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ELECTRONIC ABSORPTION SPECTRA OF SOME FLUQROAMIMOTCLURNES

S3.J. Singh
Department of Physics, University of Gorakhpur,

Gorakhpur 273001,

Abgtract

The near ultraviolet absorption spectra of
2-fluoro-5-amino-; 3-flugro-d-emino-, 3-fluoro-6-amino-
and 4-fluoro-2-aminotoluene have been investigated 1in
vapour phase, The strongest band appearing at

2887.5 3 (34621 om~l), 2966.1 R (33704 cot

)y, 3026.7 &
(33029 em~!) and 2891.4 X (34575 cm-1) in the respective
molecules has been identified as the C,0 band, All the
bands have been analysed in terms of some ground and
exclted state fundamentals. The essignment of the

fundamental frequencles to the probable modes of

vibration have also been discussed.
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It has been established that 2880 % bana system
of aniline 1s & bathochromically shifted secondary band
system of benzene {around 2600 3) and not due to &

conjugation as suggested by Klevens and Plattl.

The further substitution of CH3 group in the
ring would agaln modlfy the effect of NHp group substi-
tution on the benzene spectra. Spectral studles of such
types of molecules in which CHqy and NH, both groups are
present together (toluidine) have been done by a number

2’3'u. B1swas” has studied the change in

of workers
absorption spectra from vapour to liquid to solid at 90°K,
of the three 1somers of toluidine. When the substances
were liquified the narrow bends obtalned in the vapour
phase were repleced by the extended broad bands., These
broad bands persists down to 90°K when the llquld were
solidified, Recently the study of the electronic
absorption: spectra of o-toluldine in vapour phase has

been done by D.K, Ghoseé.

However, no detalled study of the absorption
spectra of halogenated toluldlnes seems to have been made,
With the view of studying 0,0 band shift and the
modification of the vitrational frequencies in such

molecules the present work has been under taken., Thils
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paper comprises work of the investigation of the electronlc
absorption spectrum of 2-fluorc-5-amino-; 3-fluoro-i-
amino-; 3-fluoro-6-amino- and 4-fluoro-2-aminotocluene
(hereafter referred as 2F5AT, 3F4AT, 3F6AT and 4F24AT

respectively) in vapour phase,

Experimental Procedure

The spectra of these molecules have been photo-
graphed on medium quertz spectrograph on Kodak B10 and
Illford N30 plates using slit width of 30 . The
absorption column of length 100, 150 and 200 cm were
used over a varying temperature ranging from 20 to 100°C.
Hydrogen dlscharge lamp was used as source of contineous
radiation, Iron arc spectrum has been used as the
standard spectrum for comparison, The observed bands
have been measured on Hilger's comparator having least
count of .001 mm, Pure chemicals obtained from M/S

K. Light Laboratories, England were used as such,

sul

The general range of absorption in the molecules
of present study lles ln the reglon 2700 - 3000 %. The
teonds are in general diffuse and are correct to a measure-
ment of 10 cm~1, The strongest band at 2887.5 by
(34621 cml) in 2F5AT, 2966.1 R (33704 cm~l) 1n 3FUAT,
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3026.7 % (33029 on~l) in 3F6AT and 2851,4 R (34575 cm 1)
in 4F2AT has been identified as the 0,0 band. Separatious
of the some of the intense bands from 0,0 band on both
side of it agree with the frequencles of the 1nfrared7.
These have been taken as the ground and exclted state
fundamental frequencies. The entire spectrum have been
explained on the basis of the these ground and excited
state fundamentals (Table 1l-4), The assignment of these
fundamental to the probable modes of vibration has been

presented in table 35,

Discussgions

Assuming NHp and CHg group each as single mass
points Cg point group may be ascribed to all these molecules,
This polnt group having only one element of symmetry, 1l.e.
molecular plane, contalns two types of vibrations (1)
symmetric and (11) antisymmetric to 1t. The Ajg — Bzu
forbidden transition of benzene wlll transform tc an

allowed transitlon13 A' - A' with the transition moment

lying in the plane of the molecule, It is, therefore,
expected that the strongest band on the longer wavelength
side will be 0-0 band in each molecule. On both silde of
the 0-0 band a number of bands have sppeared under
different condition of temperature snd pressure due to

their different Boltzman factors. These have been



04:25 30 January 2011

Downl oaded At:

ABSORPTION SPECTRA OF FLUOROAMINOTOLUENES 381

explained in terms of fundamentals, their combinatlion &nd

overtones,

Carbgn Vibration: In the spectruam of benzene there are

only two totally symmetric vibrations. But ln the preseunt
case their number has increased to 21. This means that only
totally symmetric vibration will mostly appear in the
spectrum, The results of infrared spectra have been used to

facillitate the analysis of ultraviolet absorption spectrunm,

Excited state fundamental vibrations 750, 680, 786
768 and 727 cm"1 appear strongly in the electronic spectra
of 2F5AT, 3F4AT, 3F6AT and 4F2AT respectively. Most of these
are traced upto two quantas., Combinatiocuns of these excited
state fundamentals are also found in their respective
spectrograms, In the absence of the corresponding ground
gstate values in the ultraviolet these exclted state
vibratioas have been correleted with 1nfrared7 frequencies
of the respective molecules, In view of the intensity,
combinabllity and avallable literaturea'lo these vibratlions
have been assigned to the ring breathing mode corresponding
to Ayq (992 cw~l) of benzene.

In the spectrum of 2F5AT the weak band at 33578

em1 1s due to fundamental frequency of 1043 cm‘l

in ground
state. A few combination of this with other ground state
fundamentals have also been observed, Corresponding to this

vibration no band on the shorter wavelength side of the 0-0
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TABLE 1  ANALYSIS OF THE ELECTRONIC ABSORPTION BANDS OF
2-FLUORO~5~-AMI NOTOLUENR

Tand~ T T T T T IRIMtTFR } T " " T """ T T T
position IIntensity#IO 0 btnd I { Assignment
_____ o _Xleml X ____.
32311 v 0-2310 0-1288-1043
32559 w 0-2062 0-804-1258
32792 v 0-1829 0-571-1258
32938 vw 0-1686 0-429-125%
33011 vw 0-1610 0-2x804
33144 W 0-1477 0-429-1043
33363 »bd 0-1258 0-1258
33403 v 0-1218 0-1258+36
33578 wb 0-1043 0-1043
33761 v 0-860 0-804-50
33317 mb 0-304 0-804
33861 vw 0-760 0-804+36
33996 W 0-625 0-571-~-50
34050 wb 0-571 0-571
34192 A 4] 0-429 0-429
34281 w 0-340 0-293-50
34329 w 0-293 0-283
34313 v 0-23%8 0-238
34423 vw 0-108 0=238+36
34515 v 0=-10¢ 0-2x50
34571 w 0=50 0-50 (0-804+750)
34621 vs 0-0 0-0
34657 wb 0+36 0+36
34692 w 0+71 0471, 0+2x36
34733 w 0+112 0+71+56
34797 v 0+176 0+282~-2x50
34359 . ] 0+237 0+282-50
34903 s 0+282 0+282
34947 w 0+326 0+282+36
35006 v 0+ 385 0+439~-2x50
35054 m 0+433 0+429-50
35110 ] 0+4%9 0+4139
35147 v 0+526 0+4294 36
35186 wb 0+565 0+489+71
35279 wb 0+658 0+750-2x50
35330 msd 0+709 0+750-50
35371 s 04760 0+750
35411 v 0+790 0+750+36
35443 w 0+R22 0+750+71
35412 vd 0+261 0+750+36+71
35683 v 0+932 0+2x4R9-50
3559 n 0+977 0+4R9x2

Continued...
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Table 1 Continued

383

Bualtt fromY} "~ " " T T TT T T 7T 7
§0,0 band ) Assignment
emt _ L X emt _ 1

35637 w 0+1016 0+2x489+36
35870 w 0+1049 0+2x439+71
35708 w 0+1037 0+2x489+36+71
35766 m 0+1145 0+489+750-2x50
35806 m 0+1185 0+489+750=50
35860 m 041239 0+489+750
35937 v 0+1316 0+439+750+71
36016 wb 0+13985 0+2x750-2x50
36064 wb 0+1443 042x750-50
36123 md 0+1502 0+42x750
36157 w 0+1536 0+2x750+436
36349 w 0+172% 0+2x489+750
36610 w 041939 0+2x750+4239

- e S M e ew e e G e e = o e e me e D e

TABLE 2 ANALYSIS OF THE ELECTRONIC ABSORPTION BANDS OF
3-FLUORO-4- AMI NOTOLUENE.

Band pPosTtTonY” ~— ~ ~ ~ IshiTt fromy — ~ "~~~ "~ ~—~—~

em-1 JIntensity#)0,0 Eand I Assignment

_______ - —— em- - A o e e e e - _ .
334685 wb 0-239 0-2x116
33538 mb 0-118 0-116
33666 sb 0-33 0-33
33704 sb 0-0 0-0
33768 mb 0+64 0+64
33922 mb 0+118 0+2x64
33835 mb 0+131 0+131
33967 msb 0+263 04263
34085 mb 0+381 0+3]1
34154 wh 0+450 0+321+64
34209 wb 0+505 0+321+2x64
34260 wb 0+556 0+556
34334 mb 0+6%0 04680
34564 wb 0+360 0+8804131
34654 msb 04950 0+6%30+263
34765 msb 0+1061 043814680
34936 mb 0+1232 0+1232
35057 wb 0+1353 0+2x6%0
353089 wb 0+1604 0+381+1232
35495 wb 0+1799 0+556+1232

- et W e e o e e e e mm mm R e e e e Ee v e e R e e e e e e e e
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TABLE 3 ANALYSIS OF THE ELECTRONIC ABSORPTIION BANDS OF
3=-FLUORO~6~ AMINOTOLUENE.

Band- T T T T T XShift rrom’i

position J) Intensity*l 0,0 bind Assignment

em-t X _____X__ew: X _ _ __ o ______
32881 w 0-148 0-96-2x26
32933 m 0-96 0-96
33003 ms 0-20 0-26
23029 vs 0-0 0-0
33079 ms 0+50 0+50
33131 w 0+102 0+2x50
33224 W 0+195 0+222-26
33251 ms 0+222 0+222
33333 m 0+304 0+304
33386 w 0+356 0+304+50
33446 m 0+417 0+446~-26
33475 m 0+446 0+446
33644 w 0+615 0+2x304
33704 W 0+675 0+768-96
33768 vw 0+739 0+768-26
33796 m 0+768 0+768
34026 w 0+997 0+768+222
34137 w 0+1108 0+1213-96
34242 m 0+1213 0+1213
34294 W 0+1265 0+1213+50
34339 v 0+1310 0+1213+2 x50
34458 W 0+1429 0+1213+222

— e e Gw e mm R e e mm e em e m e e em e MM mm m e Gm o —e e em A e .

band has been observed, This vitration, correlated with
1nfrared? value at 1035 en1 has been assigned to the carbon

trigonal beunding mode,

Under Cg aymmetry the two component of doubly
degenerate vibration e2g (608 cm 1) of benzene will appesr
separately, In the present lnvestigatlion the palr of

intense excited state vibrations &t (282 and 489 cm'l),



04:25 30 January 2011

Downl oaded At:

ABSORPTION SPECTRA OF FLUOROAMINOTOLUENES 385

TABLE 4 ANALYSIS OF THE ELECTRONIC ABSORPTION BANDS OF
4-FLUORO-Z~-AMINOTOLUENE.

Band~ Yshift from” -~ """ T T T T T T T 7T
position) Intensity+*)] 0,0 band) Assignment
em>t  _ X _ _ ___ J_emt X .-
34206 w 0-369 0-369
34 309 v 0-266 0-266
34365 vw 0-210 0-266+64
34392 vw 0-183 0-2x91
34437 w 0-138 0-2x65
34484 vw 0-91 0-91 (0-825+727)
34510 W 0-65 0-65
34526 m 0-49 0=49
34578 vs 0-0 0-0
34597 ms 0+22 0+22 (0+288-286)
34619 ms 0+44 0+2x22
34639 nw 0+64 0+64
34735 v 0+160 0+288-2x65
34768 vw 0+193 0+288-91
348086 v 0+230 0+288-85
34823 w 0+248 0+288-49
34863 ms 0+288 0+288
34909 vw 0+334 0+456-2%65
34965 vw 0+390 0+456-65
35031 ms 0+456 0+456
35055 vw 0+4830 0+456+22
35077 Vv 0+502 0+456+2x22
35100 vw 045285 0+456+64
35167 v 0+592 0+727-2x65
35228 nw 0+653 0+727-65
35302 ms 0+727 0+727
35747 W 0+1175 0+727+456
36025 mw 0+1450 0+2x727

(381 and 556 co~l), (304 and 446 cm~l) and (288 end 456 cml)

in 2F5AT,

3F4AT, 3F6AT and 4F2AT respectlvely are found to
account for large number of bands, These vibrations are

in good egreement with the observed infrered frequenclies.



*33e3g POITOXE = °*S°H ‘eq®3g punoldh = g9

dugyogzedass
d-0 - - - 131 - 0L3T 2221 - 0421 - 8631 0621
3utpuaq
Teuo3dtd]
0-0-2 - - - - - - - - - - eP01 S¢0T
3utyjgesaq
Buty L3 - G238 &9L - 508 069 - 508 0S. 08 006
({-m2 (os¥ - Ses ovb - 9SS 98¢ - 0LS 65¥ 148 09%
§09) 33a (
Jo jusuodmo) (883 69¢ - pog - - 8¢ - - 283 (Y44 STV
- - - - - - £92 - - - £63 -
dutpusd
*deo J-p - 992 - 323 - - 8T 62 - - 823 -
mﬂmucwn
*d*o *Hg-9 - - - - 8¥T - - - - - - -
noﬂa.zwwqﬂ ‘SEY 8D o Y *s™ Y *s°p w a1 ‘S¥ X °§D RS Y " Y *s™0 W “¥-I
SOPOH w Ivzdy ] IVode m IVbds ] Ivedz
NOIIVHH IA

40 SHAOW IHEYE0dd ®EHI O INIRNDISSY ¥THHI NV VHIOHdS THTOIAVHIIN ANV QHUVHINI
NI SENZNTOIONIWYOHONTd 0 SHIONTODFHA TYNOILYVHL IA TVINEKYANAL FHI J0 NOILVIZHMOO S SWVYI

1102 Alenuer 0g SZ:¥0 @IV Papeo |uwog



04:25 30 January 2011

Downl oaded At:

ABSORPTION SPECTRA OF FLUOROAMINOTOLUENES 387

The correlstion of these frequencies with the infrared
vslue 1s only tentative., The asslgnment of these vibrations
to the components of epg (608 co1l) is in fair agreement

with those made in case of other trisubstituted benzenes}l’lz’lu

Substituent Vibraetions: The ground and excited state bands
at 0,0 - 1258 cu-l in 2F5AT and at 0,0 1232 cw~l in 3FU4AT
and 0,0 1213 cm~l in 3F6AT combine with other vibrational
frequencles to explaln large number of bands of the system.
These bands have been assigned to C-F stretching mode in
accordance wlth the previous literature on fluorinated

:3L!'ornatl.<:s5}2']'5’22

Simlilarly on the basis of the avallable data on

19-22

fluorinated benzenes ground state fundamental at 238

cm~l in 2F5AT and at 266 ent 1n LUF2AT, excited state funda-

-1

mental 181 cm™  with its ground state counterpert at

239 cm'l in 3PLUAT and excited state fundamental at 222 cm’l

in 3F6AT have been assigned as C-F nonplanar bending
vibrations, The bands at 50 cm"1 in 2F5AT, 38 cm ! 1in 3F64l
and 49 and 65 cm~1 in LF2AT lnvolving small shifts towardas the
longer wavelength side of the 0,0 band have been identified

to represent 'v-v transition' where as the band at 36, 6k,

50 and 22 co~l towards the shorter wavelength side of 0,0

bard in the respective molecules have been assigned as due

to 'v-v' transition'.
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The comparison of 0,0 band of the molecules of

26, toluenel#

present study with anllinezB, o-m-p-fluoroanilines
o—m-p-fluorotolueneszS (Table 6) shows that band system of
snilines have appreclably been shifted by the substitution of

CH3 group in the ring,

TABLE 6 COMPARISON OF 0,0 BAND OF THE MOLECULBS OF PRESENT
STUDY WITH FLUORINATED ANILINES AND TOLUENES

Molecules 10,0 Pind I Reference
_______________ X_em?* X o ____
Toluene 37480 24
o-fluorotoluene 37576 )
m=-fluorotoluens 37388 ; %5
p-fluorotoluene 36376 g
Aniline 34032 23
o-fluoroaniline 34586
m~fluoroaniline 34615
p-fluoroaniline 32654
2-fluoro-5-aminotoluene 34621
3-fluoro-4-aminotoluene 33704

Present work
3-fluoro-6-aminotoluens 33029

e N e N e N

4-flyoro-2-aminotoluene 34575

— e e e e e e m e em e R v e e m e s S @ S G et e e e e e e
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