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The infrared spect ra or alllh raniionitril e molecule have heen recorded in dillerent phases (solid. l iquid and gas). The speelra 

ha ve heen anal ysed ;Issuming C, point group symmetry ror the molecule and the assignments ror fundamental vihration s h,lVC 

becnmadc. The thermodynamic runctions have been computed in the temperature range 200- 1 son K hy utili zing the rundamenwl 

rreq llencies ohtained rrom inrrared spectra and assuming a ri gid rotor-harmonic osci llator. 

lIntroduction 
The vibrational spec tra of mono-, and di-substituted 

benzonitril es have been studi ed in detail by many work­
ers l

.
I
, . Ultravio let absorption spectra of benz on it rile and 

substituted benzo nitril es ha ve also bee n reported l4. 
Other stud ies on these molec ul es also appear in the 
I· l 'i · ~() R I I" . 1 10 I d I Iterature . ' . ecent y "astogl ('/ a. lave reporte t le 
infrared spectra or o-amin obenzonitrile in solid phase. 
As the compound was hi ghl y flu orescent , its Raman 
spectrum could not be recorded and hence the assign­
ment s made by them could not be compared with the 
Raman data. Therefore, in order to ha ve a consi stent 
interpretation of the vibrational wavenumbers of thi s 
molecul e, we have recorded the FTIR spec trum of thi s 
compound in different phases (so lid , liquid and gas) in 
the reg ion 4()0-4()()() cm- I and the results are reported in 
th is paper. It is hoped that our assignments will be useful 
in the study of va pour phase electroni c spectrum and for 
evaluatin g the force fi elds or thi s molecule. An attempt 
was also made to record the Raman spectrum of the 
compound by va ryi ng the laser power, however, it is not 
worth mentioning. Further the observed wavenumbers 
are used to evaluate the thermodynamic functions, fol­
low in g the standard procedure}l. 

2 Experimental Details 
The spec trall y pure sample o r anthranilonitrile 

(H 2NCr,l--1 4CN; F W = 118. 14; m.p. = 47-49 °C; bp = 

267 .268 °C) was obtained from Aldrich Chemical Co, 
USA and was used as such without furtherpurification . 

The FTIR spectra in the region 400--40()() cm- I (in 
different phases) were recorded on Jasco spectro-

photometer model FrIR17000. JR spectra in liquid and 
vapour phases were recorded by warm ing the powdered 
subStance in a variabl e T cell for gas (SPECAC) and 
warming the KBr windows of the ce ll to avoid conden­
sation of the gas. The temperature was controll ed by two 
thermocouples . The reso lution of the TR spectrometer 
was of the order 01'2 cm- I

. The spectra are show n ill Fig. 
I . 

3 Results and Discussion 
Fi g. 2 shows the structures of benzon itrile and anthra­

nilonitrile (2-aminobenzonitrile) molec ul es with c lass i­
cal numbering of the atoms. If we ass ume --CN ane! 
--NH} groups as single mass points and coplanar with 
ring, the molecule under considerat ion would helong to 
the C, point group sy mmetry. The ]9 normal modes or 

vibrations or thi s molecule will be dist ributed as 27 ((' 

(planar) and 12 a" (non-planar) ones . Accordin g to 
selection rules, both planar, as well a .~ non-planar vibra­
ti ons are all owed in Raman as we ll as in lR soectra . The 
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Fig . I - Inrrared spectra or <lnlhranilonilrile in dilTerclll phases 
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spec ies (I ' gives ri se to polarized lines while species (I" 
to depolarized I ines in the Raman spectrum. Since all the 
vibrations are lR and Raman act ive, the absence of 
Raman spectra presents no se ri ous d ifficulty in the as­
signments of different types of vibrati ons. The vibra­
tiona l ass ignment s ha ve heen made essentiall y on the 
basis of magnitudes and relat ive intensities of the ob­
servedlR bands in different phases and the help has also 
been taken from the data ava ilab le for related molec ul es. 
T he wavenumbers of the observed fundamental bands 
and their assi gnments are given in Table I. As the Tab le 
I is self ex planatory, we shall therefore, discuss here 
onl y some important ass ignments. For the sake of com­
pl eteness and comparison we have also included the JR 
data on 2- aminobenzonitril e in KBr-matri x 10 in the first 
co lumn of Tahl e I. 

3.1 Skeleton vibrations 
The rin g stretchin g vibrations are very much promi ­

nent in the spectrum of benzene der iva ti ves and an.: 
hi ghl y characteri st ic of the aromati c ring itse lf. In a ll 
substituted benzenes, four bands are usuall y observed in 
the region of 1400-1650 cm- I

, wh ich represent the char­
acteristi c skeletal stretching modes of the semi -unsatu ­
rated ca rbo n-carhon bond s 1. -1 .22 These bands arise from 
the dege nerate (' 0" ( 1596 C I11-

1
) and (:111 ( 1485 cm- I

) C-C 
stretching v ibrati~n s of benzene)-I, i.e. vibrations 8 and 
19. accord ing to Wil son's notati on. respecti ve ly. T he 
actual positions of these bands are determined to some 
ex tent hy the nature of suhstituents but their magnitude 
differs apprec iabl y as the posi ti on of the substituents 
chan ges arou nd the ri ng. The benzene double degenerate 
vibration e2~ consists of lateral di lation and contract ion 
of the rin g, produced mainl y by stretching and com­
press ing of the bonds. On the remova l of the degeneracy, 
the components of this vibration appear separate ly. The 
doub le degenerate ('III mode of benzene is basicall y a 
ring deformati on. since it in volves both stretching and 
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Fi~. 2 - Structures or (il) hcnzllllitri tc illlli (h) ilnthran ilonitrilc 

bendin g of the carbon bond s. Under reduced symmetry 
the two components appear separate ly which are ac ti ve 
in both lR and Raman spectra. It is usua ll y observed that 
one of the two components of these two frequencies is 
lowered while the other component retains the energy 
of the degenerate vibrati on in benzene. On the b~l.~ i s of 
thi s crite ri on the IR bands observed at 1575 cm- I (in all 
the three phases) and 1600 cm- I (in liquid and solid 
phases) have been assigned as the two co mponents of 
the e?" vibrat ion of benzene. Similarl y the pair of IR 
wave~;umbers 1495 and 1450 cm- I have been assigned 
as two components of the (:111 ( 1485 cm- I

) mode of 
vibration of benzene. These assignments are in fu ll 
confo rmity with theex isti ng litera ture on the assignment 
of these fundamental s5 17- 1-'. 

The C-C vibration 14. b2l1 ( 13 10 cm- I
) known as the 

Kekul e mode has been idcntified at I] 12 c m- I in all the 
phases. 

The ring breathing (mode- I) and the tri gon;t1 planar 
rin g bendin g (mode- 12) are the Illos t widely di sctlssed 
modes in the lite rature. These Illodes are drasti call y 
affected in magnitudes upon substituti on. As point ed out 
by several workers the C- C ring breathin g a l " (995 cm- I

) 

and C-C-C tri gonal bending bill ( 10 I 0 Clll-
I
) vihr;t ti ons 

of benzene gives ri se to combined modes in molecules 
belonging to the red uced sy mmetry. As a result of thi s. 
one of the modified modes is co nsiderab ly red uced and 
li es between 7()O-9()() cm- I dependin g upon the Illass. 
nature, number and pos iti on of substitucnts, while the 
other kee ps itsel I' around IO()() cm- I

. The freq ucncy of 
the breathing vibration in aminobenzonit iri le depcnd s. 
in fact, on the number and posit ions o f· amino grou p 
substituent s, whi ch should be conside red at a li me of 
choos ing the key bands to he used in the analys is of these 
co mpounds . These two vibrat ions (C-C rin g breathing 
and C-C-C tri go nal bending) have been identifi ed hy 
Rastogi e l ([f. 11l at 1008 and 827 cm- I in IlI-amino\1cn ­
zonitrile and at 101 6 and RI9 cm-I in p-aminobcnzoni ­
tri Ie. In the present case, t he bands ohscrved at I ()2() cm-I 

(i n all the phases) and at X45 (so l iel anel vapour)/X2() Clll I 

(liquid) have been ass igned to these two Illocks res pec­
ti vel y. On account of t he hi gher intensity of 845 CI11-

1 we 
prefer it to assoc iate to thc ring hreathin g mode- I. 

C-C in-plane and out-or-plane bending modes are the 
modes assoc iated with smaller force constants than the 
stretching ones, and hence ass igned to lower freq uen­
cies. Corresponding to the planar carhon bending vi hra­
ti on e2~ (608 c m- I

) of benze ne. the re occu rs two 
vibrati ons in substitut ed benzenes, one of whi ch with 
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T;lhlc I - A~~ i gnmcnt~ of fundamcntal v ib ra t ion ~ 

Sym K I3r Solid Liquid Ga~ Vib no. A~s i gnmcn l 
, ]462 vs ]490 ]4<)0 :'WJ2 v:lsy,,(N I'h ) 1/ 
, ]]69 vs ]]X5 33X5 ]3X5 vsy" ,(N I-I2J 1/ 

]]2X s 323(, 323(, 3236 v(N-I-I ) associated 
, ]220 (/ 

, ] OXO s 3060 2 v(C-I-I) 1/ 

{/ ]045 s ] ()45 ]045 20a v(C-I-I) 
302() ] 020 ]020 20b v(C-I-I ) 
292() 2l)2() ]490- 57() 
291 2 1600+ 1312 
2772 IGOO + I I 7 ~ 

2620 2620 22 10 +4 10 
2340 ]490- 1 150 

, 
2236 vs 22 10 22 10 22 10 v(C= N) (/ 

1940 145() + 4L)() 

1905 1495 +4 10 
I XX2 I ] 12 + 570 

1860 1450+410 
1770 1360 + 4 1 () 
175() 1260 + 4L)() 

, 16]4 vvs 16] 5 1635 1635 NI-12 sc issor (/ 

, 
15tJ2 1600 1600 Ii b v (C-C) (/ 

1/ 156X vvs 1575 1575 1575 X a v (C-C) 
, 14\)() vvs 1495 1495 149'i 19 b v (C-C) 1/ 
, 

1460 vvs 14'iO 1450 1450 19 a v(C-C) (/ 

(/ 1346 s 136() 7 b v(C- 1-1 2) 
, 

13 16 vs 13 12 13 12 13 12 14 v(C-C) kek uley (/ 

, 
1268 vvs 12W 1260 1260 

.., 
~(C- I-I ) (/ .' 

II 1226 s 120'i 9a [3(C- I-I ) 
(/ 120X s I 200 sh 9b ~(C- I-I ) 

II 
, 

11 72 s 11 72 11 72 1172 I] v(C-CN) 

1/ 1154 s I 150 11 50 I l 'iO 15 [3 (C- I-I ) 

II " I 06X III I IO'i sh I IOOw NFl:! tw ist in); 

II 1020 III 1020 1020 1020 12 <1>(C- C-C) 
1/ " 96X III 930 t)60 930 'i y(C- I-1) 

" 9 121V t)()() 17 b y(C- I-I ) (/ 

" li7X III X60 lOa y(C- I-I ) (/ 

, 
X60 s X4'i X20 845 I v(C-C) (rillg hreath ) (/ 

" 7'iO vvs 793 10 b y(C-H ) 1/ 
, 

73X sh 74'i 745 745 4 o(C -C-C) 1/ 

1/ 
, 

6 1'i N I-I l wagg ing 

1/ 582 III 59'i 6b (I>(C- C- (:) 
, 

564 III 570 'i70 ~(C=N) 1/ 

530 1635 + I IO'i 
, 

4l)X vvs 4t)O 4t)O 490 6a <1>(C- C-C) II 

435 X45-4 10 
1/ " 4 I 0 vs 4 10 4 10 4 10 16 a o(C- C-C) 

]XO s I X a ~(C- 1-1 2) 
, 

27X sh I X b ~(C-CN) II 

II " 24(, sh y(C=N) 
" 233 ~ h 17 a y(C-N l-I l) 1/ 

1/ " 222 v~ II y(C-C I) 

{/ " 2 12 vv~ N I-I 2 torsioll 
(/ " 16 b y(C - C- C) 
\I = ~l rc l ching : ~ and <p = in -planc hcnding: y and 8 = out -o f-planc bending: asym = asymmetri c: sym = ~ymmelri c 
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considerabl y reduced wavenumbers. These two vibra­
ti ons have been observed at 595 (liquid ) and 490 cm- I 

(in all phases). However, we could not observe any band 
in solid and vapour phases corresponding to 595 cm- I 

hand in liquid phase. The ring out-of-pl ane bending 
vibrations in substitu ted benzenes owe their ori gin to the 
non-degenerate 4, b, ,, (70J c m - I) and the degenerate 16, 
e~ 1I (4()4 cm- I) mode~co f benzene. The IR bands observed 
<I t 745 cm- I and4 10 cm- I in all the phases, in the case of 
present molecule have been ass igned to these C-C-C 
out-of-pl ane bendin g vibrations. These ass ignments 
f ind support from literature va lues in the case of related 
molee ul es lo 

It has been suggested in literaturel l th at C-H stretch­
ing vibrati ons appear in the reg ion J IOO-J OO() cm- I in 
all the (lromati c compound s. The C-H stretching wave­
numbers in benzene deri vat i ves ari se from two non-de­
generate modes a I" (Jon cm- I) and bill (J060 cm- I) and 
two degenerate ~~des Co" (J()46 C I11-

I) and e lll (JOSO 
cm- I), i.e. vibrations 2, I~\ 7 and 2() respec ti ve ly. In 
disubst ituted benzenes, fo ur or these modes would gi ve 
rise to fo ur C- H stretchi ng wavenu mbers which a lmost 
no: tain the frequencies of he nzene and lie in the region of 
JOOO-J IO() cm- I, whil e the ot her two modes transform 
in ln C-X (X == subs ti tuent ) stretchin g vi brati ons, which 
depend on the mass and nature o r subst ituents and de­
crease considerabl y. In t he present in vest igati on, on Iy 
three band s at J020 (a ll ph ~lses) , J045 (so li d and liquid) 
and J060 cm- I (gas) coul d be observed due to C-H 
stretching vibrati ons. 

In anthranil onitrile two C-X stretching vibrati ons are 
expected. It has been reported in li te raturel l that in all 
primary aromati c ~Imines, a st rong band appears in the 
reg ion 1250-IJ60 cm- I and the in tensity of thi s band 
appea rs to be va ri able and probably it is assoc iated with 
substituent and has heen ass igned to C -NH, stre tchin g 
vibrati on. Goel eI (//. D have ~s s i gned th e st~'o n g band~ 
ohserved at I J 12 and I J02 CI11-

I, in 2,J-, and J .5- di chl o­
roa n iI ines respec ti vely to th is mode of vibrat iOIl . Rasto;;i 
1'1 ul. IO idc ntiried the b~lIld s observed at I JJ2 and I J40 
cm- I in 111- and p-amillobc nzoni triles res pec ti ve ly as 
C-NH ~ stretch in g vibra ti on. However, in the present 
stud y thi s mode coul d apPc;lr onl y in so lid phase at I J60 
Cill-

i. Thi s assignment is in accorda nce with the ass ign­
ment made on the hasis or isotopic frequ ency shi fts l.l. 
Thi s see l11 s to be supported fur ther hy the fac t that the 
freq uency of thi s ba nd shoul d he hi gher in anthranil oni ­
trile than in p- and 111- amin o-be nzonitri les, as indeed 

l.l occurs . 

Rastogi el a/.
2
' have ass igned a band at I 172 CI11-1 to 

th e C-CN stre tchin g mode in the case of 2.4-d i­
f1 ourobenzonitri le. In the present study thi s mode has 
al so been identified at 11 72 CI11-1 (all the phases) . in 
accordance with ass ignments proposed hy Mohan 1'1 

ul. II in 2-chl oro-6-methyl- benzon itri Ie, by Chandra cl 

ul." in 2-amin o-5-chl oro- benzonitrile and by Rastogi 
c f a!.'J·lS.2h in 4-amino-2-c hlorobenzonitrile, 2,6- di ­

flu orobenzon itri Ie and 2,J-d i-tluoro-benzon i tri Ie. 

3.2 Group vibl'ations 

-C=N group vibrations: The nitrile stretching fre­

quency is hi ghl y localized within the C=N group be­
cau se the PED for thi s frequency conta in s contri butions 

from the C-CN and C=N stretc hin g force constants 
onl y. Sa ito el (/ 1.2'1 have suggested th: lt a band at 222J 
cm- I (a calcul ated value) in benzonitrile is the hand 

characteri stic of the C=N stretching vibration. T hey 
have al so shown by a stud y on several 111- and 17-

benzon itri les that the pos iti on of thi s band is not affected 
much by the kind of substituents. Rastog i (' I (//. It) have 
ass igned a frequency 2236 cm- I to thi s mode in the case 
of 2-aminobenzonitrile (KBr mat ri x), whereas in the 
present study thi s mode strongly appears at 22 10 cm- I 

in all the phases. Thi s ass ignillent find s furth er support 
by I iterature va lues in the case of re lated Illolecul es'o 

The C=N pl anar and non-planar bending modes ap­
pear at 564 and 246 cm- I respec ti ve ly in KBr-matri x. 
Therefore. in the present case the band ohserved at 570 
cm- I in so lid and liquid phases has been ass igned to the 

in-plane C=N deforillati on mode in accordance with the 
ass ignments proposed by Mita ll l in re lated molecu les. 

As the C=N out-of-plane bending mode is observed 
be low 400 Clll- I, and therefore coul d not be assigned in 
the present study. 

NH! group vibmliOlIS - The mo lec ul e ant hran iloni­
tril e contains one NH ~ group attac hed to the carhon atolll 
of the ring at 2nd pos iti on. It is , therefore, ex pected tu 
have the vibrati ons assoc iated with thi s group . The NH:, 
group has two eN-H) stretc hin g frequenc ies , one heing 
sy mmetri c and other asy milletric. The freq uency or 
asy milletric vibrati on is hi gher than th at of sY lllmetric 
one. In the case of nearl y all the primary aromatic 
aillines, two b~ lIlc.l sl1J 1 1 occur in the reg ion JJ()()-J5()() 
cm- I. The band s around J:'i ()() cm- I ha ve becn assigned 
by a large nUlllber of workers as aSY lllllletri c and that 
appearing aroLind J400 cm- I as sY lllllletric stretching 
vibrati on. Both of these are subjec t to small changes with 
alte rati on of po larity of the so lvent and to rather l<irgc 
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changes in concentrated so luti ons in which intermolecu­
lar assoc iation can occur. Intermolecular bonding also 
lowers these frequenc ies. In view of these considera­
ti ons, the strong IR bands observed at ~490 (i n so lid and 
liquid )/~492 cm- I (gas) and ~~85 Clll- I (in a ll phases) 
ha ve been ass igned TO the N- H(NH2) aSYlllmetric and 
sy mmetri c stretching vibrations respec ti ve ly. 

It has been pointed out in the literature that in N-oc­
tamide in CHCll so luti on. the NH, free absorpt ion oc­
curs at ~ 5 ~O and ~4 1S cm- I

, but it a-Iso shows additiona l 
bands at ~498. ~~4S, ~~ ()() and ~ ISO Clll -

I
, suggesting 

different types of simu ltaneous assoc iation of free and 
honded N- H bonds. Therefore, the additional bands 
observed at ~n6 (in all phases) and ~220 cm- I (solid ) 
may be ass igned to such NH2 bonded absorpt ion. 

The NH2 group has scissorin g, rock ing, twisting and 
wagging modes of bending vibrati ons . 

The NH 2 sc issorin g frequ ency has been suggested to 
li e in the region 1590- 16S0 cm- I in nearly all pri mary 
aromati c amines 21

. The band observed at 1 6~S cm- I in 
al! the phases has been ,\.~s i g ned to thi s mode, which 
find s support from literature va lues in the case of va ri ous 
substituted an ilincs'J· 10. 

NH , rocking vibrati on \I appears in the ran ge I ~80-
14S0 c-m- I

. However, this vibrarionmay be invo lved in 
the I <)a mode, where the benzene rin g a lso takes part , so 
it is also very difficult to unambi guously identify this 
vi bration. 

The band appearin g at 61S cm- I in liquid phase has 
been ass igned to H2 waggin g mode. The wagging 
mode of NI--j, is anal o~ou s to the in vers ion mode of 
'lIllmoni a 1o

. Tile IR ba nd co rres pondin g to the inversion 
mode of ammon ia is observed at 9S() cm- I (mean of two 
bands). In meth ylamine 21 thi s band is located a t 78~ cm- I 

and in aniline at 66() cm- I
. In the present case this 

vibration is observed at 61S cm- I in liquid phase onl y. 
It is appa rent from Table I that most of the fundamen­

tal s appear in expec ted ran ge. The sym metri c and asym­
metric stretching vibrations whi ch appear at ~462 and 
~~69 Clll-

I in KBr matri x ha ve shifted to ~490 and 3~8S 
Clll -

I res pec tively in all the phases, whereas the charac­

teris tic C=N stretchi ng frequency which has'been iden­
tified at 22~6 cm- I in KBr-matri x appears at 22 10 cm- I 

in a llthe phases . 

4 Thcl'mocl ynamic Fu nctions 
The energy of a molecul e consists partl y of transla­

tional energy. partl y o f rotat iona l energy, part ly of vi­
brational energy. and part ly of e lectronic energy. For a 
first approximation these energy contributi ons ca n be 

T ilhle 2 - Thermody namic functions of anth rilll il olli triic 

T emp K Entha lpy - Free En tropy I-leal 

Energy Capacit )' 

2000 14.6XX (10.l)X2 74.f160 :n%O 

2730 I X.047 65.741 X2.7X5 30A3') 

2l)RO 10. 173 67.2X') X5A51) 3 1 A')5 

3000 1l).262 67.50:\ X5.(16CJ 3 I Hi') 

400.0 23.557 7:1.259 l)5.l) 12 39.')l) X 

500.0 27A57 7X.7 1 X 105. 175 45X')() 

6000 30l)33 X3.X5') I IX.7')5 5()54') 

7000 34.006 XX 70X 12 1.71 5 54.2 19 

XOOO 36.772 l)3.29 I 12l).025 57. 145 

l)()()O 39. 12X 07.64') 135.775 ),J .52') 

IOOO.() 41.2(1l) I Ol.7X0 142045 61 4l)O 

1100.0 43 . 13X 1057 15 147 .W)5 (13 . 10') 

1200() 44.002 I ()')A5S 153.35') (14A:;() 

13()O.O 46A5 1 I 13035 15XAX5 ()S.f)O') 

14000 47X50 116A5'J 163 .3() .~ 6(1 .57 1 

IS()01) 49. 137 111) .735 I ()7.X(11) () 7 A()O 

treated separately. Once the vibrationa l freq uenc ies of a 
molecule are known it is poss ib le to calc ulate the con­
tribut ion of the vibrationa l energy to the total energy 
possessed by a molecule. I n I ike manner the rotational 
energy contribution can be calcul ated if the moments of 
inertia of the molecule are known 21

. Thus the observed 
frequencies and the moment s of inert ia are the important 
va riables in determining the thermodynam ic functions 

e.g. enthalpy r ( H" - E:: ) I, heat capacity ( C;: ). free 

energy fu nct ion I ( F " - E :: ) I T I allCl e ntropy (SO). 

However, direct ex perimental measurements of vibra­
tiona l contributi on of thermodynamic quantities of (I 

mo lecule are difficult and sometimes impossible. But , 
thermodynamical quantities of a molecule can be ca lcu­
lated more accurate ly than measured using fUlld ,tmental 
wave numbers of the molecule. Therefore, in this sect ion 
we report the thermodynamic properti es of thi s mol e­
cule at I atmospheric pressure in the temperature range 
200- ISOO K under the rigid rotor-ha rmon ic osc i Il ator 
approx imation and usin g the observed fundamental 
wavenumbers. The numerica l va lues for the thermody­
namical fun cti ons have been obta ined fol low ing the 
standard procedure as given in lite rature21 (Tab le 2). For 
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determining the rotational contribution , the structural 

paramete rs were take n from literature. 

The co mputati o n ha ve been done o n a TBM -PC/AT 

computer. The the rmod ynamical quantities are plotted 

as function s of te mpe rature (Fig. ::I) and it was fo und that 

the thermodynamic funct io ns ri se mo re rapidl y in the 

low te mperature range and less rapidl y in the hi g h 
te mpe rature range . 
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