64 - 132.1'5 ±O. OG 
- 130. 85 -130.84 - 130.78 ± 0.03 

ALKYL CYCL OlIEXANES 

-1I l. 335 --- - -- - ------- - I I 1. 3OO±0. 020 
-33.839 -33.654 -33. 54 ± O. 05 
-50.047 -50.034 -50.00 ± 0. 03 
-88.203 - 8!J. 203 - 88. 180±0. 020 
-87.445 -87.445 -87. 425± 0. 015 
-36.976 -36.964 -36.n ±0.03 

Cryoscopic 
constant, A 

dey-' 
0. 0388 
d.0265 
. 0535 
.00<10 
.0027 
. 0273 
.0369 
.0223 

'(0.0385) 
. 0306 
.0303 
.0218 

0. 0303 
d. OO'1 
. 00,12 

'(.0320) 
. 0455 
. 05ll 
.0346 
. 0030 
. 040 
. 0385 
. 0343 

0.0384 
. OC65 
. 0051 
.0365 
. 0283 
.0259 

Calculated amount of im
purity in the actual se
lected sam pie ' 

API · tand
arel 

lV ole % 
0. 08 ±0. 0'1 

.20 ±0.04 

.29 ±0. 11 
· 064±0. 020 
.035±0. 014 
. 16 ±0.08 
.051±0. Oa7 
· 018±0. Oil 

O. 12±0. 08 
. 13±0. 09 
. 12±0. 06 
. 06± 0. 03 

O. OG ±0.03 
.03 ±0.02 
· 03 1±0. 016 
. 19 ±O.IO 
. 39 ± 0.09 
. 20 ± o . .1O 
.20 ±0.07 
.015±O.OO9 
.48 ±0.32 
. 42 ± 0.23 
. 24 ± O.IO 

O. 13±0. 08 
. 19 ± 0.03 
· 024±0. 015 
.08 ± 0.07 
.06 ±O.O·I 
.14 ±().08 

API- X B S 

l lfo/e % 
O. OG ±0.04 
. 14 ±0.04 
. 27 ±O. II 
· OGO±O.020 
.024±0.014 
· Jl ±0.O8 
· Q-I4±0. 037 
. 01 3±0.011 

0. 09 ± 0.08 
. 112. 0. 09 
.07 ± 0.O6 
. 06 ± 0. 03 

0.05 ±0.03 
. 03 ±0.02 
.025± 0. 016 
. ]3 ±O. IO 
.35 ±0.09 
. 19 ±O.I O 
. 19 ± O. Oi 
. 01 2±0. 009 
. 44±O. 32 
. 35±0. 23 
.21± 0. 10 

-- _ .. _---_.-. 
0.07 ± 0. O3 
.017±0.015 
.08 ± 0.07 

OG ± 0.04 
. 11 ± O.OS 

• (8) foll owi ng t he n ame of a compound ind icates t hat, for the API-N BS 
series, iL is a second (and usua lly s lightl y purer) sam ple of the gi vcn com pound, 
tbe firs t sa mple of which is la beled (A). See reference [6J. 

usin g Lile values of the cryoscopic constants and freez in g poinLs for zcro im
pu rit y given in t he preceding columns. 

b F indicates freezing and M indicates melt ing. See reference [7J for ex
perimental details and t he definition of t he cryoscop ic constant. 

e 'rhe values in this column were calculated as described in rerercnce [7}, 
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d rrhis cryoscopic constant was determined by the proced ure gh"c lJ on 
page 371 of reference [7J. 

e Not determined in th is investigat ion. F rom the HZ" tables of the Ameri
can P etroleulll Inst itu tc R esearch Project H [8J. 
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1000 0 

Fractions i to ll2 were redistilled to obtain trans·l , 2·dimetby]eyelohexane (sec fig. 50). F ractions 131 to 185 were redistilled to obtain cis.l,2-dimetby]cyc]0-
hexane (see fig. 40). 
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Azeo tropi c d istilla tiOfl with ethanol a t ;25 mm H g in still 9 ( 1/8/46 to 3/7/46) . 
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FIGU RE 53.- Results of the first and only distillation of trans-
1,4-dimethylcyclohexane. 

Azeotropic distillation with ethanol at i25mm H g in still 10 (1/5/46 to_2/28/46). 
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