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ABSTRACT

The absorption spectrum of pyrrolidine in the vapour phase has been investigated in the
region 2300-2800 under various experimental conditions. The bands are broad and diffuse and
appear in groups, each group consisting of four components. Altogether 61 bands could be
measured. Analysis is presented on the basis of the C, symmetry of the molecule, and with
the help of five ground state frequencies (230, 597, 865, 1102 and 1226) and six upper state
frequencies (175, 429, 675, 889, 1063 and 1314).

INTRODUCTION

Pyrrolidine is the saturated heterocyclic compound formed by the substitution
of CH,, groups in place of the four CH radicals in pyrrole. Pickett (1953) investi-
gated its absorption in the vapour phase by a fluorite prism vacuum spectrograph
and a Beckman spectrophotometer for the purpose of determining the intensities of
absorption and the oscillator strengths in the region between 4000 and 65000 cm.~1,
The Raman spectrum of the compound has been investigated by Kohlrausch and
Reitz (1940) who have reported 23 Raman lines, for eleven of these the depolariza-
tion factors are also recorded. Comparing the frequencies observed in the group of
molecules, tetrahydrofuran, thiophene, pyrrole, cyclopentadiene and n-methyl pyrro-
lidine and studying the observations in the infrared, Tschamler and Voetter (1952)
have assigned the Raman frequencies of pyrrolidine to the various modes of vibra-
tions.

The present investigation records the study of the absorption spectrum of
pyrrolidine in the near ultraviolet in the vapour phase, This work forms part of a
general investigation, in continuation of the previous work of the author on 2-fur-
furaldehyde (Santhamma, 1956a) and 2, 5 dimethy! furan (Santhamma, 1956b).

DESCRIPTION OF THE SPECTBUM

The spectrum extended from A A 2300 to 2800 under different temperature condi-
tions varying between —15°C. to 80°C. and different absorbing columns of vapour.
Various regions are observed under different conditions, Groups of bands are
visible between 22530 and 22620 when the temperature of the 100 cm. vapour
column is maintained at —15°C. Plate I: additional bands can be seen in the region
A 2630 when the temperature of the vapour is maintained at 40°. However, at 80°C.
total absorption above 22720 is detected. The violet end of the spectrum is
observed when the vapour column is reduced to 5 cm. The bands are broad and
diffuse, and appear in groups, each group consisting of four components. Altogether
61 bands could be measured. In taking the measurements, the mean of the two
edges of a band is noted. 'The order of accuracy could be only 3 to 5 cm.~1 due to
the nature of the bands. The wave numbers together with the visual estimates of
the intensities are given in Table 1.
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TasLe 1
Wavelength ‘Wave number .
in A, Int. in om.-1 from 0,0 Assignment
2720 36754 1595 | 0—1226—2x 184
2714 36835 1514 | 0—1226—125—2 x 76
2603 37123 1226 | 0—1226
2684 37247 1102 | 0—865—230,0—1108
2674 37387 962 | 0—10254175—125
2667 37484 865 | 0—865
2662 37555 794 | 0—1226+429
2660-0 37570 779 | 0—597—184
2658-3 37607 742 | 0—597—2%76
2648-1 37752 597 | 0—597
26459 37783 566 | 0—12264675
26435 37813 536 | 0—230—125—184
0— 1025+ 175—125+429
26317 37987 362 | 0-230—125,0—2x 184
2622:6 | vw 38119 230 | 0—230
2620-5
2618-3} vb 38165 184 | 0—184
26154~ | vw 38224 125 | 0—125
26120 | w 38273 76 | 0—176
2608-0
2605.7} vb 38349 o |o—o
26035~ | w 38398 49 | 04175-184
2600-4
2598_5} vb 38458 109 | 0417578
2596-8
ooocst | vwb 38524 175 | 04175
25918
BSL | b 38586 237 | 0+420—184
25888~ | w 38616 267 | 04420276
25876
26876 } vb 38649 300 | 04420125
258457 -
2582.5} vb 38700 351 | 04429—76,04+2x175
2579-1
2576.9} vb 38778 429 | 04429,04+889—76—2x 184
Py } bd 38839 490 | 0+675—184,
0488918412576
25711 | w 38882 533 | 04+3x175,
, 04 889—184—2x 76
2569-3
3 } b 38992 573 | 0+675—-76
a6l | b 38970 821 | 04 175+429,0+889—184—76
aoes0t | b 39024 675 | 04 675,0+889—125—76
2550-5° | vw 39058 709 | 041063184~ 123,
25573 | w 39002 743 | 04889—2x76
25543 | vw 39138 789
2553-9 :
20639 } vb 39154 805 | 04-889—76
25518 | w 30176 827 | 0+1063—230
a8l b 39216 867 - | 0+2x429,0+175+ 675
2450l | ba 39238 889 | 0-889,0+ 1083 —184
25456~ | vw 39272 923 | 04 1063—125
25430 | w 39312 963 | 01 429117576
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TaBLE I (contd.)

Wavelength Wave number :
in A Int. in cm. -1 from 0,0 Asgignment
25413
ans } b 30352 1003 | 0+ 1063—76
2538-6
258881 | p 39304 1045 | 042x4204175
ggg;g bd 39412 1063 | 04 1063,0+ 175+ 889
2531-2° | vw 30495 1144 | 041314184
2529-4
oeat | va 30536 1187 | 0+ 1314—125,0+ 1187
ggf;; bd 39663 1314 | O+ 1314,0+ 420+ 889
25157 | w 30738 1389 | 04675+889—184
25136 | w 39772 1423 | 0 6754 889—125
gg})gjg} b 39842 1493 | 0+ 1063+ 420,04+ 13144175,
0-+ 675488976
25055 .
ool | ba 30914 1565 | 046754889
oot b 39966 1617 | 041187+ 429,
04 2x889— 276
Frrel I 40018 1669 | 01063420+ 175
24931
2491.4} b 40113 1764 | 0+2x889
gigg:g} b 40197 1848 | 011187675
Sasea 0+1187+889—184— 76
Sisosl | b 40288 1039 | 0+11874889—2x76
24758 | bd 40364 2015 | 0-+1187+889—76
gig;zg} b 40460 2111 042 x1063+175—184,
0+ 2% 1063(1)
24671 | vw 40521 2172 | 0+2x1083+175—125
24657 | vw 40544 2195 | 04131441063 — 184
2isge} | D 40643 2204 | 0+2x 1063+ 175
2454:0 40737 2388 | 0-+1314+1063,
0-+2 x 1187

ANALYSIS OF THE SPECTRUM

Tschamler and Voetter have discussed the nature of the symmetry of the
molecule from Raman and infrared observations, and concluded that it possesses
only one symmetry element—the plane of the molecule. In a molecule of C; sym-
metry, the electronic transitions giving rise to the spectrum are expected to be of the
allowed type ; the intensity of the observed absorption in the near ultraviolet justi-
fies this conclusion. The possibilities of interpretation of the bands will be many,
as a large number of totally symmetric vibrations will be involved. One may
expect superposition of combinations and overtones on singly excited vibrations. A
start in the analysis is made by locating at first the 0,0 band at »38349. Towards
the red of this band, 17 heads are measured. From these, the ground state frequen-
cies, 230, 597, 865 and 1226, could be traced agreeing within observational errors,
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with the known Raman frequencies, 219, 593, 898 and 1218 (Bonino et al., 1933).
Towards the violet of the 0,0 band, the strongest heads in each of the groups may
represent one upper state frequency. From such a consideration, the six character-
istic frequencies, 175, 429, 675, 889, 1063 and 1315, for the upper electronic state of
the molecule are identified. Associated with the strong band in each group there are
component heads at the approximate intervals of 76, 125 and 184 lying towards the
red side. The difference, 184, may be understood as the combination, 0— 865+ 665.
These difference frequencies recur also in the interpretation of some of the bands
lying in the long wavelength region of the spectrum. The complete analysis of the
spectrum as arrived at in this investigation is shown in Table 1 which is self-
explanatory.

ASSIGNMENT OF FREQUENCIES

Of the identified frequencies in the ground state, 230, 597, 865 and 1226
represent the skeletz]l vibrations. They form combinations with both the ground
state and the excited state frequencies. Particular reference should be made to the
frequency 865, From the Raman spectrum Bonino et al. (1933) recorded a frequency,
898, as corresponding to a strong and broad Raman line. The high intensity of this
line at the approximate frequency, 898, is evident in the picture taken by the
author also. Tschamler and Voetter regarded this as a totally symmetric pulsation
frequency. However, in the ultraviolet, towards the red of the 0,0 head, there is no
band at frequency value, 898 ; instead, about 33 wave number units from it there
is a weak band giving the frequency 865, which enters into several combinations
through the important difference frequency 184, approximately equal to 0 —8654-675.
It was at first doubted whether 865 could be the same as that giving 898 in the
Raman spectrum on account of the large difference, much beyond observational
errors. In the infrared observations, too, there is no band recorded as 898. But
Tschamler and Voetter recorded the infrared frequency 877 agreeing more closely
with 865. In a C; symmetry, the totally symmetrical pulsation is also infrared
active. It is probable that all these different values, 898, 877 and 865, correspond
to the same mode of vibration, the difference in wave number arising from the con-
ditions of observation.

Ring stretching frequency, 1226 (which is presumed to be the same as 1218 of
the Raman spectrum and 1205 in infrared), may be taken to be fairly established, as,
in the present investigation, combinations of the type 0—1226 &+ ny; could be
located. From Bonino’s measurements, its depolarization factor is 0-70 ; the totally
symmetric character of the line is therefore doubtful. The infrared observations
too, as shown by Tschamler and Voetter, are not conclusive. The ultraviolet
observations however indicate from the nature of the combinations that it is a
totally symmetric vibration. A faint line at 108 in the Raman spectrum with a
depolarization factor of 0-52, agreeing with 1105 of medium intensity in the infrared,
has been attributed by Tschamler and Voetter (1952) to H—C—C twisting. The
ultraviolet picture shows a weak band at 37347 which is 1102 c¢m.~? from the 0,0
band. No other combinations however could be detected involving the interval,
1102, in combinations with the other frequencies towards the violet of the
0,0 band. An alternative interpretation for the band at 37247 may be 0—865—230.
Similarly, the band at 37387 giving a difference 962 may be interpreted as 0—1025
+175—125 involving the ground state vibration 1025 which is attributed to 4’
ring stretching frequency instead of as the frequency to be associated with 975
observed in the Raman spectrum and 977 observed in the infrared which is non-
totally symmetric.

The 1025 frequency, though not directly obtained in the ground state from the
ultraviolet spectrum, is supported by the detection of the corresponding frequency
in the excited state. All the identified frequencies, together with the suggested
correlation between these, is shown in Table 2.
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TABLE 2
Gy tat .
round state U. V. Excited state
Raman Infrared absorption bU. \;.. Assignment
(Bonino) Tand V absorption
219 .. 230 175 Ring bending
593 .. 597 429 Ring bending
898 877 865 675 Totally symmetric pulsation
1025 .. .. 889 Ring stretching
1108 1105 1102 .. H-C-C bending
1218 1205 1226 1063 i Ring stretching
1452 i .
1482} . . 1314 i H-C-C beunding
: ] o ‘ ﬁ .
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