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The UV ahsorption spoctra of 2,4- and 4,6-Mchloropyrimidine vapours
pertuining to an allowed A'-A4’ and 4;-8, transitions respectively
(amulog of 1B, m*,n)14, trangition of pyrimidine around 3200X)
are reportod in tlus papor  The absorption systom appoaling in
tho rogion AA3075-2815 in 24-dichloropyrinudine with 0,0 Lund
at 33121 ¢cm-1 and AA3010- 2760 in iho 4,6-dichlovopyrimidine with
0,0 band at 34788 c¢m~! are analysed in terms of the vibrational
froquencies of the ground and the oxcited clectronic stale  In the
absenco of tho Raman spectra, the obsorved [roquoncies of the two
molocules are correlated with the infraved frequencios*

1. INTRODUCTION

Tho ultraviolet absorption specira of pyrimidine presonis a stronger absorption
system around 243()& and a weaker system around 32004. Since the stronge:
absorption systom (analog of 2400& system of benzone) dovs not show any
vibrational structure, no vibrational analysis has heen reportod.  Thoe Joss intenso
systom appoaring around 32004 containg a lurae mumber of diserote hands and
a vibrational analysis as heen 2 oposed by Uber (1941)  Thoolational analysis
of tho 0,0 hand of ihis system Ly Inncs et al. (1969) reveals that this systom
appoears due to ZlBl—TflAl transition.  The present work aims ad (1) to study
the spectral shift produced m the 0.0 band of the 32004 systom of pyrimidine
by strongly mteracting substituenis (2) to classify the wibrationul frequencies
of the two states and (3) to propose tho model assignment of the observed fre-
quoncios.

2. EXPERIMENTAL PROCEDURE

2,4- and 4,6-dichloropyrimidine obtained from M/S Fluka, A.G Switzerland
wore usod as such. Vapour absorplion spostra appearing in the regions AA3075-
2815 and AA3010-2760 in the two molecules have boen photographed on Hilgo
modium quartz spoctrograph using path lengths of 50, 75, 100 and 150 cms

* Unpublished work.
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Sufficient number of bands have beon obtained with a small quantity of sample
placed in an absorplion tvbe of length 100 cm
tion eolumn was vatied from 20°C to 100°C  Hilgor comparator having loast
count of 0001 mm was usod for evaluatmg the position of the bands Tho

The temporature of the absorp-

Table 1  Vibrational analysis of 2,4- dichloropyrimidine vapour
(A1l values are in cm~2)
Separation
Aatr Voace Intonsityt  from the Assignment
A 0, 0 band
3072.2 32541 vw 0—580 0—-441-2x68
3065.6 32611 wb 0—510 0—441—-68
3069.1 320680 mb 0—441 0—441
3031.2 32981 wb 0—140 0—2x68
3024.6 33063 mb 0--68 0—68
3018.4 33121 msd 0,0 0,0
3011.2 33200 mw 0--79 0179
3004.3 33276 wd 0166 04-2% 79
2997 6 33360 vw 0 |-229 0+3 %79
2991.6 33418 whb 04297 0--434 —2 % 68
2985.3 33488 msd 043067 0-+434 —68
2979.3 43666 msd 0-+434 04-434
2072 2 33635 wb 046514 04-434-+179
2967.3 33091 mw 0570 04-570
2902.5 33746 wb 04624 0--691—68
2956.7 33812 md 04691 04691
2952 2 33863 md 04742 0-+-801—-68
2947.1 33922 msd 04-801 04801
2940.9 33993 md 04872 0--8014179
2933.3 34081 wd 04-960 048014279
2929.7 34127 wd 041002  0-4-434--570
29256.2 34176 md 0410556 04-1119—68
2919.7 34240 ad 041119  04-1119
2915.3 34292 wd 041171  04-434-801—068
29012.6 34323 wd 041202  0+4-1119+479
2910.1 34363 sd 041232 04-4344-801
2903.5 34431 wd 041310  0-+4344-8014-79
2900.4 34468 wd 0-1-1347 041483 —-2x%08
2895 2 34630 md 0 11409 04-1483—08
2889.0 34604 mad 041483 041483
2883.1 J1075 mu 041554 04-4344-1119
2878.7 34728 wd 0--1607  042%801
2872 1 34808 wd 04-1687 042X 801--79, 0457041119
2867.5 34863 wd 041742 0411194691 —68
2862.1 34929 wd 04-1808 0411194691
2858.3 34976 wd 0+1856 0+1119-801—68
2853.2 35038 md 041917 0411194801
2846.6 35119 wd 041998  04-11194-801+179
2843.6 35156 w 042036 042x8014434
2836.8 135241 wd 042120 042x801-4-4344+79
2827.9 36352 md 0--2231 042x1119
2820.8 36441 wd 042320 04+2x1119-4-79

b = broad, d — diffuse,

m = medium,

; = gtrong, v = very, w = weak.
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location of sharp and strong hands are accourate Lo 45 em=!, wlule those lox the
broad and diffuse hands, tho accuracy is up to --10 cm=!. The position of the
bands m em~?, their visually ostimated intonsities, thoir separation from the
0,0 band and the sssignments are prosentod in tables 1 and 2 for the two mole-
culos respectivoly.

Table 2. Vibrational analysis of 4,6- dichloropyrimidine vapour
(A1l values are m ¢m-1)

Separation
Aatr Intepsity?  from the Asmgument
0, 0 band
3008.7 33217 0—-1571 0703867
2994.0 33390 0—-1398 0—526-—-867
2979.5 33563 0—1236 0—526-~-1703
2966.9 33695 0—1093 0-—392—-703
2963.1 33739 0-—1049 0-2x520
2957.0 33808 0—980 0—-2% 52672
2947.2 33921 mb 0667 0867
2946.7 33038 0-—850 0—2x 39272
2940.3 34000 —"88 0—2%392, 070396
2933.3 34085 0—-1703 0—-703
2027.4 34150 0-638 0—-703472
2022.4 34208 0-—-580 0—7034-130
2917.8 34262 mb 0-- 526 0—5626
2911.4 34338 w 0—450 0—526-1-72
2900.6 34396 mb 0—392 0—392
2900.56 34467 0-321 0—392+172
2896.2 31518 0-270 0—-170—96
2887.8 34618 sb 0-—-170 0-170
2882.6 34693 mb 0—45 0—96
2873.7 34788 vad 0,0 0,0
2807.8 34860 072 0472
2863.0 34918 0130 04130
2868.8 34969 msd 04181 04181
2853.0 35041 w 0-+263 04-1814-72
2850.7 36069 mb 04-281 0281
2844.8 36141 04-353 042814172
2836.4 352406 04-458 0--468
2830.9 36314 04-526 64458472
2826.9 36304 0576 044584130
2822.2 36423 04635 04-1814-4568
2817.56 35482 md 04694 04694
2807.5 35608 0-1-820 04-6944-130
2802.7 36769 04971 04-281-694
2794.7 36771 04-983 0-+1167—170, 042814694
2787.9 356858 041070 0+41157—95
2781.2 36945 041167 041157
2776.3 36008 041220  0-+11574-72
2771.8 36067 04-1279 0411574130
2766.8 36132 0+1344 0411574181

+ As in table 1,
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3. DiscussioN

From the structural point of view, the two molecules ie., 24- and 4,6-
dichloropyrimidine belong to Cs and C,y point group respoctively. In the former
case, the molecular plano contaming all the atoms will ho the only symmetry
clement and the transition 1B-14, rodices to an allowed A'-4’ trunsition with
the transition moment lying in the plane of the molecule while m the lattor case,
the molecule will have the same symmetry as that of pyrimidine and the hands
will appear due 1o 1B~'4; transition with the transition moment lying m tho
plane porpendicular to tho para axis passing thvough 2 and 5 position in the
conventional model of pytimidine (1969) The strongest hawd appearing at
33121 and 34788 ¢m-!, on the longer wavelongth sido of the sxpectrum, has boen
tuken as the 0,0 band in the two molecules rospoctivoly. In the spectrum of
2 4-dichloropyvimidine, prominent handd positioned ai 335565, 33691, 33812,
33922, 34240 and 34604 cm ! involve a separation of 434, 570, 691, 801, 1119
and 1483 cm~' from the 0,0 band  These separations have heen taken to ro-
prosent tho oxcited state fundamontal vibrational frequencies

Table 3 A corrclation of infrared and ultraviolot ahsorption frequencies of
2,4- dichloropyrimidine and their assignment to probable mode
(Al values are in cm-1)

uv
IR obsorption Modos of
absorption _— vibration
G.8. E.S.
450 441 — Viab
476 — 434]
Vi
615 — s10) °
867 — 801 v
1338 — 1119 vs
1666 — 1483 Vea

In the spretrum of 4,6- dichloropyrimidine strong bands at 34969, 35069,
35246, 35482 and 35945 cm ! towards tho shorvtor wavelength side of the 0,0
band givos excited stato fundamoentals 181, 281, 458, 694 and 1157 em™!  The
hot bands al 34618, 31306, 34262, 34085 and 33921 c¢cm~! on the longer wavolongth
side of the 0,0 band in 4,6- Michloropyrimidmo involves ground stato vibration
170, 392, 526, 703 and 867 ¢m! In caso of 2,4- dichlovopyrimidine one such
vibration has bhoon obsorved at 441 em-! A corrolation of these vibrations
along with nfrared froquencies are roportod in tablos 3 and 4. Some of the
important modes are disoussed.



UV absorption specira 869

Table 4 A correlation of mfrared and ultraviolet absorption frequencies of
4,6. dichloropyrimidine and their assignment to probable mode
(All values are in em-?)

uv
IR absorption Modes of
absorption — vibration
G.8 ES.
396 392 - Viou
530 5206 281
Vi
620 - 4n8 J
B72 887 694 v
1324 -- 1167

1) v, Vibration

Tn tho spectrum of henzene the v, vihration (995 em-1) represents the C-C
stretehing (ving breatling) vibration  In the spectra of substituted henzencs
this vibration bas heen found to he mass dependent and 1t has been idontified,
m the UV, IR and Rawman spectea upto 700 em=! depending upon the mass and
nature of the substituent I the UV absorption spectrum of pynimidine, a
medivm hand towards the longer wavelength, ab a separation of 991 ¢em-1 from
the 0, 0 band has hoen asgigned as the v, vibration by Simmons & Innes (1964)
This assignmeut is in agrecemont with the assignment proposed by Lord (1957)
from Raman and by Sbhrana ef al (1966) from infrared studies In the vibra-
tional spuctrum of pyrimidine-d,, tho same vibration has boen assigned at 830 em-!
by Shrana et al (1966) Therofore, from the vibrationsl studies of pyrimidine-d,
1t appeaxs that v, vihration 15 dependent on the mass of the substituent Tt
the electronic spectzum of 2,4- and 4,6- dichloropyrimidine, strong bands at
33922 and 35482 cm—? towards the shorter wavelength side of the 0,0 band
involve excited state fundamental having vahies of 801 and 694 em-? respece-
tivoly Thoe 801 ¢! vibration s beon traced up to two quanta  This vibra-
tion has been foand in combination with other fundamontals of the same clec-
tronic state. Tn tho case of 4,6- dichloropyrimidine the spectrum does not
oxtond much towards thoe shorter wavelength hence tho higher quanta of 694 ¢cm=!
vibration bas not been traced Tho ground state value for 801 em=* has not
buom obsorved since thoe spectrum does not oxtend much towards the longev
wavelongth. However, o very strong IR hand at 867 ¢m~! may correspond
toit. The ground state value for 694 cm-1 has been observed at 867 ¢cm-! which
agrees woll with tho strong IR band observed at 872 cm~'. These two (801 and
694 om~1) vibrations in tho two moleoules have been assigned to vy vibration.
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(1) vy Vibration

The doubly dogenerate v, vibration, having e,y symmetry will split into 1ta
components under the reduced C; and C,y point group. In oase of C; symmetry
both the components will be of totally symmetrioc character whercas in Cpy
symmetry the lower componont will be totally symmetric and the higher com-
ponent will be non-totally symmetric and therefore will not appear in the elestronic
spectrum

In thoe spectrum of 2,4- dichloropyrimidine the bands at 33665 = 0, 0+434
and 33691 = 0,04+570 cm™! give iwo excited state fundamental vibration
Corresponding to these vibrations no ground state fandamental has been observed.
Howover, the pair of strong infrared vibrations at 476 and 615 cm=! can corres-
pond to tho two excited state vibrations respectively.

Two bands at 35069 and 35246 cm~! in casc of 4,6- dichloropyrimidine give
two 281 and 458 cm-! excited state vibration The combinations formoed by
these vibrations have also been obsorved. The ground state valuo of 281 cm-*
is probably 526 ¢cm-? (appoaring up to two quanta) which agrees well with the
infrared band at 530 cm=! The counterpart of 458 cm~! has notl boen identified
in the oloctronic spectrum because of its weak intensity Howovor, a woak
infrared band at 620 cm~! may correspond to it. Those vibrations, in cach case,
may be assigned as the components of v, vibration

Other oxcited state vibrations which appear under the similar conditions
aro 1119 and 1157 cm™! rospectively. Infrared bands at 1338 and 1324 cm~!
in tho two molecules respectively may be due to tho two vibrations These
vibrations may be assigned as vy (C-H planar bending) vibration

The 0,0 band of tho 32008 system of pyrimidine appears at 31072 om~*
A hypsochromic shift by 2049 cm~! in 2,4- and by 3716 em—! in 4,6- dichloro-
pyrimidine has been obsorved The order of the shift is 4,6- > 2,4-
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