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spectra - clearly separated signals with different chemical shifts, corresponding to fluorine atoms in
different chemical environments.

Value of integrated intensities signal gives a reason to expect that in case of strontium fluoride,
in which the Sr-F bond is more ionic than in case of other fluorinating agents, fluoride ion is a part of
copper based structure fragments. The fact of chemical shift to the strong field in the spectra of
samples indicates the increasing shielding of the 19F nuclei, accompanied by the occurrence of
fluoride ions in the extended fragments in the structure as possible bridges between copper atoms and
increase symmetry close to them.

Chemical shift at 140 ppm corresponds to fluorine atoms that are associated with atoms of
copper. This fact shows that, the fluorine atoms are situated in chains CuO,, and the substitution may
significantly affect the electrophysical parameters of the Bi-containing ceramics.

Key words: cuprates, superconductors, synthesis, heterovalent substitution, fluoride ion, the
properties.
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ON THE CALCULATION OF THE TILT ANGLE OF SUBSTITUTED ALKANES
WITH RESPECT TO THE AIR/WATER INTERFACE IN FRAMEWORK OF PM3
APPROXIMATION

In the framework of quantum chemical semiempiric PM3 method the procedure for estimation
of the geometric parameters of 2D unit cells of substituted alkane monolayers at the air/water interface
is proposed. Its application is illustrated on the examples of four surfactant classes with different size
of their hydrophilic parts. It was shown that inclination of surfactant molecules with respect to the
interface is determined by orientation and volume of the hydrophilic parts of molecules and CH---HC
interactions realized between their hydrophobic chains.
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Introduction

Development of the modern instrumental research methods enables
investigation the structure of Langmuir monolayers. Structural peculiarities of
surfactant monolayers are determined mainly by conformational flexibility, length,
structure of alkyl chain of the surfactant molecule and type and location of the
functional groups in the molecule as well [1]. Commonly surfactant molecules
orientate almost up-right with respect to the interface. In our previous papers [2-10] in
was shown on the examples of alcohols, thioalcohols, amines, nitriles, and carboxylic
acids that thermodynamic parameters of clusterization for these monolayers with tilt
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angle of molecular chains equal to ~9-10° with respect to the normal to the air/water
interface well agree with experimental data [11-15].

However, it should be noted that other molecular orientations with respect to
the interface, besides up-right, are possible. Thus, GIXD analysis reveals that a-
amino acid molecules orientate with the tilt angle of 36° with respect to the normal to
the air/water interface [16]. Authors [17], who investigated a-amino acid derivatives,
revealed that these surfactants could locate with the different tilt angles in the range
of 18°-40° up to 49° for N-acylsubstituted a-amino acids [18].

Mentioned facts stipulate the necessity to summarize used previously [2-10,
19, 20] stages for determining the orientation of the surfactant molecules with respect
to the interface into the orderly built procedure. This is the aim of the present work.
This procedure enables one to estimate the geometric parameters of 2D unit cells of
surfactant monolayers at the air/water interface and tilt angle of molecular chains with
respect to the interface in particular. The application of this procedure is illustrated on
the example of several surfactant classes with different types of functional groups of
different volume of their ‘heads’.

Description of exploited procedure and calculation method

Estimation of the geometric parameters of the 2D unit cells of substituted
alkanes is based on the calculation of thermodynamic parameters of clusterization for
small surfactant aggregates (dimers and tetramers). It is carried out according to the
next procedure:

1. The conformational analysis that include the plotting of the potentional
energy surface of monomer molecule depending on the values of the dihedral angles
between the functional groups of hydrophilic ‘head’ of molecule and hydrophobic
chain; calculation of the thermodynamic parameters of formation of found
conformers;

2. Constructing of two types of dimers with the ‘@’ CH---HC interactions type
on the base of found conformers. These dimers are the base units of the 2D cluster
in p and q directions at the interface;

3. Determination of the tilt angles & and ¢ of the molecular chains of the
surfactant with respect to the normal to the p and q directions respectively. Applying
the parallel shift to one molecule with respect to the other one in the dimers, the
dependence of the Gibbs’ energy of dimerization on the 6 and ¢ angles should be
tabulated. Then, the values of § and ¢ angles that respond to the minimum of the
Gibbs’ energy of dimerization of corresponding dimers should be used in the further
calculations;

4. Calculation of the general tilt angle t of the molecular chains of the
surfactant with respect to the normal to the interface;

5. Constructing of the 2D unit cell (tetramers or larger clusters) on the base of
the dimer structures in order to estimate necessary geometric parameters.

Calculations of structural and energetical parameters of aggregates for
substituted alkanes at the air/water interface were carried out using quantum
chemical software package MOPAC 2000 in the framework of the semiempirical PM3
approximation [21]. This method is parameterized with respect to the heats of
formation [22, 23]. It should be noted that despite some restrictions of this method
(overestimation of CH---HC interaction force between hydrophobic chains of
amphiphilic molecules) [24], only the PM3 method describes sufficiently the experimental
data concerning the monolayer formation of different classes of surfactants, as shown in
our previous works [2-10, 19, 20].
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Results and discussion

Application of described procedure is illustrated on the example of aliphatic
alcohols. Conformational analysis of the surfactant monomers was carried out
previously [2]. Here we regard the surfactant aggregates built on the base of the
most energetically preferred monomer structures found [2, 19, 20, 25]. Note that the
quantum chemical calculation yields the tilt angles of the molecule with respect to the
axes p and q of the unit cell, rather than the tilt angle of the molecules with respect to
the interface. Figure 1 illustrates schematically the orientation of the alcohol
molecule axis (CO) with respect to the interface plane (pOq). Here the CO3; segment
is perpendicular to the interface pOq, and the CO; and CO, segments are
perpendicular to the axes p and q, respectively. In Figure 1, t denotes the tilt angle of
the molecule with respect to the normal to the interface, 6 and ¢ are the tilt angles of
the molecule with respect to the normal within the O,OC plane and the O,OC plane,
respectively.

Fig. 1. Orientation of alcohol molecule with respect to the air/water interface

It follows from the theorem of the three perpendiculars that O3;0,0 and 0;0,0
are the right angles. Then, according to the right-angle triangles O3;CO, O3CO;q,
03C0O,, 04CO, 0O,CO, 01003 and 0,003 (here the first listed vertex of the triangle
corresponds to the right angle) it is straightforward to show that:

sin @ . sino
=Ssinft,
cosd, cosd,

:sint, 0,+6,=0. (1)

The solution of the set (1) with respect to 64, 6, and t is:

6, = arctg %—ctg@ , 0,=0—6,, t=arcsin sino . (2)
singd -sin @ cos

To determine the tilt angles of surfactant molecules with respect to the p and q
directions of the cluster unit cell the ‘parallel’ and ‘serial’ types of dimers with the ‘a’
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CH---HC interaction type (marked in Fig. 2 with thin arrows) have been constructed of
two monomers. Applying the parallel shift of one molecule with respect to another in
both of p and q directions, the dependencies of the dimerization Gibbs energy on the
0 and ¢ angles were tabulated respectively. The minima of the dimerization Gibbs
energy for these associates correspond to optimum & and ¢ values.

Dependencies of the Gibbs’ energy of alcohol dimerization for the structures of
‘parallel’ and ‘serial’ dimers on the values of the tilt angles of the molecules with
respect to the normals to p- and g-directions of the monolayer spread are listed in
Table 1. These data shows that minimal value of the Gibbs’ energy of alcohol
dimerization correspond to the dimer structures with the next values of ¢ angle: 9.8°,
10.2° and 20.6°. Additional optimization of these dimers reveals the only existence of
one stable structure with ¢=9.8". Other ‘parallel’ dimers with ¢ equal to 36.3° and
52.6° corresponds to the dimers which have less by one and two CH---HC interaction
than in dimer of dodecanol shown in Fig. 2, a respectively. The loss of this CH---HC
interaction causes increase of dimerization Gibbs’ energy and a lower preference of
such structures in comparison with those having the maximal number of CH---HC
interaction.

Table 1. Dependence of the dimerization Gibbs’ energy of substituted alkanes built
on the basis of monomers with 12 carbon atoms in their chain on the & and ¢ values

Mranale, | A | ASW | AGuT | RPSCNET | ALY | ASE | AGH

0, ° kJ/mol J/(mol-K) kJ/mol 5,° kJ/mol J/(mol-K) kJ/mol
Alcohols
52,6 -43,82 -164,22 5,11 52,6 -42,84 -163,75 5,96
36,3 -54,67 -192,76 2,77 38,9 -52,55 -185,70 2,79
20,6 -62,66 -198,18 -3,60 36,3 -52,54 -182,99 1,99
10,2 -61,26 -202,08 -1,04 20,6 -60,06 -191,67 -2,94
9,8 -62,97 -204,38 -2,06 10,4 -60,09 -193,01 -2,57
a-Hydroxy acids
53.7 —41.59 —221.81 24.51 54.3 —43.48 —201.21 16.49
51.1 —43.09 —231.26 25.83 51.1 -50.93 —253.50 24.61
40.9 -50.99 —226.12 16.40 36.6 —53.87 —224.40 13.00
35.7 —54.58 —265.73 24.61 34.0 —61.76 —284.91 23.14
22.0 -57.61 —24597 15.69 21.0 —60.84 —235.28 9.27
11.5 -51.41 —242.15 20.75 10.2 —60.66 —233.64 8.96
9.8 —58.62 —260.34 18.96 9.8 —55.97 —238.86 15.21
N-acylalanine

55,3 -49,93 -213,29 13,63 62,7 -33,20 -186,06 22,25
52,7 -51,70 -223,55 14,92 51,6 -49,97 -238,17 21,01
50,8 -53,36 -280,19 30,14 35,5 -63,55 -269,94 16,89
50,0 -65,95 -290,15 20,52 21,3 -63,45 -295,36 24,56
42,8 -66,54 -261,32 11,33 10,6 -71,17 -296,32 17,13

For alcohol dimers with ‘serial’ orientation of the ‘heads’ minimal values of the
dimerization Gibbs’ energy correspond to the values of & angle equal to 10.4° and
20.6°. After additional optimization of these structures one minimum was observed. It
corresponds to the structure with 8=10.4°. Other dimer structures listed in the Table 1
with 8=38.9° and 52.6°, as in the case of the ‘parallel’ dimers described above, have
less by one and two CH:---HC interaction than the ‘serial’ dimer of dodecanol with
0=10.4" correspondingly (see Fig. 2, b).
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g-direction

-

p-direction

Fig. 2. Determination of the molecular tilt angle with respect to the normal to the monolayer
directions

Using described dimers tetramer was built. On the basis of its optimized
structure it is possible to get the value of the 8 angle realized between p and q
directions of the monolayer unit cell and its dimensions. Then according to the
egs.(2) one can easily obtain the value of the general tilt angle t of the surfactants
with respect to the normal to the interface.

Described procedure was applied also to a-hydroxy acids, homo- and
heterochiral a-amino acids and N-acylsubstituted alanine. Obtained geometrical
parameters for mentioned surfactants of the unit cells are listed in Table 2. Here a
and b are the dimensions of corresponding tetramers as the unit cells, 8 is the angle

between them and t is tilt angle of molecular chain with respect to the normal to the
air/water interface.

Table 2. Geometric parameters of the 2D unit cells of substituted alkanes

Unit cell parameters
Surfactant a, A b, A 9,° t, °
Calc. | Exp. | Calc. | Exp. | Calc. | Exp. | Calc. | Exp.
Alcohol [15] 4.49 5.0 4.29 7.5 94 - 14 9
a-Hydroxy acids [26]
homochiral 4.77 | 4.79* | 423 | 4.89* 89 123* 21 21.5*
a-Amino acids [16]
homochiral 4.71 4.91 5.67 5.25 103 112 31 36
heterochiral 4.62 4.80 | 10.70 | 9.67 90 90 35 36
N-acylalanine [18] 453 | 4.91 6.06 5.64 100 105 54 46

* the GIXD results correspond to the monolayers of 11-hydroxyoctadecanoic acid

From the data listed in the Table 2 one can see the more voluminous ‘head’
surfactant has the less tilt angle with respect to the interface corresponds to the
molecules in regarded monolayer. This statement correlate well with available
experimental data listed in the Table 3. These data reveal that nearly up-right
orientation with respect to air/water interface is typical for alcohols and carboxylic
acids. While surfactants possessing more voluminous hydrophilic part orientate with
larger values of tilt angles. Authors [27], who investigated the structure of chiral
surfactants, claimed that the value of the tilt angle of molecules in the monolayer
depended mainly on the size of functional groups located near the chiral center. It
could vary in the range from 15° to 45°. Some authors [28, 29] consider that inclined

40




PO3A111 1 HEOPIAHIYHA XIMIA

position with respect to the interface is typical of such surfactants which have
bigger cross-sectional area of the hydrophilic part than the cross-sectional area of
their hydrophobic chain. From our point of view location of surfactant molecules
with respect to the interface is determined by orientation and volume of hydrophilic
parts of molecules and CH---HC interactions realized between their hydrophobic
chains [30].

Table 3. Geometric parameters of the unit cells of surfactant monolayers at the
air/water interface

System T,°C a, A b, A 8" t,
CnH2n+1OH (n=23, 30, 31) [15] 5 5,0 7,5 90 9
C19H390,(CH,),OH (n=9, 10) [15] 5 57 7,5 90 29
CnH2,+1CONH; (n=18) [31] 5-12 4,5 8,5 90 18
CnH2,+1COOH (n=20) [32] 5 5,0 7,5 90 15
S-C,H2n+1CHNH,COOH (n=16) [16] 5 4,9 5,25 112 36
RS-C,H2,+1CHNH,COOH (n=16) [16] 5 4,8 9,67 90 37
N-hexadecylalanine (R) [18] 20 4,9 57 105 46
N-hexadecylalanine (RS) [18] 20 4,9 5,6 105 45
N-hexadecylserine methyl ether (S) [18] 20 4,9 59 105 46
N-hexadecylserine methyl ether (RS) [18] 18 4,9 59 105 47
N-hexadecylasparagine acid (S) [18] 20 50 52 116 31
N-hexadecylasparagine acid (RS) [18] 20 50 52 116 30
Conclusion

In the present work the procedure for estimation of the geometric parameters
of the 2D unit cells of surfactant monolayers at the air/water interface is
summarized and described. It includes formation of the small clusters (dimers and
tetramers) on the basis of the most energetically preferred monomer conformation
of regarded surfactant. Construction of dimers allows obtaining the tilt angles 6 and
¢ of the molecular chains of the surfactant with respect to the normals to the
directions of the monolayer propagation using dimerization Gibbs’ energy as a
criterion. While construction of the tetramers enables one to get the value of the
angle 6 between the directions monolayer spread and the unit cell dimensions.
Using mentioned parameters it is possible to obtain the general tilt angle of the
surfactant chains with respect to the normal to the interface.

Implementation of described procedure shows, that the structural parameters
of the unit cell of the 2D clusters of different surfactant classes are determined by
the ‘@’ type of the CH---HC interactions [2], whereas the tilt angle of the molecules
in monolayer with respect to the interface depends on the volume and the structure
of the functional groups involved in the hydrophilic part of the molecule. The more
voluminous ‘head’ part is the larger inclination of the molecular chains with respect
to the normal to the interface is.
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E.C. ®omuHa K BOIPOCY OB OIPELQEJNIEHUN YTTIA HAKIIOHA 3AMELJEHHbIX
AJIKAHOB OTHOCUTEJZIbHO  MEX®A3HOW [OBEPXHOCTU BOOA/BO34YX B
NPUBJINXXKEHUN METOQA PM3

B pamkax K8aHmMOBO-XUMUYECKO20 MosyaMmrupudeckoeo memoda PM3 npednoxeHa npouedypa
OUEHKU 2eoMempuyeckux napamempos 2D anemeHmapHbix si4eek MoHocrioes [NAB Ha mexcghbasHol
rnosepxHocmu 600a/803dyx. [NpumeHeHue OaHHOU rnpouedypbl MPOUIICMPUPOBAHO Ha npumepe
yembipex Krnacco8 OugburibHbIX COEOUHEHUU C pa3fiuyHbIM pasmepom 2udpochburibHbIX Hacmed.
lNokasaHo, Yymo HakiioH monekyn NAB omHocumernbHo mexghasHol rnosepxHocmu onpedesnsemcs
opueHmauyuel U obbeMom ux audpogburibHbiXx 4Yacmel, a makxe CH---HC-e3aumodelicmeausimu,
peanusyrouumucs Mexaoy ux audpoghobHbIMU Uersmu.

Knroyeenie cnoega: NAB, yzon HaknoHa, anemMeHmapHas sqelika, CH---HC-83aumodelicmausi,
aHepeusi [ubbca knacmepu3sayuu, 2udpogbuibHass Yacmb MOJIEKYrIbl, OPUEHMUPOBAHUE MOJIEKY/Ibl,
Mexgha3Hasi M08EePXHOCMb.

O.C. ®domina LOAO TMMUTAHHSA PO BU3HAYEHHA KYTA HAXWUITY 3AMILEHUX
AJIKAHIB BIJHOCHO MIK®A3HOI MOBEPXHI BOQA/MOBITPS1 Y HABJIM)XXEHHI METOQA PM3
Y pamkax k8aHmMogo-XiMiHHO20 HarieemnipudHo2o memoda PM3 3anpornoHosaHa npoyedypa
OUIHKU 2eoMmempuyHUX napamempige 2D enemeHmapHux Komipok MmoHowapie AP Ha MixghasHil
rnosepxHi eoda/rnosimps. 3acmocysaHHs daHoi npoyedypu rnpoiocmpo8aHo Ha npuKknadi Homupbox
Knacie AucbinibHUX CriofyK 3 pi3HUM po3mMipom 2idpocbinbHUX Yacmed. Noka3aHo, Wo Haxusi MOMeKys
AP 8iOHOCHO Mixgha3HOI oeepxHi eu3Ha4YaembCs opieHmauieto ma ob’emom ix 2idpoghinbHUX
yacmed, a makox CH---HC-e3aemModismu, peanizogaHumMu Mix ix 2idpoghobHUMU fTaHyr02amu.
Knroyoei cnosa: AP, kym Haxumny, enemeHmapHa komipka, CH---HC-83aemodii, eHepeis
li6bca knacmepu3auji, 2idpohbinbHa YacmuHa MOJSIEKYNU, OPIEHMYy8aHHS MOJIEKynu, MixgasHa
[108EPXHS.

domuHa EneHa CepreeBHa - KaHO.XMM.HayK, CT.Hay4d.cOTp. kadpedpbl u3ndeckon u
opraHudeckon xumun [BY3 «[lOHELKUN HaLUMOHAmbHbIN TEXHUYECKU YyHUBEpPCUTET», [OHeLKk,
YkpauHa, e-mail: elenafomina-ne@yandex.ru
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