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The near ultraviolet ahsorption spectra of 2,5- and 2,6-dibromo-
pyridine in the vapour state and in solutions in cyclohexane and
othyl aleohol have been studied and their vibrational structures
have been analysed. Both compounds exhibit only one system of
bands duc to 7 — 7* transition in the vapour state snd in solutions
Solvent shifts of the 0,0 bands in solutions in the two solvents have
beon discussed

INTRODUOTION

The appearance of two systems of bands due 1o » — 7% and 7 — 7* transitions
in the ahsorption spectra of pyridine and substituted pyridines and the effect
of solvonts on the two systems were discussed by Kasha (1950) and Brealey &
Kasha (1955).  Solution and vapour speetra of several mono- and di-substituted
pyridmos have boen deseribed by different authors (Herrington 1950, Rush &
Sponor 1952, Andon ef al 1954, lkekawa & Sato 1956, Kyte ef al. 1960, Pandoy
1967, and Bag 1971). Stephenson (1954) studied the solution spectra of 2- and
3-hromopyridine and observed that 3-bromopyridine yiclds both n — #* und
m — n* systoms of absorption bands while the spectrum of 2-bromopyridine ox-
hibits only the # — #¥ system of bands. These observations were later corro-
borated by Misra (1960)

The ultraviolet absorption spectrum of 2,5-dibromopyridine was roported
by Spiers & Wibaut (1937) without any analysis. The spectrum of 2,6-dibromo-
pyridine has not beon reported by any author. 1n the present work, the absorp-
tion spectra of 2,5- and 2,6-dibromopyridine in the vapour state and in solutions
in oyclohexane and ethyl alcohol have heen photographed and analysed Since
data on the ground staie vibrational frequencies of the two molecules arc not
available in the literaturc their infrared absorption spectra have also been
rocorded.

EXPERIMENTAL

Pure samples of 2,5 and 2,6-dibromopyridine were obtained from Sohuokards,
Mimchen (Germany). The samples were fractionated and the proper fraction
of each sample was further distilled under reduced pressuro before being used-
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The experimental arrangements for studying the eloctronic spectra were
similar to those deseribed in an carlier paper (Marjit 1970). The spoctra were
photographed on Kodak Spoctrum Analysis Film No 1 with an all moetal Hilgor
Ll (E478) quartz spectrograph having an inverse disporsion of about 3 A/mm
m the 2600 & region. Iron are comparison spoetrum was photographed on cach
spectrogram by means of Hartmann’s diaphragm.

Microphotometric records of the spectra wore taken with a Kipp and Zonen
Moll microphotometor The accuracy m the moasurements of the positions
of absorption hands was about 410 om~? for sharp and moderately sharp bands.

The infrared absorption speetra of tho compounds in dry ether m the 600-
2000 em ! region were recorded with a Perkin Elmer modoel 21 double bewm
spectrophotometer equipped with rock salt opties

ResuLrs

The microphotometric records of the absorption speetra of 2,5- and 2,6-
dibromopyridine in the vapour state and in solutions are reproduced in figures
1-4  The wave numbers of the absorption bands with probable assignments
we given in tables 1-6  The infrared [requoncies aro given m table 7.
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Figure 1. Microphotometric records of the ultraviolet absorption speetra m Transition 11
(7 — 7*) of 2,5-dibromopynidine in tho vapour state. (a) 30 cm coll al 0°C.
(b) 100 em coll at 40°C  (c¢) 100 om coll at 120°C.
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Igure 2 Microphotomotrie records of the ultiaviolet absorption spectra of :
(u) 8B5X10-"M solution of ,5-dibromopyridine in ethyl alecohol al 32°C
(b) 95X 10U solution of 2,5-dibromopyridine m eyelohexane at 32°C
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Ifigwo 3. Microphotomotric records of tho ultravielet absorption spectra in Transiion elé
(m — %) of 2,6-dibromopyridme in the vapour state. (a) 30 cm cell at 0
(b) 30 cm cell at 70°C. (c) 100 cm cell at 48°C. (d) 100 ecm oell at 140°C.
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Tigure 4 Microphotometrie records of the ultraviolel, absorption gpocira of ¢
(a) 85x10-'M rolution of 2,6-dibromopyridine n othyl alcohol at 356°C
(b) 9:3x10-*M solution of 2,6-dibromopyndme m eyclohexane at 35°C!,

DisoussioN

Undor widely different conditions of temperature and pressure and lengths
of the absorbing vapour column tho spectra of both 2,5- and 2,6-dibromopyridines
w the vapour state appear to consist of only onc strong system of absorption
hauds in the 2500-2900 & region The absorption spectra of tho solutions of
the {wo compounds in both cyclohexane and othyl aleohol more or less rotain
the vibrational structure observed in the corresponding vapour spectrum. In
the case of solution in cyclohexane the band system due to cach molecule under-
ooy & small red shift with respect to that of the corresponding vapour. On
changing the solvent to proton donor ethyl alcohol, the 0,0 band shows a similar
tod shift. Since the 7 — 7* syslem always undergo bathochromic shifts irres-
pective of the nature of tho solvent, the above facts probably indicate that the
band system may be due to # — #* transition in both the molecules. Tho exist-
ence of a second system of bands attributable to # — #* transition could not
be detected in the vapour spectra or the solution spectra of the two compounds.
This observation is similar to that reported by Stephenson (1954) for the 2-hrumo-
Pyridine molecule.
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Table 1. Ulraviolet absorption bands at 2,5-dibromopyridino in the vapour
stato (m— #* transition)

Intensity

Differonce

Wave No L* = 100 em L = 30 cin from the Asmignment
(cin-t) —— 0,0

30°C t—170°C'  band

1 -40"C=120"C t=0°C (=

34837 w mw m w — 302 0-302

34918 m ms m m — 221 0-221

35074 s 3 m —~ 66 0-—2214149

36139 vy Vs w m g 0 0,0

35288 w - vw + 149 0] 149

35363 i 8 w m 9 + 224  04-224

35556 m m + 417  04-417

35669 m ) m + 620 04520

35793 m mw + 654 040664

35864 B cutl of( H 4 726 04726

306943 m m + 804 04-804

36038 n mw + 899 0899

36077 s m ~+ 938 04-938

36166 vy 8 41027 041027

36287 m mw +1148 0 }-1148; 0--4174-726

36392 va £l 1253 0-41253; 045204726

16670 m mw -1440 01440 042x 725}
0441741027

36601 ms m 41522 041522, 04+ 725-]-804

36073 w w +15634 04520 |-1027

36750 w w 4-1611 0 4-2 x 804. 0 725-1-899

36003 +1764 0472541027
0452041263

37081 -+1943 0493841027

27178 42030 04-2x1027

37414 -+2276  04-1027--1253

37597 +2458 042X ]027+654}
041027+ 1440

37812 42673 0+42x10274054

38406 43267 0+4+2x1027+1263

38869 +3730  0+3x1027+726

IL* = Longth of the absorption tube,
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Tablo 2  Ultraviolet: absorption bands of 2,5-dibromapyride in sohitions
(m— 7* {ransition)

N

Solution in cyelohexano
(9-3 X 1074} at 36°C)

Solation 1n ethyl aleohol
(8.6 X 107M at 35°C)

‘T\’rwe No. Difference Wavo No Difference
m em-1 from the Assignmeont. m em—?! from the Assignment
& Totonsity 0,0 band & Totensity 0.0 band
34882 w — 208 0-208 34865 w — 200 0—200
35090 s 0 0,0 36006 s ] 0,0
352956 = -~ 206 04-205 35203 & + 198 04-198
36803 ms + 713 04713 35780 m 4 715 0715
36035 me + 945 0-]-945 36024 m + 959 049059
36113 ma +1023 0--1023 306096 ms +1031 0 1031
136250 m - 1160 041160 36493 ms - 1428 041428
04-2x 716
A6605 ms + 14156 0414156 36822 vs + 1757 0-41031--716
04+2xM3 f
36826 vs 1736 041023713 37122 m + 2057 04-2x1031
37136 n 42046 042x%1023 37826 ms --2700 04210314715
37850 s +2760 0--2%<1023-1-713
Table 3 Probable corrolation betwoen the ground state and exciled stato

Gound stato fundamentals (cm=-’)

fundamentals of 2,5-dibromopyridine

Infrared

absorption

Ultraviolet
absorption
(Vapour state)

Txcited state

—— fundamentals

Ultraviolet
ahsorption (em~?)
(Vapour state)

Probablo
naturo of

mode

750
828
918
990
1000
1170
1310
1491

153
—-

2
0!

«

w

1027
1148
1263
1440

¢ (C0)
¢ (€CC)

B (CN)
A (CH)
v (CC, CN)
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Table 4. Ultraviolet absorption bands of 2,6-dibromopyridine in the
vapour state (m—» #* transition)

Intensity
Iifference

Wavo No. L* = 100 cm L = 30 om from the Assignment,

(em-1) 0,0
t=40°C' t=120°C 1=0°C ¢=30°C {=70°C  band
36425 w mw vw vw vw — 286 0—286
36545 w mw vw vw vw — 166 0—-166
356710 VA 8 w w 8 0 0,0
35870 w — — w + 160 04160
35980 ma } m + 270 04270
36181 m mw - 471 04471
36287 [ ms + 5677 04577
36692 ms out m - 882 04882
16619 m off mw -+ 909 0909
36713 ] ms +1003 041003
36794 m m +1084 041084
10889 ms m --1179 04270+ 909
36937 m m —+1227 041227
37191 m m +1481 045774900
0447141003

37281 m mw 1578 0467741003
37625 m mw +1915 0490941003
37708 mw mw 41998 0+2x1003
37868 m m -4-2158 0+4+2x1084
38279 w mw -1-2569 042 x 10034577

Table 5.

L* = length of the absorption tube

(m— m* transition)

Uliraviolet absorption bands of 2,6-dibromopyridine in solutions

Solution w eyclohoxano

Solution n ethyl aleohol

(93%10-*M at 35°C) (8:5x 10-°M at 356°C)
Wave No. lef(;renon Wave No.  Dafference T
in em—t from the Assignment, in em—! from the Assignment
& Intonsity 0.0 band & Intensity 0,0 band
35062 s 0 0.0 36627 8 ] 0,0
35948 m 4 296 04296 35896 m + 269 0+ 269
30234 ms + h82 04582 36208 ma + 681 04-581
360652 m +-1000 041000 36586 m +4- 969 04959
36905 < +1253 041263 36822 & 41196 09594269
37224 m -+1572 04-10004- 582 37166 m +1539 04959+ 581
37826 8 -\-2173 —_
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Tuble 6. Probable correlation between the ground state and oxcited stale
fundamental of 2,6-dibromopyridine

Qround stato fundamentals

Excitod stale Probable
fundamentaly nature
Tnfrared Untraviolet Ultraviolot of mode
absorption absorption absorption
(Vapour siate) (Vapour stato)
—_ 1656 160
— 285 270
— — 471
—_ —_ 077 a (CCC)
914 — 822
930 -— 909
1018 — 1003 Ring
1094 —_ 1084 £ (CH)
1276 — 1227 7 (CC, CN)
Table 7. Infrared froquencies of dibromopyridines in cm-!

(3% solution in dry ether)

2.5-dibromopyridine

2,6-cibromopyridine

2,6-dibromopyridime  2,6-dibromopyridine

601 vvw

610 w
680 m

710 m
750 m
760 w

768 w
780 m
796 8

810 m

828 m
860 ms
880 ms
898 w

918 w

940 ms

990 ms
1004 vs

1080 &
1090 vs

710 m
726 m
740 va

780 s
812 s

825 s
840 vs
881 m

914 s
930 s
984 s
1018 &

1036 &
1074 s
1094 vs
11128

1170 s
1200 ms

1240 m
1260 w
1310 s
1320 s

1330 m
1342 w

1470 w
1491 m

1510 w
1627 8
1540 s
1580 m

1600 m
1613 w
18056 vvw
1952 vvw

1144 m
1173 m

1217w

1276 m
1288 my

1346 s
1376 vs
1401 vs

1408
1438 vs

1484 ms

1621 w
1540 vs

[N
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2,5-dvbromopyridine

In the vapour state 2,5-dibromopyridme yields ubout twenty eight sharp
absorption bands  From a study of the temperature dopendence of the intensities
of the bands the 0,0 band of the system has been taken at 35139 em-!. Tl
bands Lo the shorter wave length side of the band origin in the vapour spectra
have heen analyzed in terms ol the excited stato [undamontals 149, 224, 417,
520, 654, 725, 804, 938, 1027, 1148, 1253 and 1440 cm~'. The most promi.
nent {requency appearing m progression or in combination with other frequencies
is 1027 cm~1. Probable correlation of some ol the excited state frequencies with
the ground state infrared frequencies is given in table 3.

The frequoncios 221 and 302 ¢cm-! obsorved on the long wave longth sde
of the 0,0 band in the ultraviolet absorption spectrumn of the vapour probably
reprosent ground state fundamentals.

In the absorption spectra of solutions of 2,5-dibromopyridine in c¢yclohexane
and ethyl alcohol the strongest bands on the long wave length side al 35090 c¢m-!
undd 35065 ¢ 1, rospectively, have been taken as 0,0 band  Thus in either
solvent the 0,0 band undergoes a small red shubt with respect to the 0,0 bund of
the vapour which 18 characteristic of the 7 — 7% transition.
2,6-dubromopyridine

Tho spectrum of 2,6-dibromopyridine in the vapour state shows aboul
twenty absorption bands in the region 35000-38500 cm~!. The band at 3571(
em— which porsists with relatively undiminished mtonsity at low prossures of
the absorbing vapour has boen taken as the 0,0 band of the system. The other
bunds arc found to involve excited state fundamentals 160, 270, 471, 551, 882,
909, 1003, 1084 and 1227 ¢m~! and two gound state fundamentals 166 and 285
cn~!  Probable correlation of some of the cxcited state froquencies with the
ground stato wfrared {requencics is shown in table 6

In the absorption spectra of solutions ot 2,6-dibromopyridine 1n cyclohexuno
und othyl aleohol, the 0,0 bands have beon assigned to the strongost bands at
35652 em~! und 335627 em-! respectively. lIn this case also the 0,0 band under-
goes a small red shuft characteristic of the 7 — #* transition.
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