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ABSTRACT 
The multiplet structure of vN-H and vN-D bands of solid phtali- 

mide, monothiophtalimide, dithiophtalimide, isatin, saccharin and 
of their deuterated analogues has been explained as being a result 
of Fermi resonance of the fundamentals of vN-H and vN-0 with combi- 
nations and/or overtones. The submaxima of 3060 and 2970 cm-' of 
saccharin as well as pronounced doublet at 2465 and 2345 cm-'of 
d-phtalimide move to lower frequency in the low temperature ir spec- 
tra, while the "windows" remain fixed at 3045 and 2360 cm-', respac- 
tively. These examples could be a striking demonstration of Evans 
type Fermi resonance. 

INTRODUCTION 

The investigation of the ir spectra of some cyclic compounds, 

such as phtalimide (I), monothiophtalimide (II), dithiophtalimide 

(III), isatin (IV), saccharin (VI and thiosaccharin (VI) is a part 

of broader ir studies currently undertaken in our laboratory on 

compounds containing C(=O)-N-H or C(=S)-N-H groups '. 

From the avaliable results of x-ray studies, it follows that the 

molecular crystals of phtalimide2, isatin' and saccharin' consist 

of centrosymmetric dimer molecules formed via N-H...0 hydrogen bonds 

No structural information have been reported for II, III and VI. 

Since the x-ray analyses shows only one type of hydrogen bond for 

I, IV and V and, on the other hand, the ir spectra show multiple 

band5 in the N-H stretching region for all of the above mentioned 

compounds. exept for VI, we decided to study the ir spectra more 

closely, paying special attention to the N-H stretching region. 

EXPERIMENTAL 

The samples of imides were commercial products, which were puri- 

fied by repeated crystalization. Thioimides were prepared by trea- 

ting of imides with P5S5. Deuterated analogues were obtained by 

treatment with 050 and successive evaporation of the liquid. 

The ir spectra were recorded on a Perkin Elmer 580 spectrophoto- 

0022-2860/96/$03.50 0 1986 Elsevier SciencePublishers B.V. 



276 

meter using K0r discs. For recording the ir spectra at liquid nitro- 

gen temperature (LNTl the variable VLT cell (RIIC) was used. 

RESULTS AND DISCUSSION 

In the ir spectra of solid I, II, III and IV, broad bands occur 

at around 3200 cm-’ with many subbands at low frequency side (Table 

Il. In the spectrum of solid V, however, three strong bands occur 

(at 3090, 2970 and 2700 cm-‘, the one at 2970 cm-’ being the stron- 

gest among them), while in the spectrum of thiosaccharin only one 

strong and quite sharp band at about 3360 cm-’ appears. 

On deuteration all these bands move to lower frequency and some 

of them have profoundly altered their structure. 

Table I. The ir vN-H bands, the maxima and minima on them, and 

overtones and combinations (in cm”) 

IR NAND OVERTONES OR ARRROXIb4TE IR BAN0 OvERTms OR APPAOXMWE 
MAXIMA HIWIN CON9lMTIONS AGGIGMNT luxll~ WIN!&4 CWIBINATIONG AGGIGMENT 

_._ 
3200 VS.B 

Y 
JN-H -3190 VI,1 JN-Ii 

Z 
3100 l7Kw7d ~C=O+U4l 3125 l73Omo5 +O+IN-lI 

a i!; 
JN-H I-H 

z 
2x1470 %x-C 
147Om70 

2720 n 
;;-r'"" g 

WI 

w70 - 
= i$ 

2X14G4l K-C 
'2880 w 14EfWlo5 

, 5: 2465 VI SW-D 2GlOW 2x1405 EJ5-H 

$Y 2580 zxlzo5 JN-D 
% 2: 2545 vs 3H-D = 3090 vs.1 

i! 

311-H 
3045 l72O+l350* 3C¶+IN-H* --.~ 

3215 VS,B JN-H 2970 VS,B 
Y 2700s 

91:-Ii 
I 

k31us 
3140 l750+1U5 3IXWN-H w50 IN-H 

ES 2GGOw 
~I-H - 

es 293ow 
1470+14l5 JC-C+JN-H 2300 vs ill-D 
2xlu JN-H c: 

g 3190 vs,a 
= UGOS 

2375- 
3N-D 

JI-H 2240* 
&a 2885 u 146c+l430 JC-CdN-H 22OD VI 4N-D 
= 2850~ 
Ei;P 

2xlm KN-H 
B U70" 

2l55n 3N-D 

+whs JN-H 
0" 
_Ezs 

vs, 8: b, m, w - very strong, strong, broad, medium, weak 
l This band can be seen in LNT spectrum, on deuteration disappears 
saThere are many new bands in the spectrum of saccharin. These 

which are involved in overtones and combinations are hidden under 
the very strong and complex band of vsSOi, between 1100 and 
1200 cm-’ 

The multiplet structure of the bands in the N-H and N-D stretching 

region we have tried to explain as being a result of Fermi reeonan- 

ce of the fundamsntals of vN-H or vN-0 with vibrations involving H 

or 0 atoms, Since on lowering the temperature, the dimensions of the 



Fig. 1. vN-H bands of 
saccharin alat room 
temperature blat LNT 
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unit ~611 decrease and in hydrogen bonded 

systems the X-H... Y distances contract con- 

sequently, it should be expected that the 

vX-H bands should move to lower frequency. 

We have, therefore, used the low temperatu- 

re technique for an explanation of the struc- 

ture of the UN-H and VW-D bands. 

On the presumption that the greatest in- 

tensity region within the band system as a 

whole represents approximatly the main 

frequency of vN-H, we found that the striking 

dsmonstration of the low temperature affect 

can be seen on the vN-H band of saccharin 

(Fig. 1). In the three bands sistem, the 

centroid of the subbands at 2970 cm-’ at the 

LNT moves to lower frequency for about 

35 cm-’ and its intensity increases, while 

the intensity of the subband at 3090 cm-’ 

markedly lowers and its maximum shifts to 

3070 cm”. It is remarcable, however, that the minimum at 3045 cm-’ 

becomes deeper and remains unchanged in frequency.(The sharp UC-H 

band which was hidden under the intense 3090 cm-’ subband, appears 

at 3100 cm-‘). This behaviour is characteristic of an Evans type 

Fermi resonancesJ6. Namely, the broad vN-H band overlaps the com- 

bination of vC=O and 6N-H (1720+1350 cm-‘) and Fermi resonance 

modifies the band shape which manifests itself by the appearance 

of transmission hole that is the minimum of apsorption at 3045 cm”. 

The third subband at 2700 cm-’ at LNT becomes sharper and more in- 

tense. but it does not move to lower frequency. It is due to the 

overtone of 6N-H (2X1350 cm”). This overtone falls on the wing of 

the broad vN-H band and it is intensified by strong Fermi resonance. 

An other striking demonstration of Evans type Fermi resonance 

can be seen in the spectrum of deuterated phtalimide (Fig. 21. In 

this spectrum, the UN-D band shows a pronounced double structure 

with maxima at 2445 and 2345 cm-’ and minimum at 2380 cm-‘. At 

room temperature, the both bands of the doublet have nearly the sa- 

me intensity, whereas at LNT the continuum moves to lower frequen- 

cy, but the minimum remains fixed. The frequency of the minimum 

corresponds to the overtone of the 6N-0, 
_I 

which appears at 1205 cm . 

The appearence of the minima at around 3100 cm-’ on the UN-H 

bands of phtalimide,monothiophtalimide and isatin may be explained 



as a result of Evans type Fermi resonance, too. 

(Table 11. Namely, the combinations of vC=O 

and vN-H fall at the minima on the vN-H bands 

of each mentioned compounds. In the case of 

dithiophtelimide, however, there is no possi- 

bility for such type of combinations and on 

its, vN-H band there is no minimum. The subbands 

of low intensity, which appear below 3000 cm-’ 

in the spectra of this series of compounds are 

ascribed to overtones and/or combinations 

(Table I). These overtones and combinations 

fall near the vN-H band where they are intensi- 

fied by weak or moderate Fermi interaction. 

The structure of the vN-0 band of deutera- 

s?iQ2__ _. Cm- ’ 
ted saccharin can also be explained as a re- 

I 
Fig. 2. vN-II band 

sult of Evans type Fermi resonance. 

of phtalimide-d 
alat room tempera- 
ture bl ,at LNT 
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