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The Electron Distribution and Geometry Investigation on Phthalocyanine with
Different Semi-empirical Methods without any Symmetry Constraint
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Geomelry optimization and electron density population analysis of free base phthalocvanine with different se-
mi-empirical methods, namely CNDO, INDO. MINDO/3. MNDO and Pm3. were performed without any symmetry
constraint and compared with that of Aml method as well as the X-ray dillraction and neutron diffraction data. The
oplimized geometry of H:Pe was found to he bridge-style configuration from INDO method and hond-style configu-
ration from CNDO, MINDO /3, MNDO. Aml. Pm3 methods, respectively. All these methods except INDQ give
[urther evidence to suppert the geometry distortion as reported previously. The recemly lounded semi-empirical
methods. say MNDO. Aml, Pm3. seem to be mure suitable 10 investigate the distortion evidence of the geometry

and the polarization of the electron distribution in the macromolecules such as phthalocyanine and its analogues.
Keywords: phthalocyanine geomelry semi-empirical method electron distribution

0 Introduction sive research work in this field has led 10 significanl
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progress in recent years . Regarding the work o

Phthalocyanines and their metal complexesr are

.. . ) hihalocyanine compaunds as NLO materials, it is easy
promising NLO(non-linear optical) materials!'!, Inten- P ’ P =
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to unilerstand that asymmetrical substituted phthalo-
cvanines without symmetry venter in the molecule show
SHG response'™'!, However, the experiments revealed
that free base phthalocyanine!H:Pe) and some metat
phthalocyamne complexes, namely CuPe. CoPe, and
ZoPc™ % also show SHG response, which really con-
fused the researchers because of the well accepted Da
and Da, symmetry taken by the above-mentivned com-
pounds. According to the theory of secund order NLO
maierials, the SHG response is actually related to the
electron distribution and the polarizabthty in the
mplecules or in the crystal composed Dby respective
molecules.  Some NLO experimental scientisis claimed
that the SHG respunse of CuPe was correlated with the
nonsymmetrical center in the microstructure formed by
the CuPc malecules,  Further investigation for the
elertron distribution and the polanization of molecules
af HaPe or CuPe is therefore necessary.

During this work, we find an unusual phenomenon
that the electron distribution uver the phthalucyantne
molecule derived from ealculation according to the
aplimized geomelry of HaPe molecule at Aml'®' level
without any symmetry constraint from the starting model
based vn previous melhod ™ does not fully agree with
that of Du symmetry!"'? . HoPc molecule approximately
takes €5, symmetry. However, since the two tnner
hydrogen aloms tilt to each =ide of the N-H-H-N axe
and also paint out to each side of the phthalocvanine
mean plane, it is not really a Ci symmetry. Therefore
the matecule does not have a svmmetry center. This
noneentral symmeirical geometry may be part of the
origin of the SHG response of {ree base phthalocyanine.
Since there still is the pussibility thal this unsymmet-
rical result may be due to the Aml methad itself, fur-
ther investigation of different methods is necessury. To
conform the reliability of the caleulation methods, we
perlormed CNDO, INDO'"™, MINDOQ #3"!, MNDO[#!,
and Pm3'! caleulations to compare with the results of
Aml calculation as well as the X-ray diffraction!®! and

veutron diffraction data'’!.

1 Calculation Details
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Fiz. 1 Malecule structure and atym numbers of H:Pe (K =H)

The caledlation model is created according to
previous method!'™ to eradicate any symmetry con-
straint and further optimization was made at CRDU,
INDOUH MINDO /30 MNDOM™ !, Pm3'"! jevel with

the Gaussian-94W software''"),

The algorithin for optr-
mizatton is the Berny algorithm using redundant inter-
nal coordinates and the populativn analysis is perlurmed

B8 The numbering tor

based oo the optimized geometry
atoms in phthalocyanine compounds is conducte] us
reported previously as shown in Fig. 1 for the purprse of
comparing electron distribulion and geometry variatiuns

of this molecule!""!

. All the peripheral hydrogen atoms
are regarded as substituents and wncluded. All caleu-
lations are performed on a Personal Computer (CPU
K7-500, SDRAM 128MB, HD 13GB) . The resulling
horit lengths and bond angles are summarized in Tabile
1 and Table 2, respectively. The electrun disieibution
data are comparatively listed in Table 3 to Table 7 ac-

cording to the differenl methods used.  In the literature

concerning the X-ray molecular structure of H.Pe!'

the corresponding researchers considered the molecule
to be Day symmetry, therefore they only gave une jourth
uf the structural data for the whole molecule In
sludying the molecular structure of H:Fe by means of
neulron diffraction method''™), the investigaloss von-
sidered the geometry of the mulecule w be cenlrasyin-
metrical and only gave half of the molecular structural
data for the whole molecule, In Table 1 and Tuble 2,

the data which were not directly given in the enginal



http://www.cqvip.com

£ OO0 http://www.cqvip.com|

- 58 - x Ol k¥ ¥ W #I18 &
Table 1 Bond Lengths of H:Pc (R=H)
methnds Am] CADO [INDO MIND{ /3 MNDD Pm3 Xy neutron
H57-N1 d 9914 1. 705 1 23n2 [.4232 0. 9964 1.0023 (0.95}
H58-N3 0, 9941 10713 11744 1 0261 (., 9953 0.9963 0.95
H58-N2 1. 2962 0 93
H37?-N4 1 2022 (2.93)
NI-C9 1 4138 I. 3216 1. 3809 L. 3914 1, 4088 1.4282 1.34 iL 36l
N1-Cl0 1. 4138 1 3316 L. 3747 1 3914 1 4088 B 418t 1 34 11381
N3-C13 1. 39838 1. 3835 1 3749 1.37117 J.3931 1 3974 11,341 136
N3-CHd I. 3988 I, 3835 1 3851 Lann 1. 3931 1.3974 {1.34) 1. 38
N2-C11 1. 3394 L. 345 1. 3633 13023 1 328 1.3328 1 34 I 33
Nd-Cl6 1 3399 1. 3416 L. 3722 1 3023 1,328 1.3329 11 34] I8 371
N2-CI12 1.4392 1, 3925 1 3938 1.4178 1. 4266 1.4528 (1.34) 1.37
N4-CES I 4392 1.3925 1 3916 1. 4178 1 4266 1.4528 (L34 (1. 38}
C9-N§ 1 3146 1. 3181 1. 3380 L2774 1. 3058 L3115 1,34 11, 341
CI0-N6 1.3146 1 318 L. 3362 12714 1. 3058 1.3115 133 11 31)
CI3-N7 1. 3777 1. 30 1 3618 1. 3547 1. 3788 1 3921 (1.34) [.34
Cl14-N8 1.3777 13599 1.3447 1. 3547 1. 3709 1.3921 (1. 33} 1 31
C11-N6 1 3954 1. 3731 1 3494 L. 3703 1 3915 . 4031 11,1331 130
Clg-N5 1. 3954 1 3732 L. 3608 1.3703 1. 3913 1. 4031 {1.34) {1.31)
CI2-N7 1.3113 . 3253 1 3357 1. 2696 1. 3038 13015 (L 3} 1.3
C15-N§ 1.3t13 L. 3252 1.3324 L 2696 1.3028 1.3015 [§ ] (L. 301
Table 2 Bond Angles of HoPc {R=H)
methods Aml CNDQ INDv MINDOQ /3 M¥DO Pm3 Xeruy neuleor
H57-N1-C9 123.6289 124, 6715 107, 053 124, de96 123. G002 124 588% 123
H57-N1-C1Q 123, 6420 124 8549 145, 7859 120. 4716 123 007 124,62 129
H58.N3-C13 124 2553 124. 6905 1140, 5909 121. 4474 123 4361 13468 Lrz3y
H58-N3-C14 124 27] 124, 851 141. 418 121.4484 123.9443 124, 7024 (119}
Co-NI1-CID L12. 7285 110 4734 106. 3088 1190588 1E3, 5928 110. 7919 (108. 5) 108
C13-N3-C14 111, 4737 110. 4383 10789911 L17. 1042 112, 1193 110, 6175 i108.5) {108}
C11-N2-CI2 109, 4386 103. 0314 105. 6722 112 1451 109, 4446 109. 1725 [108.5) {1HH
Cl6-MNa-CI5 105 4389 103, 0303 107 3424 112. 1451 109, 4447 105, 1726 108. 5 110
NI-C9-N3 130. 1438 127. 3805 122. 9054 128, 4005 129, 2057 128. 8706 §1331Y 127
N1-C10-No 130 1469 1274915 129. 4403 128 3002 129. 206 128. 8768 [131) 128
N3-C13-N7 128, 6686 125 498 121. 1077 1244256 1273671 127. 9913 1131) {1271
N3-Ct4-NE L2B. 6719 125.5952 128, 1875 124 4248 127, 3675 127.9954 (131 12
N2-CLI-N& 128,232 27. 2065 [29.0718 123, 6171 125, 3336 125. 3244 (131 1131}
N4-C16-N5 128. 2342 127, 158 121 9409 1236156 125.3332 125, 3256 131 127
N2-CI12-N7 128,394 127 1318 122 8669 124 3146 120, 6764 125 9BS6 1131 1127)
N4-CL5-N8 128, 592 [27. 2887 128. 4381 124, 3153 126, 6766 125 9855 131 131
C9-N3-Cl6 122, 0543 121 155 116, 2349 132, 3483 126. 2271 124 92635 115 122
CLo-N6-Clt 1220535 131 9733 13,9453 132 3507 126, 2261 124 929 (119) 125
€12.N7-C13 123. 8446 124, 1513 117.2992 137. 1183 127, 6913 126. 7106 {115} 1122)
Cl4-N8-C15 (23, 8447 1243631 136. B763 1371221 127. 621 126. 7731 119 11235]
literatures!'* 1! are noted in brackets according o their checked first in this and the subsequent section, The
symrmeiry. lengths of the N-H bonds in the center of this macro-

2 Results and Discussions

2.1 Bond Lengths
To clarify the accuracy of these six semi-empirical

muthods, the bond lengths and bond angles are

cycle and some of the N-C bonds are listed in Table |
together with the data obtained [rom X-ray diffraction!'®)
and neutron diffractiun measurement'"”  The data of
N-H bond lengths with differences less than 0, 05A

from that of neutron diffraction”™ and those of N-C
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Table 3 Electron Population of Phthalocyanine {R = H, CNDOQ)

atom churge alom churge slom charge ulom charge
H57 0.223373 H58 0. 198794

Nl -{.353522 N3 ~0.296113 N2 -0, 328383 N3 -0 328510
N5 - 0. 283817 N7 ~ 0. 250424 N6 -0, 289024 N3 -0 250605
C9 0. 299199 i3 221332 C1] 0. 269376 Clt 0. 269233
C10 0, 299325 Cla D, 221343 [ 0. 238551 Ci5 0. 238629
C17 -0 014682 €21 - 0. 011327 C19 -0, 032725 Cl4 -0 032745
Cig ~ 0. 014642 c22 ~0.011272 c20 - 0. 014310 23 -0, 014788
Cas 0, 001421 c2e - 0. 008745 €27 0, 00024} a2 0 0no246
€26 0.001407 €30 ~ 0. 008766 28 -0.010501 £3] - 0. 010524
€33 - 0. Q07157 €37 ~0. 016077 C35 - 0. Q18503 c40 -0 018515
€34 - 0. 007253 C38 ~ . 016068 C36 - 0. 00BOT0 Lig - 0. 018066
R4 g. 026479 R45 0. 007141 R43 0. 906642 R48 0 006646
R42 0. 026488 R4s 0. 00715) Ra4 0. 010693 R47 0. 010683
R4% 0. 021826 R53 0. 005413 R5l 0. 008098 56 0. Q08091
R50 0. 021824 RS54 0 005411 R52 0. K7848 RS55 0. 007833

Table 4 Electron Population of Phthalpcyanine (R = H, MINDO /3 }

atom charge ulom charge alom charge alom charge
Hs7 0. 125026 H58 0. 078323

N1 -0 295183 N3 - {. 061892 N2 - 0. 368382 Nd - 0. 368379
N5 - 0. 340082 N7 ~{. 232076 N6 - 0. 340091 N8 - 0. 232076
co 0. 3616492 Cl13 Q. 117736 C11 0. 347150 Ccl6 0 347170
10 0. 361656 Cl4 0. 117732 Cc12 0.283528 cis 0. 283524
c17 -0.037390 2] -{.021417 C19 - 0.058975 L24 - 0. 058973
[ }3 -0.0373%2 C22 ~0.02141] C20 -0.022277 £23 - 0. 022275
25 0. 035679 C29 0.022845 27 0.033227 ci 0. 034227
Cl6 0. 035679 Cio 0.022339 C23 0.018882 C3] 0. 018880
ci3 0. 013663 C37 ~ 0. 005029 C35 0.001349 Ca0 0. 001347
C34 0. 013662 C38 - 0. 005024 C36 0. 014456 C39 0. 014456
R41 0. 002089 R45 ~ 0. 024520 R43 -0.019943 R43 - 0. 019943
R42 0 002090 Rd6 ~0 024518 Ra4 -0 009429 R47 - 0. 009428
Ra% 0, p02287 R53 ~0. 018543 R5i - 0. 010203 R56 - 0. 010202
R50 0. 002287 R54 ~0, 018544 R52 -0.010384 R55 - 0.010384

Table 5 Electron Population of Phthalocyanine (R = H, MNDO )

atom charge uium charge anlom charge alom charge
H57 0.318323 H58 D, 300656

N1 - 0. 387404 N3 -0. 310163 N2 -0 402106 N4 -0, 402102
N5 -0 353328 N7 -0.234773 N6 -0.353331 N8 - 0. 234766
c9 0. 384397 Cl3 0. 147205 ClI 0. 278486 Cle 0. 278484
C10 0.384412 Cla 0. 147213 c1z 0. 192274 C15 0. 192270
C17 -0.085716 od| -0, 054371 c1e - 0. 105873 Cc24 - D. 105878
CI8 -0.085721 £ - 0. 053369 C20 -0.061735 €23 - 0. 061731
€25 -0.014774 c29 -0.042014 Cc27 - 0. 015073 €32 - 0. 015071
C26 -0.014771 C30 - 0. 42017 c28 -0.0357T74 C31 -0 035776
C33 -0, 081013 C37 -0 107002 Cas - 0. 108677 C40 - 0. 108679
C34 - 0.091015 C38 - 0. 107001 C36 ~ 0, 086250 C39 -0 085248
R41 0. 129483 R45 0 107140 R43 0. 116320 R48 0. 116320
R42 0. 129433 R4& 0. 107140 R44 0 122952 R47 0. 122950
R492 0 111757 R33 0. 91855 R351 0. 102711 R56 0. 102712
R50 0 111758 R34 0 091853 K52 0. 103182 R3S 0. 103180
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Table 6 Electron Population of Phthalocyanine {R = H, Pm3)

alom vliarge atom charge dtom charge alem charge
H37 Q. 219820 1158 4 163000

N1 0. 000683 N3 1} 383974 Nl -0, 278831 N4 -0 278818
NS -0 133748 N7 1. X674 NG -0 133771 NE 0066754
<9 0. 075036 CI3 —{ 249033 cli 0. 130882 C16 Q. 130860
c10 (.075108 Cl4 = 0.249011 Cl2 - 0.026739 CLs - 026746
ci? -0 096911 €21 -0 054474 cly -0, 123034 C4 -0 123037
Cl3 - 0. 036920 (e - 0. 054478 €0 -N,N61344 C13 -0, 361341
C25 -0, 116653 C9 -0 14322 c? -0 112641 £32 - 1. 112634
Cl6 -1, L16BSZ C3n -1, 140324 1228 - . 143750 C3l - 0. 143753
C33 -1} 183511 <3z -0, 197347 vas - 0. 203740 40 -0, 203742
C34 - 0. 183510 38 -4, 197346 36 =0,173477 239 - 173475
R4l 0. 221429 R4S 0. 207696 R43 0. 21276l R43 0. 212760
R42 0. 2121432 R46 0. 207697 R44 0. 216812 k47 0. 216812
R49 0. 200169 R533 0.189112 R51 0. 196512 R36 Q196512
R30 Q. 200169 54 Q. 189111 52 0. 194637 R3S i 194637

Table 7 Electron Population of Phthalocyanine (R = H, INDQ )

alom charge ubani cliarge utum charge aluin vhurge
H57 0. 336409 H58 0. 324177

Nl —0.470423 N3 = Q404801 N2 - 0. 461061 N4 -0 429956
NS - (), 366844 NT - (. 342657 NG - 0. 400749 N8 -0 330264
ue 0. 357405 Cl13 0 310877 Cll 0. 387690 Clé 0. 3443841
Cl19 0 391138 C14 0.29816) clz Q. 331915 Ci5 0. 309936
Cc17 ~0.030031 <2l -0 032750 cle - {1. 042957 C24 - (. 40787
Ccl8 -{0.037234 rz -0, 017159 20 -0, 023205 C23 -0.al31o0l
C25 0 024590 29 22371 cz27 0. 030085 caz Q. 028878
C26 0 025344 30 0. 012665 Cc28 0. 018834 C31 0.011770
C33 0.012727 C37 0. 001573 €35 0. 004536 C40 0 00467
C34 Q 009271 38 0 00%351 C36 0 014762 39 0. 015442
Rd1 -0, 00374 R43 -0 017837 R43 -0.002480 R48 - 0. 0149068
Rd42 -0 (8584 Rd6 -1} 017084 R44 -n. 010511 R47 —0. 012434
R49 - 0. 00B10? K53 — 0. 014%20 RS1 -1{. 009971 R34 -0 011563
R30 - Q. 007885 R34 - 0016040 R52 -Q.010813 R55 -0 013299

bond lengths with differences less than 0. 044 from

6] [17]

those of X-ray!"® or neutron diffraction””’ measurement

are emphasized in the dark leaning stvle. It has heen
found that the data of N-H bonds calculated with Aml,
MNDO and Pm3 methods are close to those obtained by
neutron diffraction measurement''!. While the data de-
uved from other calculation methods seem to be some-
what tou large. The four N-H bond lengths obtained
from INDQ are close to each other but much larger than
thuse from other methods, indicating the configuration
of the geometry from [NDQ to be bridge-stvle which
contrasts to the bond-style gevmetry deduced from the
uther methods. Moreover, the values of the N-C honds
caleulated from INDQ, CNDO, MINDO /3 and MNDO

methods are close fo the experimental data of X-ray!™!

171 while the data due to other

and neuiran diffraction
methods do mot comrespond so well with the experi-
menial results,
2,2 Bond Angles

The position of the two inner hydrogen atoms is
suggested to be very important towards the symmutry of
the whole phthalocyanine molecule accorrling 1o previ-

U ts influence vn the bond an-

ausly reported results
gles in the molecule has also been comparatively in-
vestigated fur further clarification. The bond angles of
H57-NI-C9, H57-NI-CIO, HS8-N3-Cl3. HS38-N3-
Cl4, C-N-C and N-C-N deduced frm different
methods ure listed in Table 2 together with the expen-
mental dafa of X-Ray'"" and neutron diffraction mea-

surement!'"), The data with differences less than 2° from
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that of X-ra¥!"® or neutron diffraction!’”! measuremem
are emphasized in a dark leaning style as shown in
Tahle 2. It has been found tha! the data of the H-N-C
angles obtained from Aml, MNDO. Pm3 and CNDO
methuds agree well with the neutron diffraction!"
measurement results and the data of C-N-C and N-C-N
angles from AmI, Pm3, CKNDO and MNDO correspond
well with the X-ray"™ and neutron diffraction''” mea-

surement results.
2.3 Electron Distribution

The electron distnibution data in the molecule were
then checked. In order to get comresponding informa-
tion. the nitrogen, carhon and hydrogen atoms in the
malecule of H:Pc are also divided mto several suh-
groups {circles) according 1o their distance [rom the
molecule center like that used in previous Aml calcu-
lation'"! . It was found that all the data of CNDO,
MINDO. 3, MNDO and Pm3 give further supporting
evidence to the generalization deduced frum Aml cal-
culation methad!"'"?, The charges of two inner hydrogen
atoms are not identical. In the first nitrogen subeircle
N1 is largely different from N3 while N2 is very close 1o
N4. In the second nitrogen subcircle N5 is close 10 N6
and N7 is close 1o N8 while the later two atums are
largely different from the former ones. In the first
carbun subeircle C9 is elose to C10 and C13 is close 1o
C14 which is largely different from that of €9 and C10,
CI11 is ciose ta CI6 and C12is close to C13 while C12
and CI5 are largely different from C11 and C16. The
charges of atoms in other carhon subcircles and the
hydrogen subcircles aiso agree with this generalization.
This suggests that the generalization first observed from
Aml method'"? is also general 10 CNDQ., MINDO/3,
MNDO and Pm3 methods.

Similar evidence cauld not be generalized from the
data obtained from INDO method. The charge differ-
ences hetween atom pairs are very large and they do not
show any significant symmetry. This indicates that IN-
DO method is not appropriate for caleulating the elec-
tron distribution. This conclusion actually relates with
ihe nature of INDO ecalculation method, which is known

as Intermediate Neglect of Differeniial Overlap methud.

Thi: differential overlap in all electron-interaction
integrals except these involving one center are all ne-
glected!"?. This neglect thus limits the accuracy of the
eleciron distrihution calculation by means uf this

methud.

3 Conclusions

{1} The geometry uf free buse phthalocvamane
molecule 13 optimized at CNDQ, [NDO, MINDO/3,
MNDO and Pm3 level without any symmetry consiraint.
The hond lengths of the inner N-H bonds caleulated
from different methods are compared with the data from
neutron  diffraction!’”! measurement and the data of
Aml, MNDG and Pm3 are found to correspond well
with the experimental results. The bond lengths of N-C

honds from different methods are compared with X-rav

1n] 1?1

diffraction'™! as well as neviron diffraction results

The data used INDQ and CNDO methods seem to he
more acceptable. The bond angles of H-N-C from
Aml, MNDO and Pm3 agree with those provided by
neutron diffraction'”!

of C-N-C and N-C-N from Aml, MNDO and Pm3 are

Hit

measurement and the bond angles

also in accordance with those of neutron diffraction

el regulis.

and X-ray diffraction

(2) The electron distribution of H:Pe derived from
all the five semi-empirical methods is found not 1o he
precisely symmetrical. The data obtained by four of the
aforementioned method except INDQ give correspond-
ing result generalized from Aml method""!. The un-
symmetrical phenomenon of electron distribution fur
H:Pc molecule therefore is not caused by ihe Aml
method itself but due to the intrinsic nature for the
H:Pv molecule according to current accuracy.

{(3) To further confirm the proposition from this
series of research work!'", similar calenlations on te-
trazaporphyrine and substituted phthalocvamne using
Aml, MNDOQ or Pm3 method is in progress. It is wurth
noting thai although the accuracy of these three methods
on the N-C bond lengths are not very good. it does not
affect their usefulness because the hond lengths are not
sensilive 1o the geomeiry distortion and the electron

density polarizationU'!.
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