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ON THE ELECTRONIC SPECTRA OF 2-BROMO-AND
3-BROMOPYRIDINE IN DIFFERENT
STATES AND IN SOLUTIONS

T N MISRA
Oprtes DEPARTMENT TNDIAN ASSOCIATION FOR THE CULTIVATION
o¥ ScleNce, CAncurra 32,

(Recevved, May 30, 1960)

ABSTRACT. The ultraviolet abrorption speetrn of 2-bromo- and  3-hromopyndine
m all tho three phases and also of thew solutions have been mvestigated and o fontatwve
asaignment of the bands of the vapours hus been mude

Tn tho vapour phase, 3-biomopynidine extubits two wystems of discrote hands, one duc
10 the n—yar* transition (Transition I) and the othor duo to r—7* tiansition (Transition 1I).
In the hquid stato, m the solid state al -180°C and in solution in alcohol, the w —7* Lransi-
tion 18 absent und only one system ol bands due lo a—a* trausition s observed  In the
spoctrum due to the solution m 3-methy! pentane, howover, the n —»m* (ransition peisists It
s suggestod that the moloculos of 3-bromopyrihne form associsded groups through the
nittogen sp* cloctron and the hydiogen atom ot neighbourmg moleculos m the stutos of
aggregution of the pure substunco.

1n tho case of 2-bromopyridine 1t s confirmed thut the ¥ —ya* tumsition w absent not
only m tho state of aggregation and 1n solution m aleohol but alko m s spoctrn duo to the
vupour phaso and solution in 3-methy] pentano probably duc to the ntramoleculur inductive
mnfluenco of the bronune atom on the sp? electron of tho adjacont mitrogen ntom ax ruggentod
hy eaiber workera.

INTRODUCTION

I 1 now an estabhished fact (Kasha 1950, Rush and Sponer. 1952) that
{he near ultraviolet absorption spectium of N-het rocyelie compounds m the vapow
state there 1 a sceond system of bands due to the exeitation of a nonbonding
sp? electron of the nitrogen atom to the firsl unfilled m-molecula orbital of the
ring called n—m* transition besades the system due to 7—a* transition

Recently, Banerjee (1956. 1957) studied the absorption spectra of pyndine
and the three isomeric picolines m the liquud state and in the sohd state at low
temperaturc and observed that the second system of bands due to the nom*
transition diswppears with liquefaction of the vapour and it is ubsent also in the
spectrum duc to the substances the solid state, The wbsence of the n—a*
transition in the liquid and solid states was explained by hin on the assumption
that in these states of aggreogation the molecules are associnted through weak
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virtual honds formed by the non-hondmg electron of the nitrogen atom and the
hydrogen atom of neighbouring molecules

Roy (1958) studied the absorption spectra of solutions of pyrdme in dif-
ferent solvents and obtained hoth n— 7% and 77— #* transitions m solutions
m cyclohexane, 3-methyl pentanc and carbon tetrachlonde  But in the spectrum
due to the solution in isobutyl alecohol, the n— 7* transition was found to he
absent and this was atiributed to the formation of a hond between the pyridine
molecule and the OH group of alcohol molecule through the non-hondmg electron
of the nitrogen atom.

Stephenson (1954) studied the absorption spectra of some substituted pyridine
compounds including 2-bromopyridine and 3-bromopyridine dissolved m 180-octane
and ethyl alcohol.  In the case of solution of 3-bromopyridme m ethyl alcohol
the n—7* transition was found to be absent, but 1t appeared m the spectrum
due to the solution m iso-octane. 1In the case of 2-bromopyndme, hovm\'u‘.
no change m intensity was observed m the low energy region when the solven‘\yt.
was changed from so-octane to alcohol. The n— #* transition was found to be
absent, also 1 the speetrum due to vapour of this substance  He concluded from
these vesults that the n—7* transition was absent in the spectrum due o 2-hromo-
pyndine  He  explained tlus absence ol the n—7* transition on the assumption
that inductive attraction of halogen atom attached to the adjacent carhon atom
increases the bmdmg energy of the nonbonding electrons of the mtrogen atom
and consequently the bands due to the n—a* transition are shifted Lo the region
of the bands due to 7—7* transition. ‘

The present work was undertaken to mvestigate the ultraviolet absorption
spectra of 2-bromo- and 3-bromopyridine in the vapour state and to analyse the
hands, il possible, because Stephenson (1954) had not analysed these bands It
was also intended 1o find out whether the n—7* transition is actually absent in
the case of 2-bromopyridme m the vapow state.

The absorption spectra of these compounds in the solid and ligquid states and
in solutions in different solvents have also been studied in order to compare these
spectra with those due to the substances in the vapour state.

EXPERIMENTAL

Chemically pure samples of 2.hromo- and 3-bromopyridine supphed by Fluka,
Switzerland, were fractionated and the proper fractions were distilled under reduced
pressure before use. To study the spectra due to the vapour absorption, cells
of length 50 em and 10 em were used. The cell was filled up with the vapour at
saturation vapour pressure at different temperatures and the spectra due to the
vapour at different densities were photographed. Two separate electrical heaters,
one for the absorption cell and the other for the bulb containing the liquid and
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attached to the ahsorption cell, were used to control {he temperature. The
reservowr containing the liquid was always kept at temperature about 5°C' Jower
than that at any part ol the absoiption cell  To produce a low pressure in the
vapour m the absorption tube, the tube was kept at the room temperatwe whule
the bulb contammg the hauid was nnmersed m a suitable low tomperature bath

To record the bands due to 7—7* transition m 3-bromopyridine, the 10 ¢m
cell was used and af was kept at the voom temperature while {he reservor was
hept at 0°C. The 50-cm cell under smular conditions was used to record {he
bands due {o the n—7* transition.  In the case of 2-bromopyridine un absorp-
tion cell of length 50 em was used and the veservor was kept at 0 C for study-
mg the 7or* transition and at 50°C for studymg n »>7* trausition.

Very thu films of thickness of the order of a few muictons of the sabstances m
the Tiquud and sohd states were required o produce absorption bands due to
m—m* transition  Thicker films of the hquds were also used to lind out whether
bands corresponding to n—m* transition were present

The solvents used 1o study the absorption speetia of the substances e {he
soluttons were ethyl aleohol and 3-mothyl pentane.  The solvents were found to
moduce no absorption hand in the vegion under consideration  In this case, o
brass cell fmm thick provided with quartz windows was used and the strength of
the solution was vaned from (015 to 08Y%, by weaght  Spectrograms were taken
on Agfa Isopan film with a Hilger B 1 spectiograph giving a dispersion of the
order of 3A per mm m the region of 26004, Tron are speetrum was {aken on
cach spectrogram as a comparison

Microphotometrie records were taken with a Kipp and Zonen self-recoding
microphotometer.  The absorption spectra were calibiated with the help of
microphotometric records of the iron lines using the mothod desertbed i an carher
paper (Sirkar and Misra, 1959)

As the Raman and mirared spectra of these {wo substances had not been
studied by previous workers, mfrared absorption spectra of very thin films of the
substances were recorded with a Perkm-Elmer Model 21 spectrophotometer usmg
rock salt optics in order to find out the ground state vibrations and these were
used to verify the excited state frequencies derived from the ultraviolet, absorp-
tion spectra.

RESULTS AND DISCUSSION

Microphotometric records of the absorption spectra of 3-bromo- and 2-bromo-
pyridine in different states and in solutions are reproduced in Figs. 1-6.  The
wave numbers of the bands in ¢cm-', approximate mtensities and their probahle
assignments are given in Tables I, IT, TIT and IV.
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3-Bromopyridine

(n)  Spectrum of the vapour phasc.

The absorption spectrum of 3-bromopyridine in the vapour phase (Fig. 1)
shiows two distinet systems of bands under different conditions of pressure ancl
length of absorbing column of the the vapour.  With the vapour at the saturation
pressure at 4°C and with an absorption tube 50 em long, a system of absorption
bands starting at about 35000 em ! followed by 1egion of complete ahsorption is
observed,  The bands of this system arve sharp and narrow and followmg  Kasha
(1950). they have been attvibuted to the n—7* transmtion (Transition T) At
lower pressure of the vapour in a shorter cell, the second band system appears m
the region 36000 ¢cm * to 39000 em ! and the broad bands of this system resemblc
those due to other substituted benzenes arising from the 7—7* transition(Transi-
tion IT).  The analysis of the hands ol these two systems is discussed se[mmtl\-l\'

m the following sections \
[
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Tig 1. Microphotometric records of tre ulteavioletl ubsoiption rpoctia of
3-bromopyridine m $ha vapour stuto.

8) mon* transition (Transition 17)

The strong band at 36300 em- ! in this system has been taken as the 0, 0 band.
Most of the remaining strong bands represent transitions involving excited state
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TABLE !
Ultraviolet. absorption bands of 3-momopvridne in the vapour phase

‘Wave no. Arsignment ‘Wago No
(em=1) and (l‘l::gl) and
mtensity mtensily

Asmignment,

Tiansition 1 (n —ysr*)

34778 (wb. dhffuse) t
34925 (wh, diffuso) ‘

Tranusition 11 (7 — %)

I866 (mw) 0—434

45986 _
35080 (w) 0,0 P86 (w) - Al

36064 (mw a3
35183 (s) 01103 (mw) 0 - 236

30123 017
35238 (w) 01158 ) 1

36300 (x) 0,0
35310 () 0} 230

36458 0] 158
35359 (x) 01279 ) | 18

36526 (w) 01226
35412 (w) 0-1-103-] 230

36579 (w) 01 279
35429 () 01349

36672 (s) 0] 372
35400 (w) 0] 158 § 230

36835 (w) 01 158+ 372
36517 (ms) w2 103 | 230

30875 (3) 0 1575
35564 (ms) 04 21034 279

36971 (n) 01671
35621 (w) 0}2x158 | 230 .

37081 (m) 0] 781
43659 (m) 01579

37163 (m) 0] 863
35702 (w) 015842+ 230

17246 (m) 01946
35752 (m) 01210342 » 230 37309 (x) 0 1-1009
35857 (s, b) 04 25158 £23230 (m—> a7+ ") 37532 (w) 0-1- 3721863
35986 (ms, h) 04243794349 (7 o 7*1)

47721 (8) 0--1421
36062 (s, b) 0-4-2 X 349-| 279 (7 — 7*1)

37884 (x) 0 | 3754 1009

38171 () 01863 | 1009

38247 (m) 0-1 946 ; 1000
38324 (m) 0-f 2 x 1009

vibrational frequencies 158, 226, 279, 372, 575, 671, 781, 863, 946, 1009 and
1421 em~! and also ground state frequencies 177, 236, 314 and 430 cm~?! as shown
in Table I. Jn order to find out the ground state vibrational frequencics, the
infrared absorption spectrum of a very thin film of 3-bromopyridme with NaCl
optics was studied. The wave numbers of the observed infrared bands are 695(s),



386 T. N. Misra

785(s), 8T0(vw), 1002(s), 1082(s), 1090(h)*, 1188(vw). 1319(vw). 1416(s), 1462(ns),
1558(h) and 1572(ms).  The strength of the absorption at the bands are givon m
parentheses.

The mfrared absorption bands at 695 cm !, 785 em 1, 870 ¢em~!, 1002 ¢m-!
and 1082 cm ' muy be the ground state frequencies corresponding 1o the exeited
state frequencies 671 cm ', 781 em~t, 863 em-?!, 946 em~! and 1009 em—? ves-
peetively. The absorption band apparently arising from the excited state frequency
1421 em~! may have actually been produced hy {wo exeited state vibrations,
the corresponding ground state frequencies being 1416 em=' and 1462 ¢m ?
observed m the mfrared and tlus may explain why this band is broader than the
other bands,

The ground state values ol the exerted state frequencies 158 em -, 226 ¢m 1|
279 em™? and 372 em ! omay  probably he 177 em ) 236 em?, 314 e and
430 ¢t respectively observed on the longer wavelength side of the 0,0 bar‘d

\

as p—0 transitions, \

(1) noa* transuron (Transition [) "

The n—oa* transition of 3-bromopyridine lies m the regrion 35000 ¢m- ! to
36000 em 1. Assuming the band at 35080 ¢m ! as the 0,0 hand of this system,
the other bands can be assigned as progression of frequencies 103, 158, 230, 274,
349 and 579 em ! and then combinations as shown m Table 1. The bands at
35857 em—1, 35986 cm! and 36062 em~! are not narrow line-hke bands unlike
the other hands of this system. The high mtensity and large breadth of these
bands may be due to superposition of bands duc 1o n—7* on the bands of the
a—m* transition.  Thus the band at 35857 cim=! may be assigned as an n—w*
transition (04 2% 158 | 2 x230) superimposed on the (0- 434) band of the 7—on*
transition. Similarly, the other two bands are formed by superposition of the
bands (0-] 2 ~279-] 349) and (042 ¥ 349 | 279) of n—a* svstem on the bands
(0—314) and (0-236) of the 7— 7* system respectively

No attempt has been made to assign the two broad diffuse bands at
34778 em - and 34925 em ! since they have structwes entirely different {rom
those of bands due to both n—7* and 7—o7* transitions

(b) Spectra of the solutions

In the spectrum of .01%, solution of 3-bromopyridme in ethyl alcohol (Fig. 2)
only three broad bands are observed in the 1egion 36000 em~—o 38000 em~!, the
0,0 band bemg assumed to be at 36197 em~'. The other two bands form pro-
gression of excited state frequency 966 cem=! and 1ts harmonics. The nature and
position of these bands suggest that they belong to the #—om* system, With
increased concentration. the long wavelength side was photographed, but no

* ‘i’ indicatos a humyp 1 Lho abgorption curve.
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band system corresponding

o the #->7* transition ohserved in the vapour could
be detected.

(]
(a) o (a) 08 6, solution 1 omethyl

= M 08 % wolution i ethyl
8]‘,3 wnleohol,
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Tig 2. Miciophotometrie rovords of tho ultraviolet whsorption spedbra of
solutions of 3-Inomopyridine

In the spectrum due to the solution m 3-methy !l pentane a broad hand extend-
ing from 35327 em~! to 36806 cm-! with the peak at 35650 em ! was ohserved
which probably corresponds to the n— 7% transition  The structure was, however,
not resolved. The result is in agreement with that 1eported by Roy (1958) who
observed the n—7* transition m solution of pyridine m 3-methyl pentane and it.
was found to be absent in the solution in wobutyl alcohol  This absence of
n—m* transition m solution in alcohol was explamed by Stephenson (1954) and
Roy (1958) by assummg that m the solution m aleohol, the non-bonding sp*
elcetrons of the nitrogen atom hecome mvolved in formation of a hydrogen hond
while in the solution in 3-methyl pentane no such bond-formation takes place.

(c) Swectra in the sold and liquid stales

Both in the liquid and solid states (Fig. 3a and 3b) only one system of borad
bands corresponding to the 7— #* transition is produced by this subgtunce and
the system due to n—m* transition did not appear even when a thick film was

used as the absorber
7
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Transition I
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Ig. 3. Microphotomotric rocords of the ultiaviolet ahsoiption
spectra of 3-biomopyridine
(n) laqud wt 32°C, th) Solid at. —180"C.
TABLE I1
Ultraviolet absorption bands of 3-bromopyridine
Liquid at 32°C Solid at —180°C Solution at 32°C
Wave No.  Assign-  Wavo No. Assign-  Wave No. Assign-  Wave No. Assign-
(em-1) and  ment (em-1) and ment (om-1) and ment (em-1) and ment
nteonsity tensity mtensity intonsity
.089%, sol. -089, mol.
in alcohol mn 3-me-
thyl pentane
Absent Absent Absent Broad band
oxtended
from

36327 em-1
to
356806 cm-1

.019, sol in aleohol
35973 (s) 0,0 35086 (s) 0,0 36197 (s) 0,0

36268 (w) 0-|-282

36320 (m) 0--356 36570 (mw) 0--584
36718 (m) 0-4-727

36943 () 0-+970 36051 (s) 0--965 37163 (5) 0966
37247 (m) 041261

37013 (s) 0-+2x970 37920 (ms) 042 x 965 38134 (s) 0+2x966
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In the spectrum due to the liquid the 0,0 band has been identificd with {hat
at 35973 em=! and the other bands indicate a progression of vibrational fi requen-
cies 356 and 970 em ! in the excited state. The 0.0 band of {his system thus
shifts by ahout 327 ¢m 7 towards red with the change fiom the \-n.}‘mur to the
hquud state.

When the hqud is sohdified and cooled to 180°(", the bands heconte sharper
and assuming the 0,0 band 10 be at 35986 ¢cm 4, {he speetrum can be analysed mto
a progression of the excited state frequencies 282, 584, 726. 965 and l:i(il em !
With the solidification of the liqud and lowering of temperatwe {0 180°C
the 0,0 band does not show any further apprecuble shift Tt 1 thus evident
that the major shift in the position of the 0.0 band occeurs when the change of
vapour to liquid state takes place.

Similar disappearance of bands due 10 # »7% transition m {he hquid and solid
states was observed in the case of pyridine and the iomeric picolnes (Baner)ee,
1956 and 1957). This was explamed by assuming that i the condensed phases,
the molecules of these compounds form associated groups through the nitrogen
uon-bondmg election and hydiogen atom of the neighbownng molecules  The
results observed in the case of 3-bromopyridme also seem to corroborate the
view mentioned above and indicate a similar association of molecules m the lgquid
and solid states

It can be seen friom Table I1 that a single excated state frequency 970 ¢m !
occeurs in the case of the iqud and 965 emv i the case of the sohd state i place
of two such frequencies 946 cm ! and 1016 em ! observed an the speetrum due Lo
the vapour  Thuw is evidently due to broadenng ot the hands in the former cases
caused by the mtermolecular field and to consequent overlapping which gives
a mean fiequency.

2-bromopyridine
() Spectrum wn the vapour phause

The spectrum due to the 2-hromopyridine in the vapour state yields only
one systent of discrete bands in the region 37000 em ' 1o 39000 em~L, ak can
he seen from Figs, 44 and 4b  With the mercase m the length of the absorbing
path and in the pressure of the absoitbmg vaponr, unhke in the case of 3-hromo
1somer, no sharp, narrow and line-like bands due to n-»7* {ransition weve
observed in this case. The weak contmuous ahsorption extending up to about
900 em-1 on the long wavelength side of the 0,0 hand due to the 7—m* transi-
tion at higher temperature and pressurc observed in this case may be due to
v—0 transition coupled to the electronic transition moa »* system. Thus the
n—7* wystem is absont in this case. These results thus agree with those
reported by Stephenson (1954).
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(1) moa* transition (Trausuion I1)

The strong hand al 36958 cm-1 has been taken to be the 0,0 band and the
analysis of the other bands has yielded the excited state vibrational frequen-
cies 136, 280, 653, 742, 954, 1053 and 1554 ¢m ! as shown in Table III.

(a) With the seservior of liquid at 50°C.
() With the roservoir of hiquid ai. 0°C.
(7r—7* transition)

(w)

-—00
-

|

Relative absorption —
A

36500 37600 8500 49500
v eml—
Tig. 4 Mierophotometrie records of ultrayiolet. whrorption speetra of
2-bromopyridme i the vapowm state.

"The infrared absorption spectra of a very thin film of 2-bromopyrdme was
studied with rocksalt optics in order to find out the ground state vibrational
frequencies. The wave numbers of the observed infrared bands are 698 (ms),
756 (s), 988(ms), 1040(w), 1075(s), 1103(s), 1148(vw), 1282(vw). 1418(s), 1451(ms)
and 1563(s), the strengths of absorption bemg given in the parentheses,

The upper state vibrational frequencies 653,742 and 954 ¢m~1 can be co-
related to the ground state frequencies 698, 756 and 988 cm—! observed in the
infrared absorption. The vibrational frequencies 10563 ein—! and 1554 cin-! in
the cxcited state probably correspond to the infrared {requencies 1075 em=1 and
1563 em~! respectively.

As regards the band at a distance of 280 em~? on the shorter wavelength side
of the 0,0 band, a hand at 292 cm~! on the longer wavelength side has heen
recorded. This band which probably represents the ground state frequency
has not been observed in the infrared absorption because of limitation of NaCl
optics used. Tho band at 136 cm~! on the shorter wavelength side of the 0,0
band might represent a 0—v' transition. The assignment is not improbable
for such low frequency transition is observed in the case of 3-bromo isomer and
other substituted pyridine compounds (Rush and Sponer, 1952).
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TABLE T1I

Ultraviolet absorption hands of 2-bromopytidme i tho vapour stute

Wave No. Wave No.
(em-1) and Assignment (em=1) and Ansigninont.
miensity nteosity
Tiansition | Tranwition 11
J6006 (w) 0-- 202
36958 (s) 0,0
37094 (w) 0| 136
Absent 47238 (m) 0] 280
37617 (m) 04653
37700 (w) 0-] 742
37912 (s) 0954
38011 (vw) 0] 1053
IRUTY (m) 011220 3
0] 280 | 954 _j}
38512 (ms) 0| 1554
JBBT0 (8) 012 954

A companson of the absorption spectra of 2-hromopyndime and pyrdine
in the vapour state shows that the 00 bhand of 2-hromopyridine is shifted by
about 1392 ¢cm ' towards red with 1espect to that of the latter compound A
similar substitution by CH, group in a-picolme shifts the 0, 0 band only by
730 cm 1.

()  Spectra of solutions

When 2-bromopyridine is dissolved m alcobol, at a concentration of .01%
by weight and a path length of 5 mu, the band system due to 7—m* transition
appears with the 0, 0 band at 36753 cm=1 and the other bands are represented by
progression of frequencies 971 ¢m-1 and 655 cm-? in the excited state (Fig. 5e).
It can be seen that in the case of .01% solution in aleohol the 0,0 band is shifted hy
ahout 200 cm-? towards long wavelengths from the 0,0 band due to the vapour.

On gradually increasing the concentration of the solution from .01%, to .08,
by weight, a continuous absorption due to #—0 transition of 7— 7* system is
observed in the region 35500 em~! to 36700 ¢cm~! as ix evident from the absorption
curve reproduced in Fig. 5. A similar absorption is also observed in case of
.08%, solution in 3-methyl pentane, but no band system due to n—* transition
as observed in the case of 3-bromopyridine could be detected in this case.
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This is an agreement with the conclusions of Stephenson (1954) who earlier
studied the absorption spectra of solution of 2-bromopyridine m aleohol and in
iso-octane and from the similarity of the two absorption curves coneluded that
the n—om* transition is absent in the spectium due to the 2-hromopyrdine mole-

cule.
' o
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] I
(a) .
. (n) 08 % wolution 1 3-methyl pentun
- %;2 (h) .08 9% solution m othyl alcohol.
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g 5. Mierophotometric records of {he ultraviolet abrorptron speetra of
solutions of 2.hromopyndine.

() Spectrum n the hquud und sohd states

In the spectrum of 2-bromopyridine in the hquid state only one system of
discrete bands consisting of three broad bands due to Transition IT is observed
(Fig. 6), the band at 36571 cm ! being taken as the 0,0 hand of this system. Thus
the 0, 0 band shifts by about 387 em~' towards longer wavelengths with lique-
faction of the vapour. The other bands can be assigned Lo a progression of the
exctted state frequency 918 em='.  When the hyuid is frozen and cooled to aboul
—180°C, these bands become a little sharper, but the bands are not resolved mto
sharper components. The shift of the bands with liquefaction of the vapour
18 much larger than that observed in spectrum due to the solution in alcohol.
The 0,0 band in this case is at 36479 cm~1 and the other two bands are assigned to
a progression of the upper state vibrational frequency 971 em=1. Thus with
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rolidification and cooling the substance o about
goes a small shift of 92 em-! fowards ved.
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Tig. 6. Microphotometric yrovords of the ulfiaviolel nbsorption speetra ol
2-hromopyridine.
() Laqud at 3200,
() Sohd at -180°C,

TABLE 1V
Ultraviolet absorprtion bands of 2-bromopyricine

Transition I

[

Transition I1

Laquid at 32°Ct Sohd at ~180"C Solution at 32°C!
Wave No. Assign- Wage No. Assign-  Wavo No. Assign-  Wavo No. Assign-
(cm-1) and ment (cm-1) and  ment (em-1) and ment (em-1) and ment
intensity intosnity intensity mionsity
.089, sol, .089, sol.
in alcohol m 3-mo-
thyl pentano
Absgent Abseni, Absont Abront
i o T T % e,
1 alcohol
36571 (s) 0,0 36479 (s) 0,0 36753 (s) 0,0
37408 (m) 0-4-655
37489 (vs) 04-918 37450 (s) 0971 37724 (s) 04971
38379 (s) O- 971406565
38406 (ms) 0+2 X918 38420 (ms) 0+-2x 971 38697 () 0 +2x971

180°C', the 0.0 band under-
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When thicker fihm of thickness of the order of 10 microns is used, the m—n*
system produces continuous total absorption but no other hand system in the low
cnergy region coresponding to n— ¥ transition is produced by the substance
cither in the liquid state or in the solid state at —180°C.

Tt s concluded that in the case of 2-bromopyridine the a— 7% transition 1s
absent whether the substance 18 m the vapour phase, m solutions or in the states
of aggregation. As postulated by Stephenson (1954) this may be due {o the m-
ductive attraction of the halogen atom attached to the carbon atom adjacent
to the nitrogen atom which mereases the bindmg energy of the non-honding clec-
tron over that existing in pyrudme, thereby shiftng the #—7* transition into the
spectral region of 7—7* transition and the situation s not aliered when the mole-
cules are m solutions and also in the state of aggregation
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