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The normal coordinate analysis of 2-methylindoline and 5-hydroxyindane has been carried by assuming C, point group 
symmetry. The potenti al energy constants are obtained by applying Wil son's FG matrix method . The poten ti al energy 
distribution has also been calcu lated to check the validity of the assignments proposed in th is study. 

1 Introduction 

The vibrational and rotational spectra of N
heterobicyclic molecules have been investigated by 
Gordon & Yang 1

, Wait (Jr) & McNerne/ and 
Tripathi & Sanyal3

, to obtain the information on 
hydrogen bonding properties . Hydrogen bonding 
plays a vital role in bio logical processes. Tentati ve 
ass ignments of the title compounds have been 
proposed by Tripathi & Sanyal 3

, based on the 
frequency shifts and intensities of the observed IR 
and Raman spectra l data. However, normal 
coordinate calculations are essenti a l for proper 
analys is of molecular vibrational spectra , especia lly 
in the case of cage molecules, where a lmost all the 
vibrational coordinates are strong ly mixed in the 
normal vibrations and it is, therefore, very difficult 
to asc ribe the frequencies to a particular group 
coordinates. Hence, in the present study, the normal 
coordinate analysis has been carried out for the title 
compounds by applying Wil son 's FG matrix 
method4

. On the basis of thi s analysis, the previous 
tentative assignments proposed for the titl e 
compounds have been reviewed and reassigned. 

2 Theory 

2.1 Molecular symmetry 

The mo lecules chosen for the present 
in vestigation are shown in Figs I and 2, 
respec tive ly. They assumed to have Cs point group 
symmetry by treati ng the methyl group in 2-
methylindoline as point mass. The 42 fundamental 
modes of vibrations are c lassified into 29a' and 

13a" species. The a' and a" species represent the in
plane and out-of-plane vibrations, respecti ve ly. 
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Fig. I - Molecular str ucture of 2-meth ylindo linc 

2.2 Normal coordinate analysis 

The normal coordinate ana lys is for the titl e 
compounds has been performed on the basis of 
general valence force fi e ld (GVFF), by app lying 
Wilson's FG matri x mechani sm4

. · The structural 
parameters employed in the calcul ati ons were taken 
from Sutton 's Table5

. The initi a l set of force 
constants, required to solve the secular equati on, 
was taken fro m the molecul es of simila r 
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environment and we re, subsequentl y, re fin ed by a 
leas t square-fit technique, us ing the software 
developed by Schachtschne ider6 with suitable 
modi ficati o ns. To check the chosen set of 
ass ignments w ith norma l coordinates of the 
mo lecul es, the potential energy di stributi on has been 
ca lcul ated , us ing the fina l set of fo rce constants. 
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I 

Fig. 2- M olecul ar structure of 5-h ydroxyindane 

3 Results and Discussion 

T he potenti a l energy constants obta ined in the 
present in vest igati on and the vibrati onal 
ass ignments based on normal coordinate 
ca lcul ati ons are presented in T ables I and 2, 
respec tive ly. 

3.1 Force constants 

The obj ecti ve of the present study is to find out 
stretc hing, bending and inte racti on fo rce constants 
of the tit le compounds, correspondi ng to each 
substituent and its pos ition in the ring. The bonding 
properti es o f indo line, indane and its 2,5-substituted 
de ri vatives are influenced by the a rrangement o f 
elec trons during substituti on and additi on reac ti ons. 

T he values o f fo rce constants, 16 (fN.H) and 
/q (/e-N) are found to be 6.250 and 5 .267 m.dyne k 1

, 

respecti ve ly. These va lues are in good agreement 
w ith the c haracte ri sti c va lues between nitrogen and 
hyd rogen, carbon and nitrogen atoms, respec tive ly. 
T he va lues of the force constants between carbon 
atoms in 2-methylindo line a re found to be 4.062 and 
3.689 m.dyne k 1

, respec ti ve ly, which indicate that 
the C-C bond within the ring is more stronger than 

Table I - Potential energy constants of 2-methy lindo!i nc 
and 5.-hydroxyindane 

fi n the units of m.dyne k 1, m.dyne rad·1 and nu.Jyne k 1 rad·' l 

Type of constants 

Stretchi ng 

Bending 

Stretch - stretch 

Stretch - bend 

Bend- bend 

Para
meters 

Coordi
nates 
in vo lved 

Diagonal constants 

Jo N-H 

!..1 C-H 

./:1 C-N 
;; C-C 

!. C=O 
.r. C-C 

.fo. CCC 

frl CNC 

./~ CCH 

.fo ceo 
f$ CN H 

.f..r CCC 

.fa cc 
Interaction constants 

; ;10 CNN H 

; ;I 'I CNCN 

f.. I' CNCC 

.fdr CHCC 
;;, ccco 
.r.l, CNCC 
;;, ecce 

fo1l NHCNC 

f..w. CNCCC 

.f.IY CNCCH 

.t;la. CHCCC 

.f;, cccco 

.t;'l' ccccc 

lila. CNCCCC 

./~$ CNCCN H 

j~y CCCCCH 

.l~o ecce co 

~ -n1e

lhyli
do line 

6.250 
5. 131) 
5.267 
4.062 

3.6S'J 

0. 1) 2 

1.2 12 
0.672 

050 1 
0.4 12 
O.H91 

0.475 
0.446 
0. :167 
0.264 

0.207 
O. I'J3 

0.264 
0. 179 
0.163 
0.2 11 

0. I 0 I 

0.073 
0.054 
0064 

Va lues 

.'i-hydrn· 
xyin
uan..: 

5.135 

-+.06 7 
g_9g7 

0.995 

0.669 
1. 20-+ 

0.25') 
0.644 

0.164 

0.203 
0.161 
0.10 1 

0.079 
-0.04g 

that of the C-C bond at the second substituti on 
pos it ion . The inte racti on force constants obtained in 
thi s study are quite reasonable . The in te rac ti on fo rce 
constants are slow ly introduced in the fo rce cons tant 
re fi nement process in order to minimi ze the 
di ffe rence between the observed and ca lcul ated 
frequenc ies . The negative va lue of the int erac tion 

force constant (/~0) be tween carbon=carbon=carbon 
and carbon=carbon=oxygen atoms, indica tes that, 
the e lec trons are hi ghly de- loca li zed near the ir 
bonds. 
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In genera l, the values of principal and 
interaction force constants obtained in the present 
in vestigation are fairly in agreement with the values 

obtained by the earlier workers on some s imilar type 
of molecules7

. The set of force constants reported 
here, produces the observed frequenc ies, fairl y well. 

Table 2- Vibrationa l assignments of fundamental frequencies (in cm.1
) of 2-methyl indoline and 5-hydroxyindane 

2- methylindoli ne 5- hydroxyindane 

Species 
Raman* IR* Calcu lated Raman* IR * Calculated 

Assignments (% PED) 

(/ ' 33lW 337 1 N - H stretching (%) 

(/ ' 3370 336 1 N- H stretching (94) 

(I ' 2935 2930 C- H stretch ing (98) 

a ' 2925 2928 2922 C- H stretching (92) 

(I ' 2920 29 16 C - H stretching (94) 

(/ ' 1605 1605 1603 C=O stretching (88) 

a ' 1598 1596 C=O stretching (86) 

a' 1585 1583 C=O stretching (9 1) 

{/ ' 1540 1538 C=O stretch ing (89) 

(I ' 1535 1529 C-N stretching (86) 

a ' 1484 1478 C-N stretching (84) 

a' 1470 146 1 C-C stretching (8 1) 

(/ ' 1462 1453 C-C stretching (88) 

a ' 1452 1443 1457 1448 C-C stretching (80) 

a ' 1445 1436 C-C stretching (82) 
{/ ' 1393 1389 N-H in - plane bending (79) 

a' 1385 1376 C-C stretching (8 1) 

(/ ' 1345 134 1 N-H in - plane bending (7(i) 

a' 1342 1333 C-C stretching (77) 

{/ ' 1335 1326 C-C stretching (79) 

(/ ' 1330 1325 C-N stretch ing (8 1) 

{/ ' 1305 1300 C-N stretching (84) 

a ' 1260 125 1 C-C stretching (74) 

(/ ' 1255 1246 C-C stretching (76) 

a ' 1242 1233 C-C stretching (77) 

a ' 11 85 11 85 11 78 C-C-C Tri gonal bending (68) 

(/ ' 11 80 1173 C-C-C Tri gonal bending (64) 

(/ ' 11 65 11 69 11 64 Ring breathing (61) 

(/ ' 11 59 11 54 Ring breathi r.g (67) 

a ' 11 56 11 5 1 11 54 C-Hin - plane bending (69) 

(/ ' 11 45 11 40 1145 11 45 11 40 C-Hin - plane bending (64) 

a ' 11 32 11 28 C-Hin - plane bending (7 1) 

(I ' 11 07 1103 11 09 11 05 C- H in - plane bending (67) 

{I ' 1098 1094 C- H in - plane bending (62) 
(/ ' 1065 1058 C-C-C in - plane bendi ng (62) 

{/ ' 1050 1046 Ring in - plane bending (58) 

(/ ' 1043 1039 N-H out-of- pl ane bending (64) 

{/ " 1025 1022 N-H out-of- plane bending (67) 

a " 10 15 lOll C- H out-of- plane bending (62) 
{/ " 950 945 946 C- H out-of- plane bending (65) 
a" 942 938 C-H out-of- plane bending (63) 

a " 914 9 10 C-H ou t-of- pl ane bending (67) 
(/ " 905 90 1 C- 1-1 ou t-of- plane bendi ng (69) 

(/ " 872 869 C-N out-of- plane bending (61) 

{/ " 870 867 Ring out-of- plane bending (58) 
Conrd 
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Table 2 .. . Contd 

2- methylindoline 5- hydroxyindane 

Species 
Raman* lR* Calculated Raman* lR * 

(/ " 860 
(/ " l\45 l\40 
{/ " 805 800 
a 
, 778 

{/ 
, 745 740 745 745 

(/ 
, 710 707 

a 
, 700 

a 
, 630 628 

(/ 
, 600 598 

(/ 
, 593 589 

(/ 
, 584 

(I 570 
(/ " 535 
(I 
, 500 498 

(I " 470 
a 
, 460 458 

(/ 
, 450 

(/ 
, 435 433 

(/ 
, 425 

(/ 
, 402 

(/ 
, 400 397 

a " 380 
(/ " 365 363 
(/ " 36 1 
(/ " 355 
(/ " 318 317 
(/ " 306 

" 286 284 286 (/ 

(/ " 269 267 264 
(/ " 232 
(/ " 228 226 
(/ 
, 216 215 

*Spectral data taken from Ref. 3 

3.2 Vibrational assignments 

N-H vibrations -- according to Bellaml, the 
-H stre tching vibrations of aromatic compounds 

occur in the region 3000-3500 cm· 1
• Accordingly, in 

the present study, the Raman and IR bands observed 
at 3380-3370 cm·1 are ass igned to N-H stretching 
modes of 2-methylindoline. 

C=O vibrations - A great deal of structural 
information o f a molecule can be derived from the 
exact position of the carbonyl stretching absorption 
peaks. The inte raction of the carbonyl group with a 
hydrogen donor group does not produce such a 
drastic change in the frequency C=O st retch, as 

Calculated 
Assignments (% PED) 

857 Ring out-of- plane bending (54) 
C-C-C out-of- plane bending (59) 
C-C-C out-of- plane bending (52) 

777 C-0 in - plane bending (65) 
740 C-C-H in - plane bending (61) 

C-N-C in - plane bending (67) 
696 C-C-H in - plane bending (59) 

C-N-C in - plane bending (66) 
C-N-H in - plane bending (72) 
C-C-N in - plane bendi ng (76) 

580 C-C-0 in - plane bending (79) 
566 C-C-0 in - plane bending (67) 
532 C-C-H out-of- plane bending (54) 

C-C-N in - plane bending (55) 
467 C-0 out-of- plane bending (6 1) 

C-N-H in- plane bending (72) 

447 C-C-0 in - plane bending (77) 
N-C-C in - plane bending (69) 

422 C-C-0 in - plane bending !67) 
400 C-C-H in - plane bendi ng (64) 

N-C-C in - plane bending !66) 
377 C-C-0 out-of- plane bending (52) 

C-C-N out-o f- plane bending (55 ) 
359 C-N-H out-of- plane bending (51) 
353 C-C-0 out-of- plane bendin~~ (55) 

C-N- H out-of- plane bending (5!\ ) 
304 C-C-0 out-of- plane bending (54) 
284 C-C-H out-of- plane hending (58) 
262 C-C-H out-of- plane bending (56) 
231 C-C-0 out-of- plane bending (59) 

N-C-C out-of- plane bending (54) 
C-N-H out-of- plane bending (56) 

done by the interaction of N-H stretch. The carbonyl 
group at the fifth pos ition of the indane molecule 
may interact with other atoms in the molecule and 
g ive rise to a complex patte rn of spectrum. In 
general, the characteristic C=O stre tch ing vibrations 
of cyclic ketones are found over a re lative ly wide 
range depending on the ring size . The ring size of 
the cyclic ketones can also be estab lished in thi s 
way. In the present study, the IR and Raman bands 
observed between 1605-1540 cm·1 in 5-
hydroxyindane have been des igna ted to C=O 
stretching vibrations. 

C-N vibrations- The identifica ti on o f the C-N 
stretching frequency in the s ide c hai ns is a rather 
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difficult task since, there are problems in identifying 
these frequencies from other vibrations . Pinchas et 
a!. 9 assigned the C-N stretching band at 1368 cm· 1 

in benzamide. Mohan et al. 10 identified the C-N 
stretching frequencies in benzimidazo le at 1365, 
1348 and 1302 cm·1

• Referring to the above 
workers , the IR bands at 1484 and 1330 have been 
des ignated to C-N stretching mode. 

The rematntng assignments of the title 
compounds are given in Table 2 and these 
assignments are supported by the normal coordinate 
calculations. 

The most striking feature of thi s study is the 
absence of 0-H stretching frequency in 5-
hydroxyindane. Thi s indicates that, there is no direct 
linkage between oxygen and hydrogen atoms. The 
potenti al energy distributi on calcu lations made in 
this study al so conforms the assignments proposed 
in the study for the title compounds. 
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