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SUMMARY

The infrared spectra are presented for 59 diecyclic hydrocarbons
consisting of some diphenylalkanes, dicyclohexylalkanes, alkylbiphenyls
and alkylbicyclohexyls ranging from C12 through Cyg. The physical

properties of these compounds, which were available in a high state of
purity, are tabulated for reference purposes.

INTRODUCTION

As part of an investigation of various classes of dicyclic hydrocar-
bons as possible components of aviation fuels, a group of 59 hydrocar-
bons was synthesized and purified at the NACA Lewis laboratory. The
preparation and purification of 36 of the compounds included in this
group and comprising the diphenylalkane and dicyclohexylalkane series
are reported by Serijan and Wise in three papers recently accepted for
publication in the Journal of the American Chemical Society. The
remaining compounds consisting of nine alkylbiphenyls and twelve
alkylbicyclohexyls are described in references 1 and 2. Biphenyl and
bicyclohexyl, which may be considered as the parent compounds of the
dicylic series, are also included in the group.

The effect of molecular structure on the physical properties for
some of these hydrocarbons is discussed in references 2 and 3.

The infrared spectra of the 59 hydrocarbons representing the four
designated classes of dicyclic compounds are presented herein. The
availability of these hydrocarbons in a high state of purity made this
investigation desirable in view of the increasing importance of infrared
spectroscopy, particularly in the field of petroleum technology. Very
few of the spectra for the hydrocarbons included herein have been
reported previously.
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MATERTALS

«

The properties of all the possible diphenyl-n-alkanes from
diphenylmethane through the diphenylbutanes and algo the  o,e~ &and
a,w-diphenylpentanes and diphenylhexanes are listed in table I. The
corresponding dicyclohexylalkanes are given in table IT. In addition to
biphenyl, a group of alkylbiphenyls consisting of seven hydrocarbons
substituted in the 2-position and two compounds substituted in the
3-position were prepared and their properties are presented in table III.
The properties of the corresponding saturated derivatives are described
in table IV with the exception of the derivatives of 2-sec-butylbiphenyl,
3-methylbiphenyl, and 3-ethylbiphenyl, which compounds could not be
purified to the required standards. The hydrogenation products of each
of the remaining alkylbiphenyls were readily separable by careful frac-
tionation into two geometric isomers, designated in table IV as the
low-boiling and high-boiling isomers.
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The procedures used in evaluating these properties, together with
the accuracy and precision of each method, are reported in reference 2.
Synthesis details are described in reference 1 and also in the previously 3
mentioned unpublished reports; methods of purification are generally
outlined in reference 1.

Each sample was ffeshly distilled and passed through silica gel
just prior to the determination of the infrared spectra.

APPARATUS AND PROCEDURE

The infrared spectra shown in figures 1 to 5 were obtained with a
double-beam recording spectrophotometer. The precision of the instru-
ment is specified by the manufacturer to be 1 percent of the trans-
mission value and +0.02 microns for the wavelength (reference 4).
Samples were run in a O.l-millimeter-thick cell both undiluted and, over
some wavelength intervals, at approximately 1:10 dilution on a volume
basis in either carbon tetrachloride or carbon disulfide; where necessary
in order to obtain a still sharper resolution, a dilution of approxi-
mately 1:20 in carbon disulfide was also used. When the samples were
run in dilution, the pure solvent was used in the reference beam to
nullify the effect of any absorption due to the solvent.

In the case of the five hydrocarbons which are solids at room
temperature, solutions were prepared for infrared-spectra determinations
by dilution with carbon tetrachloride and carbon disulfide. The
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concentration of these hydrocarbons in each solvent is indicated in the

appropriate figures in terms of weight-volume percent, which denotes
the number of grams of solute (hydrocarbon) per 100 milliliters of
solvent.

Lewis Flight Propulsion Laboratory
Naetional Advisory Committee for Aeronautics
Gleveland, Ohio, August 30, 1958
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TABLE I - PROPERTIES OF DIPHENYLAIKANE HYDROCARBONS

[S designates solid at indicated temperature]

Hydrocarbon Melting | Boiling Index of | Density Kinematic viscosity® Net heat
point point refraction| at 20° C (centistokes) of combustionP
{2e) at 760 mm 20 (g/ml) g8E9orc[FNBooERINETARE ¢ 00 TE (kcal/mole)
5ot np (210° F)| (140° F)| (100° F) |(32° F)
Diphenylmethane 25, 205 |12645521 A5 T 16 1.00592 OLST liBs 222 S 1595
1,1-Diphenylethane -18.01 269 1.5725 .99954 dssisl 189 290 8895 1735
1,2-Diphenylethane 51.16 280.5% S S gt 1.96 S S 1740
1,1-Diphenylpropane 13.29 283.22 1.5643 .98663 R 75) 252D Bed2 S 1885
1,2-Diphenylpropane .14 283.66 1515585 <97739 1.30 2.42 4.02 16.87 1880
1,3-Diphenylpropane -20.78 298.74 155594 .97996 1Bk e L 3.64 12.38 1885
2,2-Diphenylpropane 29312 281.19 PSSHO5 .99806 1.43 Z AL 4.56 S 1895
l,l-Diphenylbutanee -28.38 29529 1.5568 97512 T.38 2ol 4.71 24.78 2035
-25.20

1,2-Diphenylbutane Glass 292.52 1.55518 .96734 1.43 285 5.04 28.83 2030
1,3-Diphenylbutane Glass 302.5Cl ENSHED .96982 1.45 s Tl 4.62 20.98 2035
1,4-Diphenylbutane DESAT 515.91 S S 1.49 2.80 S S 2035
2,2-Diphenylbutane 21570 296.16 L5675 .99446 7S] 5285 752 S 2035
meso-2,3-Diphenylbutane | 126.4-127.0%f] 290.91 S S S S S S 2035
dl1-2,3-Diphenylbutane Glass 304.0% 1.5547 .97229 1.43 2.64 4.36 1.8 e 2040
1,1-Diphenylpentane -12.06 307.89 ThestsT5 bl .96594 1762 3.58 6.36 41.50 2190
1,5-Diphenylpentane ==7.95 530.62 1.5463 .96083 1.64 5,08 5.02 19.48 2180
1,1-Diphenylhexane -11.76 521358 1.5449 .95636 1.78 S Vizaks) 46.51 2330
1,6-Diphenylhexane -11.99 345.67 1.5409 .95237 J= 8l 3.33 52 22.28 2330

87,5.7.M. procedure: D445-46T.

bA.S.T.M. procedure: D240-39.

Cyalue obtained from freezing curve.

dsome decomposition observed during the determination.

€Two crystalline modifications.

fohis value given by a calibrated immersion thermometer with the substance in an attached capillary tube.
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TABLE IT - PROPERTIES OF DICYCLOHEXYLATKANE HYDROCARBONS Eﬁ
(9]
[S designates solid at indicated temperature] 3
Hydrocarbon Melting | Boiling Index of | Density Kinematic viscosity2 Net heat
point point refraction| at 20° (C (centistokes) of combustionP
(&) at 760 mm 20 (g/ml) S e eI e A el e o (kcal/mole)
(°c) =3 (210° F) |(140° F)| (100° F) | (320 F)
Dicyclohexylmethane -18.70 252:98¢ 1.4763 0.87646 1.43 2.60 4.10 12.96 1845
1,1-Dicyclohexylethane -20.87 Sl 1.4845 .89309 L5775 3350 5.59 233 1995
1,2-Dicyclohexylethane 11.45 274.38 1.4759 .87395 1572 3.24 5239 S 1953
1,1-Dicyclohexylpropaned -28.21} 283.56 1.4848 .89299 1,83 3.66 6.42 52.93 2140
-23.46
1,2-Dicyclohexylpropane -21.46 284 .5° 1.4798 .88173 iS85 3.74 6.44 28555 2165
1,3-Dicyclohexylpropane -14.82 291569 1.4752 <828 1.96 3.82 6.40 24.87 2155
2,2-Dicyclohexylpropane 15561 286.2°¢ 1.4918 .90677 2444 5.14 379 S 2150
1,1-Dicyclohexylbutane -10.46 292.97 1.4843 .89021 2+10 4.75 9.64 88.30 2285
1,2-Dicyclohexylbutane Glass 295.90 1.4806 .88316 2.00 4.20 7483 48.31 2295
1,3-Dicyclohexylbutane Glass 303.19 1.4797 .88012 2.28 4.82 8.80 45.00 2285
1,4-Dicyclohexylbutane 11762 309.0¢ 1.4751 .87027 2.19 4.39 7,58 S 2285
2,2-Dicyclohexylbutane 15.58 3025 1 1.4957 .91332 2.74 6.47 13.72 S 2290
meso-2,3-Dicyclohexylbutane| 57.60 298.51 S S 2.61 5.85 S S 2295
dl-2,3-Dicyclohexylbutane Glass 300.85 1.4842 .89044 2.34 4.90 9O 48.91 2285
1,1-Dicyclohexylpentane L6529 308.¢ 1.4838 .88788 2.47 6.16 15790 S 2445
1,5-Dicyclohexylpentane -13.61 325.15 1.4751 .86872 2.46 5.01 8.86 38.79 2445
1,1-Dicyclohexylhexane 84 3164 S 1.4827 .88478 2577 7.16 16.44 S 2585
339
1,6-Dicyclohexylhexane 10524 340.5¢ 1.4750 .86775 S B 1S 10.46 S 2585
8A.S.T.M. procedure: D445-46T.
PA.S.T.M. procedure: D240-39.

CSome decomposition observed during the determination.
dfwo crystalline modifications.




TABLE III - PROPERTIES OF 2-ALKYLBIPHENYL HYDROCARBONS

[S designates solid at indicated temperatur%

Hydrocarbon Melting | Boiling Index of | Density Kinematic viscosity? Net heat
point point refraction| at 20° C (centistokes) of combustionP
(°c) at 760 mm ) (g/m1) 98.8° ¢[. 0% ¢ ‘| 378% el o e (kcal/mole)
(°c) D (210° F) | (140° F)|(100° F)| (32° F)
Biphenyl 68.93 254.91 S 1.041¢ 0:99 S S S 1445
2-Methylbiphenyl - .20 255.30 1.5914 1.01134 1.06 ——— ke 52 1600
2-Ethylbiphenyl - 6.13 265.97 1.5805 .99671 Ak 147/ -——— 3.44 13.84 1740
2-Propylbiphenyl =11.26 Slie22 1.5696 .98018 iS53 ———— 4.44 22.41 1885
2-Butylbiphenyl —13.71} 2913920 1.5604 .96763 1.43 -——— 4.87 24.68 2030
- 9.65
2-Isopropylbiphenyl | 24.46 26977 1:5703 .98227 1.46 -—— S AS) S 1885
2-sec-Butylbiphenyl 8.12 281575 1..5622 .97145 1.60 352 1/ 5(0K) S 2055
2-Isobutylbiphenyl Glass 282.13 1.5583 .96318 1.48 Bk 6.02 48.72 2035
3-Methylbiphenyl 4.53 27270 15 60863 1.01394 1.08 S8 5.23 15521 1530
3-Ethylbiphenyl -27.57 285.96 (525950 <99952 19 2015 3.40 15l 1750
8A.S.T.M. procedure: D445-46T.
DPA.S.T.M. procedure: D240-39.

CReference 5.

dTwo crystalline modifications.
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TABLE IV - PROPERTIES OF 2-ALKYLBICYCLOHEXYL HYDROCARBONS

ES designates solid at indicated temperature%

2305
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CLow-boiling isomer.
dHigh—boiling isomer.

Hydrocarbon Melting| Boiling Index of | Density Kinematic viscosity? Net heat
point point refraction | at 20° ¢ (centistokes) of combustionP
(°c) at 760 mm 20 (g/m1) | 98.9° c| 60° ¢ | 37.8° ¢[ o° ¢ (xcal/mole)
(°c) oD (210° F) [(140° F)| (100° F)|(32° F)
Bicyclohexyl 3.64 238.70 1.4796 0.88609 1025 -——— 5.07 S 1700
2-Methylbicyclohexyl® -26.43 249.87 1.4791 .88447 1522 2.08 St 8.84 1855
2-Methylbicyclohexyl™ -10.27 255.00 1.4836 .89450 S 269 4.20 12585 1870
2-Ethylbicyclohexyl®’€ Glass 266.23 1.4827 .89065 | 1.40 2.58 4.20 | 16.33 1995
2-Ethylbicyclohexyld — 35 269 b 1.4851 .89624 1.54 2.89 4.75 | 18.53 2015
2-PropylbicyclohexylCs€ Glass 279.40 1.4807 .88527 1.56 3.05 5.38 |:28.32 2145
2-Propylbicyclohexyld 25| 282522 1.4838 .89205 | 1.71 3.46 6.20 | 34.08 2160
2-Butylbicyclohexyl€s®€ Glass 294.15 1.4799 .88227 L6 3.64 6.74 42 37 2300
2-Butylbicyclohexyl? - 6.51 | 296.56 1.4827 .88819 R 4.05 7.65 | 51.18 2300
2-Isopropylbicyclohexyl€,€ Glass 277.18 1.4843 .89305 1.80 3.5 6.94 46.82 2140
2-Isopropylbicyclohexyld - 9.13 283.06 1.4901 .90365 1.9 5.78 6.54 29. 12 2165
2-Isobutylbicyclohexyl€,€ | Glass 286.87 1.4787 .87964 SRS 3.68 6.95 51570 2285
2-Isobutylbicyclohexyld 13.48 288.53 1.4819 .88688 1.90 4.00 7.53 55.30 2295
8A.S.T.M. procedure: DA45-46T."
bA.S.T.M. procedure: D240-39.

€Physical properties determined on fractions with most nearly constant density values.
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(b) 1,1-Diphenylethane.

Figure 1. - Infrared spectra for diphenylalkanes., Cell width, 0.1 millimeter; sample undiluted or diluted as
indicated.
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Figure 1. - Continued.
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Infrared spectra for diphenylalkanes.
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Figure 1. - Continued.

Wavelength, microns

(f) 1,3-Diphenylpropane.

Infrared spectra for diphenylalkanes, Cell width, 0.1 millimeter; sample undiluted or
diluted as indicated. .
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Figure 1. - Continued. Infrared spectra for diphenylalkanes. Cell width, 0.1 millimeter;sample undiluted or
diluted as indicated.
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Figure 1. - Concluded. Infrared spectra for diphenylalkanes. Cell width, 0.1 millimeter; sample undiluted or
diluted as indicated.
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Figure 2. - Infrared spectra for dicyclohexylalkanes. Cell width, 0.1 millimeter; sample undiluted or diluted
as indicated.
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Figure 2. - Continued. Infrared spectra for dicyclohexylalkanes. Cell width, 0.1 millimeter; sample undiluted
or diluted as indicated.
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Figure 2. - Continued.
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Infrared spectra for dicyclohexylalkanes. Cell width, 0.1 millimeter; sample undiluted
or diluted as indicated.

LSS2 NIL VOVN

6T




-1
Wave number, cm

100k 40_109| =] If_g i s il (211 |2010.O| . ',J;Lf—;,:i ] I14Plc|)| l 1112101975_:11 Loly 10(_)._0;}. Lol ,I L Pl B i LT
==S==== —=+1:10 CC1,—7 —===—° i = = =
= === - ' = u

-+

=}

(0]

(o]

~

o

[=N

g

(o]

o

% 100 T | :

O a0 e
= =

B OUEEE === Ras
Y e =EZS

60— -

Figure 2. - Continued.

278 8 9 % TRes 2 I iz
Wavelength, microns
‘(h) 1,1-Dicyclohexylbutane.

Infrared spectra for dicyclohexylalkanes. Cell width, 0.1 millimeter; sample undiluted
or diluted as indicated.
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Figure 2. - Continued. Infrared spectra for dicyclohexylalkanes. Cell width, 0.1 millimeter;sample undiluted
or diluted as indicated.
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(1) 2,2-Dicyclohexylbutane.

Infrared spectra for dicyclohexylalkanes.
or diluted as indicated.

Cell width, 0.1 millimeter; sample undiluted
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Infrared spectra for dicyclohexylalkanes. Cell width, 0.1 millimeter;sample undiluted
or diluted as indicated.
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Figure 2. - Concluded.

Wavelength, microns

(r) 1,6-Dicyclohexylhexane.

Infrared spectra for dicyclohexylalkanes. Cell width, 0.1 millimeter; sample undiluted
or diluted as indicated.
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Figure 3. - Infrared spectra for alkylbiphenyls. Cell width, 0.1 millimeter; sample undiluted or diluted as
indicated.
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Figure 3. - Continued.
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Wavelength, microns
(d) 3-Ethylbiphenyl.

Infrared spectra for alkylbiphenyls. Cell width, 0.1 millimeter; sample undiluted or

diluted as indicated.
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Figure 3 - Continued. Infrared spectra for alkylbiphenyls. Cell width, 0.1 millimeter; sample undiluted or
diluted as indicated.
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(h) 2-sec-Butylbiphenyl.
Infrared spectra for alkylbiphenyls. Cell width, 0.1 millimeter; sample undiluted or

diluted as indicated.
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Figure 3. - Concluded. Infrared spectra for alkylbiphenyls. Cell width, 0.1 millimeter;sample undiluted or
diluted as indicated.
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Figure 4. - Continued. Infrared spectra for alkylbicyclohexyls. Cell width, 0.1 millimeter; sample undiluted.
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Figure 4. - Continued. Infrared spectra for alkylbicyclohexyls. Cell width, 0.1 millimeter; sample undiluted.
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Figure 4. - Continued. Infrared spectra for alkylbicyclohexyls. Cell width, 0.1 millimeter; sample undiluted.
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Figure 4. - Concluded.

=
Wavelength, microns g
(1) 2-Isobutylbicyclohexyl (high-boiling isomer). g
Infrared spectra for alkylbicyclohexyls. Cell width, 0.1 millimeter; sample undiluted. )
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Figure 5. - Infrared spectra for biphenyl and bicyclohexyl. Cell width, 0.1 millimeter; sample undiluted or
diluted as indicated.
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