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Abstract

The MINDO/3-FORCES method was applied for the calculation of the
vibration frequencies and normal coordinates of the neutral aromatic perylene
molecule and its radical cation and anion. The resulting frequency values were quite
near the experimental values when available. Comparison of the results showed that
for the C-H and C-C stretching vibrations the sym. mode shows higher frequency
values than the asym. As for the SCH and 8CC deformation the asym. vibrations
where of higher frequency values than the sym. Comparing the frequencies of the
three species with each other it was found that;

VCH . (C2oH12)' " > VCH gr. (C20H12) >V CH . (C2oH12)"

and,

. .+
vsym CC str. = Vsym CC str. > Vsym CC str.

.+ .
Vasym CC str. > Vasym CC str. =~ vasym CC str.

These relations are discussed in terms of the change of the ¢ electron densities at the
C atoms of the C-H bonds and the changes in the C-C bond orders of the related
bonds.

(3N-6)

MINDO/3-FORCES

(6 CC) (5 CH) C-C C-H
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VCH g¢r. (C20H12)” > VCH g¢r. (C20H12) > v CH . (C20H12)*

vsym CC str. = Vsym CC str..

.+ .
vasym CC str. > Vasym CC str. = Vasym CC str.

.+
> vsym CC str.

I
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Introduction
The IR-vibration spectrum of

the aromatic Perylene molecule was a
subject for many experimental works
151 Later, the development of the
isolated matrix technique allowed the
remeasurement of the vibration
spectrum of the molecule with a higher
accuracy "1, Langhoff et al. applied
the ab initio quantum mechanical
method for the theoretical analysis of
its vibration spectrum ', However, in
their work only the basic and most
prominent frequencies were discussed.

As for perylene radical cation,
various experimental studies of its
vibration spectrum appeared *°!. The
theoretical treatments were usually
based on the ab initio SCF-MO method
and limited to the discussion of the

most relevant vibrations with no full

analyses of the 3N-6 normal
coordinates "', For the radical
anion, no experimental vibration

frequencies are known.
In the present work, we applied the

MINDO/3-FORCES method which is

294
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known to yield good frequency values
for the polyaromatic hydrocarbons !'*
'8 This method is used for evaluating
vibration frequencies and for the
complete analysis of all vibration
frequencies and normal coordinates of
perylene. The here reported vibration
absorption intensities are to be viewed
cautiously, due to the quantum
mechanical approximate nature of the
MINDO/3-FORCES method. For the

analysis of the normal coordinates of

the molecule we applied the
DRAW.MOL ™ program, and the
Herzberg [ scheme for their
classification.

Results and discussion

Figure 1 shows a descriptive prototype
of the molecular motion of a normal
coordinate of perylene. In this figure
two vibrations are shown; a- an in
plane and b- an out of plane vibration

mode.
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Fig. 1. DRAW.MOL pictures of two vibration modes of Perylene; a- in plane and

b- out of plane vibration.

Perylene shows D,h symmetry, with molecule and passing through the
three C, rotation axes. The C, axes biggest number atoms.

falls conventionally in the plane of the

Fig. 2. Choice of the Cartesian coordinate as applied for the perylene molecule.

The TUPAC numbering of atoms was Lvib. = Ttot. = (Trot. + Feran. ) = 16A4 +
6B, + 8By, + 15B3, + 7A, + 15B;, +
15B;, + 8B3,

I';, = In-plane modes of vibrations

Tip = 2N-3 =(2x32) -3 = 61 = 16A, +

adopted for the molecule, Fig. 3. The
vibration frequencies were calculated

for the MINDO/3-FORCES

equilibrium geometry of the molecule, 15B;, + 15B,, + 15B3;,
Table 1. Totally 90 modes of I'op = Out of plane modes of

. ) vibrations
vibrations are expected for the

i Fop=N-3=32-3=29=6B; + 8B, +

molecule.  They are classified 7A, + 8B,
according to the following
representations;
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Fig. 3. Structure of the Perylene molecule showing a-the different designations of
the C and H atoms as used normaly by the organic chemist; b- the numbering of
the atoms according to the IUPAC convention.

Table (1): Calculated geometry for perylene (neutral, cation and anion) molecule.

Bond le;gth A) 3¥;N;) C?E/S other work (neutral) MIN]t)l:)ij :;v_v;):)l; CES
Bond angles (deg.) neutral Eég?' c;‘zli? cation anion
C;Cy 1.507 1.471 1.476 1.477 1.480
C,C; 1.478 1.425 1.432 1.467 1.471
C;C; 1.402 1.397 1.390 1.438 1.431
c,C, 1.460 1.424 1.415 1.480 1.477
C Cy 1.446 1.400 1.425 1.437 1.437
C G, 1.377 1.370 1.375 1.395 1.392
C,C; 1.424 1.418 1.416 1.401 1.401
H,; C, 1.106 | - | - 1.105 1.108
H,C, 1.105 | - | - 1.103 1.110
H;C; 1.107 | = | - 1.106 1.108
<Cy,C3C, 119422 | - | e 119.6 119.6
<C4,C3GC; 123368 | == | e 123.4 123.4
<C,C ¢ 118713 | === | - 118.4 118.5
<C1C/C, 121423 | - | - 121.7 121.2
<H;C,C, 118.502 | - | - 118.8 119.1
<H,C,C, 121.150 | === | == 120.5 119.9
<H3;C; C; 120.374 | - | e 119.0 119.9
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Table (2): Vibrational frequencies for perylene (neutral, anion and cation)

molecule.

o Scaled Rgnllﬁn calc. This work Cation

Symmetry & districption MINDOT3 : :
_FOrRCEs | 1384l [10] anion | cation | Exp.[20]
Ag

Vi | CHgstr. 3063 | - | - 3032 3086 | ------
V2 | CHy, str. 3041 | - | - 3016 3059 | -
vz | CHa str. 3034 | - | - 2999 30483 | --—----
v4 | ring (CC str.) 1627 1620 | - 1577 1564 1748
vs | ring (CC str.) 1583 1579 | - 1554.6 | 1557 1601
ve | ring (CC str.) 1406 | - | - 1443 1442 | -
vs | ring (CCC str.) 1387 1373 | - 1363 1371 1387
vg | ring (CCC str.) 1355 1367 |  -——-- 1353 1353 | ---—--
Vo | 8CHg,p +ring(CCC str.) 1239 1291 | -—--- 1254 1246 | ------
Vio | 8CHg,p 1218 1222 | - 1222 1216 |  --—---
vii | 8CHy, 1182 1140 |  --—--- 1185 1180 | ---—---
vi2 | dring (8CCC) + 8CHg 1020 1045 | ---- 1025 1020 1094
vi; | 8 ring (8CCC) 793 784 | e 796 /L) ——
vi4 | dring (6CCC) 642 548 | --—-- 647 646 532
vis | d ring (8CCC) 444 | e | - 449 444 434
vig | & ring (8CCC) 368 | e | e 367 368 357
By
Vi | CHg str. 3062 3065 *° 3068 3028 30854 | --—----
V31 | CHg str. 3040 | - | - 3015 3058.9 |  ---—--
vy, | CHa str. 3031 | - | - 29974 | 3046.9 | ----—--
vi; | ring (CC str.) 153k J I p— 1562 | 1552.5 | 1597
viy4 | ring (CC str.) 1586 1597 *° 1586 1545 1534 | ---—--
vis | ring (CCC str.) 1435 | 1385 | 1387 | 1417 | 14113 | o

297




Table (2); continue

National Journal of Chemistry,2010, Volume 38

2010-

vse | ring (CCC str.) 1371 | - | - 1330 1332 | -
v3; | ring (CCC str.) 1315 | - | - 1287 1304 1298
vss | 8CHa, d 1221 1218ab | 1217 | 12226 | 1222 1223
vio | 8CHa, & 1184 | 1157ab | 1157 1191 1185 | coeee
vao | 8CHB + & ring (8CCC) 1091 | 1088 *" | 1091 1159 1148 | oo
Vai isvrii;leg)(accc:)(ring AClock 983 | - | - 980 980 969
v | 8ring (8CCC) 773 791%P 793 779 770 | e
vss | 8ring (8CCC) 581 5g3° 579 580 578 | e
vag | O 1ing (BCCC) 482 | - | - 482 479 | -
Bou

Vs | CHpstr. 3061 | 3069" | 3069 | 3026 | 3085.35| -
Vss | CHj str. 3039 | 3057" | 3049 | 3016 | 3057.6 | -
vss | CHastr. 303 | - | - 2998 3048 | —eeee-
vss | ring (CC str.) 1628 | 1614* | 1596 1541 1559 1589
vs; | ring (CC str.) 1521 | 1501®P | 1495 1494 1476 | —eoeee
vsg | ring (CC str.) I e 1400 14114 | oo
vso | ring (CCC str.) 1383 | 1335%P | 1329 1354 1362 | coeeee
veo | ring (CCC str.)+ & CHotp | 1264 | 128070 | 1272 1253 1253 | oo
ve1 | 0 CHa 1241 | - | - 1229 1250 |  —-e—--
Ve2 | 0 CHa+ 8 ring (3CCC) 1223 | - | - 1227 1212 | -
ves | 8 CHa,p 1177 1186° 1200 1179 171 | e
Ves | 8 ring (8CCC) + 8CHy 1041 | 10472 | 1043 1042 1038 | coeee
Ves | O ring (BCCC) 764 | - 775 762 785 | eemeee
Ves | dring (8CCC) 534 | - | 531 523 | eeeee-
Vg7 | O ring (6CCC) 255 | - | - 256 252 | e
B3g

ves | CHB str. 3061 | - | - 3023 | 308531 | eoeme-

a: ref. (3), b: ref. (7)
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veo | CHa str. 3038 | ----- | - 3013 30575 |  ooeee-
vio | CHa str. 3030 | - | - 2997 3046.8 |  —-oee-
vy, | ring (CC str.) 1629 | -—— | - 1555 1558.7 |  —-e—--
vz, | ring (CC str.) 1523 | - | - 1506 1492 | el
vs3 | ring (CC str.) 1425 | - | - 1468 1458 |  —-eoe-
vs4 | ring (CCC str.) 1357 | - | - 1305 1313 |
vss | 8CHG,a,B (rocking) 1229 | —eem | - 1225 1240 |  —omee-
vy | ring (CCC str.) + 6 CH 1194 | - | - 1222.9 1218 1207
vs7 | 8CHa,p 1175 | - | - 1183 1173 | -
vis | OCHB, & 1169 | - | - 1178 1167 | ———
Vo9 | dring (8CCC) (ring A T 886 885 | e
Clockwise)
vgo | oring (§CCC) (ring A anti 622 | - | - 621 617 | oo
clockwise)
vg1 | O ring (BCCC) 540 | - | - 545 X7 S —
vg2 | oring (8CCC) (rings B anti 367 | - | - 371 e
clockwise)
Out of plane
Ay
vi7 | YCHo.B 962 | - | - 949 970 | ---—-
vis | YCHd,a 926 | - | - 837 962 | -
vig | YCHB,4,a 833 | e | - 787 841 |  ommee-
vao | YCC (ring A) 654 | - | - 640 692 | -
va1 | yCC (rings B) 484 | - | - 464 456 | emeee-
vay | YCC (rings B) 228 | e | e 214 295 | oo
va3 | YCC (rings B) 27 | e | e 33 38 | -
Big
vos | YCHBa 963 | - | - 950 970 | -
vos | YCHa,é 926 | -— | -—- 827 959 | -
Vas | YCHap.a 807 | - | - 779 805 |  ------
vy | ¥CC 551 | - | - 541 545 | -
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Vag yCC 403 | - | - 388 390 | ---e--
vy | YCC 188 | - | - 181.5 . T (—
Bag

Vas YCHB, 968 | - | - 953 984 | -
Va6 YCHoa 938 | - | 857 966 | -
var | yCC 853 | e | - 843 890 | --m-
Vag yCHG,B + yCC( ring A) 770 | - | - 790 810 |  —oeoe-
Va9 yCC 685 | - | - 632 623 | -
V50 yCC 41 | - | 463 437 | -
vs; | yCC(ring A) 294 | e | e 289 278 | -
Vs) yCC (rings B) 126 | - | - 138 132 | -
B | 1
vss | YCHB,a 969 970" 982 955 Ty —
vss | YCHod 940 | - | - 847 964 | --o-
vss | YCHB.& 815 g15%P 815 815 851 | eoem-
vss | YCC (ring A) 745 779%b 765 797 /A —
vy | yCC 546 544° 545 589 LK% T R—
vgg | YCC 45 | - | e 457 436.8 | -----
vgo | YCC 173 | | 181.8 T R
Voo yCC 87 | == | e 86 83 | -

Scaling factors: 0.876 (CH str.); 0.96 (ring (CC) str.); 1.06 (dCH); 1.08 (ring(dCCC); 1.11
(yCH); 1.11 (yCCC); 1.03 (yCC).

Special scaling factors were used for vibration modes with overlaps of different types of
motion; 1.06 (ring (CCC) str. + 6CH); 1.11 (yCCC + yCH) or (yCC + yCH); 1.03 (yCH +
yCC) 1,

v: out of plane bending vibration.

8: in-plane bending vibration.
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Vo, Ag, 3041
Vg, Bau, 1628 vz, Ag, 1583
v, By, 1175 v, Ag, 1218

U4',r, BQg, 815 \""."9, B]g, Bgﬂ

Fig.4. The graphical pictures of some vibration modes for neutral Perylene
molecule as drawn applying the DRAW. MOL. routine.
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Intensity (km/mol)
Symmetry & description Scaled MINDO
/3-FORCES Caled. [10]

In-plane
Aq
Vi CHB str. 0.00 | o
Vs CHao str. 000 | @ -
V3 CHa str. 000 | -
V4 ring (CC str.) 0.00 | -
Vs ring (CC str.) 0.00 |
Ve ring (CC str.) 000 | o
V7 ring (CCC str.) 0.00 | -
Vg ring (CCC str.) 000 | @ o
Vo O6CHé,B + ring (CCC str.) 0.00 | -
vip | 6CHa,B 0.00 | -
vi1 | 6CHa 0.00 | -
vip | 6ring (8CCC) + 6CHB 0.00 | -
viz | 0 ring (6CCC) 0.00 | -
vis | 6 ring (8CCC) 0.00 | -
vis | 0 ring (6CCC) 0.00 | -
vie | 0ring B (8CCC) 0.00 | -
Blu
v3o | CHB str. 174.3 134.5
v3; | CHa str. 893 |
v, | CHA str. 51.0 | -
vi3 | ring (CC str.) 060 | -
vi4 | ring (CC str.) 0.00 23.8
vss | ring (CCC str.) 0.26 36.0
vis | ring (CCC str.) 000 | o
vs3; | ring (CCC str.) 0.18 | o
vss | SCHal, & 1.95 5.9
vie | 8CHa, & 0.57 1.06
vao | OCHB + 6 ring (dCCC) 4.22 2.5
o | -
vy | 0 ring (3CCC) 4.27 7.7
Va3 | O ring (6CCC) 0.72 3.0
Va4 | S ring (BCCC) 0.00 ——
By
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Table (3); continue
vs3 | CHpstr. 201.6 34.7
vss | CHa str. 12.6 7.8
vss | CHa str. 453 | -
vse | ring (CC str.) 0.03 9.5
vs; | ring (CC str.) 0.01 6.2
vsg | ring (CC str.) 003 | @ o
vso | ring (CCC str.) 0.00 8.7
veo | ring (CCC str.) + & CHo+p 0.00 2.8
ve1 | 6 CHa 042 | -
Ve2 | 0 CHa + 8 ring (3CCC) 396 | -
Ve3 | 8 CHop 1.09 1.1
Ves | 0 ring (6CCC) + 0CHp 0.29 3.1
Ves | O ring (8CCC) 0.02 2.7
ves | O ring (8CCC) 042 | @ -
Ve7 | 0 ring (8CCC) 0.00 | = -
B;,
veg | CHP str. 0.00 | -
Vg9 | CHa str. 0.00 | = -
v7o | CHA str. 0.00 | -
vy | ring (CC str.) 000 | e
vy, | ring (CC str.) 0.00 | = -
vy3 | ring (CC str.) 000 | e
vy4 | ring (CCC str.) 0.00 | = -
v75 | OCHé,0.B (clockwise rocking) 0.00 | -
vy | rings (CCC str.) + 0 CH 0.00 | -
v77 | 6 CHap 0.00 | = -
vis | 8 CHB.ao 000 | -
o [msoccomn 0y |
v | anitodig) 000 | -
vg1 | 6 ring (8CCC) 0.00 | -
T I
Out of plane
Ay
vi7 | YCHoB 0.00 | = -
vis | YCHG,a 0.00 | = -
vio | YCHB.4,a 0.00 | = -
Vo | YCC (ring A) 0.00 | -
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va1 | YCC (rings B) 0.00 | -
va | YCC (rings B) 0.00 | -
Va3 | YCC (rings B) 000 | @ -
By,
vos | YCHB,a 000 | -
Va5 | YCHa,b 000 | @ -
vae | YCHo,B,6 0.00 | -
vy | ¥CC 0.00 | -
vas | yCC 000 | -
vay | yCC 0.00 | -
B,,
vss | YCHB, 0.00 | -
vas | YCHoos 0.00 |
vy | yCC 0.00 | -
vss | YCHe,B + yCC(ring A) 0.00 | -
vag | yCC 000 | -
vso | yCC 000 | -
vs; | YCC(ring A) 000 | @ -
vsy | YCC (ring B) 000 | @ -
Bs,
vs3 | YCHB.o 0.00 2.6
vss | YCHo,é 0.08 | @ -
vgs | YCHB.& 291 119.8
vgs | YCC (ring A) 0.12 63.0
vg; | yCC 0.10 8.1
vgs | yCC 0.01 | -
vgo | yCC 008 | -
veo | YCC 0.01 | -
_H vibrati Vegm (CHB )(3063 ecm™) > vigm
Totally twelve C-H vibration (CHp ,..)(3062 em™)
frequencies are calculated and included Ve (CH 3 )(3034 cm'l) o Vaam

in Table 2. The DRAW.MOL pictures
show that the motion of these modes is
localized completely on the H atoms.
For all the C-H vibrations the sym.
modes are of higher frequency values
than their corresponding asym. Modes,
ie.

Voym (CHo )(3041 cm™)
(CHa &)(3040 cm™)

> Vasym

304

(CHé ¢)(3031 cm™)

Comparing all the C-H modes, the
following correlation is detected;

Vsym (CHﬁ str.) > Vasym (CHﬁ str.) >
Vsym (CHG- str.) > Vasym (CHG- str.) >
Vsym (CH"l str.) > Vasym (CH‘Z str.)-

As for the C-C stretching vibrations
the asym. modes are usually of higher
frequency than the sym.e.g.

Vasym (CC 5r)(1629 em™) > vy (CC
sr)(1627 em™)
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Similar relation is found for the CCC
ring vibration; e.g.;

Vasym (CC str)(1435 cm-l) > vsym (CC
sr.)(1387 em™)

For all in plane vibrations, dC-H as
well as 8C-C, the asym. Vibration

frequencies are higher than the asym.;

e.g.

Vasym OCH)(1241 em™) > vy
(3CH)(1239 cm™)

Vaym (BCCC)(1041 em™) > vgm
(8CCC)(1020 cm™).

Table 2 includes the frequencies of all

out of plane C-H and C-C vibration

modes too.
The  calculated IR  absorption
intensities in the table allows a

qualitative distinction between the IR
active (# 0.0) and the IR active ( = 0.0)

vibration mode

Vibration frequencies and normal
coordinates for the positive and

negative radical ions of perylene.

For both ions of perylene, the
MINDO/3-FORCES treatment yielded
bond distances of minor changes from
those of the neutral molecule, Table 1,
but retained the D,h symmetry. For
the

the

this reason symmetry

considerations  of vibration
spectrum of neutral perylene apply for

its radical cation and anion too.

305
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As for the stretching C-H and C-C
vibrations the symmetric modes are of
higher  frequencies  than  their
corresponding asymmetric modes in a
similar manner as in the neutral

perylene molecule; e.g.

Vem (CHg s:)(3059 em™) > vigm

(CHa str)(3058 cm'l)
Veym (CHB r.)(3086 em™) > Vigm
(CHB «)(3085 cm™)
Vsym (CHy r)(3048 cm'l) > Vasym
(CHg sr)(3047 cm™)

The sequence of the C-H frequencies
follows the following order:

Vsym (CHﬁ str.) > Vasym (CHﬁ str.) > Vsym
(CHg str) > Vasym (CHg, str) > Vsym
(CHg str.) > Vasym (CHg str.)-

the C-C

Similarly for stretching

vibrations, e.g. ;

Vsym (CC str)(1564 cm'l) > Vasym
(CC 4)(1553 cm™)

As for the in plane deformation

vibrations, the asym. modes show
higher than the

frequencies sym.

modes, e.g.

Vasym (6CH)(1250 cm'l) > Vsym
(6CH))(1246 cm™)

and,

Vasym (8 CCC)(980 em™) > vy (8
CCC)(791 cm™).
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All out of plane C-H and C-C vibration
frequencies for both radical ions are

included in the table too.
General correlation.

Of major interest is the discussion of
the influence of the molecular charge
on the vibration frequencies of
perylene molecule. As for the CH
stretching vibrations, it is found, on
inspecting the frequency values of
Table 2 and 4 that, the frequencies of
the cation are higher than those for the
neutral and these are higher than the
frequency values of the radical anion.
Vsym CHp str. (C20H12)”" > Voym CHp gor.
(C20H12) > Vsym CHgser. (C20H12)"

Vsym CHg str. (C20H12)°+ > Vsym CI—I(X str.
(C20H12) > Veym CHg str. (C2oH12)

Vsym CHG. str. (C20H12)*" > Vsym CHG .
(C20H12) > Vsym CHG str. (C2oHi2)®

This relation applies for all three types
of C-H bonds in the molecule o B & .

A similar relation holds for the asym.
C-H vibrations of perylene.

Vasym CHB str. (CZOHIZ)'+ > Vasym CHﬁ _
str. (CZOHIZ) > Vasym CHﬁ str. (CZOHIZ).

VasymCHa« str. (C20H12)°+ >V asym CHo
str. (C20H12) >V asym CHo g (CZOHIZ).

VasymCH(’« str. (C20H12).+ > Vasym CHa
str. (CZOHIL) >V asym CHa str.
(CzoHi2)

To explain this result one may draw
the following argument;

The C-H bond is
through the interaction of 1s AO of H

formed

306
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with the 2s, 2p, and 2p, AO s of the C
atom. No contribution from the 2pz
AO
orthogonal to the H;s AO. Calculating

is expected, since this is

the electron densities of the o-
electrons for all three charged and
neutral perylenes and inspecting their
correlation with the corresponding C-H
stretching frequencies an almost linear
correlation is found, Fig. 5.

6 CHB (CxH12)-" > 6 CHB (CxoH12)

> o CHB (CyHy2)

6 CHo. (CyH12)”" > 6 CHo. (CooH12)
>0 CHa (CyoHi12)’

o CHG (CoH12)"" > 6 CHa. (C2oH12)
>o CHa (C20H12)
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2100 -
3025
3085 |posative)
= 3070 3.0034
= (neutral) 4068
E 3055 1 2.016 —F
B 3040 —
3025 - -
3010 2.969
2.974 (negative)
2995 T T T T 1
206 298 3 302 304 306 308
o CH
Fig. 5 Calculated change of the C-H vibration frequency of Perylene as a

function of the o electron densities of the carbon atoms.

A similar conclusion has been drawn
on studying the vibration frequencies
of the neutral, cation and anion radicals
of benz@anthracene!'”!
phenanthrene!"®.

and

The CC stretching vibrations

Different is the change of the vibration
frequencies of the CC bonds due to the
change in the charge of the molecule. It
is not similar for the sym. and asym.
vibrations. For the sym. modes the
following order is calculated;

vsym CC str. = Vsym CC str.. > vsym
.+
CC .

The highest frequency is calculated for
the neutral molecule, followed by that
of the radical anion and then the
As
vibrations, the radical cation possess
the  highest
followed by the neutral and then the

radical cation. for the asym.

vibration frequency,

radical anion species.

307

.t
vasym CC str. > vasym CC str. = vasym
CC str..

The obvious reason for this change in
the vibration frequency is the change in
the bond orders of the related bonds
due to the radical ion formation.
According to the pairing theorem,
adding an electron to the neutral
molecule, i.e. forming the radical anion
causes the occupation of LUMO with
coefficient values different from those
of the HOMO of perylene, where as
removing an electron, to form a radical
cation, does not change the coefficients
of the singly occupied HOMO. The
difference in the MO coefficient
changes the bond orders of the CC
bonds and consequently their vibration
frequencies. Fig. 6. shows the change
in the vibration frequencies of the
double bond and
Perylene due to the change in the

single bond in

charge of the molecule.
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Fig. 6. Calculated change of the C-C vibration frequency of Perylene due to the

change in the molecular charge.

As for the in-plane deformations the

following correlations were found;
6sym CH (C20H12). i > 8sym CH
(C20H12) > dgym CH (CyoHypp)™ "
Sasym CH (C20H12)' > Sagym CH
(CZOHIZ). i > 6asym CH (C20H1 and
6sym CCC (CZOHIZ). ) > 6sym CCC
(C20Hp2) > 85ym CCC (CzoHp2)" ™
6asym CCC (C20H12) > 8asym CCC
(C20H12)" " > 8a5ym CCC (CoHy2)*

And for the out of plane modes of
vibrations

yCH (CyHyz)' " > yCH (CoHp2) >
yCH (CyoH1z)'

YCC (CZOHIZ). ) > YCC (C20H12) >
yCC (CaHp)" ™

308

Conclusion

The MINDO/  3-FORCES
computed vibration frequencies of
perylene show good agreement with
the available experimental frequencies.
The study of the obtained frequencies
show the same correlation between the
sym. and assym. modes as was found
for other PHD molecules. Interesting
relations is shown Dbetween the
frequencies of neutral perylene and its
charged ions. These relations may be
extended for other PAH molecules.
The results may be useful for the
reactivity of this class of organic

molecule.
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