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Hacmoawaa cmampa a611emcs NPoOOaNHceHUEM padom no yCMAaHOoG1eHUI0 Yy6Cmeu-
menbHOCmU 2J1IeKIMPOHOZPAPULECKO20 MEMOOA 8 OMHOUIEHUU OnpedeleHUA KOHPOPMAYUOHHO20 CO-
CMaea MaKkpoOUUKIUYeCKUX MOEKYsl, 0C0HCHEHHBIX 88e0CHUEM ZPYRR-3Amecmumeineil paziuiHoll
npupoosvt. C nomowpio Keanmoeo-xumuueckux pacuemos (memoo DFT, ¢pynxyuonan B3LYP) u3zy-
YeHo KoH@opmayuounoe muozooopazue 5,10,15,20-mempaxuc(4-X)gpenunnoppunos (n-4CeHsX-
HyP: X = F, Br). Paccmompennbsie kongopmepvt omauuaromcsn nonoxcenuem -4C¢HiX epynn ommuo-
cumenbHo maxkpouukia. Omuocumenvusie Inepzuu kKongopmepoe CeHsF-HoP ov1u evtuucaenst ¢
UCNOJIb306AHUEM PATUYHBIX OA3UCHBIX HAOOPOE C UeNbIo n00bopa sapuanma, Hauboiee ORMUMATTL-
HO20 NO COOMHOUIEHUIO «KAYEeCHE0 paciema/svluuciumensvras cmoumocmsy. Coznacno pesyioma-
mam pacuemos Haubdonee Inepzemuuecku 6vi200Hoil cmpykmypou n-4CsHsX-HoP sensemcea xon-
dopmep cummempuu Cy.. B mo sce epems, omuocumenvnole IHepeun Opy2ux Konghopmepos eecoma
Manbl, HOIMOMY UX 8603MONHCHOE NPUCYICHIBUE 8 RAPE HE0OXO0UMO YUUMbBIEAMb NPU 00PAdOmKe IKC-
nepumenmanvuvlx dnexkmponozpaguueckux (3I) oannvix. 3amena amomos F na amomot Br npu ne-
pexoode 4C¢HiF-HP—4CeH4Br-HoP He npusooum k 3mauumenvnvim usmenenusam cmpoenus nop-
¢upunosozo ocmoea. Beinoinen ananus 4yecmeumenbHOCHU Memood 2a3060ii J1eKmpoHozpaghuu K
CMPYKIYPHBIM U3MEHEHUAM, 00YC/1061EHHBIM PAZTUYHBIM NOJI0HCEHUEM 2A102eHEeHUIbHBIX 3aMe-
cmumeneii. Conocmagiensl meopemuyeckue ynkyuu paouanvhozo pacnpedenenusn f(r) kongopme-
poe n-4CsHsX-HoP, a makce mema- u opmo-uzomepos — m-4CsHsX-HoP u 0-4CsH4X-H2P. Pesynsb-
mamol MOOEUPOGAHUA CEUOCMEIbCIEYIONT 0 803MOMCHOCMU HAOEHCHOZ0 IKCHEPUMEHMATbHO20
onpeodeneHus paccmoAHUI Mexcoy XUMUUECKU C6A3AHHBIMU AMOMAMU, 8 MO 8DeMsl KAK yMOoUHeHUe
n0J10)CceHUA 2A102eHPERUTBHBIX 3amecmumenell OMHOCUMEIbHO MAKPOUUKIUYECKO20 0CHO6A MO-
JIEKYIbl HAXO0OUMCA Ha npedene 603moxcHocmeit memooa. Ha ocnose sxcnepumenmanpHpIx 0aHHbIX
MONCHO HAOEHCHO pazauuumsv mema- u opmo- uzomepvl 4CsHiX-HoP, ¢ ocobennocmu, 6 cayuae
Opom3ameuiennbixX henunbHbIX Zpynn.

KaroueBbie KBaHTOBO-XUMUYECKHE PACUETHI, TeOpHsl (yHKIIMOHAJIA INTOTHOCTH, TOp(QUPHH, KOHPOpMa-
IIMOHHBIN aHAJIN3
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Conformational manifold of 5,10,15,20-tetrakis(4 “halogenophenyl)porphyrins (p-4CeHaX-H2P;
X=F, Br) was studied by DFT calculations (functional B3LYP). The conformers are different by
positions of -4CsH4X groups relative to the macrocyclic core. Relative energies of the conformers
of 4C¢HsF-H2P were calculated with use of different basis sets in order to find the optimal ratio
«quality/ computational cost». According to the results of the calculations, conformers of Coy Sym-
metry are the most energetically favorable. However, relative energies of other conformers are quite
low, therefore they should be taken into account at the treatment of the gas-phase electron diffrac-
tion (GED) experimental data. The sensitivity of the GED method to structural changes induced by
different relative positions of halogenophenyl substituents was examined. Model radial distribution
curves f(r) for conformers of p-4CsH4X-HP, as well as meta- and ortho- isomers (m-4CsH4X-H,P
and 0-4C¢HsX-H2P) were compared. The results of the model studies demonstrate that the bond
distances can be reliably determined from experimental data, while the refinement of the positions
of halogenophenyl substituents relative to the macrocyclic core is at the limit of the possibilities of
the GED method. Meta- and ortho- isomers of 4C¢HsX-H2P can be distinguished based on the
experimental data, especially in the case of bromine-substituted phenyl groups.

Key words: quantum chemical calculations, DFT, porphyrin, conformational analysis

INTRODUCTION

According to modern concepts, the under-
standing of electronic and geometry structure of a mol-
ecule is the key point in interpretation and prediction
of chemical, physical and biological properties of a
compound. The structural studies commonly exploit a
number of theoretical (quantum-chemical) and experi-
mental (X-ray diffraction, gas-phase electron diffrac-
tion, etc.) methods. It should, however, be mentioned
that the solid state structures determined by X-ray dif-
fraction are usually distorted due to intermolecular in-
teractions. Gas-phase structures do not suffer from
these interactions and reflect the properties of a free
molecule. The most common experimental method for
structural determination of free molecules is the gas-
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phase electron diffraction (GED). The structures deter-
mined by GED can be used for the development of cor-
responding subsections of stereochemistry and for the
assessment of performance of various theoretical
methods. However, in the case of large molecules the
structural refinement of GED data is usually a nontri-
vial procedure [1]. In particular, macroheterocyclic li-
gands and their metal complexes are characterized by
a low volatility and require very high temperatures during
effusion experiments [2]. The macroheterocyclic com-
pounds can exhibit different types of non-planar distor-
tions depending on the nature of central metal atom and
kind of substituent [3-5], and this circumstance brings
the additional difficulties in the structural analysis.
Therefore, only few structures of macroheterocycles
have been determined experimentally so far, while
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most studies of the free molecules of porphyrin deriv-
atives were limited to quantum-chemical calculations.

In the literature one can find a series of GED
investigations of the structures of phthalocyanine com-
plexes [6-12]. However, among the porphyrins, only
copper and tin octamethylporphyrins [13, 14] and cop-
per and zinc etioporphyrins-11 [15, 16] were studied by
GED. The sensitivity of the GED method to the deter-
mination of the conformational composition of macro-
cyclic compounds bearing hydrocarbonic substutuents
was examined and the refinement procedure was ad-
justed in [15, 16]. In the case of the metal etioporphy-
rins-11 [15, 16] only the geometry of the macrocyclic
framework, but not the relative positions of the —CHs
and —C;Hs substituents can be reliably determined.

The present contribution continues the series
of studies devoted to determination of sensitivity of
GED method to the determination of conformational
composition of macrocycles, but deals with substitu-
ents containing halogen atoms. The objects of study are
5,10,15,20-tetrakis(4’-halogenophenyl)  porphyrin
(p-4CesHsX-H2P; X=F, Br).

The structures and the conformational diver-
sity were examined with use of quantum-chemical cal-
culations. Theoretical consideration of the sensitivity
of GED method to the determination of conformational
and isomeric composition of the vapor was also
performed. For this purpose, meta- and ortho-iso-
mers were also calculated: 5,10,15,20-tetrakis(3’-
halogenophenyl)porphyrin (m-4CsHsX-H2P; X=F, Br)
and 5,10,15,20-tetrakis(2’-halogenophenyl) porphyrin
(0-4CsHaX-H,P; X=F, Br).

Fig. 1. Molecular structure and atom numbering of 0-4CeHaX-
H2P, m-4CeHaX-H2P, p-4CsHaX-H2P (X=F, Br)
Puc. 1. MonekynsipHas CTpyKTypa U HyMeparysi aTOMOB JUISl 0-
4CeH4X-H2P, m-4CsHaX-H2P, n-4CeHaX-H2P (X=F, Br)

COMPUTATIONAL DETAILS

Structural parameters of p-4CgHaX-H2P (X =
F, Br) were optimized under Cav, Can (two variants), D,
and Dy, (two variants) symmetries, under C;, D, Cy,
Can (two variants) and Ca, symmetries — for m-4CsHaX-

H.P (X = F, Br) and under D2, C;, Ca (two variants)
and Cyy symmetries — for 0-4CsHsX-H2P (X = F, Br).
Vibrational frequencies were calculated for all the op-
timized structures. All calculations were performed us-
ing DFT (B3LYP functional [17,18]). In order to ex-
amine the influence of basis set on relative energies
and structural parameters, five basis sets were tested in
the case of p-4CegH4F-HoP:(A) 6-31G(d,p)[19]; (B)
pVTZ, taken from the EMSL library [20] (denoted as
«GAMESSpVTZ»); (C) cc-pVTZ [21]; (D) pcseg-2
[22]. Basis set (B) was chosen for the calculations of
4CgH4Br-H,P. Core electrons of Br atom were de-
scribed by pseudopotential ECP1OMDF [23] and the
valence shell was described by cc-pVTZ-PP
(10s11p9d1f)/[5s4p3d1f] basis set [23]. The calculations
were carried out utilizing Gaussian 03 program package.
The optimized structures from quantum chemical calcula-
tions at B3LYP/(B) level are given in Supplementary ma-
terial [http://journals.isuct.ru/ctj/article/view/1799].

RESULTS AND DISCUSSION

According to the results of calculations, four
optimized structures (conformers p-l1 — p-1V, see Fig. 2)
of p-4CsH4X-H,P correspond to minima on the poten-
tial energy surface. Conformer | possesses the lowest
energy (see Table 1), however the energies of conform-
ers p-11 — p-1V are only slightly higher. Conformation
p-V corresponds to the saddle point of 4™ order on the
PES with imaginary frequencies describing rotation of
the groups —CsH.X. Conformation p-VI also corre-
sponds to the saddle point. The imaginary frequencies
describe rotation of the substituents and out-of-plane
distortions of macrocycle.

Note, that the different basis sets give the same
qualitative picture of the relative energies of consid-
ered structures (Table 1). The molecular parameters of
similar type calculated with use of the basis sets A-D
possess close values. The maximum deviation of the
bond length is 0.008 A that is close to the typical un-
certainty of GED experiment. It should be mentioned
that the use of basis sets C-D requires much more com-
putational time as compared to A-B (Table 1). There-
fore, the calculations of 4CsH.Br-H,P were only per-
formed with use of basis set pVTZ (B).

Conformational analysis for ortho- and meta-
isomers of 4CsHsX-H,P was performed in the similar
way as in our previous study of metal etioporphyrin-II
[15,16]. Models 1-V (Fig. 3) differ in the orientation of
the halogen atom relative to the macrocyclic fragment.
According to the results of calculations, the conform-
ers m-I(1) and o-1 possess the lowest energies (Table 3)
for m-4CgHsX-H,P and p-4CesHaX-H2P, respectively.
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Table 2
Molecular parameters (internuclear distances, A; an-
gles, ©) of conformer p-1 of p-4CsH4F-H2P calculated
with use of the different basis sets
Tabauya 2. MoJiekyJsipHble mapaMeTpbl (MexXbsiiep-
Hble paccTosinms, A; yrisl, ©) n-4CsHiF-H2P (kondop-
Mep P-1), paccuuTaHHbIe ¢ HCMOJIL30BAHHEM Pa3JINy-
HBIX 0a3UCHBIX HA00POB

Comparison of molecular parameters of similar
type for p-4C¢HaF-HoP and p-4CsH4Br-HoP (Table 4)
leads to conclusion that the nature of a halogen does
not influence significantly the structure of entire mole-
cule. Elongation of the bond C—X by ~0.6 A in the Br-
substituted molecule does not lead to noticeable defor-
mations of macrocycle and, therefore, does practically

. . . B3LYP/basis sets
not influence the relative energies of the conformers. Parameter A ®) © D)
Ni-Cu (1) 1.367 1.364 1.362 1.361
Co-Cp1) 1.460 | 1.458 | 1.456 | 1.456
Cs-Cp ) 1.354 | 1.351 | 1.348 | 1.349
Cm-Coy 1.412 1.408 1.406 1.406
Cm-Cur 1.406 1.401 1.399 1.399
Ni-Hi ) 1.014 | 1.011 | 1.010 | 1.010
Ni-Cu2) 1.376 | 1374 | 1.372 | 1.372
Cu-Cpr) 1434 | 1.432 | 1.430 | 1.430
Cp-Cs» 1.369 1.367 1.364 1.364
Cn-Cy 1.497 1.499 1.496 1.497
Ci-C; 1.404 1.399 1.397 1.397
Ci-Cs 1.405 1.399 1.397 1.397
C-Cy 1.394 | 1.392 | 1.390 | 1.390
Cs-Cs 1.394 | 1.392 | 1.389 | 1.390
Cs-Cs 1390 | 1.385 | 1.383 | 1.383
1V conformer (D,) V conformation (D,,) VI conformation (D,,) CS'C6 1390 1385 1383 1383
Fig. 2. Conformer models of p-4CsH4X-HzP C-F 1.349 1.355 1.349 1.351
Puc. 2. Monenu koupopmepos n-4CsHaX-HzP Ca2y-CarC1-Cy 65.3 729 71.9 724
Ni-Co-Cp (1) 1109 | 110.7 | 1107 | 1106
Table 1 Co-Cs-Cp 1) 106.3 | 106.4 | 106.4 | 106.4
Relative energies of conformers p-1 — p-1V, confor- Cou-Cin-Cy 125.2 125.4 125.3 125.4
mations of p-V — p-VI of p-4CeHsX-H:2P, where X=F, Ni-Co-Cp 2) 106.5 106.4 106.4 106.4
Br, and relative CPU time for single point calculations Cu-Cp-Cpo) 108.2 | 108.2 | 108.2 | 108.2
with use of the different basis sets
Tabnuya 1. OTHOCUTeNbHBIE JHEPIrUH KoHopMepoB P-| . }‘—{ J
— p-1V, koudopmannii p-V — p-VI n-4CsHaX-H2P, rae Y
X=F, Br, n oTHOCHTe/LHOE BpeMsl pac4eToB C HCNOJb- /,LH \’ i’ ”)_;J;.\ Y AN ¥ Y
30BaHHeM Pa3INYHBIX HA00POB 0a3UCHBIX (bymcu_lm ;\,/\F,‘\. mu«f\ _\F‘
Structure | p-1 [p-1l|p-1H{p-1V|p-V| p-VI |Rel. time 2 AR a N
X| Symmetry |Coy|[Con|Caon| D2 |Dan| Doan Cov 0 comformer (C) I“;,I.t[ll-:,:Fl?:[;:::;)j;d
AE, kJmol1(A)?0.00|1.15/1.30|2.51/5.02(769.37] 1.0 Syl Nl
AE, kJmol(B)°(0.00/0.43|0.50|0.86|0.99(767.43| 6.1 .\J1 i { .;;u’:! }‘"‘%‘“
AE, kJmol*(C)?0.00[0.26(0.62|1.08(1.31[754.75|  16.7 N i i \{ﬂ% 1
R P i [t L
AE, kJmol(D)"0.00/0.47|0.53|0.94(1.12(757.86| 34.7 N}H(zﬁ\wff A
BI|AE, kimol(B)?0.00[0.42/0.50[0.91[1.10[760.45| - O M O ‘V\ M O

Notes: a The ratio of CPU time of 5 cycles of SCF procedure
within a single point calculation at different theory levels to 5
cycles of a single point CPU time of calculations using basis
set (A); b (A), (B), (C), (D) basis sets are described in Compu-
tational details

HpI/IMe‘IaHI/Iﬂ: a OTHOCUTEJIbHOC KOMIIBIOTEPHOE BPEMS, 3aTpa-
yenHoe Ha 5 SCF-urepanwmii «Single pointy» pacuera;b HaGopsI
6aszucubix ¢Qyukuuu (A), (B), (C), (D) omnmcausr B pasnene
Computational details

m-. o= 11 conformer (C.,)

. O - Halogenophenyl groups (-CsHaX)

Fig. 3. Conformer models of m-4CsHaX-H2P, 0-4CeH4X-H2P.
Top view: the orientation of the X-atom (X=F, Br) with respect to
the plane of the porphyrin macrocycle: (black)—above the plane,

(white)—below the plane
Puc. 3. Moaenu kordopmepoB m-4CeHaX-H2P 1 0-4CeHaX-H2P.
Buz cBepxy mokasbiBaet oprueHTaiuo atoMoB X (X=F, Br) orxo-
CUTEJBHO IIOCKOCTU MOP(UPHUHOBOTO MaKpOLMKIIA: (YEPHBI) —
HaJI TUIOCKOCTHI0, (OeNbIi) — Mo MIOCKOCTBIO

m-. o~ 1V conformer (L‘b)

m-, 0= V¥ canformer ((‘;\)

54

U3B. By30B. Xumus u xum. texsosorus. 2020. T. 63. Bemn. 1



N.10. Kypoukwun, A.E. [Toronun, A.A. Otieros, A.H. Kucenes, I'.B. 'npraes

Table 3
Relative energies of conformers of m-4CeHsX-H2P and
0-4CsH4X-H2P, where X=F, Br
Taonuya 3. OTHOCUTEIbHDbIE FJHEPTUH KOH(POPMEPOB Ju-
4CsH4X-H2P u 0-4CsH4X-H2P, rne X=F, Br

X m- isomer (m-1(1)|m-I(I1)] m-1I {m-11{m-IV| m-V

symmetry | C2 | D2 | Ci | Can | Con | Cov
F AEi('g)TO" 0.00 | 0.67 | 0.21 | 0.40 | 0.58 | 0.40
Br AEi('I‘BJ)TO" 0.00 | 0.57 | 0.17 | 0.36 | 0.56 | 0.36
X 0- isomer o-l o-1l |o-lll|o-IV| 0-V

symmetry D, Ci | Cn | Cn | Cy
F AEi('g)TO" 000 |0.71|050|053| 165
Br AEi('g)TO" 000 |0.76 |0.650.73| 1.68

Note: a (B) basis sets are described in Computational details
Ipumeuanue: a 6asucHele Gynkuun (B) omucansl B pasmene
Computational details

Analysis of the sensitivity of the GED method to
the determination of the conformational and isomeric
composition of the 4CsH X-H,P (X=F, Br) vapor

In order to assess the ability of GED method to
distinguish between conformations of p-4CsHsX-H2P
molecule, a series of calculations of the model radial
distributions curves f(r) was performed using results of
B3LYP/(B) calculations. Vibrational amplitudes and
corrections to the internuclear distances at the esti-
mated temperature of GED experiment of T = 600 K
were calculated with the use of VibModule program
[24] (second approximation) on the basis of the force
field obtained from quantum chemical calculations at
B3LYP/(B) level.

Table 4

Comparison of structural parameters (internuclear distances, A; angles, °) for 4CsHsX-H2P (p-, m-, o- isomers,
X=F, Br) from B3LYP/(B) calculations
Taénuya 4. CTpyKTypHbIe NapaMeTphl (MesKbsiiepHbIe paccTosinusi, A; yribl, °) 4CsHaX-HzP (-, M-, 0- u3omepbl),
rae X=F, Br, corsacuo pacueram B3LYP/(B)

Parameter X=F(p-I conf) p-iso- X:Br_(p-lconf.) p-|X=F (C2) m- X=Br (Cy) X=F (D) o- X=Br (D) o-
mer isomer isomer m-isomer isomer isomer
Ni-Cu 1) 1.364 1.364 1.364 1.364 1.363 1.363
Co-Cp 1.458 1.458 1.458 1.458 1.458 1.458
Cs-Cpy 1.351 1.351 1.351 1.351 1.351 1.351
Cm-Cuqy) 1.408 1.408 1.408 1.408 1.406 1.406
Cm-Cup 1.401 1.401 1.401 1.401 1.399 1.399
Ni-Hi ) 1.011 1.011 1.011 1.011 1.011 1.011
Ni-Cu 2) 1.374 1.374 1.374 1.374 1.373 1.373
Cu-Cpr) 1.432 1.432 1.432 1.432 1.432 1.432
Cs-Cpn 1.367 1.367 1.366 1.366 1.366 1.366
Cn-Cy 1.499 1.498 1.499 1.499 1.499 1.500
Ci-C, 1.399 1.399 1.399 1.398 1.400 1.401
Ci1-Cs 1.399 1.399 1.399 1.399 1.393 1.400
Ca-Cy 1.392 1.393 1.392 1.392 1.392 1.390
Cs-Cs 1.392 1.392 1.385 1.390 1.387 1.393
C4-Cs 1.385 1.390 1.393 1.393 1.393 1.392
Cs-Cs 1.385 1.390 1.385 1.390 1.391 1.391
C-X 1.355 1.913 1.356 1.915 1.354 1.916
Cw2-Cn-C1-Co 72.9 725 73.8 74.2 86.3 89.9
Ni-Ca-Cp 1) 110.7 110.7 110.8 110.8 110.8 110.8
Co-Cs-Cs 1y 106.4 106.4 106.4 106.4 106.4 106.4
Cou-Cm-Cs 1254 1254 125.5 125.6 125.7 125.7
Ni-Co-Cs 2) 106.4 106.4 106.5 106.5 106.5 106.5
Co-C-Cp ) 108.2 108.2 108.2 108.2 108.1 108.1

The results of the calculations are shown on
Fig. 4 and 5 (note, that the difference curves Af(r) were
calculated relative to 1% curve corresponding to con-
former p-1 of p-4CeH4X-H2P: Af(r) = fj(r)—f(r)).
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The deviation of j-th curve from 1% curve was charac-

terized by disagreement factor:

évzl(SM(Si)model 1 SM(Si)model j)z
?zl(SM(Si)model 1)2

-100%

Ry =
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between the theoretical molecular scattering intensities
corresponding to different models (Ry; is disagreement
factor; sM(Si)model1 — theoretical molecular scattering
intensities for conformer p-1; SM(Si)model j — theoretical
molecular scattering intensities for corresponding con-
former or isomer). The difference between f(r) curves
in the case of p-4CsH4F-H,P (in the ranges ~3.1-3.6 A
and ~4.4-4.8 A) molecule is caused by change of dis-
tances Cen...Crorph due to different orientation of the
halogenophenyl groups relative to the porphyrin core:
the torsional angles ©(Cq2-Cm-C1-C;) are: 72.9° (p-)
and 81.3° (p-1V); 72.5° (p-1) and 80.1° (p-1V) for
4CeH4F-H2P and 4CsH4Br-H:P, respectively. The analo-
gous study for copper and zinc etioporphyrins-1I
[15,16] yielded the values of R<1.1% with the values
of relative energies between the conformers being as
low as ~0.3 kJ mol ™.,

An attempt to distinguish between the isomers
of 4CgH4X-H,P (ortho-, meta-, para-) was also made.

According to the difference curves Af{(r), the
ortho- and meta-isomers of 4CsH4X-H,P can be quite
well distinguished from the most energetically favor-
able para-isomer. The differences are caused by
significant changes in the distances between non-
bonded atoms X...X, N...X, C...X and C...C. The
bond lengths in the porphyrin core and phenyl rings are
almost the same in the para-, ortho- and meta-isomers
(see Table 4). Note, that the differences in f(r) between
the isomers are much more pronounced in the case of
4CsH4Br-H,P due to higher scattering ability of the Br
atom as compared to F.

According to the results of theoretical modeling
performed in the present study, bond lengths and bond
angles in the macrocyclic core and halogen-substituted
phenyl rings are almost the same values in all conform-
ers of p-4CsHaX-H2P considered. However, the changes
in the distances between non-bonded atoms influence
the model molecular intensities SM(s) and therefore an
attempt can be made to distinguish between the con-
formers based on the experimental GED data. It should
be noted that this problem is at the limit of the possi-
bilities of GED method and only the effective position
of halogenophenyl groups are apparently refinable. At
the same time, bond lengths and bond angles can be
refined with a typical accuracy of GED method. There-
fore, the geometry structures of macrocyclic core and
halogenophenyl rings can be reliable determined.
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Fig. 4. Comparison of theoretical radial distribution functions f(r) of
4CeH4F-H2P models: 1 - conformer p-I, 2 - conformer p-11, 3 — con-
former p-I11, 4 - conformer p-1V, 5 - m-I(l) conformer of m-iso-
mer, 6 - 0-1 conformer of o-isomer; comparison of differences
functions Af(r) concerning 1: 2 - conformer p-11 (Rf=2.36 %), 3 — con-
former p-111 (R¢=2.75 %), p-4 - conformer IV (Rf=5.08 %), 5 - m-I(1)
conformer of m-isomer (Rf=4.98 %), 6 - 0-1 conformer of o-iso-
mer (Rf=5.86 %). Molecular parameters were calculated at
B3LYP/(B) theory level
Puc. 4. CpaBHeHue TeopeTraecKix (pyHKIMI pagnuaibHOTO pacipere-
srerwst T(r) st 4CeHaF-H2P: 1 - kordopmep p-l, 2 - korbopmep p-Il,
3 - kougopmep p-11, 4 - kordopmep p-1V, 5 —m-I(1) kordopmep
m-u30Mepa, 6 — 0-1 koHbopMep 0-U30Mepa; PasHOCTHBIX (PYHKIIHI
Af(r), paccuuranb! otHocuTenbHO 1: 2 - koHbopmep p-11 (R =2,36 %),
3 - koudopmep p-1l1 (Rf=2,75 %), 4 - koudopmep p-1V (Rr=5,08 %),
5 - m-I(1) xoudopmep m-m3omepa C2 (Rf =4,98 %), 6 - 0-1 koHbDOpMED
o-momepa (Rr=5,86 %). MoeKyIspHbIe apamMeTphl PACCIHTaHbI B
npubmmkern B3LYP/(B)

(1)
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2 4 6 8 10 12 14 16 18 20 22
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Fig. 5. Comparison of theoretical radial distribution functions f(r) of
4CsH4Br-HzP models: 1 - conformer p-1, 2 - conformer p-11, 3 - con-
former p-I1l, 4 - conformer p-1V, 5 - m-I(I) conformer of m-isomer, 6 -
o-l conformer of o-isomer; comparison of differences functions Af(r)
concerning 1: 2 - conformer p-11 (Rr=2.15 %), 3 - conformer p-111 (Re
=2.51 %), 4 - conformer p-1V (Rr=6.09 %), 5 - m-I(I) conformer of m-
isomer (Rf=17.33 %), 6 - o-1 conformer of o-isomer (R =18.50 %).
Molecular parameters were calculated at B3LYP/(B) theory level
Puc. 5. CpaBHeHHe TeopeTHUeCKUX (PyHKIMH paHaIbHOro pacnpe/ie-
nenus T(r) nust 4CeHaBr-HzP: 1 - koudopmep p-1, 2 - kondopmep p-
I, 3 - korpopmep p-111, 4 - koudopmep p-1V, 5 - m-1(1) kordopmep
Mm-n30oMepa, 6 - 0-1 koHdopMep 0-n30Mepa; pasHOCTHBIX (GYHKIMI
Af(r), paccumransr otHocHTenbHO 1: 2 - koHbopmep p-11 (Rr=2,15 %),
3 - xoudopmep p-111 (R =2,51 %), 4 - kordopmep p-1V (Rr=6,09 %),
5 - m-I(l) xoudopmep m-u3omepa (Rf =17,33 %), 6 - 0-1 kordopmep o-
momepa (Rr =18,50 %). MosekyspHbIe IapamMeTpbl PacCIUTaHbI B
npudmmkennn B3LYP/(B)
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