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The infra red absorp tion spectra of se ve n cyclopentane a nd fi ve cyclohexanes have 

been measured i n t he region from 2 to 15 microns. The substances were cyclopen tane, 

m e thylcyclopen tane, 1, I-dimethylcyclopen tane, tmns-l ,2-di methylcyclopen tane, trans-I , 

3-dimeth ylcyclopen tane, cis- l ,2-d imethylcyclopentane, a nd cis, tmns, cis-l ,2,4- trimethy l

cyclopentane, also cyclohexane, meth ylcyclohexane, 1, I-dimethylcyclohexa ne, lmns-l ,2-

dimethylcyclohexane, and cis-l,2-dimethylcyclohexane. The wavelengths of all t he ob

se rved absorp tion bands are g ive n in a table, and a graph is shown of the percen tage t rans

mission over the wave length reg ion of each substance. The hydrocarbons were highl y 

purified in the C hemi t ry Division and these spectra will be of value as a check on the puri ty 

of t hese compounds which may be ob ta ined from other sources. Also t he more intense 

bands serve as a mea ns of ident ifi ca t ion. For each substance t he bands that are best suited 

fo r distinguishing it a re noted . 

Of special in te res t are the four dimethylcyclopen tanes which we re studied. The struc

t ural posit ions of t he substit u ted methyl groups differ only sligh tly, bu t the spectral d iffe r

ence is q ui te mar ked. The infra red ahsorp tion spectra a re we ll sui ted to show character

istic differences between isomers. 

The measuremen ts were made with a Perkin -Elmer spectromete r wi th a Gene ral Motor 

amplifier and Brown recorder. A sli t co ntrol mecha nism is described in detail. Although 

t he slit control gear arrangement is relatively simple, the results obtained wi th i t aloe good, 

The energy outpu t is held nearly constant from 3.5 to 14.5 m icrons . 

I. Introduction 

In the Bureau 's coopera tive research program 
with the American P etroleum Insti tute, many of 
the constituents of petl"Oleum have been purified 
to a high degree. Various physical and chemical 
properti es of these constituents are being inves ti
gated . The Radiometry Section of th e Bureau is 
contribu ting to this program by m easuring the 
infrared absorption spectra of a number of these 
compounds, This report deals with two series of 
compounds, cyclopentanes and . cycloh exanes, that 

are closely related and which show some interest
ing properties. The absorption spectra 0:1" ],1 -
dime thy lcyclopen tane, cis-l ,2-dimethylcyclopen
tane, cis, trans, cis-l ,2,4-trimethylcyclopentane, 
and l ,l-dimethylcyclohexane have not been pre
viously measlll'ed . 

Infrared Absorption Spectra 

II . Method of Measurement 

A P erkin-Elmer model 12A infrared spectrom
eter wi th an N aCI prism was used as the dis
persing instrument. The prism face is 60 by 75 
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mm and an off-axis mirror of 27 cm focal length is 
used as the collimator. More details about the 
instrument can be found in the ar ticle "Small 
prism infrared spectrometry" [1].1 It was found 
that better resolution of the water-vapor band at' 
6.26M was obtained when the slits were reduced 
from 0.05 to 0.02 mm. This demonstrated the 
high quality of the optical parts. 

When the instrument was obtained from the 
manufacturer, there was no provision for t he 
automatic rotation of the wavelength drum or 
the slit drum. In order to ,measure the region 
from 2M to 15M continuously, a synchronous motor 
with gear reduction was connected to the wave
length drum. The selection of gears made it 
possible to traverse this region of the spectrum in 
45 or 90 minutes. A global' element was used for 
the source, and for a fixed slit width the maximum 
radiation was found to occur in the region of 2M. 
vVhen the drum was set for wavelengths greater 
than 2M, the deflection decreased. In order to 
keep the deflections approximately constant, it 
was necessary to open the slits for longer wave
length settings . A graph was plotted of the slit 
widths required to produce constant energy at 
various wavelengths. The relationship is not 
linear, but it was found that tlll'ee chords closely 
approximated the curve. The aim of constant
energy output could almost be attained by open
ing the slits with three different constant speeds. 
A synchronous motor was used with gears of such 
ratios that the slits could be opened at the appro
priate speeds. Also, a gear shift was installed so 
that the speed could be changed without stopping 
the instrument. 

With this arrangement, the energy curve is of 
about the same height above the zero from 3.5M to 
14M. There are some reg ions of the spectrum 
where the energy drops by a few percent. Some
what better results could be obtained if, in addi
tion to the sli t change, the impedance of the out
put circuit of the amplifier was varied. Varia
tion of the amplifier gain would not be a satisfac
tory method of control as the energy of the radiat
ing source at 2M is many t imes greater than the 
energy at 14M. 

Figure 1 shows the slit control mechanism. The 
letters identify the different parts. The gears 
have the following number of teeth: A, 84; B, 

1 Numbers in brackets indicate the Iiteratll1'e references at t he end of this 
paper. 
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FIGURE I.- Slit-control mechanism, showing gears and 
arrangement. 

24; C, 18 ClYs-in-Ienb0'th rod),' D 36' E 32' F , , , , , 
28 (%-in-Iength rod); G, 24; H, 12; I , 16 ; J , 24; 
K , 38; L , 32; 11£, motor 2 rpm; N, gear shift. The 
gears are standard Boston gears and the rod-gears 
have t he same size teeth. 

The ordinary operating conditions are the global' 
at 50 volts , the General Motors amplifier [2] 
gain dial at 2.5, wavelength drum traversed in 45 
minutes. The slit micrometer is set at 0.019 mm 
at 2M. The wavelength drum is operated to 3M 
without engaging the gears. From 3 to 9M, the 
low gear, H, is used. From 9 to 12M, gear I is 
used , and from 12 to 15M, gear J is engaged. For 
differmt scanning speeds, different gear ratios 
would be needed. Other features are to be added 
to t he device, such as an au tomatic stop and a 
reversing gear for the near inirared region . 

The thermocouple is in a housing with a KBr 
window, and it is kept at pressure below 10- 4 mm. 
The pressure is kept low over long periods of time 
by means of activated charcoal , and pumping is 
necessary only every 3 or 4 weeks. The thermo
couple approaches its final output in abou t 1 % 
seconds after it is exposed to radiation. It is con
nected to a General Motors amplifier that oper
ates a Brown recorder. A smooth tracing is ob
tained when the amplifier is not operated on too 
high gains. Under ordinary operating conditions, 
1 microvolt produces a full-scale deflection , and 
the noise level is less than one-fourth of 1 percent 
of the full scale. The thermocouple contains a 
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compensating junction, but this doe not com
pletely eliminate the drift. The room tempera
ture is controlled, which is of great help in stabiliz
ing the thermocouple. No change is observed in 
the zero owing to tho opening of the slits, until 
they become one-1lalf of a millimeter in width . 
For this and larger openings the zero drift may be 
cunsidera ble. 

Under average operating conditions the widths 
of frequency bands resolved are 16.4 cm- 1 at 3. 0"" 
5.4 cm- 1 at 6.4"" 2.4 cm- 1 at 11"" and 3.5 cm- 1 at 
14 .3 1.1. III the region beyond 5jJ. the wavelength of 
sharp bands can be repeated to 0.01",. Th e instru
ment is practically free of stray radiation between 
2 and 12",. At 14 .5", the stray radiation produces 

? about 10 percent of the total deAection. 

I 

~ 

In the measurement of the a bsorp tion of the 
compounds, two cell thicknesses were used , 0.05 
mm and 0.4 mm , the thicker cdl being used to 
check: weak bands. Evcn with the 0.05-mm cell , 
the absorption was 100 percent in the region of 
3.4jJ. . As some of the liquids under invest igation 
have high vapor pressures at room temperature, 
it is necessary to use an enclosed cell . 1.'110 cell 
was made by using two plates of rock salt, and 
separating them by a lead shim 0.05 mm in thiclc
ness. In one of the rock-salt plates two holes \~ere 
drilled . This allowed the cell to be fill ed after i t 
was assembled and placed in a metal holder . The 
shim was cut out so tha t the radia tion passed 
t1u'ough the cell and so that the cell could be filled 
through the holes in the roc1<- alt plate. The sam
ples of th e materials were in the liq uid state, and 
a small amount was drawn from the container 
into a m edicine dropper, from which the liquid 
was slowly passed into the celJ. At the same time 
a small tube, connected to the reduced-pressure 
system , was placed in the other hole of the rock-salt 
plate, and the liquid was drawn into the cell, com
pletely filling it without bubbles. This method 
of filling was used in rinsing out the cell, when 
changing from one liquid to another. 

The arbitrary numbers of the wavelength drum 
were calibrated into wave numbers by observing 
the settings corresponding to known lines and 
a bsorption bands. Lines of cadmium [3] and mer
cury [4] were used for the visible and near infrared 
region. The absorption bands of water vapor [5] 
and carbon dioxide gas [6] occurring as atmosphere 
constituents were used for calibration of the longer 
wavelengths. The absorption spectra of ammonia 
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gas [7] and m ethyl alcohol vapor rS] al 0 were 
measured by the use of a ga crll . In this way, a 
fairly large number of calibration point di t rib
u ted throughou t the spectrum was obtained. 

The spectrometer is par tially enclosed and a 
drying agent is kept in both the prism and source 
compartments. This reduces the water-vapor ab
sorption . The complete removal of the water·· 
vapor absorption spectrum requires an enclosed 
instrument that may be evacuated or filled wi th 
dry gas. However , the absorption bands pro
duced by wa ter vapor and carbon dioxid e serve 
the purpose of a constant ch eck on wavelength 
cdibration and the resolution of the instrument. 

Figure 2 shows the trace obtained on the Brown 
recorder of the 6.26jJ. absorption band due to water 
vapor in th e atmosphere in the region from 4jJ. to 
7/t. The upper curve was obtained by using slits 
of 0.05 mm at the shorter wavelength end of the 
spectrum, and opening them with the automatic 
lit drive. The amount of energy in the trans

parent r egions between the absorption lines is 
about constant, and the absorption curve as 
recorded appears similar to a graph which has the 
percentage transmission plo tted as a function of 
wavelength. The lower trace in fi gure 2 is for the 
water-vapor band with the sli ts at 0.02 mm at the 
shorter wavelength side. It is readily seen that 
the resolving power has increased with the nal"-

FIGURE 2.- Two traces for the water-vapor band at 6.26p. 
observed wilh different slit widths. 
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rower slits. On each side of the center of the 
band at 6.26J.L there is seen one line in the upper 
curve of figure 2. In the lower curve each of these 
lines has been separated into two. A comparison 
of other regions of the spectrum will show that 
additional lines have been revealed by the higher 
resolution. 

The percentage transmission for the different 
materials was calculated from the recorded energy 
curve. At first the absorption spectrum of the 
substance was obtained by placing the filled cell 
in front of the entrance slit of the spectrometer. 
The spectrometer drum was connected to the syn
chronous motor, and a trace of the region from 2 to 
15J.L was obtained without removing the cell or 
using the shutter. This curve showed the wave
length drum readings of the absorption bands. 
Then a second trace was obtained, and at, selected 
points, in the regions between the absorption bands, 
th e cell was temporarily removed to obtain full
energy values, and similarly, at other convenient 
points, the shutter was inserted to determine the 
zero reading. A line was drawn connecting the 
full-energy values on the trace, and similarly, 
another was drawn cOlmecting the zero readings. 
From these two lines and the energy trace with the 
cell in place, the percentage absorption could be 
calculated for any point in the spectrum. A cor
rection was made for the radiation loss due to the 
rock-sali cell windows. In the region of tho water
vapor bands, the readings for the filled cell were 
compared with values obtained for the atmos
pheric absorption without the cell. Weak bands 
may be missed because of overlapping of the water
vapor lines. This same type of error is encoun
tered in the region of the carbon-dioxide absorp
tion bands. This difficulty 'was partially over
come by using thick cells of the liquid being stud
ied, thus causing the bands to become much 
stronger. 

All the substances which have been measured 
were obtained from F. D. Rossini of the Chemistry 
Division of the Bureau. They were purified 
under his direction in connection with the Ameri
can Petroleum Institute Research Proj ect No . 44. 
The substances studied and the amount of impu
rity in each one are given in table 1 [9] . 
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TABLE I. - Purity of compounds 

Substance 

Cyclopentane ............................................... . 
M etbylcyclopentane ........................................ . 
l,l·Dimethylcyc!opentane .................. . ............. .. 
trans·l,2·Dimetbylcyclopen tane ........... . . . .... , .......... . 
cis·l,2·Dimethylcyclopentane .. ... .. . ...... .. ............... . 
trans·l ,3·Dimethylcyclopentsne ............................. . 
cis , trans, cis-l ,2,4.rrrimethy lcyclopentane ______ __ _ 
Cyclohexane ................................ . ............. .. 
Methylcyclohexane ... .......... ......................... .. . . 
1, l·Dimethylcyclohexane .... ................................ . 
trnns-1 ,2-D imethylcy clobexane. __________ . __________________ _ 

cis·l ,2.Dimetbylcyclohexane ............ ..... ......... . .... .. 

III. Results and Discussion 

Impurity 

1110le percent 
0.05 ±0.02 
.25 ± .09 
.03 ± . 02 
. 19 ± . 10 
.03l± . 016 
. 39 ± .09 
. 24 ± . 10 
. 012± . 007 
. 36 ±. 18 
. 19 ± . 03 
. 08 ± . 07 
. 024 ± . 015 

Figure 3 shows the percentage transmission of 
cyclopentane. For a cell thickness of 0.05 mm 
only foW' intense bands are observed. The 
wavelengths of the bands and their frequencies 
are given in table 2. The coefficients of absorption 
have not been calculated for these bands. How
ever, the 12 compounds have been measured with 
the same cell thickness, and the relative intensity 
of absorption of any band of one compound will be 
directly comparable with that of any band of any 
of the other 11 compounds. The band at 3.4M is 
very intense, which arises from the CH stretching 
vibrations . As all these materials contain several 
CH bonds, this band will be intense in each 
spectrum. The intense absorption at 3.4 J.L is 
made up of several bands. With cells of the 
order of 0.004 mm in thickness the separate 
bands can be observed. The absorption spectrum 
in this region was measlll'ed with thin cells for 
cis, trans , cis-1,2, 4-trimethylcyclopentane, cyclo
hexane, trans-1,2-dimethylcyclohexane and me
thylcyclohexane. Each substance shows two or 
three minima of transmission in the region of 3.4J.L 
when a cell of effective thickness 0.004 mm was 
used. The thin absorption layers were obtained 
by diluting these two hydrocarbons with CCl4 in 
a cell of 0.05 mm in thickness. When the cell 
contained only CC14 , no absorption bands were 
observed so the entire absorption observed in the 
mixtures containing the hydrocarbons was attrib
uted to them. The rock-salt prism is not well 
suited for measurements in this region as its 
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FIC U HE 3.- Percentage transmission 0:( cyclopentane. 

d ispersion is low. With a grating or a lithium 
fluoride prism the bands could have been observed 
with better detail. The strong band at 6.86M 
arises from the eH bending motion. The intensi
ties of the 3.4 and 6.86M bands vary from one 
substance to the next but the positions remain 
almost constant for the cyclopentane and the 
cyclohexane compounds. 

The number of fundamental vibrations for a 
molecule of n atoms is 3n- 6. For cyclopentane 
there would be 39 fundamental bands. In addi
tion to these bands there are possibly many combi
nation and harmonic bands, so that the total 
number of absorption bands could be 200 to 300. 
However, the observed spectrum does not show 
such a large number of absorption bands. The 
reduced number of bands in the observed spectrum 
may be due to the fact that a number of the bands 
are located in the ·region beyond 15M and that the 
symmetry properties reduce the number of vibra
tions which would be active in the infrared ab
sorption. 

Infrared Absorption Spectra 

727972-47- 6 

The structme of the cyclopentane molecule and 
also that of methylcyclopentane are illustrated 
in figUTe 4. A study of the various chemical and 
physical properties has not yet made it possible 
to decide if all the carbon atom are in the same 
plane. If they are coplanar, a high degree of 
symmetry would be present. When methyl 
groups are substituted for the hydrogen atoms, 
there are a number of new compounds formed. 
If two methyl groups are substituted on the same 
side of the carbon plane the configuration is called 
cis and if on opposite sides it is called trans. By 
substituting methyl groups at various positions of 
the molecule several isomers may be formed . 

A distinguishing featUTe of the absorption spec
trum of cyclopentane is the presence of two intense 
band at 7.6 and Il.2M, that occur in addition to 
the two regions of absorption due to eH vibra
tions. When substitutions are made in the cyclo
pentane molecule these bands change in position 
and intensity. 
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mcnt are not indicated . 

In table 2 all the bands that have been observed 
for cyclopenLune are listed. The low ·intensity 
bands occurring in the region from 2 to 5}L are 
probably combinations of bands of longer wave
lengths. Besides the CR vibl'ations there are no 
elements in the molecule which have funda
mental vibrations occurring at wavelengths shorter 
than 5}L. 

The absorption spectrum of methylcyclopentane 
is shown in figure 5. The substitution of a methyl 
group has considerably changed the spectrum of 
cyclopentane. There is a strong band in the region 
of 7.26 }L, which arises from the presence of the 
methyl group . Any vibration of a part of the 
molecule is a vibration of the entire molecule, but 
some groups that are tightly bound together may, 
with good approximation, be considered as separate 
vibrations. This appears to be the case with the 
CR3 group . In the spectrum of other molecules 
containing the methyl group, an absorption band 
is observed in t IllS region. Also, methylcyclopen
tane does not have strong bands at 7.6 and 11.16}L 
as in cyclopentane, but has bands at 7.4,8.8, 10.2, 
and 11.25}L. There are no intense bands between 
11.5 and 14.5 }L. 

In figu res 6, 7, 8, and 9 are shown the spectra 
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of the four dimethylcycloponLane , I ,I-dimethyl
cyclopentane, cis-I , 2-dimethylcyclopentane, trans-
1,2-dimethylcyclopentane, an cl trans-1 ,3-dimothyl
cyclopentane. Tho 7.3/L band varies very little in 
wavelength, but the intensity has increased when 
compared with methylcyelopentane. The greater 
intensity is due to the presence of two m ethyl 
groups in each molecule. In the case of the 1,1-
dimethylcyclopentane the absorption in this region 

hows two maxima. In the region between 7.5 and 
1l .5/L there is a con iderable difference between the 
spectra of theso four isomers. Anyone of the 
group co uld readily be identifi ed by a Ludy of the 
spectra in this r egion. This is a good example of 
the application of infrared absorption pecLra to 
the problem of iden tifying isomers. The wave
lengths of the absorption bands of the foUl' di
methylcyclopentanes are gIven in table 20. 
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T A BLE 2.- Location of inJl'ared absorption bands 

,,'av('- I Frequen('y II 
\Va Vt~- I Frequency lengt h lengLh 

CYCLOPE N 'I' ANE 

l\ 'licrons em-I ]Vlierons crn- 1 

2.3<l 4274 4.37 2288 
2.46 4065 4.59 2179 
3. 01 3322 6.85 1460 
3.38 2259 7. 59 1318 
3.78 2646 7.88 1269 
4. 02 2488 10.31 970 

---- - --- 11. 16 896 

METHYL C YCLOPENTANE 

2.34 4274 4.59 2179 
2.46 4065 6.86 1458 
2.96 3378 7.26 13ii 
3.1 4 3185 7. 40 135 1 
3.43 2915 7.72 1295 
3.63 2755 8.78 1139 
3.76 2660 10.21 979 
3.80 2632 11.09 902 
4.05 2469 11. 25 889 
4.39 2278 ]1. 87 842 

1, I-D I METHYLCYCLOPE rTANE 

2. 34 4274 6.85 1460 
2.48 4032 7. 23 1383 
2.96 3378 7. 32 1366 
3.12 3205 7.54 1326 
3. 41 2933 8. 15 1227 
3.59 2786 8. 48 1179 
3.77 2653 9. 43 1060 
4. 07 2457 10. 17 983 
4.37 2288 10. 47 955 
4. 59 2179 10.95 913 

---- ---- 11.13 898 

cis-l,2-DIMETBYLCY C LOPENTANE 

2.33 4292 7.60 1316 
2. 47 4049 7.89 1267 
3. 00 3333 8. 18 1222 
3. 12 3205 8. 37 1195 
3.41 2933 8.02 1160 
3. 63 2755 9.M 1106 
3.69 2710 9.25 1081 
4.11 2433 9.62 1040 
4. 37 2288 9. 82 1018 
4.59 2179 10.49 953 
6.83 1464 10.55 948 
7. 26 1377 11. 28 887 
7. 43 1346 11. 53 867 

trans- I,2-D IMETHYLC YCLOPENTANE 

2.35 4255 7. 30 1370 
2. 46 4065 7. 76 1289 

I 

3. 12 3205 8.71 1148 
3.40 2941 9. 25 108 1 
3.59 2786 9.94 1006 

Infrared Absorption Spectra 

T ABLE 2.- Location oj injrared absorption bands
Continued 

" rave-
I Frequenty 11 

Wave- I Freq lle ncy lengLh length 

Irans- l ,2-D [MEl'HYLOYOLOPENTA ' E 

~4'icron8 cm- I }vficTons em- I 
3.74 2674 10. 17 983 
4. 07 2457 10. 44 958 
4.36 2294 10.57 946 
4.57 2188 11.15 . 897 
6.85 1460 11. 35 8 I 

Irans-1,3-DIMETH Y L OYC L OPENTAN E 

2.34 4274 6.84 1462 
2.46 4065 7.26 1377 
2.96 3378 7. 38 1355 
3.12 3205 7.57 1321 
3. 40 294 1. .69 1151 
3.60 2778 9. 15 1093 
3. 75 2667 9.77 1024 
4.07 2457 10. 14 986 
4.37 2288 10.50 952 
4.57 2188 12.97 771 

eis-lrans-cis- I ,2,4-TR 1M E THYL-
OYO LOPENTANJ, 

2.30 4348 7.27 1376 
2.33 4292 7.35 1361 
2.45 4082 7. 46 1340 
3. 00 3333 7. 66 1305 
3. 13 3195 7. 80 1282 
3.43 2915 8. 02 1247 
3. 63 2755 8. 67 1153 
3.77 2653 9.26 1080 
4. 05 2469 9.77 1024 
4. II 2433 9.97 1003 
4.66 2 1.46 10.37 964 
4. 79 2088 10.67 937 
4. 98 2008 11.38 879 
6. 86 1458 13. 00 769 

OY OL OHEXAN E 

2. 30 4348 4. 6t' 2169 
2.34 4274 4.68 21 37 
2.38 4202 4.84 2066 
2. 42 4132 5.01 1996 
2. 51 3984 5. 09 1965 
2. 90 3448 5.23 1912 
3.00 3333 5.44 1838 
3. 12 3205 5.62 1779 
3.4 1 2933 5.93 1686 
3.52 2841 6.90 1449 
3.67 2725 7.41 1350 
3. 70 2703 7.95 1258 
3. 77 2653 8.60 1163 
3.93 2545 9. 03 1107 
3.99 2506 9.6 1 1041 
4. 11 2433 9.84 1016 
4. 29 23~1. 11. 05 905 
4. 42 2262 II. 61 861 
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T ABLli 2.- L ocation oj infrared absorption bands
Continued 

"~aye- I F requency II W ave- I F requency length length 

METHYLCYCLOHEXANE 

M icrons em-I llIicrons cm- l 

2.32 4310 4. 80 2083 
2.36 4237 4.96 2016 
2.41 4149 5.26 1901 
2.45 4082 5.56 1799 
2.49 4016 6.86 1458 
2.53 3953 7.27 1376 
2.56 3907 7.33 1364 
2.87 3484 7.43 1346 
2.97 3367 7.66 1305 
3. 06 3268 7.92 1263 
3. 14 3185 8.01 1248 
3. 20 3125 8.57 1167 
3.42 2924 9. 02 1109 
3.62 2762 9.15 1093 
3.69 2710 9.43 1060 

I 3.79 2639 9. 68 1033 
4.02 2488 10.34 967 
4.09 2445 10. 99 910 
4. 41 2268 II. 47 872 
4.51 2217 II. 86 843 
4.60 2li4 12.76 784 
4. 71 2123 12.96 772 

I 
1,1-DI METH YLCYCLOH EXAKE 

2.30 4348 5.52 1812 
2.32 4310 6.85 1460 
2.43 4115 7.22 1385 
2.48 4032 7. 32 1366 
2.62 3817 7.55 1325 
2. 87 3484 7. 70 1299 
2.98 3356 7.80 1282 
3. 08 3247 7. 91 1264 
3. 13 3195 8. 02 1247 
3.40 2941 8.40 1190 
3.63 2755 8.50 1176 
3.68 2717 8.69 1151 
3.90 2564 9.11 1098 
3.99 2006 9.25 1081 
4. 08 2451 9.53 1049 
4.38 2283 9.74 1027 
4.51 2217 10. 15 985 
4.56 2193 10.39 962 
4. 71 2123 10.67 937 
4. 92 2033 10.83 923 
4.99 2004 10.88 919 
5.12 1953 11. 59 863 
5. 24 1£08 11. 78 849 

12.81 781 

cis-l,2-DIME'l' H Y L CYCLOHEXANE 

2.29 4367 7. 25 1379 
2.31 4329 7. 31 1368 
2.44 4098 7.47 1339 
2.58 3876 7.58 1319 
3.15 3175 7.68 1302 
3.41 2933 7.96 1256 
3.64 2747 8.02 1247 
3.70 2703 8.18 1222 
3. 79 2639 8. 62 1160 
4.01 2494 9.14 1094 

TABLE 2.-Locaiion of infrared absorp tion bands
Continued 

'Yave- I Freq uency II ""Vave- I Frcqucllc·y length length 

cis-l,2-DI MET HYLCYCLOHEXANE 

:M:icrons em-I lIficrons cm-1 

4.09 2445 9.48 1055 
4.37 2288 9.79 1021 
4.58 2183 9.94 1006 
4.67 2141 10. 22 978 
4.82 2075 10.60 943 
4.90 2041 10.86 921 
4.90 2004 11. 35 88t 
5. 19 1927 11. 89 84t 
5.39 1855 12. 07 829 
5.62 1779 12.43 805 
6.68 1458 13. 70 730 

trans-l ,2-DIME T HYL CYCLOH EXANE 

2.26 4425 5.57 1795 
2.30 4348 6.87 1456 
2.38 4202 7.28 1374 
2.85 3509 7.46 1340 
2.95 3390 7.66 1305 
3.04 3289 7.97 1255 
3. 13 3195 8.18 1222 
3.42 2924 8.50 1176 
3.62 2762 9.03 1107 
3.69 2710 9.43 1060 
3.80 2632 9.59 1043 
3.92 2551 9.95 1005 
4. 02 2488 )0.33 968 
4. 12 2427 )0.56 948 
4.34 2304 10.82 924 
4. 44 2252 ll. 31 884 
4.55 2198 11. 66 858 
4.89 2045 12. 07 829 
4.96 20 16 12.20 820 

The absorption spectrum of cis, trans, ciS-l ,2, 
4-trimethylcyclopen tane was measured and the 
results are shown in figure 10. The CH vibrations 
at 3.4t-t and 6.86t-t are about the same in location 
and intensity as in the other cyclopentanes. The 
methyl group has a very strong band at 7.27 t-t. 
The intensity of the band is greater than that of 
the dimethylcyclopentanes, bu t its position is the 
same. From structural relations this trimethyl
cyclopentane should have some bands in common 
with trans-l ,3-climethylcyclopentane . There is 
a band at 13.0t-t which is presen t only in these two 
cyclopentanes. An intense band also occurs at 
8. 68t-t in the spectrum of both these substances. 
In like manner the t rimethy lcyclopen tane spec
trum and that of trans-l,2-climethylcyclopentane 
should have some common features. There are 
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bands at 9.24 and 11.38,u in each spectrum. The 
bands at 7.78,8.70,9 .94, and 10.38,u in the spec
tr um of trans-1,2-dimethylcyclopentane are ob
served also in the spectrum of cis, trans, cis-l,2, 
4-trimethylcyclopentane at approximately the 
same wavelengths. The other dimethylcyclo
pentanes do not show as close a relation in their 
spectra to the trimethylcyclopentane as the two 
compared here. 

The infrared absorption spectra of five cyclohex
anes have been measured. In figure 11 is shown 
the percentage transmission of cyclohexane. Five 
intense bands are located at wavelengths greater 
than 7,u and are characteristic of this molecule. 
These bands make it possible to readily distin
guish cyclohexane from other hydrocarbons. 
Also, there are a large number of low-intensity 
bands in the region from 2 to 6,u. This is quite 
different from the spectrum of cyclopentane in 
this region. By the presence of so many active 
infrared bands, it is likely that there is not a high 
degree of symmetry of this molecule. A struc
tural diagram is shown in figme 4 of cyclohexane 

and methylcyclohexane. The dimethylcyclohex
anes are formed by substituting the methyl 
groups for the hydrogen atom at different posi
tions of the molecule. Altholwh in the diagram 
the carbon atoms are placed in a plane for im
plicity of representation, the present indications 
from various chemical and physical properties 
point to the carbon atoms not being in a plane but 
in a chair-like arrangement. That is, the carbon 
in positions 1, 2, and 3 form a plane, the carbons 
1, 3, 4, and 6 form another plane, and carbons 4, 
5, and 6, a third plane. As has been mentioned, 
the 30 combination and harmonic bands, observed 
in the near infrared with a cell thiclmess of 0.05 
mm, indicate an irregular rather ·than a planar 
arrangement of the carbons . The region from 14 
to 15,u was studied with different cell thicknesses 
up to 1 mm and no band was found. Because of 
the decrease in energy due to rock-salt absorption 
and the presence of the carbon-dioxide absorption 
banel , the accuracy is somewhat less than at 
shorter wavelengths. A KBr prism was also 
used in the instrument, but no absorption band 
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was found in tius region for cyclohexane in the 
liquid or vapor state. Rasmussen [10] found 
evidence for a band near 14.6/-'. In previous 
studies Kettering and Sleator [11] found a strong 
absorption band in this region . The absorption 
band detected by these investigators may have 
been due to an impurity in the compound which 
was studied. However, when the measurements 
were extended to longer wavelengths two bands 
were observed at 19.12 and 21.8J.L. In the vapor 
state the 19.12/-, absorption band shows a strong 
zero branch. There is some doubt as to the type 
of the band located at 21.8/-'. These curves will 
be shown in another article dealing with the region 
from 15 to 25/-'. 

In figure 12 the absorption spectrum of methyl
cyclohexane is shown. There has been a consider
able change from the spectrum of cyclohexane in 
the region at wavelengths greater than 7/-'. In 
the methylcyclohexane, strong bands are located 
at 9.16, 9.68, 10.36, 11.00, 11.47, and 11.86/-' . 
The most intense of these bands at 10.36J.L is not 
present in the spectrum of cyclohexane. 

In figures 13, 14, and 15 are shown the absorp
tion spectra of 1, 1-dimethylcyclohexane, trans-
1,2-dimethylcyclohexane, and cis-1,2-dimethyl
cyclohexane. In the spectrum of l,l-dimethyl
cyclohexane there is a double band at 7.3/-'. 
This may be caused by the interaction between 
the two methyl groups. The double band has 
much the same appearance as that found in 1,1-
dimethylcyclopentane and the two minima occur 
at 7.22 and 7.32fJ. . The average value of these 
bands is 7.27 fJ. , which is the position of the band 
of methylcyclohexane. The absorption bands of 
cis-1,2-dimethylcyclohexane extend to 13.68fJ.. 
E leven intense bands exist beyond 7.5/-' . For use 
in identification, the two bands at 8.62 and 9.14fJ. 
are the best suited. The other two dimethyl
cyclohexanes do not have bands in this region. 
The trans-l,2-dimethylcyclohexane has several 
intense bands in the region from 10 to 12/-'. 
However, it is best identified by the intense 
bands at 7.97 and 9.04/-,. These two bands 
readily distinguish it from the spectra of the other 
cylohexanes that have been measured. 
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The samples of the 12 compounds whose spectra 
are reported here are materials of high purity. 
The spectra should be of value in looking for im
purities in compounds of this nature and also in 
identifying these compounds as impurities in 
other substances. The wavelengths given in 
table 2 are of good accuracy for results obtained 
with a prism spectrometer. Some of these sub
stances have been measured on other spectrom
eters. The results shown here check well with 
those obtained on instruments containing larger 
prisms and h aving higher resolution. Acomparison 
of our measurements with results obtained at the 

Texas Oil Co. laboratory at Beacon, N. Y. , reveals 
that the location of the majority of the bands of a 
substance check within O.OI/l , and scarcely any 
bands differ by more than O.03/l . Instances of 
greater discrepancy occur only in the ca e of 
broad bands, that do no t have a well-defined 
Inlnnnunl. 

The absorption spectra may be of value to other 
laboratories as a secondary check on the calibra
tion of their infrared spectrometer. Thi work is 
to be continued on other hydrocarbons as t hey 
become available in a high degree of purity. 
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