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THE ELECTRONIC STRUCTURE OF CUBO-OCTAHEDRAL
AL,; AND AL,,V-CLUSTERS

By
I. K. GYEMANT

Institute of Theoretical Physics, Attila Jozsef University, Szeged

( Received, May 15, 1981 )

The electronic structure of a vanadium atom substituting for the central aluminium atom in
a 13-atom cubo-octahedral cluster is calculated by the SCF-Xa-SW cluster MO method. The elec-
tronic configurations of the central aluminium atom and of the central vanadium atom turn to be
(sp)**¢(d)*1%-and (sp)*°°(d)>*(f)°%2, respectively.

The electronic structure of transition metal impurities alloyed in nonmagnetic
metals has been studied for many years both experimentally and theoretically.
Important results have been achieved recently by K. H. Jounson et al. [1] for tran-
sition metal impurities (Ni, Fe, Mn and V) alloyed in crystalline copper using the
self-consistent-field Xa scattered-wave (SCF-Xa-SW) cluster molecular-orbital model.

The present work reports the electronic structure of a vanadium atom substi-
tuting for an aluminium atom in a 13-atom cubo-octahedral cluster. Though the
size of this cluster is too small for describing satisfactorily the crystalline environ-
ment of the impurity [2], the main features, namely the local screening and the non-
magnetic electronic configuration of the substituent vanadium atom, can be secen
directly.

~ The geometry of the cubo-octahedral cluster of 13 atoms is shown in Fig. 1.
This geometry corresponds to an atom (C) and its 12 nearest neighbours
(N;, N,, ..., Ny,) in bulk aluminium of fcc structure with lattice constant a=7.64 au.

We have performed SCF-Xa-SW cluster MO calculations for a ¢“pure” alumi-
nium cluster of 13 aluminium atoms with the geometry shown in Fig. 1. and for an
“impure” cluster of 12 aluminium atoms in the nearest neighbour positions
(N;, N,, ..., Ny,) and of a vanadium atom substituting for the central aluminium
atom (C).

The muffin-tin version of the SCF-Xa-SW cluster MO method is well documented
[3—4]. The molecular field is partitioned into three types of muffin-tin regions: The
atomic region consists of atomic spheres of radii R=2.701 au around each of the
13 atomic nuclei. The potential in the atomic spheres is taken to be spherically sym-
metric. The atomic region is enclosed in a sphere of radins R,=8.103, the so-called’
outer sphere, centered at the central atomic nucleus. In the interatomic region, the
region outside the atomic spheres and inside the outer sphere, the potential V,
is taken to be constant. The potential in the outer region, the region outside the

\



4 I. K. GYEMANT

Fig. 1. The cubo-octahedral Fig.2. The molecular field
cluster of 13 atoms. This arran- is partitioned into muffin-
gement corresponds to an -tinregions. C is the cent-
atom C and its 12 nearest ral region and N, N,,
neighbours Nj, Ne, ..., Nj; in N,;, N, are neighbour-
a bulk fcc aluminium metal. -regions.

outer sphere, is assumed to be sphenca]ly symmetric. The partitoned mo]ecular
field in the C N, N, plane is shown in Fig. 2.
In the calculations we have used the value a=1 for the exchange parameter,
since there is no unambiguous reason to prefer other choices [5—6], though for-
molecular calculations values proposed by SCHWARZ

— Er Aly ALY [7] are widely used with success.
05 b The electronic energy levels for the cubo-
2 33, -octahedral Al,; and Al,,V clusters are shown in

-06 gtt‘“: —>%, Fig. 3. The orbital levels are labelled according
@) [ G_;?hm to the irreducible representations of the cubic (Oy)
R - 2eq )2,?" point group.
Y T o The energies of the hlghest occupied levels,
cl-- 2‘31:: — fe, 3t,, in both cases, are given by the values of
Y RIC I A ___“ —0.575 Ry and —0.569 Ry with occupation num-
g — & bers 2 and 3 for Aly; and A,,V, respectively.
8]

-0 For comparision, the bottom of the band
E(I'y), the muffin-tin constant V., and the Fermi
energy Ep obtained by SEGALL [8] for bulk alumi-
y nium are also displayed on the energy-axis.

—E@) Y%= The energy difference of the highest occupied
and the lowest levels, the ““occupied band width”, is
Fig. 3. Energy levels of the pure greater for the pure cluster (0.66 Ry) than for the
Al and of the impure Al,,V clust- impure one (0.60 Ry), though much less than for
ers. The notation of theirreducible  bulk aluminium (0.81 Ry [6]). Nevertheless, calcu-
;‘:ﬂﬁse?(;igoigsugg dﬂ:) ‘l’:gé?s(g;) lations on aluminium clusters performed by
S and spin-down states. The SALAHUB and MESSMER [2] show that a cluster con-
highest occupied levels are marked taining 43 atoms yields an occupied band-width of
by their occupancies. The bottom 99% of the bulk band-width.

:’f th% bang’t;]hequﬂfin-‘m cons The distribution of the 39 valence electrons
ant Ye ANCLIe TEIIT Snergy te in the molecular orbitals for the pure cluster Al,;

calculated by SEGALL [8] are given sl . .
on the energy-axis. is given in Table I. For the impure cluster Al,V,
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Table 1

Occupied spin-up (t) and spin-down (}) orbitals, occupancy and energy of orbitals and distribution
of 39 electrons in each of the orbitals, among various regions (central C, neighbour N, interatomic
and outer) of the pure Aly; cluster

Orbital | Occupancy Energy QO) Q(N) Q(inter) Q(out)

3 tiu 1 2 —0.575 0.013 0.046 . 0.383 0.048
i 3 —0._588 0.015 0.046 0.383 0.048
2ty 1 3 —0.624 0.217 0.036 0.278 0.069
} 3 -0.634 0.209 0.037 0.281 0.069
1 a,, 1 1 —0.653 0.000 0.053 0.324 0.041
} 1 —0.666 0.000 0.053 0.325 0.040
1t,, h 3 —-0.722 0.000 0.064 0.180 0.056
{ 3 —0.734 - 0.000 0.064 0.181 0.055
le, 1 2 -0.816 0.011 0.056 0.281 0.031
} 2 —0.829 0.010 0.056 0.281 0.031
2 a, t 1 —0.846 0.322 0.033 0.234 0.042
] 1 —0.853 0.325 0.033 0.236 0.042
1ty b 3 —0.891 0.014 - 0.061 - 0.221 - 0.029
. ] 3 —0.904 0.014 0.061 0.222 0.029

1ty 4 3 —1.043 0.078 0.056 0.240 0.013 -
} 3 - 1.055 0.076 0.056 0.241 0.013
1a, + 1 —1.223 0.307 0.039 0.217 0.003
} 1 -1.232 0.297 0.040 0.219 0.003

the 41 electrons are distributed among various
regions of the cluster as displayed in Table II. 150

A comparison of Table I and II shows
the effect of substituting a vanadium atom
for the central aluminium atom. Namely, ()
there appears a new energy level 2¢, of d
character at —0.7 Ry which is highly loca-
lized to the central vanadium atom (2.6
electrons in the central region C), (i) there
is a tendency towards localization of elec-
trons in d-like 1t,, and 1 e, orbitals to the
central region, (iii) the electrons in the s-like
15, and p-like 2 t;, states are pushed out of
the central region, and that happens, though
to a somewhat moderate extent, to the elec-
trons in the s-like 2 a,, and p-like 1 t,, states,
as well, (iv) there is a pronounced raise of
0.14 Ry in the energy of the s-like 2 a,, state,
resulting a decrease in the ““density of states”
in the energy range —0.85——0.80 Ry, (v)
the spin-splitting of the energy levels is

50

Density of states in states/Rydberg

; E.
/40 105

Energy in Rydbergs

Fig. 4. The density of states calculated by

broadening the discrete energy levels with

Gaussian functions for the pure (solid line)

and for the impure (dashed line) clusters. ,

The broadening parameter o was chosen to
be 0.05 Ry in both cases.
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Table 11

Occupied spin-up (1) and spin-down (1) orbitals, occupancy and energy of orbitals and distribution
of 41 electrons in each of the orbitals among various regions (central C, neighbour N, interatomic
and outer) of the impure Al,V cluster

Orbital Occupancy Energy Q(O) QN Q(inter) Q(out)
3t { 3 —-0.569 0.076 0.045 0.299 0.081
2 t, t 3 —0.578 0.008 0.047 0.379 0.048

} 3 —-0.613 0.008 0.047 0.380 0.047

1 a,, t 1 —0.651 0.002 0.053 0.321 0.040
i 1 -0.686 0.002 0.052 0.322 0.047

2 a;, t 1 —0.671 0.178 0.037 0.300 0.076
i 1 —0.707 0.178 0.037 0.301 0.075

2e, 1 2 —0.695 0.629 0.018 0.131 0.018
} 2 —0.708 0.647 0.016 0.144 0.013

1t,, f 3 =0.719 0.002 0.064 0.179 0.054
o 3 -0.753 0.002 0.064 0.180 . 0.054

le, t 2 —~0.839 0.198 0.045 0.244 0.020
} 2 —0.869 0.152 0.048 0.254 0.022

1ty t 3 -0.910 0.133 0.054 0.200 0.021
: 4 3 —0.942 0.111 0.055 0.205 0.022
Tt, 3 -1.016 0.031 0.059 0243  0.017
} 3 —1.051 0.032 0.059 0.243 0.017

1a, 4 1 -1.133 0.088 0.055 0.242 0.008
{ 1 —1.169 0.089 0.055 0.243 0.008

three times greater for the impure cluster (0.03 Ry) than for the pure one (0.01 Ry),
with the exception of the “impurity level” 2 e;, for which its value is of 0.01 Ry.

By broadening the discrete energy levels g, with Gaussian functions,
“density of states” for the pure and impure cluster have been calculated according
to the form

N(E) = 3 nii75—s X p[ & _8)2]-

In this expression, n; is the occupation number of the energy level ¢;, and o is a
broadening parameter. The densities of states for the pure and impure clusters are
plotted in Fig. 4.

The distribution of electrons among the various regions of the cluster is given
in Table III. Though the number of spin-up electrons exeeds that of the spin-down
electrons by 1 for the pure and by 3 for the impure cluster, because integer occupa-
tion numbers have been used in the calculations, no net resultant spin exists in the
central region. The screening of the central atomic nucleus is completed in its muffin-.
tin region.

As to the electronic configuration of the central atom, the number of electrons
.in orbitals of different symmetry are listed in.Table I'V. The notations of the dominant
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‘Table Il

The number of spin-down (n ‘) and spin-up (nf) electrons in various regions of the pure Al
and impure Al,V clusters ~

number of electrons
Region

ny ny n,—ny ny+ny
Central -Al (Pure) 6.58 6.60 -0.02 13.19
\'% (Imp) 11.55 11.44 0.11 23.00
Neighbour Al (Pure) 6.03 5.98 0.05 12.01
Al (Imp) 6.08 5.94 0.14 12.03
Interatomic (Pure) 5.27 4.86 0.41 10.13
(Imp) 5.58 4.62 0.97 10.20
Outer (Pure) 0.79 0.75 0.05 1.54
(Imp) 0.86 0.62 0.24 1.48

Table IV

The number of electrons in the central region in orbitals of different symmetry and
of different angular momentum s,p,d and f for the pure (Al) and for the impure (V) cluster.

The electronic configuration of the central Al is (sp)*-°®(d)*** and

of the central Vis s(p)"f"’ (d)3-28(f)0.02

ng ny ) ng—ny ny +n'

aj (s) Al 0.622 0.629 —0.007 1.251
\' 0.267 0.266 0.001 0.533

t1u(D) Al 0.900 0.911 —0.011 1.811
\Y 0.348 0.117 0.231 0.465

eg(d) Al 0.020 0.022 —0.002 0.042
\Y 1.598 1.654 —0.056 3.252

tag(d) Al 0.042 0.042 0.000 0.084
¢ v 0.333 0.399 —0.066 0.732
tau(D) Al 0.000 0.000 0.000 0.000
v 0.006 0.006 0.000 0.012

agu(D) Al 0.000 0.000 0.000 0.000
v 0.002 0.002 0.000 0.004

sp Al 1.522 1.540 —-0.018 3.062
v 0.615 0.383 0.232 0.998

d Al 0.062 0.064 —0.002 0.126
\'% 1.931 2.053 —-0.122 3.984

f Al 0.000 0.000 0.000 0.000
\' 0.008 0.008 0.000 0.016
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partial wave components are also shown. Adding up the various contributions the
electronic configuration of the central aluminium atom turns to be (sp)®%(d)*13,
and (sp)*-%°(d)>#8(f)°°2 for the central vanadium atom.

Finally, it should be noted, that our calculation can not be compared directly
with the results on transition metal impurities in’aluminium metals, first because the
“renormalizing effect” of the crystalline environment can not be described satis-
factorily by the first shell of neighbouring atoms for a free-electron-like metal such
as aluminium [1, 2]. Furthermore, lattice distortion is not included, as well.

Nevertheless, our results are consistent with and show the main features of
the electronic structure of a substitutional vanadium impurity in bulk aluminium
metal.

References

[1] Johnson, K. H., D. D. Vvedensky, R. P. Messmer: Phys. Rev. B 19, 1519 (1979).

[21 Salahub, D. R., R. P. Messmer: Phy$. Rev. B 16, (1977).

[31 Johnson, K. H.: Adv. Quant. Chem. 7, 143 (1973)

[4] Liberman, D., J. R. Batra: Multiple Scattering Program Dcscnptlon IBM Thomas J. Watson
Research Center, New York, 1973.

[S] Faulkner, J. S.: Phys. Rev. 178, 914 (1969).

[6] Tawil, R. A., S. P. Singhal: Phys. Rev. B 11, 699 (1975).

[7} Schwarz, K.: Phys. Rev. B 5, 2466 (1972).

[8] Segall, B.: Phys. Rev. 124, 1797 (1961).

QJIEKTPOHHAS CTPVKTYPA KVBO-OKTADIPUYECKHUX KIIACTEPOB
Al U AlV

H. K. Joemanm

BoiyucreHa 3JIEKTPOHHAA CTPYKTYpa aToMa BaHAIMsA, 3aMEMEHHOr0 BMECTO LEHTPAIbLHOrO
aToMa Ky60-OKTa3JpM4ecKOro, KiacTepa aJTFOMHMHHA KAaCTEPHOM METOAOM MHOTOKPaTHOrO: pac-
cesiana B Xo-NpHEOIMKEHHH CaMOCOTJIACOHHOTO NOJIA. DNEeKTPOHHBIE KOHGHUIYPaUUH HEHTPAILHOTO
aToma aJIOMMAHMS H aTOMAa BaHAJ|A OKa3amuch (sp)*08(d)°-1® u (sp)!-0°(d)>-*4(f)°-°% cooTBETCTBEHHO. .
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EFFECT OF ‘BINARY SOLVENT UPON THE LUMINESCENCE
PROPERTIES OF 4-METHYL-7-DIETHYLAMINOCOUMARINE

By
J. CZAJKO
Institute of Physics, University of Gdansk, Gdansk, Poland

and L. KOZMA
Institute of Experimental Physics, A. Jozsef University, Szeged, Hungary

( Received May 1, 1981 )

* Absorption and fluorescence emission spectra of 4-methyl-7-diethylaminocoumarine were
measured in the mixture of n-heptane and n-butanol. The large red-shift occurring in the spectra
results from substantial change in the dipole moment and depends on the number of polar solvent
molecules in the solvent shell. The spectral shifts are interpreted in terms of the theory of solvent
shifts; the dielectric constant of the microenvironment and the interaction energy in the ground
and excited states were calculated. !

The solvent effect upon the spectra of organic compounds has been discussed
in several papers. The problems concerning the influence of binary solvents upon
these spectra are of particular interest [I—8]. Solvent shells are formed around the
solute molecules. From spectroscopic measurements one can obtain information
concerning the molecule investigated and the composition of the solvent shell. In the
present paper the effect of binary solvent upon the luminescence properties of
4-methyl-7-diethylaminocoumarine was investigated.

Experimental

The substances investigated in water and the solvents used, n-heptane. and
n-butanol, were additionally purified before the measurements. The concentration
of 4-methyl-7-diethylaminocoumarine was of ‘the order of 10~¢ M. Absorption
spectra were méasured with an Optica-Milano spectrophotometer, and the fluorescence
emission spectra were recorded by a home-built set-up based on SPM-2 Zeiss mono-
chromators. ' :

* This work was carried out under Research Project MR. L.5..
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a) Investigation of solvent shells

The formation of solvent shells in the mixture of a nonpolar (I) and polar (II)
solvent was investigated. According to DiMrROTH [9, 10], the polar solvent mole- -
cules are first assembled around the solute molecule, and then such a complex is
accomodated in the remaining (nonpolar) solvent. Based on [4, 1] the solvents are
chosen so that the radii of the solvent molecules, as well as the solvent refraction
indexes are equal, i.e., (n=ry=r) and (n,=n;=n), whereas the dielectric constants
differ considerably (gs%¢,;). The mean filling-up degree of the solvent shell with
molecules of polar solvent (II) is defined as [12, 13]:

» =0 =1-w = ()]
where z; and z; denote the number of molecules of nonpolar and polar solvent in
the solvent shell, respectively. Local dielectric constant is defined as:

& = aih+ e @

where ¢ and gy denote the dielectric constants for the nonpolar and polar solvent,
respectively. By means of spectroscopic measurements the value of (g,) for given
solution can be determined. The shift of the absorptlon and fluorescence emission
spectra in a binary solvent is given by:

Zy +z“

. 2n2+1}[<£,>+1 n2—1]
1+11 —_—
O%ap = (%05 =4%.p) = CA'F( nt+2 ) {gp+2 n242)° ®)
On solving equation (3) we obtain:
24% :
(&= Wo2,r . )

10

%
X max

as —1a5

A [nm]

. Fig. 1 Absorption and fluorescence emission spectra
of 4-methyl-7-diethylaminocoumarine for various contents of polar solvent
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Fig. 2. Spectral shifts in the absorption and fluorescence emission
spectra versus molar ratio of the polar solvent
1 — fluorescence, 2 — absorption

’ : X

Fig. 3. Local and macroscopic dielectric constants versus molar ratio
of the polar solvent 1 — excited state, 2 -— ground state,
3 — macroscopic dielectric constant according to [11]
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where
6V,r (n2+2)? )
Cur 3@2n24+1)°

Fig. 1. shows the absorption and fluorescence emission spectra. The shift of the ab-
sorption and fluorescence emission spectra of the compound investigated, is shown
in Fig. 2, the local dielectric constant as a function of molar ratio, x, of the polar
solvent in Fig. 3. The mean filling-up degree of the solvent shell with molecules of
a polar solvent is shown in Fig. 4.

AVA'F =

T

a5

0 05 - 10
x

Fig. 4. Filling-up degree of the solvent shell with the polar solvent
molecules versus molar ratio of the polar solvent
1 — excited state, 2 — ground state

b) Determination of the mean interaction energy and
the solvent number N,,

A statistical model for a tricomponent solution has been elaborated by Mazu-
RENKO [14, 17]. The model describes the interaction of the studied molecule with
a binary solvent consisting of one polar and one nonpolar solvent. The probability
distribution of the filling-up of the solvent shell with nonpolar and polar solvent
molecules in the energy equilibrium state is described by the following expression:

N!

N) = NN =)

(OA’ F)N(l _eA,F)Nm_N . (6)
where N,, is the number of nonpolar and polar solvent molecules in the solvent

shell, N being the number of polar solvent molecules, and 8 — the relative spectral

shift defined by:
BA, F

x #.'FJ
1-04F ~ T—x “P\" kTN, @
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with 0=N/N,,. The quantity 04F is related
to the spectroscopic parameters by the
formula:

OA,F - {;‘:’F _ GA’F (8)
— A F _HAF
Vy Vp

where ¥2F, #4F and #4F correspond to the
location of the absorption and fluorescence
emission spectra in nonpolar, polar, and
binary solvent, respectively. While elabora-
ting the experimental results it is more con-
venient to use the logarithmic form of expres-
sion (7):

eA,F x AF
lnl—()“""_lnl—x-l_x . )
. 4,F ' B .
Plotting In T—gaF versus In T we obtain

straight lines which cut off a segment on the

ordinate axis, corresponding to the quantity

1A F=F,/kTN,,. Having known y4¥ we can

estimate the number of molecules in the sol-

vent shell:

he(FF — VE+ 74 — 94
2kT (xF — %)

N, =

and then the energy of interaction between the
molecule studied and the solvent shell:

kT y*FN,,
N,

m

—FAF = = kTN,. (11

The filling-up degree of a solvent shell can A

be determined more precisely if the polariza-
bility of the solute molecule is taken into
account. Thus we obtain [18]:

6.4, F

(10)

(n*+2P (5T~ 54F)

4r a
I 2 _
. '; U b J
(CDQI "
L 4
£ -2r
-4 1 1 1 '
-6 -4 -2 0 2
ln =%
-x
1
|
|
i ol
£
_2 -
:‘4.6
X
in —x
R A,F
Fig. 5.1n ——— versus In

1-6 —-Xx
a— 04'F calculated according to formu-
la(8) b — 84 F calculated according to
formula (12)
1 — absorption, 2 — fluorescence

1 .

The plots of In

A, F

6
1 —04F 1—x

N (en—e)[BRn2+1) Cy p—(n2+ 2)2(5:,ﬁ —3AE)]

(12)

- X . . .
versus In ——, are shown in Fig. 5 and Table I summarizes

the results obtained based on the theory presented.
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Table 1

Values of x*'F, FA'F and N,,, for 4-methyl-7-diethylaminocoumarine in the mixture
of n-heptane and n-butanol

645F calculated 4+ F calculated
from eq. (8) from eq. (12)
No. Compound Spectrum €E — <E —
YAF FAF u" 0 N 2AF ‘FirF “]‘ET
fem- | o § ~ -~ em 1| e §
3 4%
4-methyl- fluoresc. 3.20 | 651 1.65 | 336
-7-diethylamino- 183 13 173
coumarine- absorption | 2.30 | 468 0.80 | 163
Discussion

The absorption and fluorescence emission spectra of 4-methyl-7-diethylamino-
coumarine display large red-shifts in n-heptane, as compared to those obtained in
n-butanol (Fig. 2), which is due to the difference in the dipole moment in the ground
and excited state, and the formation of solvent shells around the molecules studied.
This is confirmed by the value of local dielectric constant and the filling-up degree
of the solvent shell with polar solvent molecules (Figs. 3 and 4). Local dielectric
constant differs considerably from the macroscopic dielectric constant (Fig. 3).

In Table I the values of the interaction energy, FA:F, calculated on the basis
of the theory proposed by MAzURENKO and KawsK1 et al. [16—18], are given. The
energy values differ considerably, whereas the difference of the interaction energies,
(FF— F2) calculated on the basis of the above theories are comparable within the
error. The values of FZA'F calculated from formula (12) seem to be more probable,
since 8 was calculated more precisely.

* % %
We are grateful Professors A. Kawski and I. KETSKEMETY for valuable comments
and stimulating discussions during the performance of the present work.
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BJIUSIHUE BUHAPHLIX PACTBOPUTEJIEM HA JIFOMUHECLIEHLIAIO
4-METUJI-7-AMETUJIAMUHOKYMAPHTHA

H. Yaiixo u J. Kozma

HN3mepers! CEKTPbI MOTJIOUICHHS W JIIOMHHECUEHIMH 4-METUN-7-MHETAIAMAHOKYMAPDHHA B
CMecsX H-TenTaHa B #-0yTanona. 3HAUATENbHbIA KPAaCHBIM CIBUT, HAOIIONAEMBI B CIIEKTPax CBSA3aH
3HAYMTENLHBIM M3MEHEHHEM AMNOILHOIO MOMEHTA M 3aBHCHT OT YHCJA IOJISAPHBIX MOJEKYJ Ha-
XOAAIMXCA B COJIBATHOM 06osiouke. CrekTpanbHbI CABHT OOBICHEH HA OCHOBE TEOPHH COJILBATa-
1IMM; OUIEKTPUYECKHe KOHCTAHTH! MHKPOCKOIHMYECKOIO OKPYXEHMsI UM JHEPrus B3aUMOAEHCTBHUA
B OCHOBHOM H BO30YXIOEHHOM COCTOSHMSX ONpelesieHbl pacuéTamm.
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The theory of concentrational depolarization of photoluminescence as formulated by BoJARsKI
has been extended over liquid solutions. The effect of strong repolarization within the region of high
concentrations of more liquid solutions can be explained by the rise of the degree of association of
luminescent molecules and significant restriction of their effective rotational motion due to the short- -
ening of the lifetime molecules in the excited state.

Introduction

The concentrational depolarization of photoluminescence (CDPL) of solutions
is a result of nonradiative electronic excitation energy transfer [1] between active
molecules of different mutual orientation [2, 3]. A number of theories have been
formulated to explain this phenomenon. Critical reviews of these theories can be
found in [4—7]. All of them concern, in principle, rigid solutions i.c. solutions in
which active molecules do not change their positions and orientations of the transi-
tion moments during their excited state lifetime.

In recent years more and more attention has been paid to luminescent systems
in which restricted rotations of molecules can occur for various reasons. This was
stimulated by the application of luminescence methods, and among them polariza-
tion ones, to the investigations of biological systems and: their dynamic structure
[8, 9]. The above mentioned theories were applied in some causes to interpret pola-
rization data on such systems despite the fact that these systems do not have
identical properties with rigid solutions.

Dye molecules in real solutions have, as a rule, some freedom of translatlonal :
and rotational motion. The state of polarization of a system depends significantly
on the rotation of molecules, which is one of the principal factors responsible for
the fluorescence depolarization. This problem has been dealt with in many works
[7, 10—13], while more detailed analyses of the problem in which the concentrational
depolarization has been taken into account can be found in few papers only [14—16].
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Theoretical considerations

The influence of Brownian rotational motion of the Iuminescent molecules
on CDPL is analysed on the basis of the CDPL theory as formulated by Bojars-
KI [17]. This theory is especially useful for self-depolarization investigations for it
explains the effect of repolarization observed for highly concentrated solutions
[16, 18].

The theory is valid for solutions contamm g two kinds of rigid molecules — donor
(D) and acceptor molecules (4) — distributed randomly, between which manifold
acts of excitation energy transfer of the type D*+ D — D+ D*, as well as single transfer
acts of the type D*+ A —D+ A* can occur. In the frame of this theory the following
relation for the emission anisotropy (EA) has been obtained

rfro = (1 —af) i+51-———(§f)2 (1)
1—7 @)
where
f=f0) =Vayexp (Y2)[1—% f exp (—1?) dt] - V)
o = ay[yp/(yp+ 7] 3)
7 =Tp+ra = ?(2_24'%) @)

Here ry is EA of donor molecules in a solution where the donor concentration ¢, —+0
and the acceptor concentration c¢,=0; ¢y, and ¢,, are critical concentrations of
the donor and acceptor, respectively [2, 3]; «, is the probability that the excitation
energy will not be dissipated during the transfer.

It should be noted that the general picture of energy migration among donors
and its transfer to acceptors for liquid solutions the same as for rigid ones. Thus,
apparently, relation [1] should give the correct description of EA also for liquid
solutions. One cannot however, neglect the effect of molecule rotation on the limit
value of the donor molecule EA (i.e. for the case of ¢;,—~0 and ¢,=0 simultaneously)
and on the energy transfer efficiency associated with rotations of molecules during
their excited state lifetime [3, 9].

The limit emission anisotropy ry for a system contammg isolated and isotro-
pically oriented rotating molecules is given by [10, 12, 19]

rp=ry (% (cos? 0)——;-) . ’ ’)

where 8 is the angle between the directions of molecule transition moments in the
instants of its excitation and de-excitation; r, has the same meaning as in (1).

For spherical molecules — the simplest case possible — formula (5) reduces
to the known Perrin—Levshin formula [11, 13]

kT 7t
ry = ro(l‘*'V_nTo) (6)



SELF-DEPOLARIZATION IN FLUORESCENT LIQUID SOLUTIONS 19

where k is the Boltzmann constant; T is the temperature; V is the volume of the
rotating molecule; 7 is the solution viscosity; and z, is the fluorescénce decay lifetime.
The mean time in which a molecule is in the excited state t,, also called the
localization time, is for concentrated solutions shorter than t,, which is caused by
intermolecular energy transfer acts competing with the fluorescence emission acts.
. Denote by rfp EA of donor molecules in a liquid solution which are excited
directly by an external radiation. Then the Perrin—Levshin formula (6) can be

written as
kT 7,17t
o=+l 2] Y

0

According to the assumptions of the theory [17] as well as other theories [2—7]
those molecules only which have been excited by the external radiation contribute
substantially to the polar1zat1on For this reason rj, in a concentrated l1qu1d solu-
tion corresponds to r, in a rigid solution.

Thus the relation for the emission amsotropy in liquid solutions will be obtained
when r, in formuila (1) is substituted with rf,. Then the concentrat1on dependence
of EA for 11qu1d solution, will be given by

kT )1, 1 '(af)z |
rpfte = {1+ To|— (1—uf) e , ®
: [ [Vn ] 2 1—3(af)%

which for y—»O (leading to t,/1,=1) reduces to the ‘Perrin—Levshin formula ©).
The ratio 7,/7, in (8) can be calculated from the relation [20]

e

derived recently based on theoretical results [21] in agreement with the CDPL
theory [17].

It was already mentioned that the energy transfer efficiency depends strongly
on the mutual orientation of molecules [3, 9, 22]. For solutions the energy transfer
efficiency will depend on the mean value of the orientation factor »2, as employed
in the theory of long-range electronic excitation energy transfer [1, 3]. According
to our earlier work [23] changes of the excitation energy transfer efficiency caused
by the rotation of luminescent molecules can be related to critical concentration
variations. For three-dimensional solutions

Cop = Cop* ﬁ/_3 «l <%%D>>)—1
Cou = Cou* m «l/m»_l

where &, and &, are critical concentrations of liquid solutions that contain very
fast rotating molecules for which it is assumed that »3,=x%,=2/3 [3, 22]; <l/<xfm>>

and (V{,)) are mean values of %2 averaged over time and the initial orientations
of the transition moments of interacting molecule pairs, D* —D and D*—A4, res-
pectively [23].

(10)

2%
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Results obtained recently by the author [24] which concern the course of

(Y{xbyy value for arbitrary values of so-called rotational orientation factors dy
and d, are shown in Fig. 1. These factors are defined by formulae [12, 19]

dp =—;—(00529D)——;—; d, =%(cos26,4)—%- an

0.80F 7

} 6

~ L 1100 ;
| 2-0.85
3 0.75 | 3-070

< L 4-055 2
V L 5-040

V4 | 6-0.25 8
0.70f 7 O

b 8- d 1

0 0.2 04 06 0.8 10

dy —

Fig. 1. Mean vaule of the orientation factor »2, <V<k2>> plotted against
values of rotation depolarization factors dp and d 4 for donor
and acceptor molecules in a solution [24].

where 8, and 8, have the same meaning as the angle 6 in formula (5), for the donor
and acceptor molecules, respectively. In view of the above presented discussion the
rotation depolarization factors for spherical molecules can be described by relations

-1 -1 )
T, . kT T
dp = [”[—%) 10] > da= [”(7 ] T (12)

where V), and ¥, are volumes of donor and acceptor molecules, respectively (together
with solvatation envelope, if any [7]).

On grounds of formulae (4) and (7) the reduced concentration of a liquid solu-
tion is given by the relation

s [<V<‘—>,——<V<—>> ] (3)
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thus depending on d and d, through averaged values of x2. It follows then that
EA of liquid solutions is also a function of rotation depolarization factors d;, and
d,; indeed, the rgsults for limit cases are as expected: for complete rotations of
molecules dp,=0 and from (8) it follows that rp/r,=0, while for a case of no rota-
tion, i.e. for dy=d, =1 formula (8) leads to ().

Discussion of results and conclusions

Formula (8) describing the effect of .concentrational depolarization in liquid
solutions can be written as a product of two depolarization factors — rotation
factor dj, (Eq. (12)) and transfer depolarization factor d, associated with the inter-
molecular excitation energy transfer and described by the right-hand side of rela-
tion (1). This does not mean, however, that both factors are independent of each
other. It should be noted that molecule rotations result in increased energy transfer
efficiency. This leads to shortening of the localization time 7,, limiting the extent
of rotational motion and reducing, in turn, the efficiency of the energy transfer.
Thus rotations are responsible for two concentration — dependent effects acting
in opposite directions, namely the relative decrease and increase of EA as compared
to the situation in rigid solutions.

Fig. 2 shows the dependence of r/r, on concentration for different values of the
rotation depolarization factor d{® (equal to dj, for c¢;,—0) in solutions containing
molecules of one species only, i.e., when molecule association does not occur (the
dimerization constant K=0 [1/M]). It should be noted that for more liquid solutions
relative changes of EA with concentration (related to appropriate limit values r,)

1.0F 1 K=0 1—d;°)=1.0
0.8} 2-d” = 0.8

C_qlo)y _
3,-3 dD = 0.6

T

0.6

b - d =04
P 04r - di = 0.2
-~ D T

k02
0 \

lg ¥

Fig. 2. Concentration dependence of EA for one-component non-dimerizing liquid

solutions, obtained according to (8) for different values of rotation depolarization

factors d§’. The dashed line 3’ correspond to the product of values of r/r, taken from
curve 1 and d$’=0.6.
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are smaller, while at the same time at extremely high concentrations values of EA
become identical independent of the solution viscosity.

This proves that the above mentioned effect of the relative, rise of EA due to
the shortening of 7, prevails over the effect of depolarization caused by the mole-
cule rotation and dominates over the range of very high solution concentrations.
The same is evident from curve 3 in Fig. 2, showing the product df - d, for d’=0.6
and d, corresponding to that in a rigid solution. The éffect of concentrational depo-
larization of liquid solutions as predicted by formula (8) is weaker than for the
concentrational and rotational depolarization regarded as mutually independent.

1.0
08
0.6

© 04

£ 0.2
0

K- &2 18 ) =0.2

2 1 0 1

Fig. 3. Dependence of the EA on concentration, as expected in view of (8), for solu-

tions of different viscosity and set value of k-(¢’3/¢5) =0.2; k is the dimerization constant

while ¢ and ¢5 denote critical concentrations with respect to the energy transfer

between monomer molecules and from monomers to dimers, respectively, for the
mean value of the orientation factor equal to 2/3.

Studies of systems in which molecule association takes place lead to analogous
conclusions. Fig. 3 shows theoretical results for r/r, obtained from (8) for solutions
containing luminescent monomers and non-luminescent dimers only, and charac-
terized by the same value of the dimerization constant K, but different values of
di®. It is evident that the presence of dimers quenching the excitation energy leads
at high concentrations of solutions to the shortening of the localization time 7, for
monomers, effective enough to make the behaviour of active molecules in liquid
solutions identical to that in rigid ones. As a result the repolarization of luminescence
is so strong that for high concentrations the values of EA can substantially exceed
the limit value r,. '

Such phenomenon has also been observed in experiments among others, for
solutions of low viscosity as fluorescein in a glycerin — water solvent [16]. Some
results presented in that paper have been replotted in our Fig. 4 (circles) to compare
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with theoretical curves given by the modified BosARrski theory (relation (8)) for the
solutions investigated. Data presented in [16] were used for determination, based
on the Perrin—Levshin formula, of the fundamental EA, equal to r,=0.4, and the
parameter kTt,/V;,=0.161 P~1. Other quantities required were obtained by com-
paring the experimental results with theoretical ones for the most viscous system

Fluorescéin
6 - 5.9790 P
e — 0.2947 P

1.0}
0.8
06}

+° 04r

k02

0 L. L _
-5 -4 -3 -2 -1
lg ¢ [M/L]

Fig. 4. Comparison of experimental values of #/r, from [16] with theoretical
(calculated according to (8)) values
of concentration dependent EA for solutions investigated.

o — 0.0488P

(regarded as a rigid solution). To this end the method described in [25] was.employed.
As aresult the dimerization constant K=1 1/M was obtained for the system mentioned,
whereas such constant for the remaining two systems of lower viscosity, namely
K=2.51/M for solutions having #=0.2947 P and K=131/M for solutions with
n=0.0488 P were determined by fitting the theoretical curves to experimental values
of r/r, for maximum concentrations. It was assumed additionally that for solutions

under consideration the values of (Y(x3pyy and (V33,)) are equal to 0.6901,
which corresponds to the rigid solution case. This can be justified by the independence-
of r/ry at extremely high concentrations of the solution viscosity, as shown in Fig. 3
where r/r, values are determined solely by the value of the dimerization constant K.

Theoretical results obtained, shown in Fig. 4, agree well, both qualitatively and
quantitatively, with the experimental points. This shows that the Bojarski theory
[17], adapted to dimerizing liquid solutions by allowing for rotation of active mole-
cules, gives correct description of the concentrational depolarization effect, at the
same time explaining well the strong repolarization of liquid solutions. It seems,
however, that certain differences between experimental and theoretical results for
the most liquid system may be associated, at least in part, with the omission of

. 4
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increased rate of intermolecular energy transfer due to the translational motion of
molecules accompanying their rotations [26, 27].

* ¥ 0k
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CAMO-JEINONTAPU3ALIVA B ®JIIYOPECIIUPYIOIIUX XKUAKUX PACTBOPAX
H. Oyorueauy

PacnpocrpaneHa TeopHs KOHLECHTPALMOHHOH AenonapH3auymu QoTtomommuecuemmd bosp-
CKOT O Ha XHAAKAEe PacTBOPLL. DdexT CHAbHOM AenoNapuU3alMy B 00AaCTH BHICOKMX KOHUEHTpaLHi
JUI1 MHOTHX KHJKHX PaCTBOPOB MOXET ObITh OOBACHEH BO3PACTAHHEM CTENEHH ACCOLMALIMH JIFOMH-
HECLMPYHOIIMX MOJIEKYJI M 3HaYATEbHBIM OrpaHMYeHHEM HX 3(dexTHBHOro BpallaTe/LHOro IBH-
JKEHHSI, B PE3y/IbTaTe COKPalLEHHs BpeMeHd BO3OYXIOEHHOrO COCTOAHMA MOJIEKYIL.
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The dielectric relaxation studies on three horticultural molecules have been undertaken.
The dielectric relaxation times at varying temperatures were evaluated. It was observed that both
molecular and internal rotational processes contribute to the dielectric dispersion. The enthalpies,
associated with rotational processes were also evaluated and the data obtained supported the occur-
rence of the molecular reorientation process in one system and the group reorientation processes
in other two systems.

Introduction,

The relaxation times of some fatty acids were reported earlier by POTAPENKO
and WHEELER [1]. Later studies by Brooks and Hoess [2] on meta- and para-chloro
and bromo-benzoic acids and by WIiLsoN and WENZEKE [3] on p-nitrobenzoic acids
were confined to the measurements and interpretation of the dipole moments only.
Some hydroxy benzoic acids were studied in this laboratory [4] for their rotational
behaviour. Studies on relaxation behaviour related to the microscopic and other
viscosities on some halogenated benzoic acids were reported by SHUKLA and SAXENA
[5] from this laboratory. The previous studies [6] on some acetic acids were also _
made on the measurements of dielectric constant and the formation of dimers.
No data is available on the dielectric properties of the molecules of horticultural
nature. These molecules, having an interdisciplinary application, were considered
worthwhile to study for their relaxation behaviour including the assessment of the
energies associated with different rotational modes. These could lead to some addi-
tional informations regarding their electrical properties and possibilities of extending
further, their applicability to the rapid growth of plants. The dielectric investigations
on three horticultural molecules; namely indol-3yl-acetic acid, indol-3yl-propionic
acid, and gibberellic acid in dilute solution of dioxane were undertaken. The dielectric
relaxation times and thermodynamic parameters for these systems were evaluated
and compared.
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Method and Experimental Procedures

The dielectric relaxation times have been determined using the fixed frequency
method of GopaLa KRrisHNA [7] for dilute solutions as discussed earlier, the tech-
nique adopted being that of RoBerts and von HippeL [8]. The microwaves were
generated by a C. V. 129 Klystron and the dielectric constants (¢”) and the losses
(¢”) were determined using the simplified method of DAKIN and WoORKS [9]. The
measurements of ¢ were accurate to +2% and those for ¢” to +5%. The following
relations were used for determining the dielectric relaxati'on times.

__t_4dy
Y= 35C dx

_ 8/2+8//2+8/__2
= “‘(8,+2)2+8//2

38”
Y =—F—G——7
(¢ +2)%+¢&™
where 1 is the free space wavelength, ¢’ the dielectric constant and ¢” is the loss
factor.
The thermodynamic parameters for the dielectric relaxation process were
determined. using Eyring’s equation. The 4H, values are obtained by estimating the

slope of the straight line drawn between log 7 and % The other values are obtéined

using the following equations of Eyring [10] as described earlier.

h

= eAF.IRT

kT

AF, = AH,—T4S,

hN
n=—5- eAF,IRT

: AF, = AH,—TA4S,.

Since in the present investigation we are interested in relaxation times only,
it was not necessary to determine the exact weight fractions of the compounds. The
solutions were maintained sufficiently dilute such that tg 6 was always less than 0.1.

Chemicals. The chemicals used were of purest available quality. Indol-3yl-acetic
acid and indol-3yl-propionic acid of horticultural quality were obtained from B.D.H.
England. Gibberellic acid of the same quality was obtained from Phylaxia, Buda-
pest, Hungary. The melting points of all three solids were tested before use. Dioxane,
of pure quality, obtained from-B.D.H. was distilled twice before use.
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Discussions
(A) Indol-3yl-acetic acid '

The dielectric relaxation time 7 has been found to be 14.2—21.1 p.s. in the
temperature range of 283—313 K. The enthalpy of activation 4H, has been observed .
to be 7.8 kJ - mole1. Considering the molecular dimensions, the dielectric relaxation
time seems to be appreciably longer, which could be expected from the reorientation
of the entire molecule. In order to ascertain the rotational behaviour of this system,
the dielectric data for a rigid molecule of equivalent size was taken into account.
Quinoline, which would be only slightly smaller than indol-3yl-acetic acid was
considered for the purpose and data reported by MADAN ET AL. [11] was incorporated
for comparison. .

Dielectric relaxation time t at 303 K for quinoline in dilute solution of ben-
zene=:7.9 p.s. is shorter than for indol-3yl-acetic acid=:16.5 p.s. This is due to the
reasons -that the latter is slightly of larger size and also due to the higher viscosity
of the medium (dioxane) in which the measurements have been made. The enthalpy
of activation of indol-3yl-acetic acid==7.8 kJ.mole™?* is slightly higher than for.
quinoline (4H,226.3 kJ - mole~1) which is a rigid system. The two values are however
comparable, taking into account of slightly large size of indol-3yl-acetic acid due
to the attached group —COOH at position 3 of the system. This shows that the
observed process corresponds to the rotation of the entire molecule as a whole unit,
although the resolution of the two processes is not possible in the present investi-
gation. ’

Table I

- Dielectric parameters of the molecules

283 K 293 K 303K 313K
Molecule

e e” g e” & e” g - e”
Indol- 2.187 027  2.203 019 2.203 021 2.221  .019
-3yl- 2.190 .031 2.202 027 2.218 .027 2.224 .027
Acetic 2.197 .036 2.192 .029 2.219 030 2.229 .031
Acid 2.211 .045 2.206 .034 2.221 .036 2.238 037
2.219 045 2.208 .037 2.225 .038 2.251 .037
Indol- 2.172 .025 2.185 .027 2.196 020 2211 .022
-3yl- 2.184 .031 2.187 .031 - 2.193 .022 2.220 © .027
Propionic 2.193 .032 2.212 .034 2.201 .030 2.226 .031
Acid 2.197 .037 2.219 .038 2.215 .032 2.241 033
2.203 041 2.226 .038 2.218 .035 2.249 037
Gibberellic 2.168 .020 2.179 .024 2.213 .031 2.238 .031
Acid 2.170 021 2.184 .025 2.225 .025 2.247 .025
2.171 026 2.182 .028 2.227 .026 2.252 030
2.175 .027 2.196 . .029 2.229 .030 2.254 .030
.029 2.203 .030 2.234 .030 2.256 .034

2.180
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(B) Indol-3yl-propionic acid

For this system, the dielectric relaxation time was found to vary from 6.6—
8.3 p.s. in the temperature range of 283—313 K. A comparison of t (7.3 ps.) for
this molecule with © (16.5 p.s.) for indol-3yl-acetic acid at 303 K shows that the
latter value is much longer than for the present case. This shows that the two pro-
cesses are entirely different. Has this been also a molecular process the relaxation
time 75 would have been greater than 7. It can be seen from the molecular structure
that the only other process which could give rise to dielectric absorption would be
due to the internal rotation of —CH,COOH group attached to the ring. It would
thus be justified to assign this absorption to the rotation of —CH,COOH group
which yields a relaxation time of 7.3 p.s. at 303 K.

The enthalpy of activation associated to the above process has been found to
be 3.2 kJ - mole ! only, which is much smaller than the enthalpy (7.8 kJ - mole™?)
for the molecular rotation of indol-3yl-acetic acid system. This seems true as the
internal rotation of such a small unit would be expected to yield an enthalpy of
activation of this range.

The free energy of activation for the molecule 4 F, increases as usual with increase
“in temperature. This is possible because at higher temperature the molecular colli-
sion rate increases with the result that the energy required to bring the molecules
into the activated state will increase.

The entropy of the system has been found to be negative. This shows an ordered
behaviour for the molecular system. A comparison shows that 45, for the present
molecule is smaller than for the previous system, which is true in view of shorter
rotational unit involved in the system.

Table 11 :
Dielectric Relaxation Times and Energy Parameters of the Molecules

Tempera-

Molecule e X101z 4aF, 4H, as,
K S kJ-mole—? kJ-mole-? J-mole=! deg—!

Indol-3yl- 283 21.1 11.4 —-12.5
Acetic 293 19.8 11.7 7.8 —13.2
Acid - 303 16.5 11.7 -12.9
313 14.2 11.8 —-12.7

Indol-3yl- 283 8.3 9.2 —-20.9
Propionic 293 7.6 9.4 3.2 —-20.9
Acid 303 7.3 9.7 —-21.2
313 6.6 9.8 —-20.9

Gibberellic 283 14.5 10.5 . —23.8
Acid 293 13.1 10.7 3.7 —23.8
. 303 12.4 11.0 -24.0

(C) Gibberellic Acid

Among all the three horticultural molecules, gibberellic acid has complicated
molecular structure, with two —OH groups and one —COOH group attached at
various positions. Looking at the size of the three molecules, this has the largest
molecular dimensions. The dielectric relaxation time 7 for this molecule has been



DIELECTRIC RELAXATION STUDIES 29

found to lie in the range 12.4 to 14.5 p.s. in the observed temperature range of
283—303 K. The value at 303 K has been found to be 12.4 p.s. A comparison of
1 (=212.4 p.s.) for the present molecule with the other two systems shows that it is
close to't (=16.5 p.s.) at 303 K for indol-3yl-acetic acid, which is probably attributed
to the molecular ‘rotation. Gibberellic acid having much bigger molecular size
would be expected to give rise to a longer relaxation time parameter, where as
Ty3=2 12.4 p.s. is shorter than 7303216.5 p.s. observed for indol-3yl-acetic acid.
The observed relaxation time, therefore, can not be assigned to the molecular reori-
entation of the system. It would thus be attributed to either internal rotation of
—OH group or to that of —COOH group. Since —OH group is comparatively small
than —COOH group, the t observed here should be shorter than t observed for in-
dol-3yl-propionic acid, which has been assigned to give rise to a relaxation processes
due to the rotation of —COOH group, but this value of 7553 (2212.4 p.s.) is longer
than 7,43 (7.3 p.s.) for indol-3yl-propionic acid. The internal rotation of —OH
group is therefore ruled out. The only absorption process left in the system would
be due to rotation of —COOH group. The observed relaxation time would there-
fore be caused by the internal rotation of —COOH group. Since the value obtained
for gibberellic acid 7 (==12.4 p.s.) is longer than 1 (227.3 p.s.) for indol-3yl-propionic
acid, it appears that probably in the present case, there exists restricted rotation
to the —COOH group due to intramolecular hydrogen bonding between the hyd-
rogen of —COOH and oxygen present at adjacent position in the ring, where as
in the case of indol-3yl-propionic acid the rotation of —COOH group is completely free.

Table 111

Relaxation Time, Viscosity and Energy Parameters for the Viscosity Process

T X 1012 X 108 4F 4H 45
Molecule K s Poise kJ-mole -1 KJ-mole=1  J.Mole-1 deg-1

Indol-3yl- 283 21.1 15.95 13.7 —26.6
Acetic Acid 293 19.8 13.65 13.8 13.0 -27.8
303 16.5  11.40 13.8 —28.8

313 14.2 9.15 13.9 -29.4

Indol-3yl- . 283 8.3 15.95 13.7 —-26.6
Propionic 293 7.6 13.65 13.8 13.0 —27.8
Acid : 303 7.3 11.40 13.8 —28.8
313 6.6 . 9.15 13.9 ’ —294

Gibberellic 283 14.5 15.95 13.7 —-26.6
Acid . 293 13.1 13.65 13.8 13.0 —-27.8
. 303 12.4 11.40 13.8 —28.8

The enthalpy of activation AH, for gibberellic acid has been observed to be
3.7 k¥ -mole~2. A comparison of 4H, for the three molecules shows that AH, for
this molecule is about half of AH, (=7.8 kJ -mole™) for indol-3yl-propionic acid
and slightly greater than AH, (=23.2kJ-mole~?) for indol-3yl-acetic acid. This
exhibits an equivalent relaxation behaviour of the gibberellic acid and indol-3yl-
propionic acid. It would therefore be appropriate to assign this process also to the
rotation of —COOH group attached to the ring. Since the observed AH, value is
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slightly greater than for indol-3yl-propionic acid it appears that the rotation in the
former case is not completely free. This is consistent with the results obtained for
the relaxation time values also for above molecule.

The free energies of activation have been found to increase with rising tempera-
ture in an usual manner. The entropies for the above process have been found to be
negative showing that the relaxation is a cooperative process, which is true for small
rotational groups.

Conclusion

The present studies on the three horticultural molecules exhibit both the mole-
cular and group relaxation processes. The Gopala Krishma method followed in
the investigation gives in general an average assessment of the different absorption
processes. However, as has been seen from both the dielectric relaxation times and
enthalpies of-activation for the three systems, at least in two cases of indol-3yl-
propionic acid and gibbereilic acid, predominant process coniributing to the absorp-
tion appears to be from the internal motion of —COOH group attached to the ring.
In case of indol-3yl-acetic acid, it is overall rotation of the entire molecule as a unit,
which is responsible for the relaxation mechanism. It would be desirable to extend
such studies and also studies related to the r.f. and microwave treatments to these
horticultural materials which are widely used in the process of plant growth.
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WU3YYEHUE JUIAJNIEKTPMUYECKUX CBOVICTB HEKOTOPEIX
AI'PO-XMMHUYECKHX BEUIECTB

4. . Mykaa u 0. 0. Hiykaa
IIpoBeneHo M3yveHHE INMINEKTPHYECKHX CBOMCTB TpEX arpoxMmmvecxmx semiecTs. Haitnens!

BpEeMEHA IHIJIEKTPHYECKOH pejlakcalldM Npd pa3HeIX Temreparypax. Iloka3zaHo, 4TO xak Moje-
KYJIIPHBIE, TaK M BHYTPHMOJIEKYIAPHbIE BPALLEHHS BIMAIOT HA AUINEKTPHUECKYIO QUCOEPCHIO.



TEMPERATURE DEPENDENCE OF THERMOCHEMICAL QUANTITIES.
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Group contributions to the parameters of the polynomial
CY r = a+bT+cT*+dT?

have been calculated. This procedure extends the scope of application of the C%, function in the above
form for the fast and precise calculation of the temperature-dependence of various thermochemical
quantities.

Molar heat capacities (C9) of different species have been descrlbed in the poly-
nomlal form:
C}?,T‘=a+bT'+cT2+dT3 - )]

in a previous paper [1]. Such a procedure makes the calculation of the temperature-
dependence of various thermochemical and kinetic quantities simple. Usage of
a computer program (see e.g. the program KIRcH in [2]) makes the calculations less
tiresome, although they can also be performed with a pocket calculator. The data
collected in [1] permit calculations only in cases when the data required are avai-
lable for all the species involved.

It has been shown that our knowledge can be widened considerably by using
group values to estimate the missing thermochemical data (see e.g. BENSoON [3]).
However, to use CY expressed by equation (1) in the calculation of thermochemical
data at higher temperatures a computer program must be available to perform the
non-linear least squares calculations. This circumstance may cause some difficulty
in the application of the suggested procedure.

To overcome this difficulty, the parameters of equation (1) have been calculated
from BENSON’s group values [3]. The parameters of the CJ functions of many species
can now be obtained by summing the contributions of the various groups:

Cp=3a+T Ib+T2 3 c+T° 3 d, @

where subscript i refers to the i-th group of the species concer}'ned.v Thus, the scope
of application of the C% function in the polynomial form for the calculation of
various thermochemical quantities [1] can be extended considerably.



Table 1
Thermochemical data of various species in the gas phase H, ydrocarbon groups
AHy 4/ S9as/ a-10/ b- 10 c-10% ’ d-10%/
No. Group kcal mol—* cal mol-1K ! cal mol -1K -1 cal mol-1K -2 cal mol-1K -3 cal mo! 'K 4
or kJ mol-!  or ¥ mol-1K -1 or J mol-1K ! orJ mol~1K 2 or J mol-1K -3 or J mol 1K ~4
1 [C—(H);(O)] C —-10.20 30.4% —0.12857 2.35477 —-10.1393 1.37028
J —42.68 127.24 —0.53794 9.85236 —42.4228 5.73325
2 - [C—(H),(C)s) C —~4.93 9.42 —3.24681 2.32747 —13.9412 3.32925
J —20.63 39.41 -13.5847 9.73813 -58.3300 13.9296
3 [C—(H)(C)s) C -1.90 —12.07 -20.2397 2.82589 -23.3852 7.21075
. J -~7.95 —50.50 —84.6831 11.8235 —97.8437 30.1697
4 [C—(C)i] C 0.50 -35.10 —50.1623 4.34818 —45.2765 15.5862
J 2.09 —146.86 —209.879 18.1928 —189.437 65.2127
5 [Ca—(H).] C 6.26 27.61 1.34016 1.95726 —10.8810 2.44350
J 26.19 115.52 5.60723 8.18917 —45.5261 10.2236
6 [Ca—(H)(C)] C 8.59 7.97 10.6499 1.15718 —4.15577 —-0.03039
J 35.94 33.35 44.5592 4.48164 —17.3877 -0:12715
7 [Ca—(C).] C 10.34 -12.70 21.4700 0.81169 —5.64587 1.46702
J 43.23 -53.14 89.8305 3.39611 —23.6223 6.13801
8 [Ca—(Ca)(H)] C 6.78 6.38 —21.3988 3.01542 —-30.5372 11.5164
. J 28.37 26.69 —89.5325 12.6156 ~127.768 48.1846
[Ca—(C4) (C)] C 8.88 —14.6 —10.5741 2.66979 —32.0174 13.0129
J 37.15 —-61.09 —44.2421 11.1704 —133.961 54.4460
10 [Ca—(Cg)(H)] C 6.78 6.38 —21.3913 3.01520 —~30.5237 11.5153
J 28.37 26.69 —89.5014 12.6165 —=127.711 48.1800
11 [Ca—(Cp)(O)] C 8.64 —14.6 —10.5741 2.66979 -32.0174 13.0129
, J 36.15 —61.09 —44.2421 11.1702 —133.961 54.4460
12 [Ca—(CH()] C 6.78 6.38 —21.3913 3.0152 —~30.5237 11.5153
J 28.37 26.69 —89.5012 12.6156 —127.711 48.1800
13 [Ca—(Cp):] C 8.0
: J 33.47
14 [Ca—(Cu).] C 4.6
J 19.25 ,
15 [C—(C4)(C)(H),) C -4.76 9.80 —25.4663 3.24954 -25.6242 8.16307
J -19.92 41.00 —106.551 13.5960 —107.212 34.1543
16 [C—(Ca)o(H).] C -4.29 10.2 —54.1897 4.53600 —43.5877 16.2486
J -17.95 42.68 -226.730 18.9786 —182.371 67.9841
17 [C—(C)(Cs)(H).] C ~4.29 10.2 —54.1897 4.5360 —43.5877 16.2485
J —17.95 42.68 —226.730 18.9786 —182.371 67.9841
18 [C—(CH(C)(H), C ~4.73 - 10.30 —17.4220 2.75939 —19.3447 5.68257
J —-19.79 43.09 —72.8936 11.5453 —80.9382 23.7759
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2
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26
27
28
29
30
31
32
33
34
35
36
37
38

39

(C—(Ca) (C) (Es]
[C—(C) Q)]
(C—(CH(C)(HD)]
[C—(Co) (O (D]
[C—(CH(©O]

C[C—CH©Od "

[C—(ED)]
[C—(©O]
[C—(Ca)
[C—(Ca)]
[Ca—(HD)]
[Ca—(O)]
[Ca—(C)]
[Ce—(C)]
[Ca—(Ca)]

(C
[Car—(Ca)i(Car)]

[Cor—(Cs)(Car)sl
o [CEF—’(CBF)a] ’

cis-Correction

ortho-Correction

A

lolaletalolalo b Folalat To b Tol Totato b Tokalo b To b lo L ot To b To b To L Tot Yot lo!

—4.86
~20.33
~1.48
~6.19
—-1.72
-7.20
~0.98
-4.10
1.68
7.03
2.81
11.75
26.93
112,67
27.55
115.27
29.20
122.17
29.20
122.17
330
13.80
5.51
23.05
5.68
23.76
5.68
23.76
4.96
20.75
34.20
143.09
4.8
20.08
3.7

15.48

4
S5
2
.0
1
.5
3

NOPL ==
o Jedow

9.34
39.08
—11.69
—48.91
—11.19
—46.82
—12.15
-—50.83
—34.72
—145.27
—35.18
—147.19
24.7
103.34 .
6.35
26.57
6.43
26.90
6.43
26.90
11.53
48.24
-7.69
—32.1750
—7.80
—32.64
—7.80
—32.64
—8.64
—-36.15
6.0
25.10
-5.0
—20.92
-5.0
—-20.92
1.4
5.86
0.0
0.0.. .
—-1.61
—-6.74

—24.7360
—-103.495
—46.8767
—196.132
—34.4194
—144.011
—42.5272
—177.934
—73.4441
—307.290
—93.2429
—390.128
18.7311
78.3708
20.1401
-84.2664
9.34644
39.1055
9.34644
39.1055
—18.6837
~78.1728
14.0046
58.5952
23.4057
97.9294
23.4056
'97.9294
—13.2698
—~55.5210
15.6166
65.3399
0.72194
3.02059
0.72194
3.02059
—19.4352
—81.3170
—26.4775
—110.781
—8.18322
—34.2386

3.67869
15.3916
3.99092
16.6980
3.25794
13.6312
4.21317
17.6279
5.33751
22,3321
6.68319
27.9625
1.5457
6.46729
0.38202
1.59837
0.37397
1.56469
0.37397
-1.56469
2.12158
8.87669
0.31667
1.32490
0.40374
1.68925
0.40374
1.68925
214419
8.9713
1.05932

- 443220

1.25303
5.24267
1.25303
5.24267
173958
7.27840
0.54328
2.27308
1.11744
4.67539

—33.8089
—141.456
—38.9247
—162.861
-28.7990
—120.495
—43.6737
~182.731
—58.3124
—243.979
—79.3496
~—331.999
—15.5117
—64.9010
0.05672
0.23732
8.49730
35.5527
8.49730
35.5527
—15.3099
—64.05€6
4.57456
19.1400
0.84074
3.51766
0.84038
3.51615
—22.0807
—92.3856
—10.3753
—43.4103
—9.96682
—41.7012
—9.96682
—41.7012
—15.5515
—65.0675
.—4.02093

-+ —16.8236.

—17.9844
—75.2467

12.0376
50.3653
13.8966
58.1434
9.56459
40.0182
16.0478
67.1440
21.2436
88.8832
30.8155

- 128.932

6.14453
25.7087
—0.85646
~3.58343
—7.68715
—32.1630

—7.68715 .

—32.1630.
4.37156
18.2906
—3.70304
—15.4935
—1.60942
—6.73381
—1.60942
—6.73386
7.91812
33.1294
3.72057
15.5669
2.86776
11.9587
2.86776
11.9987
5.20323
21.7703
0.97260
4.06936
8.29380
34,7013
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Corrections to be Applied to Ring-compound Estimates

AM Q04! SSes! a-10/ b+ 10% c-108/ d.10%/
Ring keal moi -1 cal mol—'K ! cal mol~1K cal mol 'K -2 cal mol—1K -3 cal mol ~'K -4
orkJmol-* orJmol-lK-! ° orJ mol-IK-? or I mol~1K -2 or J mol~'K -8 or J mol 'K -4
c-propane C 27.6 32.1 —65.3780 1.69580 —20.4667 8.42331
J 115.48 134.306 —273.541 7.09523 —85.6327 35.2431
c-butane C 26.2 29.8 ~79.7807 1.39105 —9.94155 2.62575
J 109.62 124.68 —333.803 5.82015 —41.5957 10.9861
c-butene C - 29.8 29.0 —44.2188 0.85618 —~8.54718 3.07453
J 124.68 121.34 —185.012 3.58226 —-35.7614 12.8638
c-pentane C 6.3 27.3 —115.538 2.18462 —19.0291 6.80004
J 26.36 114.22 —483.411 9.14045 ) —-79.6178 28.4514
c-pentene C 59 25.8 —63.4951 —0.27455 16.4327 ~9.59419
J 24.68 107.95 —265.663 —1.14872 68.7544 —40.1421
c-hexane C 0.0 18.8 —91.8337 0.72720 18.1873 -14.0674
J 0.0 78.66 —384.232 3.04260 76.0957 -~ 58.8580
c-hexene C 1.4 21.5 —96.5478 2.28373 —17.5803 4.48817
J 5.86 89.96 —403.956 9.55513 —-73.5560 18.77850
Oxygen-containing Compounds
AHY508! S2os/ a-10/ b- 102 c-108 d-10°
No. Group kcal mol~1 cal mol-1K 1! cal mol-1K -} cal mol -1K -2 cal mol—*K -8 cal mol-'K -4
or kJ mol-! or J mol~1K-? or J mol~1K -1 " or I mol~1K -% or J mol- K~-3 or J mol-1K —¢
1 - [0(H),] C —57.8 45.1 95.3019 1.53611 41.4284 —24.5283 '
J —241.83 188.70 398.743 —6.42728 173.336 —102.626
2 [O(H)(C)] C —-379 29.07 50.5235 —0.68993 16.9306 - 8.48907
J —158.57 121.63 211.390 —_2.88667 70.8376 —35.5183
3 [O(H)(Cg)} C -37.9 29.1 —197.615 10.6686 —147.479 67.2458
J —158.57 121.75 —826.821 44.6374 —-617.052 281.356
4 [O(H)(O)] C ~16.3 27.85 24.5178 1.17223 —9.41261 2.73694
J —-68.20 116.52 102.582 4.90461 —39.3824 11.4514
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14
15
16
17

18

19 .

20

21

22

23

[O(H)(CO)]
[O(C):]
[O(O)(O)]
{0(0):]
[CO(HD),)
[COMH)(O)]
[CO(H)(O)]
[CO(O):]

, [co©)oy

[CEDL(O)]
[CELO)O]
[CED (O)(Ch]
[CONC]
[CE)L(CO)]

[C(H)(CO)(O)]

[C4O) (D)
(Ca(O)]

Y

£

-58.1
—243.09
-23.2
-97.07
—4.5
—18.83
19.0
79.50
-26.0
—108.78
—-29.1
—121.75
-32.1
—134.31
-314
—131.38
—35.1
—-146.86

—10.08
—41.27
—8.1
-33.89
-7.2
—30.12

—6.6
—217.61

—-10.08
—42.17
-5.2
—21.76

8.6
35.98
-0.9

-3.77.

26.9
112.55

25.7
107.53

24.5
102.51
8.68
36.32
9.4
39.33
9.4
39.33
52.3
218.82
34.9
146.02
349
146.02
15.0
62.76
14.8
61.92

30.41
127.24

9.8
41.00

—11.0
—46.02

-33.56

—140.415

30.41
127.24
9.6
14017
8.0
33.47
-10.2
—42.68

30.50
127.61

21.7
115.90

—19.5360
—81.7388
37.3508
156.276
54.7563
229.100
54.7563
229.100
. 32.4434
135.743
48.7824
204.105
46.2752
193.615
33.6942
140.976
39.7537
166.330

0.40061
1.67615
—~34.6110
—144.812
—53.8976
—225.508
—62.1486
—260.030
—0.12863
—0.53819
3.59622
15.0466
46.2607
193.554
—44.4976
—186.178
45.3787
189.865

—53.1523
—222.389

2.66069
11.1323
-0.27931
—1.16863
—1.04219
—4.36052
—1.04219
—4.36052
0.79426
3.32319
0.47118
1.97142
0.63639
2.66266
0.67153
2.80968
0.61812
2.58621
2.32282
9.71868

- 3.69163
15.4458
4.78986
20.0408
5.16292
21.6017
2.35477
9.85236
2.51711
10.5316
1.00718
4.21404
4.06574
17.0110

—3.66015
—15.3141

0.24028
1.00533

—27.7324
—116.032
7.37222
30.8454
18.0923
75.6982 "
18.0923
75.6982
42.8569
179.313
- 9.72417
40.6859
6.79527
28.4314
3.34527
13.9966
3.00834
12.5869

—9.55691
—39.9861
—32.4810

—135.901
—52.5418

—219.835
—61.9195

—259.071
—10.1394
—42.4232
—20.6641
—86.4586

89.6967
375.291

—48.3860
—202.447

57.1061
238.932

- —4.32367
—18.0902

10.8889
45.5592
—3.69635
—15.4655
—8.93282
—37.3749
—8.93282
-37.3749
—39.1509
—-163.807
—7.12061
—29.7926
—5.58808
—23.3805
—3.83476
—16.0446
—3.76826
—15.7664
1.05477
4.41316
11.3583
47.5231

20.4416
85.5277
24.7600
103.596
1.37028
5.73325
7.34899
30.74817
0.84507
3.53577
19.0831
79.8437

~27.3231
—114.320

7.38501
30.8989
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Nitrogen-containing -Compounds

AHgq4/ S%os! a-10f b-10% c-108/ d-10°
No. Group kcal mol -1 cal mol-1K -1 cal mo! 'K -1 éal mol-1K -2 cal mol—1K -3 cal mol-1K ¢
or kJ mol-1 or J mol-1K-! or J mol~K-1 or J mol-1K -2 or J mol-1K -3 or J mol—1K -4

1 [C(N)(H),] C —10.08 30.41 —0.12858 2.35477 —-10.1393 1.37029

: . J —-42.17 ‘127.24 —0.53798 9.85223 —42.4228 5.73329

2 [C—(N)(C) (H),] C —6.6 9.8 —18.9138 3.01262 —23.2942 7.40836
. . J ~27.61 41.00 -~79.1355 12.6048 —97.4629 30.9966
3 [C—(N)(C)(H)] C -5.2 —-11.7 -37.3690 3.82532 —38.2549 13.9859
J -21.75 —48.95 —156.352 16.0051 —160.059 58.5170
4 [C—(N)(C)s) C -32 —-34.1 —56.1025 4.57138 —53.4861 20.1061
. J —13.39 —142.67 —234.733 19.8798 —223.786 84.1239

5 [N—(C)(H),] C 4.8. 29.71 32.8362 0.78470 1.50372 —2.16489

J 20.08 124.31 137.387 3.28318 6.29156 -9.05790

6 [N—(C)(H)] C 154 8.94 —2.22472 1.83506 —13.2690 3.79109
' J 64.43 3741 —9.30823 7.67789 —55.5175 15.8619

7 [N—(C),]) C 24.4 —13.46 —-20.1529 2.45457 ~22.9560 7.10337
’ J 102.09 -56.32 —84.3198 10.2699 —96.0479 29.7205

8 [N—(N)(H),] C 114 29.13 3.93839 2.44982 —20.3582 6.99005
J 47.70 * 121.88 16.4782 10.2500 —85.1787 29.2464

9 [N—(N)(C)(HD] C 20.9 9.61 3.45879 1.99764 —18.7173 6.70370
: J 87.45 40.21 14.4716° 8.35813 —78.3132 28.0483

10 [N.—(1)] C 25.1 26.8 26.9021 0.55638 0.53168 —1.36833

. ’ J 105.02 112.13 112.558 2.32789 2.22455 —5.72509

11 [N—(Cg)(H):] C 4.8 29.71 32.8361 0.78470 1.50306 —2.16491

J 20.08 124.31 137.386 3.28318 6.28880 —9.05798
12 [Ce—(N)] C —-0.5 —9.69 —35.7156 3.69462 —44.8670 18.0561
’ J -2.09 —40.54 —149.434 15.4583 . —187.724 75.5467

13 [CO—(N)(H)] C -29.6 34.93 146.3301 0.65844 6.03398 —5.05496

: N J —123.85 146.147 193.845 2.75491 25.2462 —21.1500

14 [CO—(N)(O)] C -32.8 16.2 36.8768 0.38941 7.00140 —3.37865
J —137.24 67.78 154.292 1.62929 ' 29.2939 ~14.1363

15 [N—(CO)(H).] C —-149 24.69 —32.5291 3.09738 —24.2736 7.77065

J —62.34 103.30 —136.102 12.9594 —101.561 32.5124°

16 [C—(CN)(C)(H),] C 22,5 40.20 - -15.9367 3.80737 —22.8625 4.49026
J 94.14 168.20 66.6793 15.9300 —95.6567 18.7872

17 [C—(CN)(C)y(H)] C 25.8 19.80 44,5475 2.59553 —14.5810 2.77019
J 107.95 82.84 186.387 10.8597 —61.0069 11.5905

18 [Ca—(CN)(H)] C 374 36.58 16.2789 3.41575 —25.0051 6.52183
\ J 156.48 153.05 68.1111 14.2915 —104.621 27.2873

9¢.
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19
20
21
2
23
24
25
26
27

—

—
o

R R N P R R O

[Ca—(NO:)(H)]
(Ca(CN)]
[C—(CN)]
[0—(NO)(O)]
[C—NJ@Es]
[C—(N.) (C) (H),]

- IC—NO(O)()]

[C—N(O)s]
[NA—(O)]

[C—(F)(O)]
[C—(F)(H),(C)]
[C—(CN(O)
[C—CH(H)(O)]
[C—CDH(H)(C))
[C—(B)3(O)]
{C—(Br)(H)(C)]
[C—M(H)(O)]
[C—ME)(C)]

[CHCH(Br(H)(O)]

iaiohaiolnlobnioRalohnlohuloRalehale!

“aTa=a-a=-o=a-a=-n=a=-on.

0.0
" 0.0
358
149.79
63.8
266.94
-59
—24.69
—10.08
—42.17
—5.50
~23.01
-3.30
—13.81
~1.90
—7.95
32.50
135.98

—158.4

—662.75
—51.5

—215.48
—20.7
—86.61
—18.9
—79.08
—16.5
—69.04

-5.4
—22.59

33.47
10.5

4393

44.4
185.77
20.50
85.77
354
148.11
41.9
175.31
30.41
127.23
9.42
39.41
—12.07
—50.50
—-35.10
—146.86
8.0
33.47

Halogen-containing Compounds

42.5
177.82
35.4
148.11
504
210.87
43.7
182.84
37.8
158.16
55.7
233.05
40.8 -
170.71
43.0
179.91
21.3
89.12
45.70
191.21

-6.46303
—27.0413
31.3116
131.008
55.9837
234.236
49.5292
207.230
—0.12858
—0.53798
~3.24681
~13.5846
—20.2397
—84.6829
—50.1623
—209.879
18.8316
78.7914

25.2890
105.809
—7.97369

—-33.3619

73.2732
306.575

32.6693
136.688

7.64606

31.9911

94.9607
397.316

2.48882

10.4132

0.55952
2.34103
8.88289

37.1660

41.6428
174.234

5.59142

23.3945
2.94963

12.3413
2.07473
8.68067
1.59512,
6.67398
2.35477
9.85223
232747
9.73813

- 2.82589

11.8235
4.34818

18.1928
1.00732
2.21463

4.46920
18.6991
3.75980
15.7310
4.22792
17.6896
3.89784
16.3086
3.48116
14.5652
3.44283
14.4048 -
3.86772
16.1825
3.97186
16.6183
3.74583
15.6726
3.66912

15.3516

~47.2394
—~197.648
—27.0020
~112.976
—19.0015
~79.5002
—6.72626
—28.1427
—10.1392
~42.4224
—13.9382
—58.3174
—23.3852
—97.8437
—45.2765
—189.437
—11.3817
~47.6210

—39.2869
—-164.376
—~29.5153
—123.492
—46.3482
~193.920 -
—35.1709
—147.155
—28.6314
—-119.794
—39.3741
~164.741
—~34.2162
—143.161
—34.9545
—146.250
—36.1824
—151.387"
—34.8906
—145.982

15.1674
63.4604
9.27539
38.8082
6.95655
29.1062
—0.27066
—1.13244
1.37028
5.73329
3.32919
13.9293
7.21075
30.1698
15.5862
65.2118
4.73510
19.8117

12.0644
50.4774
9.32093
38.9988
17.7478
74.2568
11.6275
48.6495
9.75781
40.8267
15.7495
65.8959
12.0933
50.5984
12.3784
51.7912
12.6422
52.8950
13.0415

54.5656
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oW

W 0 N W

10
11
12
13
14
15
16
17
18
19

20 -

[C—(H)(S)]
[C—~(O)(H)S)]
[C—(CH)(S)]
[C—(O)(S)]
([Ca—(S)]
[Ca—(B)(S)]
[Ca—(©O)(S)]
[S—O@®E] -
[S—(Ca)(H)]
[S—(C)sl
[S—(Ca)l
[S—(S)(O)]
[S—(S)s]
[C—(SO)(H)s]
[SO—(C)s]
[C—(SOL) (H)s]
[CO—(S)(O)]
[S—(E)(CO)]
[CS—(N),]
[N—(CS)(H),]

Salobalolalollolalobaloialotiatoialotulobalo talobalobalotalotalobate halohalo bale!

—10.08
—42.17
—5.65
—23.64
—2.64
—-11.05
—0.55
-2.30
-1.8
—~7.53
8.56
35.82
10.93
45.73
4.62
19.33
11.96
50.04
11.51
48.16
—4.54
~19.00
7.05
29.50
3.01
12.59
—10.08
—42.17
—14.41
—60.29
—10.08
—42.17
~31.56
-132.05
—-1.41
—5.89
—31.56
—132.05
12.78
53.47

Sulfur-containing Compounds

30.41
127.24

9.88 -

41.34
—11.32
—47.36
—34.41

—143.97
10.20
42.68

8.0

33.47
—12.41
—51.92

32.73

136.94

12.66 .

52.97
13.15
55.02
16.48
68.95
12.37
51.76
13.4
56.07
30.41
127.24
18.10
75.73
30.41
127.24
15.43
64.56
31.20
130.54
15.43
64.56
29.19
122.13

—0.12863
~0.53818
—10.3863
—43.4564
—30.7665
—128.727
—36.6981
—153.545
—44.4842
—186.122
10.6499
44.5592
29.0382
121.496
47.1743
197.377
61.4088
256.934
57.0860
238.848
46.4150
194.200
39.4952
165.248
31.4964-
131.781
—0.12858
—0.53797
21.9473
91.8275
—-0.12858
—0.53797
33.0893
138.446
67.8808
'284.013
33.0893
138.446
8.28988
34.6849

2.35477
9.85236
2.50400
10.4767
3.51939
14.7251
3.67289
15.3674
4.06530
17.0092
1.15719
4.84168
0.20512
0.85822
0.41932
1.75443
~0.81258
—3.39983
—0.42474
~1.77711
—0.12876
—0.53873
0.64325
2.69136
0.77580
3.2460
2.35477
9.85236
3.37991
14.1415
2.35477
9.85236
0.71637
2.99729
0.33163
1.38754
-0.71637
2.99729
2.27934
9.53676

—10.1393
—42.4232
—13.1644
—55.0798
-32.4716
—135.861
—33.1473
—138.688
—48.3650
—202.359
—4.15581
—17.3879
—0.85296
—3.56878
—1.27322
-5.32715
18.2174
76.2216
7.04715
29.4853
7.57212
31.6818
—8.01129
—33.5192
—9.75338
—40.8081
—10.1393
—42.4228
—43.6119
—182.472
—10.1393
—42.4228
2.33423
9.76642
. —0.59360
—2.48362
2.33423
9.76642
—19.6902
—82.3883

1.37028
5.73325
3.31216
13.8581
10.9264
45.7161
8.20567
34.3325
19.0805
79.8328
—0.03040
—0.12720
0.88804
3.71556
0.07441
0.31133
—8.38456
—35.0810
—2.77241
—11.5998
—1.16964
—4.89377
2.75383
11.5219

4.25273 °

17.7933
1.37028
5.73333

18.8105
78.7010
1.37028
573333
—3.19742
—13.3780
~1.25131
—5.23548
~3.19742
~13.3780
7.05934
29.5363°
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AH546! 833/ a-10/ b.10% 108/ d-10%/
No. ‘Group kcal mol-? cal mol—'K-! cal mol ~1K -1 cal mol~1K -2 cal mol=~1K -3 cal mol~1K =4
or kJ mol—? or J mol-1K -1 or J mol-1K -1 or J mol-1K -2 or J mol-1K -3 or J mol-1K -4

271 S C 17.70 29.47 —66.1041 2.13517 —33.2547 12.6918
. Vi s J 74.06 123.30 —276.580 8.93355 —139.138 53.1025

22 457 C 19.37 27.18 —80.8421 1.73668 —21.1635"° 6.17446
J - 81.04 113.72 —338.243 7.26627 —88.5481 25.8339

23 7 C 1.73 23.56 -95.5376 2.14372 —22.9360 5.45174
J 7.24 98.57 —399.729 8.96932 —95.9642 22.8101

2 S C 0 16.10 —152.527 3.58279 —20.1302 0.82361

J 0 67.36 —638.173 14.9904 —84.2248 3.44598

25 S C 1.73 - 23.56 —95.5376 2.14372 —~22.9360 5.45174
J 7.24 98.57 -399.729 8.96932 —95.9642 22.8101

Radicals

1 [+C—(C)(H),) C 35.82 30.7 4.99280 2.33523 —-18.7613 6.38442
J 149.87 128.45 20.8898 9.77060 —78.497 26.7124

2 [+ C—(C).(H)] ° C 37.45 10.74 10.7662 1.76526 —-14.7999 4.92079
J 156.69 44.94 45.0458 7.38585 —-61.92278 20.5885

3 [-C—(C)s] C 38.00 -10.77 2.66049 1.72111 —16.4955 5.38030
J 158.99 —45.06 11.1315 7.20112 —-69.0172 22,5111

4 [{C—(C+)(H),] C —10.08 30.41 ,—0.12858 —2.35477 —10.1393 1.37028

J —42.17 127.23 —0.53798 —9.85236 —~42.4228 5.73325

5. [C—HCHO)(H)) C —4.95 9.42 —3.24681 2.32746 —13.9382 3.32919
J -20.71 ‘ 39.41 —13.5846 9.73813 —58.3174 13.9293

6 [C—(C)H(O)(H)] C -19 —12.07 —20.2397 2.82589 —23.3851 7.21075
J —7.95 —-50.50 —84.6829 11.8235 —97.8436 30.1697
7 [C—(C)H(O)s] C 1.50 —35.10 ~50.1623 4.34818 —45.2765 15.5862
J 6.28 —146.86 —209.879 18.1928 —~189.436 65.2127

8 [C—(O)(C)(H).] C 6.1 36.4 34.0935 1.33337 8.84524 -9.18754
. J 25.52 152.30 142.647 5.57882 37.0085 —38.4406

9 [C—(O)(C)(H)} C 78 14.7 15.9068 2.34514 —9.65842 —0.88165

J 32.63 . 61.50 66.5541 9.81207 —40.4108 —3.68882
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10
11
12
13
14
15
16
17
18
19
20
21
2
23
24
25
26
27
28
29
30

([C—0-)(O)l C 8.6
J 35.98
[C—(S)(O)(H).] C 324
. J 135.56
[C—8-)(O)(H)] C 35.5
] 148.53
[C—(5-)(O)l C 37.5
J 156.9
[+ C—(H)x(Ca)] c 23.2
: J 97.07
[+ C—H)(O)(Ca)] C 25.5
J 106.69
[-C—(O):(Ca)] . C 24.8
J 103.76
[Ca—(C-)(H)] C 8.59
J 35.94
[Ca—(C)(O)]- C -10.34
J 43.26
[-C—(Ca)(H).] c 23.0
J 96.23
[-C—Ca)(O)(H)] C 24.7
] 103.34
[-CHCa) ()] C 25.5
J 106.69
[Ca—(C")] C 5.51
J 23.05
[C—(-CO)(H)s] c =54
J -22.59
[C—-COY(O)(HD).] C -0.3
] -1.25
[C—(-COOm)] — C 2.6 "
J 10.88
[-N—(H)(C)] C 55.3
: J 231.37 -
[-N—(C):] C 58.4
] 244.34
([C—(-N)(O)(H).] c =66
J -27.61
[C—(-N)(O),(H)] c -5.2
J -21.75
[C—(-N)(O)s] c =32
] —13.39

=15
—31.38
39.0
163.18
17.8
74.47
=53
—-22.17
27.65
115.69
7.02
29.37
-15.0
—62.76
7.97
33.35
—-12.3
—51.46
26.85
112.34
6.36
26.61
—15.46
—64.68
—7.69
-32.17
66.6
278.65
45.8

191.63

23.7

" 99.16

30.23

© 126.48

10.24
42.84
9.8
41.00
—-11.7
—48.95
34.1
142.67

2.92515
12.2388
22.3999
93.7212
9.66582
40.4418
—25.8437
—108.130
—-25.7771
—107.851
—26.4802
—110.793
4.26852
17.8595
10.6504
44.5612
16.1242
67.4636
0.21172
0.88584
—25.7428
~107.708
8.61853
36.0599
14.0054
- 58.5986
69.1062
289.140
. 68.6134

287078

70.0112
292.927
46.8484
196.012
20.6802
86.5259
—18.9138
—-79.1353
—37.3690
—156.352
—56.1025
—-234.733

2.95943
12.3823
2.62896
10.9996
3.25478
13.6180
5.17183
21.6389
3.52046
14.7296
3.25108
13:6025
1.42912
5.97944
1.15718
4.84164
1.10092
4.60625
2.78887
11.6692
3.67996
15.3970
1.65135
6.90925
0.31667
1.32495
1.90829
7.98428
2.29656
9.60881
1.45900
6.10446
0.22250

-+ -0.93090

0.73017
3.05503
3.01262
12.6048
3.82532
16.0051
4.75138
19.8798

—22.5140
—94.1986
—13.7331
—57.4593
—217.7056
—115.920
-60.1663
251.736
—32.1059
—134.331

- —31.1740 .

—130.432
—8.54900
—35.7690
—4.15446
—17.3823
~9.81452
—41.0639
—23.8078
—99.6210
—39.3457
—164.622
-13.2960
—55.6305
4.57659
19.1484
2.79309
11.6863
—11.6016
—48.5428

2.68747

11.2445
0.63835
2.67086

—6.37086
—26.6556

—23.2942 .

—97.4629
—38.2549

~ —160.058

—53.4861
—223.786

4.93680
20.6556
2.60388
10.8946
8.80454
36.8382
23.3396
97.6529
11.6677
48.8177
11.1074
46.4734
_0.87052
3.64226
—0.03038
—0.12711
3.38431
14.1599
" 8.31475
34.7887
14.9808
62.6797
3.02167
12.6399
—3.70294
~15.4931
—5.51547
—23.0767
2.50488
10.4804
'~5.78530
—24.2057
—0.57315
—2.39806
1.96025
8.20117
7.40836
30.9967
13.9859
58.5170
20.1061
84.1239

SALLLINVNO TVOINGHOOWYIHL A0 FONFANIJAQ TINLVIIJNIL
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Higos! Shes/ a-10/ b-10% c-108/ d-10%/
No. Group 4 kcal mol—? cal mol-'K-* cal mol—'K ! cal mol ~'K 2 cal mol—*K -3 cal mol~1K —4
) or k] mol-!  or J mol—'K-! or Y mol-1K -1 or J mol-'K-? or J mol—1K-? or J mol-'K—4
31 [-C—(H).(CN)] C 582 o 58.5 13.8803 3.97990 —32.9166 11.5435
J 243.51 244.76 58.0752 16.6519 —-137.723 48.2980
32 [-C—(H)(C)(CN)] C 56.8 40.0 —-11.5678 4.48052 —38.9246 12.6912
J 237.65 167.36 —48.3997 18.7465 —-162.861 53.0999
33 [-C—(C)s«(CN)] C 56.1 19.6 28.3449 2.52852 —19.0188 5.41685
J 234,72 82.01 118.595 10.5793 ~79.5747 22.6641
34 [« N—(H)(Cw)] C 38.0 273 12.1571 1.47162 —-12.5532 4.33363
J 158.99 114.22 50.8653 6.15726 —52.5226 18.1319 .
35 [-N—(C)(Cn)} C 42.7 6.5 31.2852 0.10362 6.34074 —4.70402
J 178.66 27.20 130.897 0.43355 26.5297 —19.6816
36 [Ca—(N-)] C -0.5 -9.69 35.7047 3.69427 —44.8486 18.0540
J - -2.09 —40.54 149.388 15.4568 —187.647 75.5379
37 [C—(CO:-)(H):] C —47.5 71.4 29.18647 4.29621 —14.6333 —1.63682
J -198.74 298.74 122.116 17.9753 —61.2257 —6.84845
38 [C—(CO,+)(H)(O)] C —41.9 49.8 164.658 —2.63386 99.0545 —61.8602
o —-175.31 208.36 688.929 —11.0201 414.444 —258.823
39 [C—(CO,4+)(H)(C)s) C -39.0 -12.1 —24.5070 3.05694 —27.3758 ' 9.37218
J —163.18 -50.63 —102.537 12.7902 —114.540 39.2132
40 [NA—(NA)O)] C 74.2 36.1 62.9777 0.65357 —5.34247 1.51590
J 310.4 151.04 263.499 2.7}454 —22.3529 6.34253

[44
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Table 111

Application of the suggested method in the calculation of thermochemical quantities

Compound Mode of a-10/ b-10% c- 108/ d-10% C} 1000 3000 Hoo0—Hos
cale.n Tmol-'K-! - Jmol-1K-? J mol-1K -3 J mol—1K 4 T mol ~1K -1 T mol-1K -1 kJ mol=}
1
Ethane A — — — —_ 122.7 332.2 64.56
B 81.8553 16.1441 —40.0309 —~6.96267 123.6 332.8 ) 65.02
) C —1.07596 19.7050 - —84.8432 11.4667 123.6 333.7 65.00
Propane A — — — — 175.0 417.4 92.76
: B —53.3136 31.0202 —164.579 34.6591 - 174.9 417.4 92.76
C —14.6665 29.4432 —143.173 25.3963 175.2 417.8 92.96
« 2-Methylpentane A —_ e — S Gz e 33144 - 664.9 178.24-
- B —127.429 © 63.0522 —378.610 92.0796 331.2 665.3 178.27
. C —~113.478 60.8575 —~341.768 75.2289 331.2 667.4 177.00
Piopene - A — — — — 144.2 390.2 77.24
. B 50.8950 - 22.5607 —99.8733 13.2829 . 144.1 390.2 77.24
' : . C 49.6284 22.8833 —105.335. 15.9298 <1443 390.8 77.47
2-Methylpropene A —_ — — . —_ 196.0 463.1 105.9
K B 62.8179 "32.5746 —171.960 . 359177 . 196.0 463.2 105.9
o - C 94.3618 31.2903 —153.992 . 27.8283 196.2 462.8 106.1-
Acetylene A — — — —_ 66.61 268.2 40.58
"B 158.169° 12.8122 7 ° —127.799° '50.5659 T . 766,717 7 268.1 T 40.54
C 156.742 12.9346 —129.802 51.4174 66.64 268.2 40.50
- Ethanol . . . LAL e T L . — el . ... 1415 . 405.8 . - 76.90
B 56.8192 23.5309 —125.797 26.4868 141.7 405.9 76.94
C 66.0400 '22.4116 +107.483 17:7382 141.0 402.8 T 76.20
Ethyl ether A — — —_ — 244.8 554.0 132.04
B 223.362 33.4103 —105.856 —5.95328 244.6 554.0 132.05
C —134.425 49.4279 —325.799 91.0474 246.1 560.6 132.60
1,2-Dichloroethane A — — — — 138.1 - 4389 80.00
: B 262.666 21.6347 —145.250 40.7194 138.1 438.9 79.96
C 63.9822 29.1303 —239.588 81.6534 139.8 440.1 79.73
Ethanethiol A —_— —_ —_ —_ 148.0 427.4 81.50
B 141.213 23.1175 —125.255 27.9512 148.0 427.6 81.51
C 153.383 22.0836 —102.829 19.9027 153.2 429.6 82.93

s39ds "1 -

a A: critical data [4]
B: equation (1) from critical C% of the compounds [1]
C: equation (1) from group additivities, present work
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The calculated parameters (together with AH? and S° data for convenience)
are collected in Table I. An example of the application of the collected data to
calculate the thermochemical data of 2-methylpentane is shown in Table II, while
some arbhitrarily chosen examples to illustrate the reliability of the procedure applied
are shown in Table III. In most cases the agreement is excellent.

It should be kept in mind that in some cases corrections must be applied when
the C9 r values are estimated from groups [3]. In such cases the corrections also
compiled in Table I must be applied to the calculation of the parameters.

Since the contributions collected in Table I were calculated from C9 group
values for the temperature range 298—1000 K, it is suggested that the derived
quantities should also be used preferentially in this range. Minor extrapolations to
higher temperatures result in moderately increased errors in the calculated thermo-
chemical data (see the examples shown in Table III ref. 1 for some compounds).
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TEMITEPATVPHASI 3ABUCUMOCTDb TEPMOXUMHNYECKNX BEJINYWH.
) ITAPAMETPBI [IOJIMHOMA C? ;. =a+bT+cT?+dT?
HA OCHOBAHUM I'PYIIIIOBBIX BKJIAJIOB

JI. Llepew

PaccuMTaHBI TPYNIOBLIE BKJAaAbl K ONPEACTCHAIO ImapaMeTpOB MOJMHOMA Cg r=a+bT+
+¢T?+dT? JaHAslii METOA MO3BOJIET PACIIAPATH OpEmeHHMocTs yHxumn CP, nonyveHrOro
M3 YKa3aHHOTO IMOJIMHOMA, IJIA OBICTPOTO B TOYHOTO pacyéTa TeMIepaTypHOH 3aBuch0cm pas-
JTHYHBIX TEPMOXMMHHMECKUX BEIIHYHMH.






SPECTRAL STUDIES OF AZOMETHINES AND AZINES
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The u.v,, i.r. and *H NMR spectra of several Schiff bases and azines are reported. The benzal-
dehydes, ethylenediamine derivatives and azines are compared with respect to spectral behaviour.

A great number of studies have already been made of the u.v. [1—5], tH NMR
[5—8] and i.r. [6, 9—11] spectra of the salicylidene-aniline type Schiff bases, as well
as their benzoid/quinoid tautomeric equilibrium [12—15] in polar solvents. However,
the spectral behaviour of the aromatic azines has received relatively little attention.
Curtis and PFLUG [16] have described the preparation of several hydrazones and
azines. HONEYBOURNE ET AL. [17] have investigated the structures of di-(o-amino-
benzylidene)-hydrazine and di-(o-amino-1-methyl-benzylidene)-hydrazine and their
complexes. ARCOVITO ET AL. [18] and Bossa ET AL. [19] have determined the crystal
structure and the u.v. spectrum of salicylaldehyde-azine.

In this paper we report u.v., 'H NMR and i.r. spectral studies of the Schiff
bases of types I—III: '

R-CX =N-R (D)

1R= () ; R'=CH; X=H 2 R=R'=(); X=H
3R=R=+)); X=CH, 4R=-O;R'=_©{+g;>;=n
5R=b;k'=x=H 6R=’b;R’=CH3;X=H
7R=b;R’= ;X=‘H 8R_=R’=v—©;X=H

R-CX=N-(CHy),-N=CY-R R-CX=N-N=CY-R
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an am
9 R= ; X=Y=H 10 R=-(); X=Y=H
11 R= . X=Y=CH, 12 R=b;x=Y=CH3
13 R= . X=Y=H ‘14R=i‘©;x=Y=H
H Hi
i5 R= . X=Y=CH, 16 R=b;X=Y=CH3
Experimental

The Schiff bases of types I and II were prepared by mixing alcoholic or benzene
solutions of the appropriate aldehydes and amines in molar ratios of 1:1 or 1:2,
5 was prepared by passing gaseous ammonia into an ethanolic solution of salycil-
aldehyde, which had been purified by distillation under reduced pressure. The azines
(type IIT) were prepared by the following procedure. 0.01 mole of the-appropriate
-aldehydes were dissolved in 15 mi absolute methanol. To the solutions was added
0.003—0.004 mole of hydrazine hydrate, followed by 3—4 ml of glacial acetic
acid. The mixtures were maintained at ca. 40 °C for 20—25 minutes. Yellow crystals
separated. o

- All the compounds under study were recrystallized several times from methanol.
Table I contains the analytical data on compounds 9—16.

Table 1
Analytical data on the Schiff bases of types 1I and 111

c% ’ H%
Compound m.p.) calcd. found caled. found
9 . 51.6 81.33 81.27 6.83 6.77
10 : 92.2 - 80.74 80.68 5.81 5.80
11 99.6 81.78 81.66 7.63 7.66
12 121.8 81.32 81.30 6.82 6.77
13 125.6 71.63 71.48 6.01 6.00
14 216.8 69.99 69.87 5.03 5.00
15 : 197.0 72.95 72.90 6.80 6.71
16 198.2 71.62 71.60 6.01 5.96

%) uncorrected values
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Solution electronic spectra were recorded on a SPECORD UV-VIS spectro-
meter; the solvents were purified according to the literature [20]. The *H NMR
spectra* were measured in CDC], solution at 25 °C on a JEOL 60 MHz instrument,

using TMS as internal standard. The infrared spectra were taken in KBr pellets on
a UNICAM SP-100 spectrometer. :

Results
The u.v. spectral data on methanolic solutions of 1—8 are listed in Table II.

Table 1T
U.V. absorption data on the Schiff bases of type I in methanol

Compound nm {log &)
1 205 (4.32) 245 (4.10) 290 (2.90)
2 218 (4.25) 236 (4.01) 263 (4.25) 310 (3.95)
3 216 (4.18) 242 (4.11) 320 (3.26)
4 224 (4.12) 241 (4.04) 263 (4.48) 317 (4.01)
5 258 (3.80) 321 (3.34) 405 (3.00)
6 : 253 (4.10) 280 (3.36) 312 (3.66) 405 (3.04)
7 ~224 269 (4.11) 340 (4.00) 435 (2.26)
8 ~230 269 (4.00) 347 (4.08) 442 (3.28)

The spectra of the benzaldehyde derivatives 1—4 are very similar; there are
two main bands of high intensity (¢~ 10,000) around 200—230 and 240—260 nm.
The lower energy bands are associated with a sharp inflexion at about 310—330 nm
(2—4). In benzene, chloroform and acetonitrile the spectra remain almost unchanged.
In concentrated sulphuric acid 2—4 give a new, very intense band around 340—360 nm.
(To slow down and minimize hydrolysis, concentrated sulphuric acid was used as
medium and the spectra were measured immediately after making the solution.)

The spectra of 5—8 are completely different. At 250—280 and 310—350 nm
~we found two bands of high intensity; the solvent effect is not important in this
region. In polar, hydrogen-bonding solvents a new band appears above 400 nm;
the intensity of this depends strongly on the dipole moment of the solvent. In sul-
phuric acid 7 and 8 yield bands at 368 and 392 nm, respectively. )

The spectral data on 9—16, measured in different solvents, are presented in
Table IIL. It can be seen (see Figs. 1—8) that these spectra differ completely from
those of the aldehyde components.-

The spectrum of 9 (Fig. 1) was measured in methanol and is characterized by
two intense bands at 205 and 249 nm, with a shoulder at 300 nm. This spectrum is
similar to that of benzaldehyde. The spectrum of 10 (Fig. 2) differs markedly from
the former; the main band appears at 300 nm, with shoulders at 285 and 312 nm.
The spectral behaviour of 11 (Fig. 3) is similar to that of 9.-The characters of the
spectra of 9—12 (see Fig. 4 also) remain unchanged in various solvents.

* The author wishes to thank Dr. GY. Dombi for the NMR spectral measurements.
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Table 111
U.V. absorption data on compounds of type II and Ill in various solvents
Compound no. vfr?xl;' nm (log g)
a ~205 249 (4.44) ~ 300
9 b 214 (4.26) 296 (4.56)
c 247 (4.50) ~280
a 206 (4.30) ~220 300* (4.56)
10 b 217 (4.30) 298 (4.22) 378 (4.48)
c 300* (4.58)
a 240 (4.34) ~280
11 b ~215 277 (4.45)
c 240 (4.31y ~280
a 206 (4.39) 264 (4.38) ~290
12 b ~2I5 330 (4.55)
c 266 (4.40) ~295
a 213 (4.48) 257 (4.38) 319 (3.88) 408 (3.22)
‘13 b 203 (4.30) 226 (4.24) 292 (4.56) 357 (3.91)
c 216 (4.62) 257 (4.30) 318 (3.81) ~ 360
a 220 (4.34) ~240 293 (4.38) 358 (4.33)
14 b ~220 338 (4.44) 412 (4.21)
c ~220 296 (4.28) ~332 402 (4.34)
a 217 (4.59) 256 (4.19) ~275 322 (3.72) 388 (3.65)
15 b 206 (4.34) 226 (4.37) 280 (4.49) 343 (3.89)
- c 217 (4.65) 253 (4.23) ~280 319 (3.75) 388 (3.68)
a 221 (4.37) ~245 294 (4.31) 360 (4.24)
16 b ~220 312 (4.52) 391 (4.07)
c ~220 293 (4.22) 357 (4.14) -
* composed of three bands
** a:in methanol
b:in concentrated sulphuric acid
c: in basic methanol (0.02 M in NaOH)
Table IV
*H NMR data on compounds 9—16 in CDCl,
(in ppm)
Compund No. 3CHg4 SCH, SCHN SOH
9 3.94 8.30
10 - 8.68
11 2.30 3.87
12 2.30
13 3.97 8.45 13.23
14 8.68 11.45
15 2.38 3.92 16.10
16 2.56 13.35

The spectral behaviour is more complicated in the cases of 13 and 14 (Figs.
5—6). It is significant that in methanol 13 displays a medium intensity band at
408 nm, which disappears in indifferent solvents. This band is absent from the
spectrum of 14. An analogous difference is observed between 15 and 16 (Figs. 7—38).
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O—CH=N—(CH,);N=CH—© -
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50 46 42 38 3% 3010%m’
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50 6

2 38 3% 30 2640
Fig. 2. Spectrum of 10 in 1: methanol, ¢c=

=2.36-10"* M: 2: conc. H,SO4, ¢=2.07.10_"
M; 3: NaOH/methanol, ¢=3-63-10"¢* M. d=0-1

cm.

Fig. 1. Spectrum of 9 in 1: methanol,
c=4:44.10"%* M; 2: conc. H,SO,, ¢c=
=4.10-104

M; 3: NaOH/methanol,
c=3.99.10"* M. d=0-1cm.

| Oremve-0)
CH,

CHy 5

50 &6 42 38 36 300cr 50 46 42 3% 3L 30 2610w’
Fig. 3. Spectrum of 11 in 1: methanol, Fig. 4. Spectrum of 12 in 1: methanol, c¢=
¢=5-11-10"¢M;2:conc. H,SO,;,c=3-24-10"%* =4.36-10"* M; 2: conc. H,SO,, c=4-30-1
M; 3: NaOH/methanol, c¢=4-36-10"*M.

d=0-1cm.

[o4

O_l

M; 3: NaOH/methanol, c=4-88-10"¢* M. d=0-1
cm.

In basic methanol the spectra of 9—12, and 16 scarcely change. The 408 nm

band of 13 disappears; the spectrum of 15 remains unchanged and the visible band

can also be found. In concentrated sulphuric acid the spectra are completely diffe-

rent: the bands of 9—12 shift by 47, 78, 37 and 66 nm, respectively, to the red.

The data in Table 1V show that the CH;, CH, and CH=N signals are generally

observed at 2.20—2.60, 3.80—4.20 and 8.40—9.20 ppm, respectively. The OH sig-
4'
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50 46

42 38 34

30 26 2210
Fig. 5. Spectrum of 13 in 1: methanol, c=3:64:10"* M;
2: conc. H,SO(, ¢=3-19.10"¢ M;

3: NaOH/methanol, c=3:64.10"¢* M. d=0-1cm

10

¢ oH HO
2 @-CHnN—N-cH-@ 1

qs % .‘ :. . A ‘
s

02 .

8 &

2 = . 30 % 2240w
Fig. 6. Spectrum of 14in 1: methanol, ¢=4-20.10"¢

M; 2: conc. H,SO,, ¢=2+62-10"¢ M;
3: NaOH/methanol, c=4:50-10"4 M. d=0-1 cm.

nals appear above 11 ppm, with the neighbouring —C(CH,)N— group above
13 ppm.

The i.r. spectra of 9—16 are complicated, and the assignments of bands is very
difficult. The main frequencies of these compounds are reported in Table V.
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Table V ]
i The main frequencies of Schiff bases 9—I16 N
(incm™1)
Com- -
poux?énNo. vC=N AOH vCC yCH yCC
9 16465 1582m, 1450m, 1376m 754s 695s
10 1626s 1575s, 1494s, 1447s 754s 693s
11 1633s 1580m, 1494m, 1447m, 1373m 757s 690s
12 1606s 1568m, 1494m, 1445m 762s 692s
13 1631s 1280s 1602m, 1573s, 1480m 744s 691s
14 1626s 1279s 1574m, 1488m, 1452m 751s 683s
15 1615s 1297m 1580m, 1512m, 1448s 762s

1609s 1254s 1592s, - 1567s, 1492m, 1441m 758s 668s

16

e

Fig. 7. Spectrum of 15 in 1: methanol, ¢c=2.75+10"¢

M; 2: conc. H,S0,, ¢=3:51-10"% M;
3:-NaOH/methanol, c=2+94.10"¢ M; d=0-1cm.

50 45 42 3 3% 30 260cm

Fig. 8. Spectrum of 16 in 1: methanol,

c=4+56-10"4M;2: conc. H,SO,,c=3:48.10"*

M; 3: NaOH/methanol, ¢=5.55.10"4% M.
d=0+1cm,

S0 46 42 3B 3% 30 26 2210m"



54 J. CSASZAR

Discussion

The u.v. spectrum of benzilideneaniline 2 differs markedly from those of the
isoelectronic trans-stilbene and trans-azobenzene [21]. The difference is interpreted
in terms of the rotation of the N-phenyl ring of 2 [21—23] out of the plane defined
by the rest of the molecule. If the molecule were planar, the n-system would extend
over both phenyl rings and the azomethine group, and the spectrum would be
expected to be similar to that of stilbene. However, if the molecule is nonplanar,
the m-electron delocalisation decreases and the spectrum should be more or less
a superposition of the spectra of the two, weakly-interacting benzal and aniline
parts of the molecules (Structure i) [e.g. 28]. If the nitrogen doublet is partially loca-

lized by protonation, the unshared pair of electrons on the nitrogen atoms can not
conjugate with the terminal N-phenyl group and a considerable increase will be
observed in the intensity of the ~ 340 nm band.

On the basis of the spectrum of 2 in concentrated sulphuric acid (protonated
form), a twist angle of 8y~ 50° can be calculated [24]. This value is very close to the
0y values published by MINKIN ET AL. [25], GILL and SARAIVA [26] and Japanese
authors [27]. BURGI and Dunitz [29] also assume that the benzylidene ring is twisted,
but in the opposite sense and by a much smaller amount (~ 10°). Our calculations
suggest that the twist angles for 3 and 4 are 6y=~60° and 0,~:48°, respectively.

The spectra of salicylidene derivatives 5—8 are more complicated. Rotation
of the N-phenyl ring of 7 and 8 can also be supposed; the calculated 8y values are
83° and 68°, respectively. The solvent-sensitive, medium intensity band above 400 nm
for 5—8 can be interpreted by the formation of a benzoid/quinoid tautomeric equi-
librium (Structure ii) [7, 14, 15], similarly to the photochromic and thermochromic
behaviours [30].

0—H: z O:-H\ 2
w3 = (o
"/ i a. - \‘. b '

It is interesting to compare the spectra "of the benzylidene, salicylidene and
azine derivatives.

2 and 10 differ only by a —CH=N-— group. The n* «— n transition of the uncon-
jugated azomethine group occurs [31] at 236 nm, with an extinction coefficient
around 100. In spite of this fact, the spectra of 2 and 10 are completely different,

the main band lying at 263 and 300 nm, respectively. If the two azomethine groups

-~
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are separated by an ethylene group (9), the band occurs at 249 nm, similarly as
for the corresponding aldehydes.

The substitution of one or both of the C—=C bonds, e.g. in diphenylbutadiene,
with a C==N bond shifts the absorption maxima to shorter wavelengths {32]. In the
spectra of trans-trans-1,4-diphenylbutadiene and trans-stilbene the main bands around
320—350 and 280—320 nm show vibrational structure with three separate maxima.
The band of 10 shows these vibrational components at 288, 300 and 312 nm. When
the compounds contain OH groups, several studies have shown the clear presence
of intramolecular hydrogen bonds, since the u.v. absorption is shifted towards
shorter wavelengths [36, 37].

Essentially similar findings emerge from a comparison of the spectra of 3, 11°
and 12; the latter yields a band without fine structure. In indifferent solvents or in
basic medium the spectra remain almost unchanged. In sulphuric acid the bands
shift to the red. Protonation of the N atoms of the azines gives rise to a greater
change in the conjugated system of the molecule than for 9 and 12, which contain
separated azomethine groups. For 9 and 11, 8y, is 68° and 80°, respectively.

When the molecule contains OH group(s), completely different spectral charac-
teristics are observed (13—16).

A well-known example of this type is salicylaldehydeazine 14, the spectrum
of which contains three well-defined bands, at 220, 293 and 358 nm. In basic me-
dium a change can be observed only in the region of the third band, which shifts
to 402 nm. In acidic solution the two long wavelength bands appear at 338
(6=27,500) and 421 (¢=16,200) nm. A very important difference from 8 is that
for 14 the 440 nm band is absent. This fact is in contradiction with the finding of
ARcoOVITO ET AL. [18] that in 14 a strong internal hydrogen bond binds the phe-
nolic OH group to the nearest nitrogen atom in the azine chain, giving rise to a ne-
arly planar six-membered chelate ring. It must be noted, however, that observation
in connection with the crystalline state are not generally va11d for the dlssolved
state, and vice versa (e.g. [36)).

Similarly as concluded by HONEYBOURNE ET AL. [17], we can assume that 14
has a coplanar structure (Structure iii) with an extensive resonance system; the

N

JO

dipole moment of 14 is zero. This is supported by the fact that the “monomeric™
compounds 5 or 6, of which 14 can be considered a perturbed ““dimer’’, have quite
different spectra from the ones shown in Fig. 6. The shifts observed for the anionic
or the protonated forms correspond to the general tendency. The analogous 13.
gives a medium intensity band above 400 nm; this band disappears in indifferent
solvents, in basic and in acidic media.

The o-oxyacetophenone derivatives 15 and 16 behave similarly to the former
two compounds.
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In view of the extensive vibrational coupling, there is considerable difficulty
in making reliable empirical assignments regarding the i.r. spectra of Schiff bases.
In this paper we report only the more significant vibrations (Table V). ’

For the salicylideneanilines PERCY and THORNTON [6] found three bands in the
1570—1630 cm™! region. Since only the central band is insensitive to *N-substi-
tution, the two outer bands are assigned to coupled vC=N vibrations. In the i.r.
spectra of the compounds studied we have measured only one intense frequency
between 1600 and 1650 cm™!, which corresponds to the vC=N vibration. It is
important to note that the acetophenone derivatives give lower frequencies than
the salicylaldehydes.

The proton magnetic resonance spectra show that 13—16 similarly to the simple
salicylaldehydes exist in the phenolimine form at room temperature in CDCl,.
From Table IV it can be seen that the OH signals appear at high ppm values; these
values are higher for the ethylenediamines 13 and 15 than for the azines 14 and 16.
Comparison of the salicylaldehydes 13 and 14 with the acetophenones 15 and 16
reveals that the OH signals of the former are at lower ppm values, similarly as for
the free aldehydes (10.90 and 12.07 ppm, respectively) [38].
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CHEKTPAJ‘ILHOE W3YYEHUE A3OMETHHOB U A3HMHOB
H. Yacap

\
Ipueenenst V&, UK 1 'HAMP cnektphl psaga laddosrix ocHOBanmit i a3usos. ITpoBeneHO
CPaBHEHHE CIEKTPAJIbHBIX CBOMCTB O€H3albACTHAHBIX, 3THJICHIMAMAHHBLIX POH3BOAHLIX H COOT-
BETCTBYIOHNIMX a3HHOB.
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The inhibition effects of some heterocyclic mercapto derivatives on the corrosion behaviour of
AISI 316 L stainless steel and pure iron in solutions containing chloride ion have been studied by
means of a quasipotentiostatic polarization method. The determined corrosion parameters were com-
paied with the electron densities on the sulfur atom of the functional group of the inhibitors, calcu-
lated by the CNDOQO/2 method. The electron density data and the measured corrosion parameters
showed a correlation in tendency, proving the significance of the electron density on the donor atom
in the inhibition process.

Introduction

The inhibiting action exerted by organic compounds on the dissolution of
metals is attributed to adsorption interactions between the inhibitor molecule and
the metal surface. Metal-inhibitor interactions may vary in type, but it is generally
.accepted that effective inhibition is linked with chemisorption involving charge
transfer [1]. Most of the organic inhibitors have at least one polar functional group,
the electron donor atom of which is responsible for the chemisorption process. In
such a case the strength of the chemisorption bond is determined by the electron
density on the donor atom and the polarizability of the functional group.

The importance of the electron density on the donor atom in the chemisorp-
tion during inhibition by various effective organic compounds has been.discussed by
- HACKERMAN [2], DoNAHUE {3, 4], RI1GGS [5] and other authors.

Our aim was to study the correlation between the inhibition efficiency of some
heterocyclic mercapto compounds and the calculated electron density data relating
to the donor atoms.
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Experimental

AISI 316 L stainless steel and high-purity iron* (Johnson—Matthey Ltd.) were
used for the electrochemical investigations. The electrodes were employed in the
form of cylinders. The stainless steel specimens were abraded with silicon-carbide
paper to a 600-grit finish, degreased with acetone, rinsed in distilled water, then
plckled in 15% HNO, and 5% HF solution at 353 K for 5 minutes, washed with a
jet stream of tap water and rinsed in distilled

water. The iron specimens were electropolished
after mechanical polishing [6].

The inhibitors investigated were: 2-mer-
captopyridine (2MP), 2-mercaptopyrimidine
(2MPm), 2-mercaptobenzimidazole (2MBi),
2-mercaptobenzothiazole (2MBt), 2-mercapto-
benzoxazole (2MBo) and 1-phenyl-5-mercapto-
tetrazole (1IFSMT).

The inhibitor eﬁi01ency was determined
at a constant concentration of 1-107% mol dm—3
in a solution containing 0.1 mol dm~2 Cl— ion.
The chosen inhibitor was dissolved in metha-
nol in such a concentration that 50 cm® of the
prepared solution when diluted to 1 dm?® gave
the desired concentrdtion of 1-1072 mol dm~3.
The uninhibited solution contained the same
amount of methanol. The anodic behaviour of
the AISI 316 L stainless steel was investigated at

. ) pH=1 and that of the iron at pH=7.
Zﬁ'é\} \S}:g:kx}x:ngeé?:oggctcr%cgir?;;adl Deacration was accomplished by bubbling
calomel electrode; A Auxiliary elect- highly-purified nitrogen gas through the solu-
rode; G, Gas inlet; G, Gas outlet tion. Nitrogen was also passed over the solution
during the measurements.

The experiments were conducted in an electrolytic cell, shown in Figure 1. The
potential of the specimen was measured against a saturated calomel electrode. The’
electrode potentials here are referred to the normal hydrogen electrode.

A PRT-100-1x Tacussel potentiostat was used for the polarization experiments.
The specimens were polarized from the stationary potentials in the noble direction
until (after the breakdown of thie passive film) the current density reached a value
of 50 uA cm~2, and then in the active direction. The scanning rate was 0. 3 Vhrt
(25 mvV/5 mm) :

* The inclusions in ppm were stated by the manufacturers to be
Si Mn Cu Mg Al Ag
5 3 2 2 1 1
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Results
Electrochemical polarization data

The quasipotentiostatic polarization curves of AISI 316 L are shown in Figures
2 and 3. The most important electrochemical data derived from these Figures are
listed in Table I. . ' :
From Figures 2 and 3 and from Table I it can be concluded that in highly acidic
media (pH=1) all the investigated organic compounds inhibited both the active
dissolution and the pitting corrosion of the stainless steel. In_the inhibition of the
active dissolution, 2MP proved to be the most effective. It significantly increased
the anodic overvoltage and almost completely depressed the critical current density.
Furthermore, in the presence of 2MP the corrosion potential was shiffed in the

]
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Fig. 2. Quasipotentiostatic anodic polarization curves
of AISI 316 L stainless steel electrodes with 2MP, 2MBt and 2MPm; pH=1

Table 1

Parameters characterizing the efficiency of inhibitors

Corrosion Passivation Critical current Breakdown Repassivation
Inhibitor . potential potential density potential potential
E oV Ep/V Jerte/nA cm-—2 ELIV E. |V
— —-0.125 0.15 30 0.525 0.35
2MP -0.025 0.125 1.2 0.60 0.475
2MPm —-0.05 0.20 26 0.575 0.375
2MBIi —-0.05 0.15 3.5 0.55 0.35
2MBt —0.025 0.225 5 0.575 0.35
2MBo —0.025 0.15 5 0.575 0.375

1F5MT -0.05 0.15 4 0.60 0.35
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Fig. 3. Quasipotentiostatic anodic polarization curves of AISI 316 L
stainless steel electrodes with 2MBi, 1IF5MT and 2MBo; pH=1

noble direction. 2MBi, 2MBt, 2MBo and 1F5MT showed a similar inhibition effect
on the active dissolution, though they were less effective than 2MP. On the other
hand, 2MPm displayed practically no inhibiting property.

The susceptibility of the stainless steel to pitting corrosion was most signifi-
cantly depressed by 2MP. It shifted both the breakdown and the repassivation
potentials in the noble direction. The rate of pit propagation was also the slowest
in the presence of 2MP, since the arbitrary pitting current density of 50 pA cm™2
was reached at a potential more noble than the breakdown potential by 125 mV.
The breakdown and repassivation potentials were likewise shifted in the positive
direction by 2MPm and 2MBo, but these shifts were smaller than those resulting
with 2MP. ‘In the presence.of the other organic inhibitors, 2MBi, 2MBt and
1F5MT, the breakdown potential was positively shifted in this sequence, while
the repassivation potential was unchanged. With the exception of 2MP, the hys-
teresis (E,— E,) was slightly increased, that is the breakdown potential was changed
more significantly than the repassivation potential.

Anodic quasipotentiostatic polarization curves obtained for pure iron in un-
inhibited and inhibited neutral solutions (pH=7) are shown in Figure 4.

In the uninhibited solution passivation did not occur, whereas at a potential
150 mV above the corrosion potential the current density abruptly increased. 2MPm
behaved similarly as in the case of the active dissolution of AISI 316 L. Rather than
inhibiting, it accelerated the anodic dissolution of the iron. In the. presence of the
other compounds, different j ., values were obtained. After the critical current
was reached, the current density decreased in a very narrow potential region, and
then at a higher electrode potential it increased again. 1FSMT and 2MP proved
to be the most effective compounds for inhibition of the active anodic dissolution
of iron: the lowest critical current densities were obtained at the least positive elec-
trode potentials, '
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Fig. 4. Quasipotentiostatic anodic polarization curves of iron; pH=7

Electron density data

The electron densities on the sulfur atoms of the functional groups and on the
ring hetero-atoms were calculated by the CNDO/2 method [7].

In the lack of exact geometrical data on the investigated heterocyclic mercap-
tans, data have been used that relate to similar molecules or to molecules with
idealized structures constructed from known data on the corresponding molecular
fragments and bonds [8].

The values of the net charges obtained from these calculations are presented
in Table II. :

-]

Discussion

In Figure 5 the critical current densities and the breakdown potentials of stain-
less steel, determined in the presence of the investigated inhibitors at pH=1, are
plotted vs. the values of the electron densities on the sulfur atoms (gg). It can be seen
that the critical current density decreases with the increase of g5. However, the data
on 1F5MT show a marked deviation from this correlation: the electron density
on the sulfur atom is the largest in this compound, yet it does not exert the greatest
influence on the critical current density.

There is no unambiguous correlation between the electron density data and the
characteristic potentials of pitting (£, and E,). On the other hand, in the cases of
2MP and 1F5MT the values of gs are the highest, and correspondingly the most
positive breakdown potentials are obtained.

The critical current densities determined for pure iron in the presence of the
investigated compounds (which display marked inhibition effects) decrease with the
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Table Il

Inhibitor structures and electron density data

00%‘
.. -006
O >
N [ N/
—H
-017  -009 -03
MP 2MBt
-0,31
. -004
Ql Dt
N N
\/ N
-0013 Y} -003 024
S—H
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0082, 8
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-015 -ooa -006
2MBi 1FSMT

increase of gg, as in the case of stainless steel (Fig. 6). However, the potentials —
at which the current densities once again sharply increase — do not shift in the positive
direction with the increase of gg. These potentials can not be considered typical
breakdown potentials, since they have more negative values the smaller the critical
current densities at the least positive electrode potentials. It has been supposed that
the decrease in the critical current density is due to the formation of a metal-inhibitor
complex on the surface, while the sharp current increase is due to an intensive metal

4

-4 o2Mp  © 1FSMT 406

Gerit | Ep/V'
Acni2
sl {oss
® IFSMT
-6l i
-005 ~01 -015 §,

Fig. 5. Plot of the critical current densities (@)
and the breakdown potentials (O) of stainless steel vs.
electron densities on the sulfur atoms
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Fig. 6. jori. (@) and E, (Q) vs. gs diagram for iron

dissolution owing to the desorption of the inhibitor. This assumption is supported
by the surface concentration variation with the electrode potential of 1F5MT deter-
mined by laser Raman spectroscopy in conjunction with an electrochemical pola-
rization method [9].

Conclusion

From the above discussion it is evident that completely unambiguous correla-
tions have not been found between the experimental data characteristic of either the
stainless steel or the iron and the electron densities of the investigated compounds.
This fact can be attributed to several factors. First of all, it should be emphasized
that the calculated gg values are only of a qualitative nature, showing tendencies
or trends in the inhibition sequences, since there are several structural parameters
which can be taken into consideration only approximately.

Furthermore, there are other factors (such as molecular area of the inhibitor
projected onto the surface, the orientation of the molecules at the metal/electrolyte
interface, the solubility of the metal-inhibitor complex or the composition and pH
of the solution, the electrochemical conditions of metal surface, etc.) which play
dominant roles in the inhibiting action. Nevertheless, correlations in tendency
between the measured corrosion parameters and the calculated electron density data
prove that the electronic charge on the sulfur atom does play an important role in
the chemisorption during inhibition process, even if it cannot explain all the obser-
ved effects.
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3ABUCUMOCTDb MEXAY OTHOCWUTEJIBHBIM WHI'MEUPYIOIINM
O@OEKTOM KOPPO3UN UM DNEKTPOHHOMU ITJIOTHOCTBIO
S®YHKUHWOHAJILHBIX I'PYIIIT HEKOTOPbIX TIPOM3BOJHBIX
TETEPOLIMK/IIMYECKHUX MEPKAHNTAHOB

A. Paywep, Xuzaz Hadep Aau, |l71 Xopaaml, M. ban u H. basunm

KBa3moTEHUHOCTATHYECKHM [TONIAPK3ALMORKBM METOAOM H3yHeH HHTHOWpylommil s¢dexr
HEKOTOPBIX MPOH3BOIHBIX IE€TEPOLMKIHYECKAX MEPKAITAHOB HAa KOPPO3HIO HEpXaBelouleH cTajin
AISI 316L u 4ncTOro »eiesa B pacTBOPax COAEPXALIMX MOHBL xjopa. HaliierHble HmapameTpbi
KOPPO3HM CPaBHEHB! C JJEKTPOHHOH IJIOTHOCTBIO HA aTOME cepbl QYHKUKOHAILHBIX I'DYON HHIH-
6uropoB, pacuutanHolt MeronoM CNDO/2.



O IIEPEXOJHOM COCTOSHINH IMPOLIECCA PACIHIEIIJIEHUA
JAAAJTKOKCHATKWIBHBIX PATVKAJIOB

A. . HAUMVIIUH, B. JI. JEBEJEB, V. B. UMAIIEB, C. C. 3JIOTCKUM,
A. JI. PAXMAHKYVYIJIOB, P. A. KAPAXAHOB

Vonmckuit RehTAHON HHCTHTYT, T. Yda, CCCP

(Hocmynuao ¢ pebakuul(; 21, anpean 1981 2.)

KBaHTOBO-XHMHYECKAMH PACYETAMHA INOKA3aHO, 4TO OpPU PACIIEUIEHAH OHATKOKCHAJIKAIb-
HOTO paJMKalla Ha MOJIEKYJy CJIOKHOTO 3QHpa W aJIKHJILHBLIH PagHKasl NEPEXOTHOE COCTOSHHE
JIOCTHTaeTcs TpH pacTSXEHWH pa3psiBaeMoil cszsy C—O 1o paccrosmma 1,95—2,05 A. Paciue-
IUIEHUE SIBISAETCA FK30TEPMHMYECKMM IpoiieccoM. IToxazaHo, YTO B Ka4eCTBE MHAEKCA PeakUMOHHOU
CIIOCOOHOCTH AMAJIKOKCHAIKWIBHOIO pajdKalia MOTYT HKCIIOJb30BAThCS KaK Pa3sHOCTbL BEIHYHH
CPOACTBA K JIEKTPOHY M NOTEHUHAla MOHH3ALMH, TAK H Pa3HOCTb NOJHLIX 3HEPrHil KOHEYHOTrO W
HAYaJIbHOTO COCTOSHHIA.

M3BecTHO, YTO LUKIMYECKHE ALETAIH MPETEPNEBAIOT H30MEPHU3ALHIO B CIOX-
HBIE 3(HpPEI HA MIATHHOBOM KaTajM3aTope B IapoBoil ¢asze B IPHCYTCTBHH BOAO-
pona [1—3]. [Ipu u3y4eHWH MEXaHH3Ma 3TOH peakiuH HOKa3aHe, YTO MPOMCXOIUT
THIPOU3OMEPH3ALNS C yYacTHeM aJCOpOHpOBAHHOIO BOAOPOAAa Ha KaTaJaM3aTope
[4—6]. Onnako ¢dopmanpHO Ipolecc MOXHO OTHecTH K 1,3-meperpymmuposke [7].
B pesynbraTe maspHEHIIMX HCCIEAOBAaHM aleTaliell — IUKIAYECKHX C pa3IHYHON
Benu4yuHOW 1mkna [§] u He muknudecknx [9] — B *kunxoii dase nox aeiicTeueM Ao-
HOpOB CBOOOIHBIX PagWKaJIOB OIpENENIEHO, 9YTO OOLIMM [JIs aneTaneil Takxke SABis-
ercs oOpasoBaHue CIOXHBIX 3¢upoB. KiroueBoii craaueii mpouecca sBiseTcs pac-
LIEIUIEHHE AUAIKOKCHAIKHIBHBIX pajukaiioB. HacTodilee uccnenoBanue moCBsIIEHO

8

H
Ho# (_HS,—ci/--H7 )
H— % u RP \Hg .
s, /4‘0 ——= CHR"+ CH;0COR?
0—C2--H" H
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RA(-H"?, —C2--H)
H

RA=R%=H (1), RA=H,RB=CH, (1); R:=CHy,RP=H (W)
' Puc. 1.
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H3YYEeHHMI0 YIOMSHYTOMY pacmicmnenuio pagmkainos I—III (puc. 1) B pamkax mosy-
SMIIMPAYECKHX METOA0B kBaHTOBoH xumud MO JIKAO CCII B nprOmikeHHH
YIIAIT [10] u pacmmpensoro meroaa Xrokkens [11].

I'eoMeTpHYeCKHE NapaMeTphl pANAKAJOB B3ATH AHAJOTHYHBIMH COOTBET-
CTBYIOIIHM MoneKynaM [12], panpxambHBIH OEHTP monarajics IUIOCKAM, 33 KOOPHIH-
HATY peaxiuy IPHHITO PACCTOSHAE F'c— o MEXAY aToMaMu kuciopona O u yriepona
C® smumuaupyemoit CH,RA-rpymnui. Pacumtanueie PMX SHeprrE H CrpoeHHe
BbicuIeH 3aHATON MoyekyaspHoH opburtany B3MO pis papuxanos I, II xak ¢yHk-
LAM PACCTOAMHUS rc_o IpHBeAeHH B TaGnume I.

Tabauya 1
3asucumocmp 3nepzuu u cmpoenus B3IMO om paccmoanun re_ o 6 paduxasax

HC(OCH,), () « CH,C(OCH,), (IT)

Egapmo (38) Crpoerne B3MO
re-o® 1 I 1 11

1,43 —10,27 —9,55 | —.27p+ .99p2—.27p% | .27pl—.99p2+ .27pi+
+.19ps+ .21s% —
—.10(s"+5s%)

1,83 —-10,25 -9,55 —.28pl+ .99p2—- 27p2 .26p1 — .99p2+ .27p3+
+.19ps+ . 21s%—
—.10(s"+s%)

2,03 -10,25 —-10,15 —.28pl4- .99p2—.27p2 —.13s'— .35pi+
+ .22s°— .97p?

2,13 —10,65 —10,63 —.11s*+ .30pt — .21s°+ —.11s'— .30pi+ .21s*—

+.97p2 —.97p?

. Y3 maHELIX Ta6. I crieyeT, 9T0 B 061ACTH PAaCCTOAHMSA re_g OT 2,03 1o 2,13 A
npoucxoanT nepectpoiika B3MO, xortopas m3 MO nn-THDa, JOKaIU30BAHHOH
B-OCHOBHOM Ha aToMe C%, mepedopmupyercs B MO cArMa-Tuma, JIOKaJM30BAHAYK
B OCHOBHOM Ha 2p,—AQO artoma yriepoaa yxonsuied rpymmel. M3 3aBHCHMOCTH
9HEPrHd YIOMAHYTHIX IMH- H curMa-MO OT pacCTOSHEA re.o (pUc. 2) BEOHO, YTC
nepexonnoe coctoanue (MC) 31MMAHMPOBaHKs METHIILHOIO PafiMKaja OT CHCTEMBI |
JIEXAT B 06ACTH PAaCCTOSHAS 7c_o~ 2,05 A, IIpH 3TOM 3HEPrHE CHIMa H MH-OpPGH-
Tajeii paBHBI, YTO U SBAAJNOCH KpuTepueM yokanmsauum IIC.

AHanoruyHo, B ciyyae pacuieniienns pamukana II, TIC nexur B obnactu pac-
CTOSHHIA rc_ o 0K0N0 1,95 A. DTH pe3ynLTaThl FOBOPAT O TOM, 4TO 3aMeELICHAE ATOMA
Bogopona H® B I rpynmoit CH, mpakTuueckd He BIMSE€T Ha BEJHYMHBI IHEPIHil
HCMO, HO HeckoNibKO yBesudmBaeT 3Hepruio B3IMO, tak uro IIC peaxmum no-
CTHTAeTCs HECKONBKO paHblle, YTO O3HAYAET MEHBLIYIO' 2HEPTHIO aKTHUBALWH, T. €.
60JILIIYIO CKOPOCTH IIpomecca.

IMony4yeHHbIE PE3YJbTaTHl CBA3HIBAIOINNE PEAKNHOHHYIO CIHOCOOHOCTH 9YaCTHI
C OJHOM M3 XapaKTEePHCTHK M30JIHPOBAHHOIO COCTOSIHHSA, (NpHOIMKEHAE HU30JHPO:
BaHHOM MOJIEKYJIb) MMEIOT oA coboit ocHOBaHHE B ciy4ae, eciu [1C peakuyu, cor-
sacHo mocTynaty Xsmmonna [13] Osnmxe mo cBoell 3JEKTPOHHON CTPYKTypeE 1
HCXOAHBIM PeareHTaM, ueM X NPOAYKTaM pPeakUHud, UTO XapakKTepHO Ajis 3K30Tep:
muueckux mpoueccoB. Temnooii spdext (4H %) mponecca 06pa3oBaHEs CIOXHOIC
3¢upa Ipr HOPMAaJILHBIX YCJIOBHSIX ONpeACcH HAMHA C IOMOUIBLIO TEPMOXHMHYECKH
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Puc. 2. 3aBHCAMOCTE 3HEPruil rpaHATHLIX OpOHTaNeil
OT PacCTOSIHAA rc. o Ana I u II (PMX)

Ta6auya I1

Tepmodunamuueckue napamempol HCuoKodasno2o npeepayjenus OUAIKOKCUAIKAHO8
8 CA0MCHYIE 3HUPLL U AAKAHBL

AH* - Cnoxasie 4H AH 4H
1,1-anankoxcHasxan KKan/MOML 3dupet Kkan/mons | . A7KaH KKaJI/Mone | PeAKiMH
. KKaJI/MOJIb
O
OCH; , I )
Hzc/ -92,3 | HCOCH; -90,4 CH, -17,8 —-159
ocH, '
O
O—n-C;H, I
HZC/ -133,2 | HCO—=-C;H, —124,0 | ‘C,Hyp -32,1 —22,9
\O—H-C4H9
(o}
/OCH3 [ :
CH,CH -97,4 |CH—C—OCH,| —105,5 CH, -17,8 -259
\OCHs ’

* IIpuBeneHB OaHHBIE I OUM300YTOKCHMETaH2, MOIENHPYIOIIErO 3JIEKTPOHHYIO Koudm—
Iypauyio HCCIEMyeMOr0o METOKCH-UPOIOKCHMETaHa M3 KOoToporo resepupyercs III.
1%

paccyeTos. BennunHsl AH,, PaCCUNTHIBAIACD U3 SHTAJBIHH o6pa3OBaHm1 MICXOMIHBIX
¥l KOHEUHBIX BEIIECTB, HpHBCIICHHLIX B pabote [14]. HonyquHme pe3yJIbTATHI NIpH-
BeacHB! B Tabn. II.

W3 >THX DaHHBIX ClEOyeT, YTO peakuus 3Kk30TepMuuHA. IlockoJibKky HM3BECTHO,
yro PMX yacTo HEKOppEKTHO IEpEnacT MEXATOMHBIE DACCTOAHHSA, DE3YIbTATHI
s neperpymmupoBkd I Bocipom3seneHsl B paMkax UITATL
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ITonyuernas UITJII 3aBECUMMOCTE H3MEHECHYS! CIHHOBOH IIOTHOCTH Ha aTOMAax

OT paccTOsIHUs I¢_ o TipHBEeHa Ha puc. 3. U 3peck I1C nexwnt B 061acTH paccTosmmit
Fe—o OKONO 1,9 A, T. e. Ha JOBOJILHO paHHell CTafMM peaknwuH (CBA3b YIUIMHHEIACK
Ha 30%), 1. e. IIC HaxomuTcsi «OnM-

s Ke» K peareHTaM, 4eM K IPOAYKTAM.

' CoriacoBaHHOCTb PE3YILTATOB IO
08 A *—o—o

2 \| 0/0/0"""0 PMX u UIJAIlI nenaer AOCTATOUMHO
07 e 0GOCHOBAaHHLIM BBIBOJ O BO3MOXHOC-
! TH HCIOJIb30BAHHA B K24€CTBE MHAEKCA
05 b .
\ peaxkuuonHoit cnocobroctn  (UPC)
\

JHAKOKCHANKUIIbHBIX PaIMKaJIOB pacc-
04 1 \ YUTHIBAEMBIX BEJIMUUH 3Hepruii B3MO
[tl ne AJIH 3KCOCPUMCHTAJbHBIX 3HAYECHUH

! NOTEHIMAJIOB HOHU3AIMH.
OTA BBIBOAB TOATBEPKIAIOTCS
pe3yapTatamMu, nonydeHasiva i 111,
ol ¢ 5 .——P‘ o rae sHeprun B3MO u HCMO coc-
L,V TaBagaoT — 10,31 © —7,73 3B cooTBET-
cTBEHHO. IToCKONBKY MeHstoTea oba
3HadeHus, To B xauectse UPC cnenyer

031

021 ,’ \\
| i \
01 |

113 163 183 203 223 21.3 263 283 303 rCO(A)

Pyc. 3. 3aBACUMOCTb CIIMHOBOM MIOTHOCTH HCIIONB30BaTh  PasHOCTh  3HEPIui
Ha atome CX @) 1 C¥O) or pacctosmms rc.o HCMO ®w B3MO, xotopas mns III
(4narn cyurecTBeHHO MeHbine, yeM s I u 11

(2,58 mo cpasuenuro c 8,51 u 7,67), 4ro
MOJIHOCTHIO COTJIACyeTCsl C 3KCIEPUMEHTAaIbHBIME AaHHEIMHE [15) o Sosbmueit ckopoc-
T neperpynnuposki 111 no cpasHenmo ¢ I u I1.

IMockosbky yHMBepcaJibHbIE KpUTEpHH i1 onpenenenus Omusoctu IIC k uc-
XOOHBIMH WJIH KOHEYHBIM COCTOSHHSM OTCYTCTBYIOT, T. €. HET «IPABHJ OTHECCHUN»
COrJacHO KOTOpbiM 30%-HOE YIJIHHEHHE CIEAYET CYMTATH MAJIBIM, HAMH 3TH XKE
NpPOIECCH M3YYEHBI C TOYKA 3PpCHMS NOAXOAAa AKTHBHPOBAHHOTO KOMILIEKCAa, TAE
B xauecTBe MIPC nCrosib3yroTCsi XapakTepHCTHKH NPOJAYKTOB peakiuu. O4eBHAHO,
y1o TakuM HMPC sBisercd pa3HOCTb HOJIHBIX SHEPIWMH HAYAJBLHOIO M KOHEYHOIO
coctosHuil cncteM AE. Briaucnennnie PMX 3TH BenmumHBI cocTaBasioT 2,97, 4,36
7 4,45 38 st I—III coOTBETCTBEHHO, YTO COTJACYEeTCA C pe3yiabTaTaMH MCIOJIB30-
BaHHOTO BHIIIE NOAXOIA.

ITosy4eHHBIE, PE3yATATBl MOIYT OBITH HHTEPIPETAPOBAHBI KaK CBHOCTEIb-
CTBYIOILIME O BHIIOJHEHHH B CJIyYyae HCCAEAYEMBIX PACIUECIUICHHH IHAIKOKCHAI-
KWJIbHBIX PAJWKaJIOB «IpaBHJIA HENEepeceicHHs», T. €. O CHMOATHOM XapakTepe
H3MEHEHHS] S3HEPIHH BAOJb KOODAMHATEI PEAKIMH KaK B 06acTH peareHTr-IIC, Tak
u B obnacta IIC-npoxyxTsl, Tak 9To B kayectBe UPC Moryr ucmonb3oBaThecs Kak
PacHOCTH 3HEPTHH CpPOACTBA K OJ3JIEKTPOHY W MOTEHOHAJOB HOHM3auuu (T. €.
Eucmo—EBimo), TaK ¥ Pa3HOCTH MOJIHBIX 3HEPTUH KOHEYHOTO M HAYaJbLHOrO CO-
crosunil AE. Pa6otocnocobuocts mocnennero MPC nokasana B [16, 17].
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TRANSITION STATE OF DECOMPOSITION OF DIALKOXYALKYL RADICALS
A. I. Naimushin, V. L. Lebedev, U. B. Imashev, S. S. Zlotskii, D. L. Rakhmankulov, R. A. Karakhanov

It is proved by quantum-chemical calculations that during the decomposition of dialkoxyalkyl
radicals to ester and alkyl radical the transition state is reached when the breaking bond is lengthened
to 1.95-2.05 A. The decomposition is an exothermic process. Either the difference of the electron
affinity and ionization potential or that of the total energies of the initial and end-states can be used
as the reactivity index of a dialkoxyalkyl radical.






SYNTHESIS AND STEREOCHEMISTRY OF i—SUBSTITUTED—
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By
A. I. ZOLTAI, G. DOMBI and J. A. SZABO
Department of Organic Chemistry, Attila J6zsef University, Szeged, Hungary

( Received 12®, May 1981 )

The simple synthesis of 1-substituted-10-hydroxydecahydroisoquinolines wvia Prins-like
proton-catalyzed reactions of 2-(cyclohex-1-enyl)ethylamine with aliphatic, aromatic and hetero-
aromatic aldehydes is described. All reactions yielded only one stereoisomeric (racemic) compound,
as proved by proton magnetic resonance experiments. .

After GREWE’s publication of the first synthesis and anaesthetic action of N-
methylmorphinane (I), one of the starting materials of morphine synthesis [1, 2],
great efforts were made to produce rational synthones for morphinane derivatives
(Fig. 1). The first syntheses of 1-substituted-10-hydroxydecahydroisoquinolines were
published by GREWE [3] and HENECKkaA [4].

o ' _CHy
N
tHH ] H3P0[. ’O
“uoc
' R=H.OH.OCH;
Fig. 1.

The simplest 10-hydroxydecahydroisoquinoline (IV) was made in high yield
by the proton-catalyzed reaction of 2-(cyclohex-1-enyl)ethylamine (III) and formal-
dehyde (Fig. 2). The 1-benzyl and 1-p-methoxy-benzyl derivatives could be produced
in low or moderate yields, depending upon
the rate of self-condensation of the aldehyde. OH

GrewE and coworkers [3] investigated O/\ — .
the transformation of 10-hydroxydeca-hydro- NH2 E NH

isoquinoline to 1,2,3,4,5,6,7,8-octahydroiso- m 0
quinoline. They found that the proton- H-C v
catalyzed elimination of 10-hydroxydeca- H

hydroisoquinoline yielded three products; the Fig. 2.
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desired compound with double bond involved in the annelation could be produced
only from the corresponding 10-chloro derivatives by elimination of the halogen
with methanolic potassium hydroxide.

These observations led to the conclusion of the cis-annelation of the rings,
and this was proved by the pmr data of GRoB and WoHL {5, 6]. These authors synthe-

tized Grewe’s compound and iso-
OH .cH, merized it to the corresponding
N—CHs N/ 3 trans-derivative. They assigned the
HO stereoisomers on the basis of the
— " temperature-dependence of the pmr
v signals. Grewe’s compound (V, VI)
v was found to be the cis-isomer bec-
ause oi its conformational equilib-
rium. The absence of thermal equi-
librium of the isomerized product
N—CH; (VII) showed that the compound
was the trans-isomer (see Fig. 3).
Since further 1-substituted-10-
hydroxydecahydroisoquinolines
Fig. 3. have not been described in the
literature, we have attempted to find
a rational synthesis of these compounds and to investigate the steric structure of
the 1-substitution.

2-(Cyclohex-1-enyl)ethylamine was synthetized by modifying [8, 9} the method
of ScuniDER and HELLERBACH [7]. (Cyclohex-1-enyl)acetonitrile was reduced in
ammoniacal ethanolic solution with Raney Ni catalyst. After equivalent hydrogen
absorption, the reaction mixture contained nog only the desired 2-(cyclohex-1-
-enyl)ethylamine, but also 15—20% 2-cyclohexylethylamine and 3—5% secondary
amines. Cyclohexenylethylamine and cyclohexylethylamine could not be separated
by distillation, and therefore the reaction was stopped at an optimum position
(70% hydrogen absorption). In this mixture only the nitrile and the cyclohexeny-
lethylamine were present [9] and the amine could be separated simply by acidic
extraction.

The cyclization reaction was carried out on the amine hydrochloride dissolved
in water or in 60% aqueous ethanol. The solution was adjusted to pH=2—6 by
hydrochloric acid addition and the aldehyde was then added. The aliphatic aldehydes
were reacted for 6—16 h at room temperature, whereas for the aromatic aldehydes
the reaction mixture was boiled for 20-—24 h. The 10-hydroxydecahydroisoquino-
lines were produced in 75--90% yields (Fig. 4). )

H

vi. OH

2 Vil R= methyl
NH 1X Rs= furyt
X Rz phenyl
R X! Rs= p-nitro- phenyt
H ~ Xl R= p - chloro - phenyl
Xl R = p- methoxy - phenyl
6 7 OH 8 XIV R= p - ethoxy - phenyl

XV R= p-methoxy - benzyl
Fig. 4.
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1-(p-Methoxybenzyl)-10-hydroxydecahydroisoquinoline was prepared after He-
NECKA [4], this method being modified in that the p-methoxyphenylglycidic acid
methyl ester in toluene solution was added to the solution of 2-(cyclohex-1-enyl)ethy-
lamine hydrochloride. In this way, the yields were increased to 54%. The stereo-
isomerism of the prepared l-substituted-10-hydroxydecahydroisoquinolines was
investigated by pmr spectroscopy. These compounds are stereochemically more
complicated systems than compound (IV). In this case therefore Grob’s method
for the evaluation of the ring annelation could not be applied, because the 1-substi-
tuents caused rigidity of the cis-2-azadecaline.

The ring annelation was determined by pmr wia trichloroacetyl-isocyanate
(TAI) shift values of selected protons of the compounds. TAI reacted slowly with
the protons of hydroxy groups, but quickly with the amine-groups of the compounds,
and therefore the values of Jy; yo could be determined from the spectra of the
corresponding urethane derivatives (Table I). These values lie in the range 10—11 Hz,

Table 1
Trichloroacetyl-isocyanate shifts of C, protons
Componnt oom) oo oo ai>
v 2.85 3.70 0.85 10
- VI - 2.8 4.30 1.50 10.5
IX 4.05 5.30 1.25 11
X 3.75 5.35 1.60 10.5
Xt 3.90 5.45 1.55 10
L XII 3.80 . 5.25 - 1.55 10.5
X111 3.65 5.25 1.60 10
X1v 3.70 ‘ 5.30 1.60 10.5
XV 2.80 4.35 1.55 10

and therefore H, and H, are situated at a dihedral angle of about 180°; hence, the
arrangement of the carbon-hydrogen bonds is trans-diaxial. In the or1g1na1 (not
shifted) spectra the H, signals occur at frequencies where the signals of the bulk
aliphatic hydrogens are present, and the accurate values of the shifts can therefore
not be determined exactly.

The estimated approximate values of the shifts are 1.1—1.2 ppm. This large
TALI shift value of the H, signal means that the hydroxy group and H, are in close
proximity to each other i.e. they are in the syn- posmon and therefore the ring-anne-
lation must be cis.

On this basis it was concluded that the 1-substituted-decahydroisoquinolines
contain a cis-2-azadecalin skeleton in which the 10-hydroxy group is axial to the
cyclohexane ring, and the l-substituent is equatorial to the piperidine ring. The
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sharpness of the signals of the ring protons may suggest the restricted conformational
mobilities of the compounds investigated.

The suggested spatial arrangement of the compounds also indicated that the
reaction is not of Mannich type, as specified previously by Gros [4], but is of Prins
type, the original -olefin reacting via frans-diaxial addition (Fig. 5). In this way one

NH . may rationalize the absence of the

2 N other cis-isomer (the hydroxy group

O)C H CcR equatorial to the cyclohexane ring, and-

H ™, the 1-substituent equatorial to the
pireridine ring), for in this transitional
_ state of zrans-diaxial addition the other
®_-H p/HQ __H enantiotopic face of the azomethine
N should react; this produces overcrow-

SR ding between the 1-substituent and the
cyclohexenyl part of the molecule, and

- accordingly this transition state may be
excluded.
i N=H / . Experimental
R

Melting points were determined

H on a PHMK (Dreden) hot stage, and

: were not corrected. The pmr spectra

(see the data in Table II) were measu-

N—=H red in Merck Uvasol CDCI; solution

R ' relative to TMS with a JEOL 60 HL

spectrometer. The IR spectra were

H recorded in KBr pellets with a UNicaM
SP 1000 spectrometer.

_ The TLC plates was made from

Fig. 5. Kieselgel G (REANAL, Budapest), or

Silufol UV (Kavalier, Czechoslovakia)

precoated plates were used. The potentiometric titrations were performed with a

Mettler potentiograph. The GLC separations were: carried out on a Carlo Erba

Fractovap chromatograph.

OH

10-Hydroxydecahydroisoquinoline(1V)

125.2 g 2-(cyclohexen-1-yl)ethylamine was dissolved in 1000 ml 1 N HCI, and
the solution was adjusted to pH=2 by further conc. HCIl addition. With stirring
for about 2 h, 74 ml 38% aqueous formaldehyde solution was added at 35—40 °C,
and with continuous stirring the mixture was held at the same temperature for a
further 6 h. The reaction mixture was then evaporated to dryness from a bath at
40 °C. The residue, crystallized from a methanol—acetone mixture, yielded 172 g
10-hydroxydecahydroisoquinoline hydrochloride, mp: 248—50°C (decomp.).
Anal.: C;H,;NO.HCl; M.W.: 191.702; caled. CI-=18.49; found Cl-=18.40%.
10 g 10-hydroxydecahydroisoquinoline hydrochloride was dissolved in 25 ml water,



Table 1T

The pmr data on I-substituted—]O-hydroxydecahydroisoquinolines

Compou nd

3(H,)

dH)

o(OH)

o(Hy)

o(Hy)

Other characteristic

signals

1A% 265; 31 (2H) |- 1.6 1.6 | 2.72 2.95; 3.05 (2H)

v 2.9 (1H) 1.6 1.6 - 2.95; 3.05 (2H) 1.1 (CHy)

IX 4.05° am | 1.7 1.7 — 2.90; 3.05 (2H) 6.25; 7.2; 7.3; (3H, furyl)

X 3.75 (/| 1.6 16 | — 2.95; 3.05 2H) 7.21 (s, SH, aromatic)

XI 3.90 (IH) | 1.6 1.6 2.95; 3.05 (2H) 7.45; 8.15 (4H, aromatic)

XII 3.80 (1H) | 1.55{ 155 — 2.95; 3.05 (2H) 7.3 (s, 4H, aromatic)
XIiI 3.65 (IH) | 165 165} — 2.90; 3.05 (2H) 3.75 (s, 3H, OCH,) 6.85; 7.35 (4H, arom.)
X1v 3.70 (aH) | 1.7 1.7 — 2.90; 3.05 (2H) 1.42; 4.00 (SH—OCH,—CH,) 6.85; 7.30 (4H, aro-

matic)
XV 2.8 (1H) 1.6 1.6 — 2.90; 3.05 (2H)

2.48 (dd, 1H) 3.08 (dd, 1H)

AMISINTHOOTYHLS ANV SISTHLNAXAS

LL
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and 50 m! of a benzene—1-butanol (7:3) mixture was added to the solution. With
stirring, 4 ml 40% aqueous NaOH solution was added gradually to yield pH=12.
The organic layer was then separated, and the aqueous part was extracted with
2% 50 ml benzene—1-butanol (7:3) mixture. The extracts were combined dried over
KOH pellets and evaporated to dryness in vacuo. The residue, crystallized from
benzene, yielded 7.3 g (90%) 10-hydroxydecahydroisoquinoline. After four crystal-
lizations and sublimations, the mp of the compound was 119—119.5°C (the lite-
rature [4] gave 117°C)

Anal.: CyH,;,NO; M.W.: 155.241; (M.W. measured potentiometrically: 155)

Calcd: C=69.63 found: C=69.47
H=11.04 H=10.92
N= 9.02 N= 8.83

1-Methyl-10-hydroxydecahydroisoquinoline (VIII)

12.52 g (0.1 mole) 2-(cyclohex-1-enyl)ethylamine was dissolved in 100 ml 1 N
HCI and the solution was adjusted to pH=2 with conc. HCl. With stirring for
about 1 h at 35—40°C, 50 ml aqueous solution of 4.84 g (0.11 mole) acetaldehyde
was added gradually and stirring was continued for a further 16 h. The reaction
mixture was then evaporated to dryness on a 50 °C bath. The residue, crystallized
twice from methanol—acetone, yielded the hydrochloride salt of the isoquinoline:
15.6 g, mp: 262—264 °C (decomp.).

Anal: C,oH;)NO; M.W.: 205.729; caled. C1==17.23; found Cl-=17.18%.

The corresponding amine base was prepared as described above. After crystalliza-
tion from benzene, the mp was 174—175 °C.

Anal: C,jH,;;NO; M.W.: 169.268; (M.W. measured potentiometrically: 170).

Caled.: C=70.96 found: C=71.24
H=11.31 H=11.60
N= 8.28 N= 8.44

1-(p-Methoxybenzyl)-10-hydroxydecahydroisoquinoline (XIV)

The reaction described previously by HENECKA [4] and SokHOLOwA [8] was
modified to give higher yields.

125.2 g (1 mole) 2-(cyclohex-1-enyl)ethylamine and 192.2 g (1 mole) p-methoxy-
penylglycidic acid methyl ester were dissolved in 300 mol toluene and emulsified in
3000 ml water with intensive stirring. The stirring was continued and the emulsion
was acidified to pH=3.4—3.6 with conc. HCl. The acidic emulsion was boiled with
continous stirring for 48 h. The aqueous phase was then separated and the organic
layer extracted three times with 100 ml 4 N HCl. The aqueous extracts were com-
bined, mixed with small amounts of decolourizing carbon and filtered. 100 ml
benzene was added to the solution, which was then made alkaline (pH=12) with
40% aqueous NaOH solution. The benzene layer was separated, and dried over
sodium sulphate. On cooling 1-(p-methoxybenzyl)-10-hydroxydecahydroisoquinoline
crystallized. The colourless crystals were filtered off, washed with a small amount

“of benzene and dried. Yield: 129.4 g, mp: 151 °C. Distillation of the mother liquor
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at reduced pressure yielded 23 g 2-(cyclohex-1-enyl)ethylamine (bp,, 77 °C). Evapor-
ation of the residue and crystallization from methanol yielded a further 13.8 g
1-( p-methoxybenzyl)-10-hydroxydecahydroisoquinoline (mp: 150—151 °C). The ana-
lytical sample crystallized from methanol had mp: 152 °C.

Anal.: C,,H,,NO,; M.W.: 275.39. .
Calcd: C=74.14 found: C=74.24

H= 9.15 < H= 9.20
N= 5.09 N= 4.92

GLC: 1 m OV 17 column; oven temp. 236 °C; 2.8 atm N, ; retention time 5.25s.

General procedure for preparing I-aryl-10-hydroxydecahydroisoquinolines

2.5g (0.02 mole) 2-(cyclohex-1-enyl)ethylamine was dissolved in 20ml 1N
HCI and 0.022 mole aromatic aldehyde in 30 ml ethanol was then added. With stir-
ring, the solution was acidified to pH=2 with 1 N HCI. The reaction mixture was
then boiled for 20 h, and the ethanol was distilled off in vacuo. The residue was
crystallized twice from methanol—acetone, .producing 1-aryl-10-hydroxydeca-
hydroisoquinoline hydrochlorides. The analytical samples were crystallized first
from 4 N HCI and then from methanol—acetone. All substances were dried for
8 h at 100 °C.in vacuo, and analyzed for chloride ion. The analytical and physical
data are listed in Table IIL.

The hydrochlorides were dissolved in hot water, and the solution was made
pH=12 with aq. NaOH. After cooling to room temperature, the crystals were filt-
ered off, dried and recrystallized from methanol or methanol—acetone to give the
corresponding amine bases.

For the analyses, the substances were purified by several recrystallizations from
the above-mentioned solvents.

Table 111
Analytical and physical data on 1-aryl-10-hydroxydecahydroisoquinoline hydrochlorides
Anal, (%) )
Compd. Formula M. W, caled. found ®) Mp (°C) Yields (%)
Cl- Cl-
IX C;3H;,NO . HC1 241.762 14.66 14.72 267;269°) 89
X CysH:NO . HCI - 267.800 13.24 13.18 305—307* 87
X1 Cy:HoN, O3 . HCI 312.797 11.33 11.40 286—288~ 82
Xit C1sH,0CINO.HCl 302.245 11.73 11.68 304—305% 80
XII | CyHesNO,.HCI 297.826 | 11.90 | 11.94 | 282—284® 78
X1v C1:H,sNO,. HC1 311.85§ 11.37 11.42 288—289* 75

2 decomposition
®) measuréd potentiometrically
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All these bases were dried in vacuo at 100 °C for 8 h and the molecular weights
were determined by potentiometric titration in ethanolic solution..The analytical
and physical data are given in Table IV. The substances proved pure on TLC (Silica
§el G /Reanal/, chloroform—diethylamine 9:1).

Table 1V
Analytical and physical data on 1-aryl-10-hydroxydecahydroisoquinolines
M.W. Anal. (%)
Compd. Formula caled. found M.’;,( "C
. calcd. found®?

» C H N C H N
I-X C1sH s NO .| 205301 | 204 | 76.06] 9.33 | 6.82 | 76.32| 9.07 | 6.63 192

X | CisHyNO 231.339 | 232 | 77.88] 9.15 ] 6.05 | 77.60| 9.22 | 5.89 202
XI | C15Hp0N,04 276.336 | 277 | 65.20] 7.30 }10.14 | 65.34| 7.15| 9.96 | 227

XII | C5HpoCINO 265784 | 266 | 67.79| 7.59 | 5.27 | 67.57{ 7.43 } 5.40 | 220

XIII | Cy6H2NO, 261.365 | 262 | 73.53| 8.87 | 5.36 | 73.27( 8.75 | 5.22 192

X1V | Ci7HyNO, 275392 | 275 | 74.14} 9.15 | 5.09 | 74.29| 9.02 | 520 | 196

®) measured potentiometrically
) the materials sublimed before the melting point
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' CHIHTE3 ¥ CTEPEOXUMS
1-3AMEIEHHBIX-10-TUPOKCHAEKATIPOU30KHMHOIHOB

A. H. 3oamau, s. Jombu u 4. A. Cabo

OmmcaH npocTod MeTOA CHHTE3a 1-3aMelIeHHBIX-10-THAPOKCHAEKarAAPON3OKHHOIAEOB Yepes
IIpuHC-00106HBIX OPOTOH KAaTaJIW3HPOBAHHBIX PEaKiMil 2-(UHKIOTEKCHI-1-3TH/I)3TRJIAMHHA C ajH-
¢dhaTAveCKHMH, ADOMAaTHYECKAMHA H F€TEPOaTOMHBIME afibJerHaaMu. Bo BCeX peakudsx OIydaeTcs
TOJIBKO OJIHO CTEPEOH3OMEPHOE (PALIEMIYECKOE) COCTAREHEE, 4TO 65110 Aoka3aHo IIMP cnexTpama.



LIQUID CRYSTALS, Vv*
SYNTHESIS OF N—(ALKOXYCARBONYIm-PENTYL)—Z&ﬂ-CHOLESTERYL
URETHANES - AND THEIR POLYMORPHIC
AND MESOMORPHIC PROPERTIES
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Department of Organic Chemistry, Attila Jozsef University, Szeged, Hungary
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A homologous series of N-(alkoxycarbonyl-n-pentyl)-38-cholesteryl urethanes has been pre-
pared. The phase transitions have been measured with the aid of differential scanning calorimetry.
The textures of the mesophases have been determined with a hot stage equipped polarizing microscope.
The phase transition schemes have been described.

Introduction

Liquid crystalline materials with new structures have been prepared, to obtain
compounds with favourable mesomorphic properties [1]. An additional object of
research is the examination of the connection between the chemical structure and the
liquid crystalline properties [2, 3]. We earlier reported [4] the synthesis and meso-
morphic properties of a homologous series of N-(alkoxycarbonyl-n-decyl)-35-
-cholesteryl urethanes, in which ten carbon atoms exist between two different bond-
ing systems (ester and carbamate).

In the compounds described (III/1—III/12) in this publication five carbon
atoms exist between the NH group of the carbamate and the carbonyl group of the
ester. Accordingly, the change in mesomorphic properties is due to the shortening
of the distance between the carbamate and ester groups.

Materials

The synthesis of the compounds was carried out by the reaction of cholesteryl
chloroformate (II) and s-aminocaproic acid ester hydrochlorides with the aid of a
tertiary amine (Fig. 1). The amino acid esters were synthesized from e-aminocaproic
acid and the corresponding alcohols with proton catalysis. The conditions of the
synthesis and purifications of the compounds correspond with those in the case-
of N-(alkoxycarbonyl-n-decyl)-38-cholesteryl urethanes [4]. The physical constants
and the analytical data of the compounds prepared are shown in Table L.

*Part IV: P. M. Agdces, G. Motika and P. Ziedényi: Acta Chim. (Budapest), in pre’ss;
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Table I
Physical data of N-(alkoxycarbonyi-n-pentyl)-3f-cholesteryl urethanes

- Analysis (%)
No. Alkoxy group Mol. formula Mol. weight
Found Calc.
111/1 Methoxy CysHON 557.87 C=175.70 C=75.35
H=1091 H=10.66
I11/2 Ethoxy C3eHg OaN 571.90 C=175.57 C=175.61
H=10.70 H=10.75
111/3 Propyloxy Cs;HgsON 585.92 C=75.63 C=175.85
H=10.76 H=10.84
III/4 Butyloxy C33H55O4N 599.95 C=175.90 C=176.07
H=11.10 H=10.93
111/5 Pentyloxy C;3oHe,ON 613.97 C=76.02 C=176.29
H=11.10 H=11.00
111/6 Hexyloxy CyeHeoO:N 628.00 C=7647 C=76.50
H=11.04 H=11.07
1117 Heptyloxy CuH:;»ON 642.03 C=176.55 C=176.70
H=11.22 H=11.15
111/8 Octyloxy C2H230N 656.05 C=176.78 C=76.90
H=11.26 H=11.22
/9 Nonyloxy CesHrsON 670.08 Cc=171.21 C=1717.08
H=11.16 H=11.28
I11/10 Decyloxy CiH.,0N 684.11 C=71.35 C=717.25
H=11.27 H=11.34
II1I/11 Undecyloxy CasHo00N 698.13 C=171.59 C=77.42
’ H=11.28 H=1141
111/12 Dodecyloxy CeHs: OsN 712.16 C=71.36 C=1717.58
H=11.58 H=11.46
CHg —(CHz)n—0—C — (CHy)5 -NHZ] HCL  +
0 c-¢-0
o]

1 I
l .
CH3—~ (CHh—0-C - (CH2)5—NH-(I}-O-<I
0

o=

.

) 1
n=0,12 3.......1

Fig. 1. Synthesis route
of N-(alkoxycarbonyl-n-pentyl)-38-cholesteryl urethanes

Results and discussion

The phase transition schemes are shown in Fig. 2. The heating direction is indi
cated by a continuous line, the cooling direction by a broken line and transitions
after thermostating by a dotted line. For the designation of individual states w¢
apply the following abbreviations:
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Fig. 2. Phase transition schemes
of N-(alkoxycarbonyl-n-pentyl)-3f-cholesteryl urethanes

I =isotropic liquid
Ch =cholesteric mesophase
Sas Sc =smectic A and C mesophases

1> Cui» Cip  =crystalline modifications

Compound ITI/1 has Sc and Ch states. The C;—1I transition occurs only in the *
first heating cycle. The S¢ state was cooled to 260 K and did not crystallize, but on
thermostating at 280 K for 8—10 hours the Cy; state was produced. During heating

rom 260 K, the So—~C;,—Cy, transitions are observed in the form of two exothermic
transitions, at 299 K and 318 K.

Compound III/2 shows a monotropic Ch mesophase, whlch is followed directly

by the crystalline state.

6‘
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Compound III/3 has a monotropic Ch mesophase and several crystalline poly-
morphic states. The C;;—~C; transition does not take place on cooling to 260 K and
thermostating at 290 K for several days. However, on heating, the material returns
to the starting C; state via an exothermic and then an endothermic transition.

Compounds I11/4, II1/5, III/6 and 11I/7 display a monotropic Ch mesophase.
Compounds III/4 and III/5 return to the starting state during thermostating a
290 K for 8—10 hours. Depending on the period of thermostating at 290 K, com:-
pound III/5 exhibits 2—4 endothermic and one exothermic phase transitions.

Compounds III/8, I11/9 and I1I/10 have Ch and S mesomorphic states. Mate-
rials III/9 and III/10 pass from the S state to an unidentified modification during
thermostating at 290 K.

Compounds I11/11 and 111/12 form a group which differs significantly from th
other materials, for these two compounds alone show an S, state. With compound
ITI/11 the S,~—~Cy transition does not occur on cooling, but it does take place af
290 K during 30 min., or heating, as an exothermic phase transition.

Fig. 3 shows a plot of the thermal stability and the phase transition temperatures
of the prepared compounds against the number of carbon atoms in the alkoxy chain

TIKE
370
"
1 A
ol / \\
( A‘_\ Ix\
\ \ /\
o\ <
\ )
\ \‘ / \
7 SN 4 \\ -
Ve x I \
. \
\ \ / \
330] \ \ \
\. \ ‘\
\\ \ / \ /)’;
\ . .
320, '
\\ . \/ ’,o"‘”
> °
310 ' y/ . e i-¢h
) // ” 4 Ch-S;
- Q -S
300 ' / . 'c_l‘
290 . : . s
1 2 3 4 5 8 72 8 9 101 12 13 u

No. of C-atoms of alkoxy chain

Fig. 3. Transition temperatures
of N-(alkoxycarbonyl-n-pentyl)-3f-cholesteryl urethanes
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To summarize, we may conclude that compounds II1/1, I11/8, IT1I/9 and II1/10
posses Ch and S mesophases, compounds I11/2, III/3, 11I/4, II1/5, 1II/6 and III/7
a Ch mesophase, and compounds III/11 and III/12 only an S, mesophase. The
I Ch transition temperature rapidly decreases from III/2 to III/5, and then mode-
rately increases. The Ch— S transition temperature gradually rises with the increase
of the number of carbon atoms in the alkoxy chain. The S, mesophase appear only
for the last two members of the series.

Optical and calorimetric measurements

For determination of the textures of the mesophases a PHMK (VEB Analytik,
Dresden) apparatus and AMPLIVAL POL-U (Carl Zeiss, Jena) polarizing micros-
cope (equipped with a hot stage) were applied.

The calorimetric measurements were made with a PERRIN—ELMER DSC-2
calorimeter, in highly-purified nitrogen atmosphere. The temperature axis was -
salibrated with the melting point of indium (99.99%) and the melting point of bidi-
itilled water. The weights of the samples lay in the range 3—5 mg. The temperatures
of the phase transitions could be reproduced with an accuracy of +1 K.
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KNAKUE KPUCTAJINBI, V. CHHTE3 . ‘
N-(ATKOKCHKAPBEOHWI-H-TIEHTUJD-34-XOJIECTEPUJI YVPETAHOB U
s WU3YYEHUE NX IIOJIMMOP®HBLIX CBOVICTB

IT. M. Azoy, I. Momuxa, H. A. Cabo u A. H. 3oamau

CuHTE3RpOBAaH TOMOJIOTHYecKAR psan N-(aIKOKCHKapOOHWI-H-EHTHI)-3/-KONECTEPHAN  ype-
aHoB, OnpeneneHb! Ha3zopbie HEPEXOAbl CHHTETH3NPOBAHHBIX BELLECTB METONOM AMddepeHLnanLHO-
KaHEREpYIomel kanopaMeTpad. CTpyKTypa Me3odas ompeaensanach ¢ NOMOILLIO BEICOKOTEMIEPa-~
YPHOTO MOJAPH3ALMOHHOIO MHKpOCKoma. IlpeasioxeHbl CxeMbl OpOTEeKaHHs (a3oBbLIX DpeBpa-
ICHHH,






VCIIEXU XMW 1,3-OKCA3AIINKJIOAJIKAHOB

®. H. JIATBITIOBA, B. B. 30PUH, C. C. 3JIOTCKUMN, A. JI. PAXMAHKVJIOB,
P. A. KAPAXAHOB

Vumckuit HedTanolk mHCTRTYT, Ya

M. BAPTOK »m A. MOJIHAP

Kadempa oprasmdeckolt XaMAE yEHBepcHTETa HM. ATTEHEI Moxkeda, Ceren

( Hocmynuao e pedaxyuio 21. anpeaa 1981 2.)

B o630pe 0606ImeHE B MPOAHANH3APOBAHLI CBEICHAS O METOAAX IOMYYEHHS, CTPOCHHAH H
CBOMCTBAX NATH- ¥ INeCTAWIEHHBIX 1,3-0Kca3aumKIoankaHoB. PacCMOTPEHE! OCHOBHBIE 3aKOHOMED-
HOCTH MX 00pa3oBaHMs H3 aJIKaHOJNIAMHHOB M KapOOHWJIBHBIX COeNHHEHMH; A3 0JIehHHOB, NEPBHAY-
HbIX aMUHOB, (OpMaNbIeTHia U U3 HEKOTOPHIX OPYTEX coemmBeHmit. [T0nPOGHO H3MOXKEHBI pe3y-
JIbTATHI H3YYEHHS IPOCTPAHCTBEHHOTO CTPOeHus 1,3-0KCa3aHKIIOaIKAHOB, TJIaBHBIM 06pa3oM MeETO-
naMm crnektpockomin SIMP 'H u 2C. M3noxeHsl OCHOBHbIE DpeBpamieHEs 1,3-okcasaupxrioast-
KaHOB B XHIKOK ¢hase ¢ roMoO- M TeTePONHTHYECKAM pa3phIBOM LHKIA.

Bgeodenue

B mocnemHue rOAbI HHTEPEC K XHMAH a30THCTHIX aHAJIOTOB MHKJIMYECKHX alle-
Tayeil — 1,3-0kca3’amuKiIOa]KaHOB — 3HAYMTENbHO BO3pPOC. DTO OOBACHAETCH,
B IEPBYIO O4YEpEIb, IPOCTOTON CHHTE3a 3THX COEAMHEHWH H3 aJKAHOJIAMHHOB H
KapOOHHJILHBIX COEIUHEHMH Hedrexummyeckoro npoucxoxaeHus. Kpome toro 1,3-
OKCa3aIUKJIOANIKAHb IPEACTABIIAIOT 3HAUYATEIbHBI MHTEPEC B IJIaHE pemieHds o6-

HX H YaCTHHIX mpobieM KOH(POPMAIIMOHHOTO aHAJIN3A, a TAKXKe C MO3MIMH CO3/a-
Al HOBBIX OMOJIOTHYECKHM aKTHBHBIX BEHICCTB M XHMHKATOB /s NOJMMEPHBIX Ma-
epuanos. O6obmarompue paboTel B aToll 061acTH omy6iukoBaHsl Goiee 20 et
oMy Hazan [1—3] m yxke He OTpaxaloT COBPEMEHHOTO COCTOSHHS NpPOGJIEMEL
JaHHOH paboTe caeaHa MOIBITKA CHCTEMATH3AIMH W OOOOILEHHS HAKOILICHHBIX
BEJICHUI O METOJAAX IOJYYCHHs, CTPOEHHUH W CBOUCTBaX 1,3-OKcCa3al[HKI0aJKaHOB.

Memooust noayuenua 1,3-oxcazayuxso0aixanos

B 1901 r. KHOpp BmEpBEIE NpOBEN KOHAEHCANMIO MOHO3TAHOJIAMHHA C AJIbJle-
'HJAAME M KETOHAMHM H omHcal obpasylolnyecs mPONYKTHI KaK OKCA3ONMMAWMHEL [4].
OnHaKo UM HE OBLIO NpOBEINEHO HOAPOOHOrO AOKA3ATENbCTBA CTPYKTYDEHI u He

BUIA YYTEHA BO3MOXHOCTb obpasoBanus ocHoBammit Iudda. :

AHanoTHYHBIM 06pa3oM, KOHAEHCALWeH y-aMHHOCIHPTA, MOJYYEHHOTO H3 «,

f-HEHACHIIIEHHOTO KETOHA, C albAerugaMH KOH CHHTE3MpOBajl Pij 3aMELIECHHBIX
eTparugpo-1,3-okcazmroB [5].
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Jo HACTOSWIEro BPEMEHH OHUKIHA3ANOHSA 3aMEIUEHHBIX aMHHOCIHMPTOB OCTAETCH
HauboJiee YHHBEPCAJLHBIM M HAJIEHBIM CIOCOOOM CHHTE3a 3THX COCHHHECHHIA.
DTAM METOAO0M MOJIy4eHO MoAaBisiolee GOJbIUIAHCTBO NATH- [6—14, 25] 1 mecTuy-
neHsbix [15—21] 1,3-okca3zanuxnoankanos (1).

2 }CR,)

1 RN
RNH(CRo)0H  + ) SC=0 ———~ e >< o
g
ne23 .

WHorpa peakous jerko mporexaeT Ge3 pacTBopHTed, OAHAKO, B OOJBINAHCTBE
CIyuaeB, MUKJIM3ANAA OCYILECTBIIAETCS C OPUMEHEHHEM TaKHX PacTBOPHTEJCH Kak
6eH301, Tomyorn, 3¢up, cupT, AMOoKcaH, xjopodopM. KaTanu3aTtopsl Maao BIHSAIOT
Ha CKOPOCTh KOHICHCAIIMH, 33 UCKJIIOYEHHEM TEX ClyyaeB, Korja oHH nobasnsiorcs
Kak BOJOOTHMMalomiee cpeactso — Hampamep K,CO; npH NpOBCACHHAH pPEaKIUH
B adwupe wim cnupte [16]. '

A3zeoTpounHo#t AMCTHUIANAEH KapOGOHWJILHBIX COCNWHEHMI M f-aMHHOCHHPTOB
B GEH30JI€ CHHTE3HPOBAHA CEPUs 2-3aMEMIEHHBIX OKCa30NuaaHoB—2-R, R1-3-meTun-
OKCa30JuauHOB H 2-R, R'-4,4-numetnn- u 4-merunokcasomunuuos (2) [25).

; R
R , R
R* R : 2
2 R7NR!
R=H:CHy R®= H;CH;  R* = H;CHs

R'=H;CH3:CoHs  woCaHy RP= HiCHz  (ReR') = —(CH2)1-

" KumsaeEreM N-METHNITaHONAMHHA C 3aMEIICHHBIMH apPOMATHYECKHMH aJib-
Jernpamu B GeHzone mosyueHB! 2-R-¢perun-3-mernnokcasonuaunast (3) [6].

1 40 ' |
HO  NHCHz + @-c ———=  0_ NCHg
R

NH o Hp0
R

R=H, 4-F;3-F;2-Cl; 4-Cl;, 3-Br; 3-NOz ; 4~CH3 | 3-CHgz; 2-CH3;4-(H;0;

3-CH30:2-CH30; 24-Clz 5 2,4-(CHa), ; 3-CHy=4-CH30; 3,4 ~(CH30),; 2,46 -(cH3),

€)



VCIIEXYW XMWY 1,3-OKCA3AIIMKIIOAJIKAHOB 89

TIoka3ano, 4TO CHHTE€3HPOBAHHBIE COETHHCHAS 00JIaaf0T XOPOMKUMHA pamao3a-
WATHEIME CBOMCTBAMH.

Heiicteuem RCHO (R=H, CH;, C;H;, C;H,CH=CH) Ha opro-, MeTa~-, ¥
napa-N-(f-OKCHITHI)-TOIMYHIUHEl [OJNyYeHsl 3-apUIOKCa30JMOHHBI, & Ha OpTO-,
MeTa- H napa-N-(y-OKCHIPOIAI)-TONYUORHE # N-(y-OKCHIPOIHII)-a HUIHH—3-apui-
TeTparungpo-1,3-oxcasuns (4) [7, 8].

(CH z)

: [\ |— C”z)
@NH OH '+ RCHO — (4)
H3C

HaC
ne1,2

Peaxuuro nMpoOBOOMIA B MHEPTHBIX pacTBOpHTENsX (6EH30JI, TOJYON) C a3eoT-
POUHON! AMCTHIIALMEH BHIACAAIOICHCS BOABL. Brixoarl gocturarotr 85—93% B ciy-
qae 3-apunokca3onuanHoB U 65—87 % nns 3-apunrerparuapo-1,3-oxcasHHoB.

Konpencanyeit aMHHOCIHPTOB C aNbAECTHIAMH CHHTE3WPOBaHE N-3aMeILeHHEIE
[53]  2R-N-R'-oxcazomamuun [9] (R, R'=CH,, C,H;, C,H,, m30-C,H,, C,H,,
Cg¢H;). Peakuuro npoBoauIM B KumsineM OeH3ose win B 3¢upe mpu O°. -

ITpoBeneHET aCHMMETpPHYHBIE CUHTE3BI OKCA30JUANHOB KOHAeHCanue# abenpuna
1 nceBgo3denpunHa ¢ anpaerugamMu [10—13] u ycTaHOBIEHO MX CTpoeHHE PH3HKO-
xuMuyeckuMu MetomaMu. CoimMaH ¢ coTpynHmkamu [11] cuHTe3mpoBanmm psin
2-apuiI3aMeNeHHbIX OKCA30JIMOUHOB KoHneHcanueit ( —)-3¢enpuna u (+ )-TceBlo-
a¢enpuHa C coome'rcnay}omnMn anbaeruaamMu o cxemam (5a) u (56).

CHs CHB 4 _CHs
| - -C —N
~C-NHC HsC ¢ CHgR
H | N B3 + RC6HQCH0 -_—H-o—"" ‘ \C< 674 (Sa)
H-(‘:‘OH 2 Hsce'§ ~0 H
CcH 3
% (-Yaoegpun H
CHs - Ho CHs ~
3
H- c NHCH3 ‘ HiCmC —N_ _CHq4R
HO‘C H + RC6H4CH0 —'__'Hz'o"" H-.é —.Q/C\H (56)
CHs ¥
(+)}ncedgoacegpun CHs

R=H; n-CHz; n-0C,Hg;n-NOz;m-Cl; M-, m-N0,; 0-0H;m-0H;0-Cl; o-Br n gp.

KonaeHcanust apomaTudeckux anpaerafoB ¢ ( —)-3¢eapuroMm mna ¢ (+ )-Ice-
BIO3(EIPHHOM IIPOTEKAET cTepeocmenidrUIHO ¢ OOpa3oBaHHEM TOJBKO OJHOTO
ImacTepeoMepa, uMelolero kondurypamuro 2R:45:5R [13].
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Kornercamms (— )-a3¢eaprna [12] ¢ ameTasAerAaoM faeT ABa MAACTEPEOMEPHBIX
2,3,4-TpEMETHI-5-(PEHANIOKCAa30/IIAHA, CTPYKTYp2 H KOH(HIypanus KOTOPHIX HOA-
TBEPXACHb! XHMHYECKAMHA METOIaMH.

HsCq : HSC6\

O
\._.L-N\ k¥ 3 E__N\ o/wa
HY CH3 MY CH,

wc, SR:48:28 Tpadc, SR:4S8:2R

3aMenieRHEble TeTparuapo-1,3-oKkcaswHb! HONTOE BpeMs OCTAaBAACH TPYIHO-
JOCTYIHBIMH COEIHHEHASIMHA H3-32 OTCYTCTBAA YOOHBIX cIOCOG0B CHHTE3a y-aMHHO-
coaptoB. OgHako paspaboTaHHBIE YHKOBCKHMM C cOTpyaHHKamHA [14—18] HOBbIE
CHOCODEI CHHTE3a y-aMHHOCHHPTOB MO3BOJIMIM HOJYYATH OOJBOIOE YHCIIO NOJIH3A-
MEIIECHHBIX TeTparuapo-1,3-okcasuHoB [19, 20, 61].

IluknA3anneit 3aMemeHHbiX 3-aMHHO- B 3-METHJIaMMHONpPONaHoyoB-1 ¢ ¢op-
MaJbaeraaoM u OcH3ampaerunoM [19] mosyuyeHBI MOHO-, OW- W TOJH3aMELIEHHBIE
TeTparaapo-1,3-okcasansr (6).

& R® R¢ ¢ R r* .
) R __RCHO R'~ R(, ©®
R{'HN HO R‘ -Hy0 R>_0 R

IIpu R*=R®=H, CH,, C,H; xoHaeHCalAsi aMHHOCIAPTOB MPOTEKAET JIETKO
H OBICTPO IIpH KOMHATHOHW TemmepaType Ge3 pacTBOpHTEns, TOrga KaK IpH
R®=R®=CH; peaknuio mpoBOJAT B CIHPTOBOW cpeae B HpHCYTCTBHH K,COj,.
Peakua ¢ GeH3aBACTHAOM MPOXOAUT B KMIALLeM OEH30Ji€ MM TOJYOJI€ OPH He-
NpEPHIBHOM yaaneHan Boabl. C moMompio IIMP cnexTpoB ycraHOBNEHBI KOHGHTY-
panMe H NpeHMYINecTBeHHble KOHpopMamunm CHHTE3HPOBAaHHBIX TeTparaapo-l1,3-
OKCa3HHOB.

B pa6ote [20] omuchIBaeTCA CHHTES 6-aKHI-6-beHANTETparaapo-1,3-0kca3suHOB,
B TOM 9HCJIE, COACPXALMX MCTHIBHBIC 3aMECTHTEIIA B NOJIOXEHHAX 2,4,5 okca3d-
HOBOTO IEkna. CUHTE3 3THX COCAHHEHHH OBIT OCYILECTBNICH MAKIH3aUHEH 1-aJIKuiI-
1-¢ernn-3-MeTHIAMARO-1-TPONAHONOB ¢ MYPaBLHHBIM H YKCYCHBIM AJIbJETHAAMH.
CuHTE3 2-MeTHII-3aMEIICHHBIX 3-MeTHII-6-ankui-6-GeHu-TeTparuapo-1,3-okcasuuon
OCYIHECTBJIJIA C BbIXoAaMH 25—36% NpH KHUOSA4YEHWH PacTBOpa COJSHOKHCIIBIX
CoJIell aMHHOCIHPTOB C H30HLITKOM Hapaipierniga B O6e3BogHoM Toayone (Tabi. I).

Konpencamus ¢ ¢popMajibiernioM cTepeOH3OMEPOB aMHAHOCIHEPTOB, COOEepXkKa-
IIMX XHMpAJIbHBIE NEHTPHI B NOMOXKEHUAX 1 W 2 uiw 1 B 3, IPHBOMUT K MOJYIECHHIO
VHAMBHYAJIBHBIX TEOMETPHYECKHX A30MEPOB OKCA3UHOB, OTIMYAIOIIMXCA POCTPaH-
CTBCHHOH OpHEHTAaIHEH 3aMeCTHTEJIEHl HpH aCHMMETPHYECKHX aTOMax yriepoaa
(7a), (76). -
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/76/

R CHs 2
spunpa-{) ;. NG O
R gkcus :
CH Rﬁ R RN
AN == uf; _CHy pé
R3 2 N CH3 !
_ L
ol R

(7Ta)
KoHzaercauus aMMHOCHHPTOB ¢ NEPBHYHON aAMHHOTPYIIIOH OCIOXHIETCS 06-
pasoBarneM ocHoBarmit udda u cymecrsoBanneM TayToMepHOro paBHOBecH! (8).

(CRz) - ?

==~ H0-(CR,] ~N mC_ ®)
1><Rz - (SRaly~N = e

370 paBHOBECHE BO MHOTHX CNIydasX CABHHYTO B CTOPOHY IHKJIHYECKOTO MPO-
JlyKTa, MHOIJA TNONYYaeTCs CMECh NPOMYKTOB, 2 B HEKOTOPEHIX Ciydasx, 0COOEHHO
IpH KOHIEHCAUWH 3TAHOJAMMHA, B cTOpoHY ocHoBammil Illudda. B cBsi3um ¢ aTEM’
NPOCTEHIUMNE YJIEHB! KAK OKCA3HHOBOIO, TAK U OKCA30JIMAHHOBOTO PSNOB SBIIAIOTCA
BECbMa HEYCTOHYHMBRIMHA COCNVHEHHSMH W JIETKO IonuMepusyrorcs. Tak, KOHIEH-
calnus MOHO3TaHOJaMHHA ¢ GOPMAIBACTHAOM MOYTH BCETAA NPUBOAUT K TPHMEPY
N,N,N-tpuc(f-oxcmatun)rexcaruapo-S-tpuasuny (9a) [21, 22] wimm N,N-6ucokca-
3onaauny (90).

CHpCH; O
1 ™1 N |
HO NH, * CH20~——=10 NH =Hﬂ=cH2 — /%a/
HOHCHC N\/ NCH 2CH, 0H

(1)

(96)
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Brxon nociejHETO yBenHIHBaeTCsa ¢ yBemrieHmeM coaepxamnd CH,O B peax-
NHAOHHOW CMECH H JIOCTUTaeT KOJHYECTBEHHOTO NpPH COOTHOLIEHMM MOHO3TaHOJIa-
muH: popmanbaerna=1:1,5. Onuako JlaypeAr moxasan [21], uro mpm OmicTpoit
KOHIEHCAIMK 3TaHONaMHHA ¢ (OopMalbACTHAOM 00pa3yeTcs He3laMellleHHBIH OKca-
3omamuA (1), xoTopeiii MeaieHHO nonnuMeprsyercs B (II) npr —20° U, B 0OTCYTCTBUH
BJIaFH, MOXET XpPaHWTLCA HECKONBKO Henenb. TeTparuapo-l,3-okcaszus sABsETCH
foyiee yCTOMYMBBIM COCAWHEHHWEM IO CPABHEHMIO C OKCA3OJAAMHOM, ONHAKO OH
Takxe HNOoJAMepH3yeTcs Nph XxpaHeHAH. Oco0eHHO JIerkO TayTOMEPDHOE PaBHOBECHE
caBaraeTcsa B cropory ocHoBanua lndda mpn nrknmM3anmi He3aMeImeHHbIX aMHHO-
CHOMPTOB C apOMaTHYECKAMH anbaerniamu [23]). B paxe paGoT mjisa mokasaTesbCcTBa
CTPYKTYPHl CHHTE3HDOBAHHHIX CO€AWHEHHH Kcemonb3osaym WK-cmexTpockomuso.
OcuoBanna I[lupda nmokasbiBaloT THIHYHYI MOJIOCY morjoweHus cpazd C=N
npu 1650—1680 cm~1 B ux unAdpaxpacHbx cnekrpax [24, 25]. s terparmupo-1,3-
OKCAa3WHOB M OKCA30JIAAMHOB XAPaKTEPHBI NOJIOCH morjiomenus mpu 1150—1050,
955—925, 855—800 cM~1, mpunagnexkammpe C—O—C anetampHOi cBsizm [24, 25).

Batana6e m Konnon [26] mokasamy, 94T0 Kak f-aMHMHOCIHPTEI, TaK H y-aMHHO-
COEPTH OpPEBPAIIAIOTCA mOJ HEHCTBHEM ANeTHJIEHA B 2-METHJI3aMELICHHBIE OKCa-
30NIEUHEB B TeTparuapo-1,3-okcasuusl (10). Apun3zaMenieHHble AMHHOCTIHPTHI HE

- (CR2)
28-35am, 100-200" -— 0/ <)|;‘R‘I

\'/

CHy

t

(10

R'NH(CRo) OH + HC = CH

ReH,axkua

BCTyNAlOT B 93Ty peaxmuio. BhIXOAb NUKIAYECKAX HIPOAYKTOB COCTABJISIOT
30—70% {26]. ,

ITnxnuzamueit N-fS-0KCHITHIAPAIAMUHOB C XJIOPARTAAPHAOM YKCYCHOM KHCIOTHI
cuHTe3upoBansl 3-R-okcazoymaons-2 (11) [27].

R [ | R
Hm-@ + CCl3C00CHE —— OYN@ (11)

0
R=M=CHz; n=CH3; n-0CHz n-CI, H
Heiicreuem n-RCeH,CHBr, ;)a HOCHR'CH,NHR? nonysuensr 2-(n-R-¢penun)- -
3-R%5-R? oxkcazonuauHel [28]. Peakuuro mpOBOIAT B KUIMsuleM 3¢Hpe WM AMOK-
cane (12).
R 3

HO NRPH + nRCHCHBr, O-\(N-RZ (12)
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Hpyzue memoowr cunmesa:

Cenxyc [29] ommcas HOIyYeHHME HEKOTODBIX 3,5-IHANIKHII-5-HUTPOTETParaapo-
1,3-okca3uHOB (13) myTeM HarpeBaHHsA cMecH GOpMaNlbIErnaa, nepBHqux AMHHOB
H HUTPOAJIKAHAMOJIOB.

' , 0
- ON-ClcHpoH), + N+ e —— T T
CH 3 l
VpbanckuM ¢ corpyaHukamu [30—32] no 3ToMy METONY CHHTE3UPOBaHa CEpHs

3-aNKuI- B 5-aJKAI-S-HATpOTeTparuapo-1,3-okcasunos (14) 1 H3y9eHO HX CTpocHHE
¢ momouwpro MerogoM HMK-, [IMP-coexTpockonnH.

_ o | R)(\o
. _ NG,
;zzc(q-{zoﬂ)zno2 + R'NHpCH,o —_ NG \ bll) (14

' 1

60-80%

Konnencanueit RCHO ¢ O,NCCH,(CH,OH)CH,R! monyueHs! 2-3aMelUEHHEEE TET-
paruapo-1,3-oxcaszmnet (R =H, CH,, CgH;) [31].

XapToy ¢ coTpyaunkamu [33] cHHTe3HpOBaiM PsA 3aMEINECHHBIX TETparngpo-1,3-
OKCAa3HHOB PEaKUueil MeXAy ONedHHOBBIMH COCTHHEHMAMH (CTHDOJI, H300YTHIIEH),
dbopMaTbIETHAOM W COJAMH MEPBHYHLIX aMHHOB (15).

CeHs

HCO + NHaCl + CoHsCH=CH — /? ' (15)
. N R

I
H

Hcnons3ys aty peaxnuro MMumr u Mchq)eJm nostyyund [34—35] 3-ankun-6-
apHITeTparuapo-1,3- -OKCA3HHEI (16). . .

HpC0+RNHy + @-CH CHy —m g %)H (16)
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Kpome terparmunpo-1,3-okcasmEOB B 3TOH peakmud obpasyrorcs |-amkan-4-
apri-4-IANCPAAHONLL. AHAJOrAYHLIM 0Opa3zoM, kak moka3aHo B pabore [36],
B3aEMojeiicTBre Auaprionedrros, GopMaibAernia W XJIOPACTOrO aMMOHHA IIpH-
BOIAT K 6,6-muapmirerparanpo-1,3-oxcasaaam (17).

6%))
RCH, .
>c =CH2 + CHzo + NH4C| 60, CH3C°0H, 4'43(5:- NH
‘ e
RC6H4 s ¢

R

IIpu B3aEMOACHCTBAY STAIEHAMEHA C aJIbACTAAAMHA HAA KETOHAMH C BBIXOJAMHA
55--57% oOpa3syroTcs 2-3aMeineHHble okcasonmauast (18) [37].

\ / + RR'C0 —~ ol NIH (18)

NH
R Xg‘l

Ipucoenunenne anudpaTieckux snokcuaoB x ocHoBanuaM Mudda npr 10—
20° B CCl, npuBOAHT K 3aMeIlNEeHHBIM okcasomaauaam (19) [38).

- R
R + (. =N- 2 ——
~N ) 7 R-=CH=N-R OIYNI_RZ (19)
R

Brixozstr B 370 peaknma He o4eHb BHICOKHE (8—10%), HO MOTYT OBITh YJIyYIIEHEI
no 20—50% upu moGapneHwn KaTanuTHYeckux koymyecTB BFg mimm SnCl,.
Meiiepc ¢ coTp. [39, 40] moka3anu, 94TO BOCCTAHOBJIEHHE B MSATKAX YCIOBHSX
5,6-nuruapo-4 H-1,3-okcasyHOB UpHBOAMT K TeTparanpo-1,3-oxcasunam  (20a).
B3anmopeiicTbude ¢ peakTuBaMu I puHBapa 5,6-naraapo-4 H-1,3-okca3uHoB HO3BOJIAET
cunTe3npoBaTh C(2)-3aMeLIeHHEIE TeTparaupo-1,3-okcasnnst (206).

R

0 RMgK. 25 (Nki R BH4'(~46‘) 0
Cle -5 o~ Ny
H

N
H
(206) (202)

IToka3aHa BO3MOXHOCTh (POTOXMMMYECKOIO CHHTE3a OKCa3onuawnHOB (21) @3
apomarmiueckux kerouoB (I) u anmparmaeckux mvmuoB (II) [41], ogHako aBTOpamMm
CHHTE3ApPOBaHO Bcero nBa okcasoympra (Illa u II16). .
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0 (s
OH
I hY (A >320mM) N |
afe &l
A i T“‘%iox * (cohs-¢-),
R

R=CeH ;
;)) R= C‘H: i L a) R CgHg (“73) V] a) R=C,Hg (507:)

6)R=CH3(38%)  B)R=CH;z (51%)
21

Du3uKO-XMMUYECKHE CBOMCTBA TpocTeHmX 1,3-0Kkca3’anukaoanikaHOB CyMMH-
posansl B Tab. I u II.

ITpocmpancmeennoe cmpoenue 1,3-okcasayuk10aikanos

HachbllieHapIe TETEPOLHUKIIBI C ABYMSI T€TEPOATOMAMM B TOJOXKEHMSX 1 u 3
LHMKJIA OKA3aJIMCh HHTEPECHBIMU OOBEKTAMY ISl PeIeHNs TPo6IeM KOHPOPMALIHOH-
HOro aHaju3a. B omymume oT 1,3-muokca-, 1,3-mutHa- m 1,3-okcaTHANMKIAHOB B
MoJiekysax 1,3-okca3alMKIaHOB aToM a3ota obycnaeimBaer Gonbinoe koH(pOpMa-
LMOHHOE pa3HOOOpa3He, BO-NIEPBBIX, H3-32 BO3MOXHOCTH WHBEPCHH NHPAMHIBI
CBA3€lt y a30Ta U, BO-BTOPBIX, U3-32 TOTO, YTO 3K30IMKINYECKas cBA3b N—R MoxeT
UMETh JU6O0 aKCHaJbHYIO, JTHOO 3KBATOPHAJILHYIO OPHEHTAIHIO.

Tempazudpo-1,3-okcazunst

VMeeTcsi CpaBHATEILHO HEMHOTO PaboT, MOCBAIIEHHBIX KOH(pOPMaHOHHOMY
aHajM3y TeTparuapo-1,3-okca3uHoB. [liis HCCIeI0BAHNS NPOCTPAHCTBEHHOTO cTpoe-
HAS ¥ KOH(GOPMAIMOHHOrO MOBENEHHMS 3THX COEIMHEHMIl WCIONb30BAJNCH TAKHE
METO/IbI, KAK M3MEpEHHE IUMONBHBIX MOMEHTOB [42—46], UK-cnekTpockomus [42],
cnextpockomusi SIMP 'H [47—62] u AMP **C [61—63].

OcHoBHO# KoH(pOpMalHeil TeTparuapo-1,3-okcasunos sBisietcst popma Kpecsa.
10 y6euTebHO MOKA3aHO H3MEPEHHEM JHIIOJIbHBIX MOMEHTOB | AHAJIH30M CIIEKT-
poB SIMP 'H. [lannbie 0 peHTT€HOCTPYKTYPHOM aHAJIH3€ TETPAaruapo-1,3-okca3snHoB
B JIATEPAType OTCYTCTBYIOT.

Ha puc. 1 npusenesa reoMeTpHs TETParnapo-1,3-0kCasmHOBOro Kojbla, pac-
cuuTaHHas HAa DBM 1mo MHHHMHM3AIMH SHEPIMH Hanpsokenus [64]. [lns cpaBHeHus

> 109°

)

Puc. 1. TeomMeTpHsi TETParuapo-1,3-okcasmHOBOrO
# 1,3-AMOKCALMKIIOTeKCAHOBOIO KOJIbLA



Tabauya I R Re

®
3amewennsie mempazuo po-1,3-okcazurst N/K,,
" |
R R1 R2 RS R4 RS RS Txum np Beixon | Jlare-
(Mm) % patypa

H H H H H H H 67(12) 81 43
H CH;, H H H H H 124(760) 52
H CH,@ H H H H H 125(760) 48 43
H C.H; H H H H H 144(760) 63 43
H n30-C;H; H H H H H 55(12) 51 43
H Tper-C,H, H H H H H 70(12) 53 43
CH, CH,4 H H H H H 120(760) 59 52
C.H; CH,3 H H H H H 48(15) 45 52
u30-C;H, CH, H H H H H 56(15) 41 52
Tper-C,Hy CH;, H H H H H 126(18) 36 52
H H CH, CH,3 H CH,@ H 149—152 — 4
72—73(50) 1,4395| 70 19
H CH;, CH;, CH,4 H CH, H 167 4,19

72—73(60) 1,4428| 67
H C,H; CH,3 CH, H CH, H 179 B
130-C;H, H CH, CH,4 H CH;, H 172(744) -
CsH; CH,3 CH, CH,4 H CH,@ H 131(10) B
C.H; H CH,3 CH;, H CH;, H 168(750) 4
CsH; H CH; CH;, H CH,4 H 146(13) 4
H CH,@ u30-C;H, H H CH,@ H 181 -
H CH;3 CsH; H H CH;, H 134(15) B
H CH, CH, H H H H 45(20) B
CqH; CH; CH, H H H H 135(19) 4
H CH,3 H H CH; CH;, H 51—52(80) 1,4351| 52 19
H CH; CH;, H H CH,4 H 85—86(130) 1,4425| 68 19

H CH, CH;, H CH,3 CH;, H 55—56(18) 1,4495| 95

H CH; CH, H CH,3 CH,4 CH, 60—62(20)  1,4490| 87
H CH,3 H H H C¢H; H 109—110(15) 1,5283 | 85 19
H CH, H H CH, . CeHj; H 100—101(25) 1,5288 | 72 19
H CH,@ CH, H H C¢H; H 80—82(1) 1,5225| 70 19
H CH,4 H H CH,3 H H 34—36(7) 1,4512| 70 19
CeHjs CH,4 H H CH, H H 110—112(23) 1,5192| 58 19

96
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H CH, H H CH;3 CH,4 CH, 69—70(20) 1,4432| 80 19
H CH,q H H CH,q C,H; C.H; 64—65(5) 1,4620| 85 19
H CH, H H CH,¢ CsH; Ce¢Hj; 120,5—121,5* 89 19
H CH;, H H CH,g CH,4 C.H; 64—66(8) 83 19
H CH,4 H H CH, C¢H; CH,3 87—95(0,35) 1,5265| 75 20
H CH;, H H CH, C¢Hj; CH,3 104—107(0,35) 1,5220 | 80 20
H CH;, CH,3 H H C¢Hj; CH,3 110—115(0,25) 1,5218 | 84 20
H CH,3 H H H C,H; CsH; 84—90(0,25) 1,5288| 89 20
CH, CH, H H H CH; H 90—100(20) 1,5062| 34 20
H CH, H H H CH, CsH; 80—90(10) 1,5270| 88 20
H CH, H H CH,3 C,H; CesHj; 114—115(0,2) 1,5264 | 78 20
H CH; H H CH,3 C.H; CqH; 108—112(0,3) 1,5239| 64 20
CH,4 CH, CH,3 H H CH,3 CH,3 100—105(0,6) 1,5269 | 36 20
CH, CH,@ H H H C.H; CsH; 110—112(0,5) 1,5206 | 24 20
H CH;, CH; H H C,H; CsH; 105—106(0,3) 1,5200 | 82 20
H CH, H H H C;H, CsH; 130—132(0,6) 1,5218 | 73 20
H CH;, H H CH, C;H; CsH; 110—115(93) 1,5147| 74 20
H CH;, H H CH; C;H; CsH; 120—125(0,4) 1,5157 | 60 20
H CH,@ H H H u30-CyHy CeH; 130—131(0,6) 1,5180| 81 20
CH,4 CH;, H H CHg CH,@ CsH; 99—104(0,7) 1,5218| 29 20
CH, CH;, H H CH;3 CH;, CsH; 116—120(0,3) 1,5275 | 31 20
H CH;, CH,3 H CH,3 CH, C¢H; 105—107(0,3) 1,5220 | 82 20
H CH; CH, CH,3 H CH,3 CsH; 76—78* 71 20
H H H H H C¢H; CeH; 165* 36
H H H H H CH;—C¢H; ©-CH;C.H, | 120* 36
H C¢H; H H H H H . | 121—=2(7) 1,5589| 80 8
CH; C¢H; H H H H H 94—35(3) 1,5375| 70 8
CqH; CeH; H H H H H 165—6(2) 1,5840 | 34 8
H 0-CH;C¢H, H H H H H 116—7(6) 1,5418 | 82 8
H m-CH,;CH, H H H H H 115—6(4) 1,5538| 84 8
H n-CH;CgH, H H H H H 122—3(5) 1,5510( 87 8
CH;3 0-CH;CH, H H H H H 91—2(3) 1,5260| 73 8
CH, m-CH,CH, H H H H H 111—2(3) 1,5336 | 71 8
CH,@ o-CH,;C.H, H H H H H 112—3(3) 1,5311 1. 17 8
H CH;C:H;, H H H H C¢H; 170—170,5(1) 92 61
H TpeT-C,Hy H H H CH, CsH; 115—116(0,5) 1,5270| 35 61
H makn0-CgHy, H H H C,H; CsH; 53—54* 35 61
H mak10-CgH, H H CH,3 C,H; CsH; 132—133(0,2) 1,5250 | 56 61
H 3 CH, H H CH,@ CH;3 62—64(15) 1,4420| 85 61
CH, H CH,3 H H CH, CH, 47—48(15) 1,4400| 95 61

* T. mn. (43 rexcasa)
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Tabauya IT

3amewennvie 1,3-oxcazoruduns

R R2 R2 RS R6 RS R? ™. xm., ng) Beixon | Jlute-
(Mm) % partypa
CH, H H H H H H 99,5—101,5(760) 1
H H H CH,3 CH,3 CH,@ H 48—49(27) 1
u30-C,Hy H H H H H H 66—68(30) 80 1
C¢H; H H H H H H 94(15) 1
26—28*
CeH; H H CH,@ H H H 120(6) 1
37—38*
CH,CsH; H H H H CH; CH,@ 110—110,5(4) 96 1
CH;, CH,3 H H H H H 109(758) 41 1
CgH; CH;3 H H H H H 60,5—61* 1
Ce¢H; C,H; H H H H H 112—113(4) 1
C;H, CsH; H H H H H 90,5(110) 1
H C;H, H CH,@ CH,3 CH,@ H 113—114(100) 1
Ce¢Hj; C;H, H H H H H 133—133,5(5) 1
CH,3 CH, CH,@ H H H H 123(760) 1
H CH,3 CH; CH,@ CH,3 H H 84—85(95) 1
CH, —(CHy)— H H H H 91(38) 1,25
92—94(10)
H —(CHy)y— CH, CHj3 CH;, H 90—92(26) 70 1
H —(CH,)s— H H H H 89—90(16) 94 1
CH,4 —(CH,)s— H H H H 97—97,5(23) 1
H —(CHy)s— CH,@ H H H 95—96(19) 86 1
C.H; —(CH,)s— H H H H 107—109(80) 1
CH,3 C¢H; H H H H H 109(30) 1
C.H; CeH; H H H H H 73—75(0,1) 1
u30-CH, CsH; H H H H H 266—268(754) ! 1
C¢H; CeH; H H H H H 84,5—84,8* 1,38
C;H; H H H H H H 62—63(30) 1,4350 60
C;H, C,H; H H H H H 64—65
(15—16) 1,4320 60
C;H, C;H, H H H H H 67—68(12)  1,4361 60
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87—90(23)  1,4453
100(8) 1,4688
89—90(1—2) 1,5170
66—68(30)  1,4352
71(20) 1,4318
72—73(10)  1,4358
98—98,5
(1—2) 1,5080
42—43(5)  1,4409
54(2) 1,4380
72—73(5)  1,4398
101(1) 1,5131
105(13) 1,4808
93—94(5)  1.4744
89—90(12)
63—64(32)
56—57(20)
93—94(19)
88+
114—115%*
122 1,4322
93(4,7) 1,4753
124—125(750)

10)
48—50(10)
115(20) 1,4700
130(25) 1,4695
85—88(0,5) 1,4710
80—85(0,7) 1,4690

18
24
59

20
23

21

60
60
60
60
60
60

60
60
60
60

60
60
60
38
38
38
38
38

25

25
53
53
53
53

* T. w1 (U3 cMecH 3TaHOJI-AAMETHIPOPMaMHT)

** T. mn. (43 3TaHO]a)

HSOHVILVOIMMIIVEVONO-£'1 UMNUX UXALIDA
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npejcTaBiiensl aToMuble kKoopauHaThl 2-(Cl-penmn)-1,3-auokcana [65], ompenenen-
HBI€ PEHTTEHOCTPYKTYPHBIM aHAJIH30M.

Haubonee y106HBIM METOOM H3YYEHHS IIPOCTPAHCTBEHHOTO CTPOEHUSI TETpa-
ruapo-1,3-okca3uHoB sBisiercs cnexkTpockomust SIMP 'H. Hamwune retepoatoMoB
B IOJIOkeHUSX | U 3 IUKJIa MPUBOMUT K YETKOMY pa3/IeIEHHIO PE30HAHCHBIX IOJIOC
B crektpax SIMP 'H, uto mo3BosisieT onpenesnsiTh KOHPUrypamun U KoHpopManun
9THX COCIMHEHUH.

IMpy yCTaHOBIEHWH MPOCTPAHCTBEHHOTO CTPOEHHS TETparmapo-1,3-okcasuHOB
¢ nomoupko crekTpoB SIMP 'H mcnosb30BaHbl ClIEAYIONIME DapaMeTph:

1. VrioBas Koppesiusi KOHCTAHT crmH-cmHOBoro Biammopmeiitus (KCCB)
BUIIMHAJIBHBIX IIPOTOHOB, KOTOpas mo BequunHaM BHOMHAJIBHBIX KCCB mo3BoisieT
ONpeAesTh B3aUMHYIO OPDHEHTAIHIO IIPOTOHOB M COOTBETCTBEHHO 3aMECTHTEJNEH
IpH TOM XK€ aToOMe yrjiepoJa.

2. Crepeocnenpu4HOCT KOHCTAHT CHHH-CIIMHOBOTO B3aMMOJEHCTBUS I'€MH-
HAJIbHBIX MPOTOHOB METHJIEHOBO# Ipymmel C(2)-aToMa KA, HaXoAsIecs Mex Iy
JIByMSI T€TEPOATOMaMHU.

Tabauya 111

Koncmanmpl cnun-cnunogo2o e3aumooeiicmeus 6 mempazuopo-1,3-oxkcazunax (2y)

Temmne-

BemecTBo Pa:-?;::,p“- Pﬂ':épa ’J’aic aJda ba aJOaEa aJda be 31‘. ba 31500:1 ‘Jﬂaln ;‘),::;;-a
Terparuapo-1,3- | CFCl; |—80* 10,1 — - —_— -_ — —_ 59
OKCa3uH
3-Mermiarterpa- CFCl; [—90* 95 — — — —_ — —_ 59
ruapo-1,3-oxca-
3HH
2-Mertunrerpa- CFCl, 40 — 1 o N 3,5 5.2 2,8 - 59
ruzpo-1,3-okca-
3HH
2,3-dumerunrer- | CDCl; | 40 — 1227, 15584 3.2 4,6 2,7 — 59
paruapo-1,3-

OKCa3HH

3,5-Anmerunrer- | CCly 29 -9,1 -10,0 98 — 3,0 -1,7] 54
paruapo-1,3-

OKCa3uH

3-Merun-4-de- CCly 29 -9,2 13,0 11,0 20 - 25 -15| 54
HAJITETPArAapo-

1,3-oxca3un

3,5-AumeTun-6- CCl, -71,5 X3 28 -=2,0| 54
dennnrerpa-

ruapo-1,3-oxca-

3UH

3,6-dumetun-6- CCl, 98 90 23 4,9 61
(heuun Terparua-

po-1,3-0kca3ux

1,3-/Inokcan CCl, -6,2 124 23 4,9 65
Llukiorekcan CClq —-13,05 13,12 65

* [Ipu —80, —90° 3amesieTcss WHBEPCHS LMKJIA M NPOTOHBI NpH C,-yriepoiHOM aTome
B3aumozeiicTeyror ¢ N—H ¢ KCCB %), .3, 13,1 ru i 3Jg,5, 2,9 ru [59].
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3. KoHCTaHThI JaJIbHEroO CHMH-CIIMHOBOTO B3anmMoaeiicTsus (JJCCB) npoToHoB.
Takoe B3auMOJEHCTBAE WMEET MECTO B TEX CIydasX, KOTAA B3aMMOJICHCTBYIOIIHE
NPOTOHBI ABJIAIOTCA 3JIEMEHTAMH IJIOCKOTO 3HIr3aroobpa3Horo dparmeHTta, BKIIO-
Yaromero 4 o-CBS3N.

[Mapamerpsi cnektpoB SIMP 'H Terparunpo-1,3-okca3smHOB NpHBEJEHH B
tabm. III u IV. Jlns cpaBHeHus B TaGJMIly BKJIIOYEHBI apaMeTpsl crekTpos SIMP
'H u 1,3-nquokcaHa W IUKJIOTEKCAHA.

B pa6orax [48, 49, 54—56, 59, 61] npu onpeneneHun KOHHUIYpaLUK M TIpe-
AMYIIECTBEHHBIX KOH(OopMammii TeTparnapo-1,3-okca3sMHOB HCIOJIb30BAHCh B OC-
HoBHOM KCCB BHIHMHAQJIBHBIX NPOTOHOB THHA *Jyy..

BesnMunHBI KOHCTAHT 3TOrO THIA, JieXKalue B uHTepBaie 9,5—13,0 ru, npuHa-
JexaT K KoHCTaHTam BHaa °J,,, a /Ui KOHCTAHT Buja °J,, THNUYHBIC 3HAYCHUS
2,2—4,0 ru. Vka3aHHblii pa3bpoc KOHCTAHT OOYEIOBJIEH PA3IMYHON 3JEKTPOOTPH-
[ATEeJILHOCTHIO ATOMOB a30Ta M KUCIOPO/a.

B Ta6a. Il npuseens napamerpsl cnekTpoB AMP 'H mis wekoTopeix TeTpa-
ruapo-1,3-okca3unos, a Takxke l,3-nMokcaHa m mukiorekcana. B paborax [47—49]
TI0KA3aHO, YTO BEJHYMHA [€MHHAJIBHOMH KOHCTAHTHI “Jyy. Bo pparmente N—CH,—O

Tabauya IV
Xumuueckue cosuzu npomonos 6 mempazuopo-1,3-oxcaszunax

2 PacTBOpH- Temne; XuMHYECKHE CABUIH ATOMOB Bojaopona (§ m.n.) Jute-

aT,

e b p°(y:p Hgﬂ I HI- | H‘a I n‘. | Hﬁn I HB. ' Hda ' HBO s
Terparunpo-1,3-| CFCly | —80 4,07 438 2,80 298 1,70 1,29 3,55 3,97| 59
OKCa3uH
3-Merunrerpa- CFCl; | —90 3,96 4,18 2,60 2,89 2,08 1,21 343 3,96| 59
raapo-1,3-okca-
3MH
2-Mernnrerpa- CDCl, 40 420 — 2,88 3,09 1,68 1,34 3,71 405] 359
ruapo-1,3-

OKCa3uH

3,5-Mqumerunrer-| CCl, 29 3.82-.4452,23 - 2,75 298 3,82 54
paruapo-1,3-

OKCa3uH

3-Merui-6-¢e- CCly 29 4,11 4,42 2,24 1,40 4,19 54
HAITETPArKapO-

1,3-oxca3uH

3,5-AumeTnii-6- CCl, 29 3,57 449 2,32 2,73 1,79 4,45 54
(ermnTerpa-

ranpo-1,3-

OKCa3uH

3,6-AnmeTun-6- CCly 29 391 4,03 3,53 268 200 1,949 — — 61
(denmnrerpa-

ruapo-1,3-

OKCa3uH

unc-4,5-Inme- CCl, 29 404 434 — 264 1,20 — 2,70 2,52| 61
THITETPArnApo-

1,3-0oxca3un

tpanc-4,5-Tume-| CCl, 3,97 431 224 — 132 — 3,12 3,84| 61
1,3-okca3un

1,3-Auoxcan 4,46 4,72 3,58 3,92 2,03 1,31 65
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3aBHCHT OT OPHEHTAIIMA ATOMHOM OpOUTAIH, HECYIIIEH HEIOIEJIEHHYIO Iapy 3JeKTpo-
HOB aToMa a3ota. VI3 nanueix pabotel [49] cnenyer, 4To B TeTparuapo-1,3-oxca3uHo-
BO# CHCTeMe JUIsi METHJICHOBOW I'DYIIIBI, HAXOISIIEHCS MeX1y KHCIOPOIOM H a30-
TOM C AKCHAJIbHOW HENOJEJCHHOM Mapoif, 3HaYeHHe KOHCTAHTHI “Jyy. MpH KOHpOp-
Manuy Kpecia paBHO — 7,7 I'Tl, a JUIsl TOM e IpyNIbl ¥ NoA00HO#M KoHpOopManuu, HO
OpH 9KBATOPHAJILHOM IIOJIOKEHHH OpPOMTANM HENMOJEJECHHON maphl a3oTa “Jyy
paBaO — 10,5 ru. DT naHHBIE OBUTH KCIOJIL30BaHBI B paboTax [54, 61].

C nenbio MOJIyYeHHsl JOMOJHHUTEIbHON CTepeoXUMHYECKoil HHpOpMalHu B pa-
6ote [55] mpoBeieHa OLIEHKA OTHOCUTENILHBIX H3MEHEHUI KOHCTAHT SIZIEPHOTO MATrHHT-
HOT'O 3KPaHHPOBaHUS (40) TeMAHAJIBHBIX IIPOTOHOB [UTS PA3JIMYHBIX IPEUMYILECTBEH-
HBIX KOH(opManuii OKCa3WHOBOIO IHMKJIA M HM3YYCHO BIIUSHHE ApPOMATHYECKOTO
PAcTBOPHTEJISI HA MIPOTOHHBIE XUMHUYECKHE CABUTH. TeOpeTHYECKas OLEHKAa KOHCTAHT
SIIEPHOTO MArHUTHOTO SKPAHHPOBAHUS NPOBEJCHA B JIUMOJIBHOM M HEIUIIOJIBHOM
NPUOTHKEHHUSX I BO3MOXHBIX IPEHMMYIIECTBEHHbIX KOH(pOpManuii Kpecia, CHM-
METPHYHOH ¥ HECHMMETPHYHOH BaHHBI [55]. TeopeTHYECKH OICHEHHbIE BEJIMYNHBI
CPaBHEHBI C 3KCIEPHMEHTAJIbHBIMA JaHHBIMH O (M.[.). DTO. MO3BOJISIET, HATIPUMED,
ONpe/IeNIHTh OPUEHTALMIO SK30IMKJINYECKOTO 3aMEeCTUTENIs IpH aTomMe a3oTa. IToka-
3aHO, YTO IPH S5KBATOPHAJILHOW OpMEHTAIMM 3aMecTuTesnss N—Me BeanunHa
Adpg= Ady,0, GONBLIE, YEM NPU AKCHAJILHOW OPHEHTAIMH. PacuyeT B HEAMIOJBLHOM
NPHUBJIVDKEHUH [aeT pe3yJibTaThl, OJu3kue K sxcnepuMenTy. CpaBHenue A9 ¢ Teope-
THYECKH PACCUNTAHHBIMH Ag TO3BOJSET TakXke JAEJaTh BBIBOABI O KOH(GOpMAIMH
MoJiekysel. [ mopasiisioriero GosbIIMHCTBA M3 17 M3YYEHHBIX COEITWHEHHI
noATBepXkAeHa KoH(popmanus Kpecia.

IIpumeHeHre BCEX yKa3aHHBIX METOZOB INO3BOJIMJIO aBTOopaMm pabot [54, 55]
omnpenenuTs s 3,5-mumeTmi-6,6-nudennnrerparuapo-1,3-okcasuaa u  3,4,4,6-
TeTpamMeTiI-6-pennnTeTparuapo-1,3-okca3znHa NPEeUMYILECTBEHHYIO KOH(POPMAIHIO
HECHMMETPHYHOM BaHHBI, NEPEXOASIIeH NpH NOBLILIEHWH TeMmepaTypsl B Gojee
rubkyro TBHCT-hopmy (22).

HyC _ CHy

C.H 0
O ><H
_— (22)
N H

HsC” CeHs ¢/ CH3

B pa6oTax [61, 62] u3yuensl napameTpsi ciekTpoB AMP *3C cepun 3amemmeHnsIx
TeTparuapo-1,3-okca3unoB (Taba. V) u npoBezneH ux netajbHbIM ananu3. [TokaszaHo,
YTO 3HAYEHUS XHMHYECKHX CIBHIOB CYLIECTBEHHO 3aBHCAT OT XapakTepa ¥ OpHEH-
TAIUK 3aMECTHTENIeHl B IMKJIE U Y aToMa a30Ta.

bapvepuvr ungepcuu 6 mempazuopo-1,3-okcazunax

ITapameTphl aKTHBAIWH ISl HHBEPCHOHHBIX JBMXKEHUIT METHIICHOBBIX H METHJIb-
HBIX IIPOTOHOB omnpezeneHsl B pabote [63] metogom IIMP B pa3nuvHBIX pacTBOpPH-
TeJISIX TIPH M3MEHEHUH TeMIIePaTyphl.

KondpopmanuonHoe moBefeHne 3-aJIKWITETparuipo-l,3-0KkCa3smHOB H3y4asioch
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Tabauya VI
&
Konghopmayuonnoe pasnosecue 6 3-aikusmempazuopo-1,3-okcazunax »)

R

Mertoa AMIONBHBIX MOMEHTOB [43] Meron SAIMP H [51]
R
u(D)*  Hexpar.*™| Paxcmamen.*® | %Rexsar. AGYg 'MT?: %R expar. 4Gy ——— ;;?:
CH;, 1,58 1,86 1,06 58 0,2 57 0,2
C,H; 1,66 1,88 1,07 68 0,4 66 0,4
n30-CgH, 1,71 1,80 1,06 86 1,1 85 1,0
Tpet.-CyHy 1,83 1,81 1,06 100 1,0 — —-

* JTanoJibHBI MOMEHT MOJIEKYJIBI, Onpene/ieHHblil B 6en3one npu 25°
** BbIMHCIICHHBIC 3HAYCHHS

METOJIOM M3MEPEHUsI AUIOJIbHBIX MOMEHTOB [43] 1 MeTonoM SIMP 'H [51]. Pesyis-
TATHI H3MEPEHHI 060MMH METoJaMH Xopoulo coryacyrores (tabn. VI).

B pabote [52] u3yueHa WMHBEpCHs NMUPAMHUIATIBHOTO aTOMa a30Ta B 2-aJIKAJI-
3-meTua-TeTparuapo-1,3-okcazunax (23).

L: 7&; T AO (23)
a) (5) ‘Hs

N3mepenne cnektpoB SIMP 'H Tterparmnapo-1,3-okca3uHoB mpu 34° yka3piBaeT Ha
OBICTPYIO HHBEpPCHIO aToma aszora (curHan N—Me-rpynn mnosiBisieTcsi B BHIE
cunrnera). B 3-metmnrerparnapo-1,3-okcasune Habironaercs Takxke ObicTpas MH-
Bepcust mukia (cursan 2-H, ssisercs cunrsietom). Ilpu —80° muBepcus nukia 3a-
MeUIseTcsl W CHrHaj mpoToHOB 2-CH,-rpynmel mosiBiseTcs B Buiae kpaptera [52].
WuBepcuss atoma azora 3ameisercss Toubko npu (—130)—(—140)° u N—CHg
NPOTOHBI JAIOT [Ba OTJEJbHBIX CHrHAlA, COOTBETCTBYyIOIIHE KoH(popmamuaMm (a)
u (6) (Tabmn. VII).

Tabauya VII
Xumuueckue cosuzu N—CHg-2pynnvt 0
6 2-aaxkua-3-memuamempazudpo-1,3-oxcasunax [ 52 ] )\
CH,
5 N—CHj (6 m.11.)
24°C —145°C
H 2,48 2,48 2,02
CH,@ 2,25 2,33 2,08
C,H; 2,30 2,07 2,24
u30-CyHjy 2,29 2,09 2,26
Tper.-CsH, 2,40 2,29
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PesynbTaThl onpenenenuii KOHGOPMANMOHHOTO PAaBHOBECHS 2-aJIKHJI-3-METHII-
TeTparuapo-1,3-okcazunos Meronom SAMP 'H xopomo cornacyroTes ¢ pesynbTa-
TaMH ONPEEJIEHHs] METOMOM IHIOJbHBIX MOMEHTOB JUISi 3THX COEMUMHEHuH [52]
(Taba. VIII).

VBenmuenne CopepXaHus aKkCHanbHOro koHpopmepa B psgy 2-CH;, C,Hj
n30-C3H,, Tper.-CyHy 00bACHAETCS yBEIMYCHHEM CTEPHYECKUX NPENsSTCTBHA.

Tabauya VIII

]
Konghopmayuonnoe pasnosecue 8 2-aaxun-3-memuamempazudpo-1,3-okcazunax. E\/k
Husepcua amoma azoma [52] T R

CHy

Meron AMP 'H Meron mMNoNBEHBIX MOMEHTOB
4G* 4G9 B 46°,
¥ R | e | ESRSR | man | mmaen @) | EIIROE | ANCCH | o,
MONb MO KB, I axc. MOIb
H -131 6,8 43 -0,16 1,58 1,86 1,06 42 -0,2
CH, —118 7,6 48 -0,05 — —_ e 3 e o
C,H; -123 14 55 011 148 186 1,06 54 0,1
u30-C3H, —118 7,6 61 0,27 1,48 1,86 1,06 54 ,1
TpCT.-C.H. e m—_ 100 > o ouy: e — ——

1,3-Oxcazonudurvt

KondopManuoHHblii aHAMH3 OKCA30JMIWHOB OCJOXHSETCS W3-32 HHU3KOTO
Gapsepa ncesnospamienns. B pabore [66] coobmarotcs «abinitio» BeramcieHHS
JUIS TIATH BO3MOXHBIX KOH(GOPMaIHil «KOHBEPTA» [UIsl HE3AMELIEHHBIX OKCA3O0JIH/IH-
HOB C Y4€TOM MWHHMAajbHOro 6a3ucHoro Habopa M pacIIMpeHHOro Ga3ucHOTro Ha-
6opa. Kak okazanoch MHHMMAJIBHYIO dHepruio umeer N-komsept, a C(5)-, C(4)-,
O- u C(2)- «xomBepTs» uMmeroT sneprum 1,9; 3,8; 4,1 u 4,3 xkan/Monsb, cooTseT-
CTBEHHO. ABTOpPaMH H3yYeHO TaKXe HECKOJbKO KOH(popMammii mosykpecna Mexy
O-xonBepToM # C(5)-KOHBEPTOM H HAI/IEHO, YTO OCYLIECTBIIAETCS IUIABHBINA MEPEXO.
OT O/IHOTO KOHBEpPTa K ApPYyromy 6e3 MHHHMYMOB IIOTEHIHATbHOMH 3HEPIHH, COOT-
BETCTBYIOIIMM KOH(pOpPMAIWMSM TOJYKpECaa. 3aMECTHTEIH MOTYT W3MEHHTh
nperMyiecTBenHyo kondopmaumio. Tak, s N-3aMeIIEHHBIX OKCAa30JMIMHOB
¢ GONBIIMMH 3aMECTHTENSIMH, TAKMMH KAk TpPeT.-OyTWIbHAS WM TNPONUIbHBIE
rpynnsl Haiineno, uto C(5)-KOHBEPT MMeeT MHHHMAJbHYIO SHEpruro [66).

KordopManuonHsiii anaiu3 okca3onnanHoB MetoaoM SIMP 'H nposenen ans
cepun 3-3amenieHHBIX-4-3THAOKCa30MauHOB [67]. Tlapamerprr cnektpos SIMP 'H
npencrasnedsl B Ta6n. IX. M3-3a 1NCEBIOBPALICHHS CNEKTPAJIbHLIE JaHHBIE MpPE/-
CTaBJIAIOT MPOMEXKYTOUHBIE 3HAUeHHs 6osIbIIOro Habopa koHpopmanwmii [67]. VMmens-
wenne 2J,,, MO-BHAUMOMY, ABJSETCS PE3YILTATOM C/IBHIA B IPOMEXYTOYHBIX
KOH(DOPMAIMAX, YTO NMOATBEPXKIAETCS M M3MCHEHHEM B OJHOW W3 BHIMHAJBHBIX
xoHcTanT. HanGosee npeimouTATELHOMN U1 W3YYEHHOM CEpHH ABJSETCH KOHPOpMa-
mus (a),Tak Kak B 3Toil KOH(GOpMAIMH MHHHMAJBLHOE 3acinoHeHHe mexay H(4) u
H(5) ¥ N—Me u Et-rpynmbl 3aHAMAiOT ICEBIOKBATOPHAJILHOE MOJIOKEHHE.
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Et

CaHs

Tabauya 1X
ITapamempur cnekmpos AMP *H 3-3amewyennvix-4-3muiokcazoauounos [67] °\/"\R

KoncTaHTEI Crine-
CNMHOBOTO B3aUMO- XuMHYECKHE COBATH
R AeicTBHsA (6, m.11.)
(rm)
Ja,90 l Js,5’ I a5 I a5’ Hy | Hy | Hy | Hyg | H,
CH,4 —-4,3 -73 69 64 | 439 398 38 329 232
C,H; -54 -7,8 7,8 54 | 437 4,12 381 3,20 ~245
u30-C,H; -53 -7,5 7.5 48 | 441 421 3,77 3,80 ~275
uak10-CoHy,y -5,9 -7,6 6,9 4,5 | 443 4,23 3,77 3,20 2,79
CH,CH, -35,3 -17,7 6,8 3.3 430 4,48 3,890 3,23 2,60
CsH,-CH(CHj,) -6,0 -7,8 6,8 44 | 430 Y AYE (10 3,21 2,80

HMusnpansueie yriisl Mexay H(4) u H(5) cBA3siMH COCTaBIISIFOT NPHOTH3HTEIBHO
30 u 150°. C yBenuyeHHeM pa3Mepa 3aMECTHTEJICH y aToMa a30Ta yBEJIHMYHBAETCS
crepuyeckoe ottankuBanue Mexny C(4)Et-rpymmoii u N-3amectutenem B koHpop-
manyn (a) 1 npotousl C(4) u C(5) cOmuxaroTcs. DTO COMPOBOXKIAETCS YBEITHYEHUEM
8], (mic) m ymenbienuem °J, 5 (Tpanc) [67] (Tabu. IX).

C nomompio MeronoB SIMP *H u SIMP '3C usy4eno crpoenue psiga 2R—N-
¢dennnokcazommmuaos (R=H, m30-C;H,, CgH;, n-(CHy),NCgH,, n-CH;OCzH,,
0-NO,—C¢H,), a Taxxke N-ankmiokcazomuauaoB (R =C,H;, u3o-C;H,, mukmo-
CeHy,) 1 nx 2-R-3amemennsix npon3sonnbix (R =n30-CgH,, CgHy, (CHyp)y, (CHy)s)
[68]. He3amerienHbIe BO BTOPOM IIOJIOKEHHH OKCA30JUANHBI IpH 20° moABEpraroTcs
OBICTPOMY TICEBIOBPAIIEHHIO, BCleACTBHE Yero crmuHoBasi cucteMa ABCJI BBIpOX-
naetcs B A,B,. BBenennme ankuiapbHOro JIHOO apuUIBHOIO 3aMECTHTENSI BO BTOPOE
MOJIOXKEHHE IMKJIA IPUBOAMT K YBEJIWYCHHIO HEIKBHBAJICHTHOCTH BCEX IPOTOHOB
npu C(4)- u C(5)-atomax yriepona, BCIEACTBHE Yero B chmekTpax Haburomaercs
CJIOXHBIN MYJBTHIUIET OT 4-X MpOTOHOB B obnactu 2,8—4,0 m.a. Tun 3amecTuresns
BO BTOPOM TIOJIOXKEHHH CKAa3bIBACTCS TaKXKe HA BEJIMYMHAX XMUMHYECKHX CIBHIOB
snep **C okcazonuauHOBOro Kojibna [68].

I emepoaumuyecKkue peakyuu 1,3-0x CaA3aYUKA0aNKaAHO8

B nuTepaType OmMCaHO CPaBHHTENIBHO HEOOJIBIIOE YHCIO XUMHYECKHX PEaKIui,
B KOTOpBIE cnocobGHbI BeTynmaTth 1,3-okcasanukinoankansl. Haubosnee m3yveHHBIME
SBJISIOTCS PEaKIuH, TNPOTEKAIOIMEe C PackpbITHEM 1,3-0KCa3anuKI0aJIKaHOBOIO
KOJIbIIa, TaKWE KaK BOCCTAHOBJIEHHE, THJIPOJIN3, PEAKIMHd C MarHUiOpraHuYeCKUMHU
COEIMHEHUSIMH.

1,3-Oxkca3anukioankansl NP AEHCTBHH BOCCTAHABJIMBAIOIIMX areHTOB IpeBpa-
IIAOTCS B AMHHOCIIHPTHI C TEM XK€ YHCJIOM YIJICPOJHBIX aTOMOB (24).
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(cRa),
0/\Nl21 —[:‘)——.— HO-(CRz)n- NR‘- CHR‘R3 (24)
R2><R;

B orcyTcTBHE 3aMecTHTENEH Y aTOMa a30Ta IPOLECC MOXKET ObITh OBTOPEH U JI0BE-
JieH 1u-N-aJKHJITPOU3BOJHBIX, B KOTOPBIX [BE AJIKMJIBHBIE TPYIIBI MOTYT OBITH KaK
O/IMHAKOBBIMH, TaK M Pa3JIMYHbIMH. BapuanTel BocCTaHOBIEHHS 1,3-0Kca3almKiio-
aJKaHOB: AJIOMOTHIPHIOM JUTHA B 6e3BoaHoM 3dupe wiu TeTparmapodypane
[69, 70], GoprunpuaoM HaTpus B MeTaHouie [39, 69], kaTanudyeckoe TUAPUPOBAHHE:
Haz HukenaeM Penes mpu 100 °C m 70 at [71—73, 76, 79] nasnanuem na yriae [79],
kaTanu3aTopoM Anamca [77], aManeramoit Hatpus [75], u amamsramoii Al [74].
BoccTaHaBIMBaOIMM ar€HTOM MOXET ObITh MypaBbHHasi Kucjiota. Tak B paGote
[77] wmccnemosano BoccTaHOBNEHHME N-MeTHII-1,3-OKCA30JIMAMHOB € MOMOILBIO
HCOOH, o6pasyrommmniicst npu HarpeBanuu coqu SHCOOH - 2(CH,),N. B pesyis-
TaTe peaknun obpasyercs N,N-aumerwiamunosTanon u Beigensercs CO,. ABTo-
PaMH NpeUIOKEH MEXaHH3M, IPEyCMAaTPHBAIOIINIT HA IIEPBOl CTaUH HYKJIEODHIIb-
HOe 3amellenue 3QupHON rpynmbl GOPMHAT-HOHOM, BCIEACTBHE 4ero obpasyercs
HEYCTOWYMBBIN CIOXKHBINA GUP, KOTOPHIHA GLICTPO HeKapOOKCHIMPYETCS 10 METHII-
aMHHOITaHOJIA.

Ocoboii ciyyaii BOCCTAHOBJICHHs (WM BOCCTAHOBHTENIBHOE AJKHIMPOBAHHE)
npeacTaBisieT peakmus 1,3-0KCa3’alUKIOAIKAHOB C MArHMHOPraHWYECKUMH COE/IH-
HeHusiMu (25), B pesysbTaTe KOTOPOH TaKXe IPOMCXOAUT PACKPBLITHE KOJIbIA MO
cesi3u C(2)—O [78—380].

CR
o/( \2)2121 ¢ RPMgx — R cH(REN (R') ) om @5)
2
e ne23
X=gp J,Cl
= CHs. CzHs | ((Hs
W oae.

BbIXol aMHHOCIHPTA B HEKOTOPBIX ciydasx pocturaer 80%. Bzammocessb mexay
rHAporeHn3anueii 1,3-okca3aunkIONEHTAHOB H HX PEAKIHeH C peaKTHBAMY HH ObIsipa
6p11a mokazana CeHkycoMm [79], KOTOPBIH MOMYYHIT 2-1HH30 0y THIAMHHITPIIAaHOCH I-
porenmsanmueit 2-n3onpomusi-N-n306yTui-1,3-okcasonnauna (26a) u peaxuueit mxayl”
N-#306yTHI-1,3-0KCA30MMIXHOM H H3ONPONHIXIOPHIOM Maraus (266)

T " 3 )
O _N-C4Hguua *Hy —= HO  N-uselaMy O N tselatly + usoLyH, MgCi
Y CH, usol3Hy

MW-C3H7 2

(26a) (266)
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1,3-OkcazanukioanakaHbl MOABEPralOTCS KakK ILIEJOYHOMY, TaK H KHCIOTHOMY
THAPOJIA3Y, B PE3YJILTATE 4ero 0O6pa3yroTCsl HCXOAHBIE AMUHOCIUPT ¥ KapOOHWIBHOE
coenunenue (anbuerun, keton) (27) [10, 71, 4, 81].

(CR‘A’)n Rz
& e Ne=0 + HO-(R)-NRH (27

i y
AR

CnocoOHOCTh K THAPOJIA3Y CYLIECTBEHHO 3aBHCHT OT MMEIOIIUXCS B IHKJIE
3amMectuTeneid. OTAeIbHBIE NMPEICTABUTENM IOABEPraroTCA THAPOJM3Y Jaxe B OT-
CYTCTBHE KHWCJIOT M ILEJIOYEH, HAapUMeEp, MPOM3BOAHASA STAHOJAMUHA M LMKJIOIEH-
Ta”oua [71].

B pa6ote [81] cnekTpodoTOMETpHIECKOM METOJOM HM3y4Y€HA KMHETHKA I'HIpO-
mm3a 2-RCgH,-3-3THIIOKCA30IMAMHOB B KOHIEHTpHpOBaHHBIX pacTtBopax HCI u
NaCl npu 30°. ITpu Bbicokux 3Ha4eHHsX pH, kxorja coeIMHEHUSI HAXOAATCS IPEUMY-
ILIIECTBEHHO B HEMTpaJbHOM (hopMe, KOHCTAHTHI CKOPOCTEll 0Opa3oBaHUs aJIbJETUI0B
He 3aBucAT oT pH u Xopomo xoppenspyioTcs ¢ o-koHCTaHTamu I'ammera. B pa-
cTBOpax ¢ ymepeHHbIMU KoHueHTpamusmu HCI npoTekaroT Be peakuun: ObiCTpoe
o6pa3oBaHHE MPOMEKYTOYHOTO COEAMHEHUSI U MEIUIEHHAS — THIPOJIH3 ITOCJIEAHETO
¢ o0pa3oBaHHEM COOTBETCTBYyOIIero aipaernaa. O6e peaknuu MMEIOT IepBbIii
nopsimok mo HCI. Tlosemmenne konumeHtpamuun HCI nDpuBOAMT K yYMEHBIICHHIO
cKkopocTeit 00pa3oBaHHS W PA3JIOKEHHS INPOMEKYTOYHOTO coenuneHus. Craaus
06pa30BaHUs MPOMEKYTOUYHOTO COEAMHEHHs KaTaiusupyeTcss B OydepHbIX pacTBo-
pax (bopMHATHOM, aNETATHOM, MMHIA30JILHOM). MexaHu3M Iruaposm3a 3akKiroya-
eTCs B MEJUIEHHOH peaknud NpPOTOHHPOBAHUS aTOMa KHCIOpOAAa C pPa3pblBOM
C—O-cBs3m [81].

B paGorax [82, 83] ommceiBaeTcsi packpbiTHE 1,3-0Kca3anHKIIOAIKAHOBOTO
KOJIbIla MOHOALETHJICHOBBIMH COEIWHEHHSIMH, CONAEPXAIMMH IO KpaiiHeit mepe
OJIMH aKTHBHBIM BOJOPOJ ¢ 0Opa30BaHMEM ALETHIEHOBBIX aMHHOCIHPTOB (28).

s 5
NR + HCmCR —  HO-(CHa )l CH-C=CR? (ag)
|

0
¥ =
B cnyuae Terparuapo-1,3-okca3uHOB peaknusi NIPOBOJUTCS B JAMOKCAHE B IIPHUCYT-
creui CuCl nmpu KOMHATHOM TemmnepaType M aasieHuu 3—S5 at™ [83].
HccnenoBana peakiysi HUTPOBAHMS 3-METHIIOKCA30JHIMHA W OHCOKCA30JIHIMHA
MO/ AeHCTBHEM a30THOM KHCJIOTHI H YKCHCHOTO AHI'HAPH/A, NPOTEKaloLIas ¢ packphbl-
THEM OKCa30JIMAMHOBOTO Kousibua (29) [84].

.
.

=y 40
Q_N-CHs + 2HNO; + 2(cH3€0),0 — CHEN-CH,0NO, + Wy CQy v @
NO,

+ (CH3€00),cH,
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Hurtposanue nposogunna B CHCI; npu nepBoHayajsbHOM HO3MPOBAaHHOM H00OaBie-
HHH HNQO,; K OKCa30JHIHHY C MOCIEAYIOUIUM BBEACHHMEM YKCYCHOTO AHTHIPHIA.
He3amMemieHnrie y atomMa a3zoTa 1,3-okca3zalHKioaiakaHbl BCTYNAaIOT B PEAKLUH
3aMemeHus, o6pa3ys N-zamMelleHnble TPOH3BOIHBIE.
B pa6ore [85] oOpabGoTkoif 2-3THN-TETparuapo-1,3-okca3uHa B KOHOEHTPHPO-
BanHoii HCI momyuunu 2-3tun-3-Harpo3orerparnapo-1,3-okcasun (30).

0 o y '
(N\*c ,+ NaNo« Hal 05, Buac_ (\i (30)
H

NoO

AUETHIHPOBAaHHE OKCA30JMIAMHOB KETOHOM II0 aTOMy a30Ta I[IOJIYYCHBI
N-anetun-2R-2R’-oxcazonnmunst (31) [86].

1 0

I
0. NH + CH;=C=0 — 0 N-C-CHs3 €2y
R™ R R7R

R=H,CH3 5 R'=H,CH3,CoHs, CoHs, M~NO,CoHg, 0-OHC(H,

Peaxniuro mpoBoauan NponyckaHHEM KETOHR qepes pacTBOp OKCA30JHIHHA B CyXOM
Toinyone. Beixoar! mocturaror 60—80%.

4,5-TuzamMelneHHLIE OKCA30JIMANHEI NIPEBPALIECHE B Pa3BUYHbIC 4,5-AM3aMENIEH-
HEBIe-3-HMHIOMETHIIOKCA3OJIUAHE], IIPOABIISIONINE pa3H006pa3Hy10 6HOIIOTHIECKYIO
aktuBaOCTH (32) [87].

0
HsCe CHs - \ H5c6 CH3 o
T 0= C\Hn dc=0 T 1 PN
0. N-H - 0 N-CH,-N_ R (32
N +H,C=0 ‘ N \Icl :
0

B pa6otax HDImuana u Mancbhenga [34, 35] paccMarpuBaeTcsi BO3MOXHOCTD
KHCNOTHOM HeperpynmupoBKH TeTparufpo-1,3-0kCa3yHOB B NPHCYTCTBAM COJISTHOM
kucioTs! (33). IToka3aHo, YTO B peaKLHIO BCTYNAIOT TETPAruaApo-1,3-0KCa3HHEL, MMe-
JOlHe apOMATHYECKAN 3aMECTHTENh B 6-OM MOJIOKEHUH.

o CHoR' )
C 64 RC.Hg!
RC,Ha OH ) Ha 0 674
10 Hel,
A—i&(/ N) % N + Ha0 (33)
\ :
{ 1
R

R R
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IToka3aHo, YTO B PEAKIMIO ‘BCTYNAIOT TETParnapo-1,3-OKCasHHbI, AMEIOIIHE apo-
MAaTHYECKHI 3aMECTHTENb B 6-OM IOJIOKEHHMH.

- LIuxsorekcancnupo-2'-(3-aJIKHIOKCA30IMIUHL]) NPH HATPEBAHHH €O ClIEAaMH
TpeT.-6yTHNaTa Kanns AHCIPOHOPIHAOHUPYIOTCA ¢ 00pa30OBaHHEM WHKJIOTEKCAHOJIA,
amMuHOCIApPTAa H 1-ankun-4,5,6,7-terparuapomnagona (34) [88).

0— OH
N B O + RNHCH,CH,0H +
l i

R

-z

R= CH3; CHyCH,0H CaHg
(34)

Iuknorexcasoa ¥ aMAHOCTIHPTH MOJIY9al0TCA € BRIXogaM: 75—95%.

B pabote [89] n3yyeHa peaknus noJIEMepU3alAA OKCA30JHAAHOB B TPHCYTCTBHA
KHCJIBIX KaTaju3aTopoB (Hampumep, PhNMe;- HCI), nmpuBoasiuas x nonusdupu-
MHHAM C HEBBHICOKHMH MOJICKYJIADHBIMH BecaMu. B peakmuio BcTymaror 3-¢henui-
OKCa30JIAAWHEL, a 3-aJIKAJIOKCA30NHAWHL HE IOJHMEPH3YIOTCH B 3THX YCIOBHSAX.
Ecnu oxcasoauauHBl AMEIOT XJIOPMETHJIEHOBBIE I'PYINE], TO HOJUMEPH3aLHAs JIETKO
OPOXOAUT AaXe B OTCYTCTBHE KaTaHM3aTOpa.

B paborax [90—92] noka3ano, 4To 1,3-0KCa30AHIMHLI B IPHCYTCTBHH KHCJIOT
JIstonca nojBepraroTcs 1,5-IANOMSPHOMY LUKJIONPHCOEIUHEHHIO €HOJIOBLIME 3¢dH-
pamu (murrapodypaHoM, ORTEAPONKPAHOM, HHKIOTEKCEHOM) 00pa3ys ¢ XOPOLIMMHE
BbixogamH (60—75%) cooTBeTCTBYIOMIME Mepraapo-1,4-okcazenuunt (35).

2
0R
1 xucnora pwouca | [ 1- L) = 0/\

O N-R Q, N-R==00 N-R| ——w,
M cHR CH-R RO NR

R=aAkitA , R'=AAKHMA; CoHs R = AAKMA, CeHs
(35) .

JKuoxogpaznvie paduxaavro-yennvle peakyuu 1,3-okcazayuxaoaixanoe

ITox melicTBAEM CBOOOAHBIX paANKaoB, n3 1,3-okcazanuknonentagos npu 20 °C,
cenexTHBHO o6pasyroTes 1,3-okcasa-2-nHMKNONEHTHILHBIE paamkaie! (36a) [93-—95].
Jns nx ¢uxcanmm MetogoM TP Obil HCHONB30BaH 2-METHII-2-HETPO3ONPONAH
(MHII). (366) B cnextpas DIIP 3aperHCTpHPOBAHBI CHTHAJIBI HHTPOKCHJIBHBIX
palguKaJoB, coaepkaiuux 1,3-okca3a-2-IHKIOHEHTUIIBHBIH ocTaTok (Tab6m X)
[93—95].
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1 ‘ M
oXN-R‘ nvuuarop o\o/N-R' (36a)
R™'H
(DH) R (5)
CH3 l——l
D+ O=N-C-CH3 — o OXN-' (366)
CHy R™N=-c(cns),
. o

Tabauya X

Cnexmpot IITP HumpokcuabHblx paduxatos
T=20°C D—II\I~—C(CH3)3 [93—95]

o-
1,3-Aurerepouukio- a 1,3-Aurerepounkmno- a
ANKAIILHLIH paguKa N. AKANLHLIH PAIAKAT N
. rc (D*) rc

D 13,9 D) 14,7
E0>.CH‘CH3 7 EN>.C6HS
. C6H5

>"H ' 13,7 R 0 |
Hsc H“Cs u;o‘cs>- C3H7 14,8

, |
E }H 14,8 H9c“”_<: > cig s

C6Hs

EO%CH/CHB 14,9
N SCH
\ 3

CoHs

B sTux ycnosuax 1,3-amokcanuknansr, 1,3-mutno- u 1,3-0KkcaTHOLMKIIOATIKAHEL,
COLEPKAIME AKTHBHBIA AaTOM BOJOpOAAa Y METHHOBOH (METHIICHOBOIi) I'PYIIIHI,
CMEXHOI C IByMsl reTepoaTOMaMH, TaKKe CENIEKTHBHO JAI0T 1,3-gurerepo-2-OuKiio-
AJKMIBHBIE pafHKajbl, KOTOpHIE B npucyTeTBe MHII 00pa3yroT COOTBETCTBYIOLLHE
HHTPOKCHJIBI.
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Tabauya XI

CrnekmpoCcKonuveckue KOHCManmyl U OMHOCUMeAbHan UHMEHCUBHOCMb CURHAA08 (8) paduka/tos,

2enepupyemuix u3 oxcasoaudunog npu 25 °C [95—97]

Paguran

1,3-Oxcaszonumus a(a—H) a(p—H) a(y—N) a(y—H) e %
(DH) (D) rc re rc rc ’
3-aTAn- . 18,4 — 10,8t 0,5M 90
0\}‘/1_67‘ )
3-cherm- N=GHs 19,0 — 10,41 Lim 90
R
\/N—%"v 19,1 — 10,81 08v 85
I )
3-mponn-
| ' 17,2 28,0r — 0,8 15
a A
_CHy .
°\.(“-°“f“{c“ 19,8 — 10,71 07m 50
£l
3-p306yTRI- l e
[ o<l 1281 — 21,8 07M 20
CHy : :
) OTLO 18,0 — 107T  108M 60
3-1MKIOTEeKCHI- "
L L@ 21,1 27,0t — 0,8M 40
2-monponmn-3- N - 19,4 1,4t 08v 60
gponmi-
HyC-CH—CHy
‘O — 19,0 11,1t 0,9M 60
2-M300pOTAN-3- G GH—CHy
LJAKJIOTEKCHIT- H
'\(1—6 210 2721 — 08 40
HyC—CH—CHy
a,=4,8t
2-¢eHmn-3-npomai- P ] ay=12r 10,61 0,5M 70

CgHs

a,=59
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Tabauya XI. (npodoaxcenue)

1,3-OKca30/THIRE Panukan a(e—H) a(f—H) a(y—N) a(y—H) e, %
(DH) (D) rc rc rc re *
N=C3t 13,2 35,8t — 1,0t 30

2,2-neHTaMeTHIIEH-3-
nponAI- /

[ l-c,n,

ij» 21,1 27,0t — 1,0 60

Taxum 06pazoM 1,3-0kca3anuKnONCHTAHE BEAYT ceOst ananoru4uo 1,3-auokca-,
1,3-okcatno- u 1,3-muTHonmknanam [93—95].

KoHCTaHTHI paclieIUieHusi HA sape aToMa a30Ta IIS HUTPOKCHIIOB, T€HEpHpYye-
MBIX #3 1,3-0KCa3alMKIIOMEHTAHOB, HECKOJIBKO BBIIIE, Ye€M JiJii HHUTPOKCHJIOB W3
1,3-nuokcanksiaanoB. Bo Bcex crmyyasx He HaOJMIONAJIMCh CHTHAJIBI, KOTOPBIE MOXKHO
GbIJIO GBI OTHECTH K HUTPOKCMJIAM C alITETEPOAJIKHILHBIM OCTATKOM.

CrpoeHue u CeleKTHBHOCTh O0Opa3oBaHMs pajuKaioB H3 1,3-okca3alHKIIONEH-
TaHOB M UX F€TEPOaHAJIOrOB 10 AEHCTBHEM IHAPOKCIIILHBIX PAaIUKAJIOB H3y4aloCh
B pabotax [95—99].

ITpu o6paborke 1,3-okcazauukiaoneatanos (DH) ruapoXCHIBHBIMY paIuKaIaMHu
B ayeiixe JIIP-cnextpomerpa B ciiekrpax SIIP Gblii OGHAPYKEHBI CHTHAIIBI IeTe-
DOLMKIMYECKHX PaguKaioB D (37, {95—97] (tabun. XI). IIpeumyiiecTBeHHO 0bOpa-
3ytotca 1,3-oxca3a-2-HUKJIONEHTUIIBHBIC PAANKATb!.

DH+HO*— D*+H,0. ' ’ (€Y))]

TIpu BBegeHNH y aTOMA 2a30Ta 00BLEMHOTO AJIKHIILHOTO 3aMECTHTENS B CIEKTPax
OIIP napsany ¢ 1,3-okca3za-2-IMKJIONECHTHILHBIMA PaguKaJIaMH IIOABJIAIOTCH CHI-
HaJlbl PAJMKaJIOB C HECHAPEHHBIM 3JIEKTPOHOM Ha aJIKWJILHOM 3aMECTHTEJIE.

' BseneHue anKuIBHOTO 3aMECTHTENS. BO BTOPOE MOJIOKEHHE TETEPOLHMKIA HeE3-
HaYUTENLHO YBEIMYMBAET (C YYETOM UHMCIIA AKTHBHBIX aTOMOB BOAOPOJA) CEJIEKTHB-
HOCTb 0oOpa3oBanus 1,3-okcaza-2-IMKJIONCHTHJILHBIX paavKaJioB.
1,3-OxcasanukJIONEHTaHbl TPOSBIAIOT 60Jice BHICOKYIO PEaKLHOHHYIO CIOCOD-
HOCTh B peakIUH OTPHIBA aTOMa BOAOPOJa TPET.-OYTOKCHIBHBIMHA paluKalaMH, YeM
HX KHcIopoaucteie ananoru [60, 95]. B paboTax MeTONOM KOHKYPHPYIOIIMX peak-
owit (382) u (386) ompeneneHo OTHOLIEHWE KOHCTAHT k,/ky (Tabn. XII), xapaktepu-

Bu'O:+DH —2 D+ +Bu'OH (382)
ButO- 4. CH,COCH,+CH, . ' (386)

3YIOIUME pPEAKIHOHHYI0 crmocobHOCTH 1,3-0KCca3alMKIONEHTAHOB [0 OTHOLUCHHIO -
K TpeT.-OyTOKCHIJIbHBIM paaukanaMm. [lonmydeHnsie 3HaueHus napamerpa k,/k,; 6osee
yeM B 3 pa3a IpeBHIIAIOT TakoBbie Wi 1,3-auokcanuknanos [60, 95]. [ToBsieHHy0
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Tabauya XII

3uauenus napamempa k Jka 04a 1,3-0uzemepoyuxioaaxanoe npu 130° [60, 95]

kB/kd

Coenunenne
n/Monb

1,3-nHOKCONAH

2-mMeTun-1,3-AHoKCONnan
3-dennn-1,3-okcazonuaMH
2-u3onponui-3-peaun-1,3-okca3omuaHH
2-3THA-3-u300yTHA-1,3-0KCA30NAHAUH

———
u-u-yoau.
wos=-to

O CpaBHEHUIO C 1,3-AHOKCAUAKIAHAMH AKTUBHOCTEL 1,3-OKCAUMKIIONEHTAHOB 00BsC-
Hs1oT [60, 95] Gosee GIATONPHATHBIM COYETAHHEM HOJSAPHBLIX (AKTOPOB B MEPEXOA-
HOM COCTOSIHMH OTpLIBA 2TOM2 BOJOPOHA 3JEXTPOMHIbHLIM paadkajioM Bu‘O-.

IIpnu tepmuueckom (120—150°) pacnane nepekncu TpeT.-Oytuna (IITH) B cpene
1,3-0Kca3anuKIONEHTAHOB MoceHIe U30Mepu3yroTcs B N,N-au3amelleHHbie aMHIBL
kapGoHoBbix kuciaoT [60, 95, 100—105]. ITpu u3yyeHUN KUHETHKH HAKOIJIEHHUS
aMHA0B ObIIO YCTAHOBJIEHO, YTO HayajibHAf CKOPOCTL OOpa30BaHUsI aMHJA JIMHEHHO
3aBUCHUT OT KOHIIEHTpauuu cybcTpaTa (puc. 2) W NpONOpHHOHAaIbHA KOHLIEHTPALIMH
vHEMIEATOpa B cTeneHu 0,5 (puc. 3), 4TO XapaKTE€pHO AJif LIEMHbIX HEPa3BETBIECHHBIX

5
W, 107 _MOAb
AH A.ceK

W, -10° _mous

AH RTTY
8 |
1 °
6 .
a 6 ) (o]
[+ .
° ]
4 o o 4
4 (o) | o
[e)
[«]
2 4 ° 24
0 — 0 —————
2 4 6 z 4 i
\I(Butzozl X [DH] A:ﬂg
Puc. 2. 3aBHCHMOCTb HA¥aJILHON CKOPOCTH . Puyc. 3. 3aBHCHMOCTE HayanbHO}M cicopoc-
obpasopanust amMuaa (W, , MOJB/JL. CEK) OT N TR oOpa3oBanus aMuaa (W.y, MOJB/I.
xoHuenTpaunn cyberpara ([DH], momns/n), cex) ot [Buj0,], T=130°C, [DH]=4,0
T=130°C, [Bu}0,}=0,4 Mmosb/n MOJIb/] (DACTBOPHTEND: XJIOpOEeH30)

MPOLIECCOB € KBAAPATHYHBIM OOpHIBOM Lenu. OCHOBBIBASCH HA 3THX PE3YJIbTATAX
B padote [101] npemnoxeH creayroluii MeXaHu3M n30Mepn3aan 1,3-okca3aumk-
nonentanor (39a)—(39n).
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Bt 0, ——= 2 Buto" (392)
ﬂ-k' + Blo Xy 1 t
¥ u —— O N-R' + Bu*OH (396)
(PH) (D) :
D. k2 ' . 39 )
—==— RCON(R') CHy&H, (398
. K (A) |
£eDH — B a4y p (391)
A « N ——= Monekynapsue NPOAYKTH "~ (39n)

Tper.-OyTOKCHIIbHBIE pavKaybl, BO3HHKAIOIIME NPH TEPMHYECKOM pacHaje
nepekucy TpeT.-Oytuna (39a), cesieKTHBHO aTakyloT HauMenee mnpounyio C—H
CBs3b BO BTOPOM NOJIOXKCHUH TE€TEPOIMKIIA, B pe3yJbTaTe yero obpasyeTcs MOJIEKyJia
TpeT.-0yTaHona U 1,3-okcaza-2-IMknoneHTHABHBIM panukan (D) (396). [Mocneanuii
B ycnoBuax peaxuun (120—150°) MOHOMOJIEKYNSPHO IIEPETPYNIMPOBLIBAETCA B
JIMHEHHEBIN aMuI0alKUIbHBIA pagukan A (398).

[Mpu B3aMMOAEHCTBHH aMHUIOANKWIBHBIX paaukaloB A‘ ¢ cy6erpatoMm (391)
peTeHeprpyeTes IMUKJINYeCKnit pagukai D m oOpasyeTcs msomepnsiii amux AH.
Kak cnenyer H3 pe3ynbTaTOB KHHETHUECKHX UCCleNoBaHHH (puc. 2, 3), B JUMHUTH-
pyolueii cTaaun Iponecca yvacTBYeT oAHa Monekyna cyOcrpaTta. Taxum obpasom
JVUMHTHPYIOHIEH CTagueil W30MEpM3alluk SBJSETCS OTPHIB aTOMa BOJOPOAA. OT
cyberpata Teperpynn1pOBaHHEIM B-aMHA0ANKUIIBHBIM PaJIMKaJIOM. i

Cragusi MOHOMOJIEKYJIIPHOM MEPErpYNIMHPOBKH LHKINYECKOTO paumcana D:
B JIMHEHHBI paguKkan A’ HE TMMHTHPYET NPorece U OOPbIB NENH IPOUCXONNT, IJ1aB-
HbIM 00pa3oM, Ha aMHIOAJIKMIbHBIX paaukajax. HavanbpHas CKOpoCTb o6paaoBa-
uus amuga (AH) xopomo omucviBaeTcs ypapHeHueM (40).

Wan = k_l/k_i [DH] V', [TITE] . " (40)

JINMUTUpPYIOLLEH CTanuell peakUuuH sSIBISETCS OTPbIB aTOMa BOAOPOAa OT CyO-
cTpaTa NEPErpyNITUPOBAHHBIM [-aMHAOANKMILHEIM palHKamoM A-,

B pa6otax [60, 95, 101—103] maiigensi 3HAYEHMUS] KMHETHYECKOTO MapameTpa
ks/ Vk,, XapaKTePH3YyIOLIETO PEAKIHOHHYIO CIOCOGHOCTD |,3-0KCa3alMKIONEHTAHOB
(tabn. XIII).

1,3-OKca3anuKIIONEHTaHEl B 2—3 pa3a YCTYNaloT M0 PeaKIMOHHOM COCOOHOCTH
B m3oMepuzauuu 1,3-guokcanukionentadam [95, 106]. Tocnennee obwsicHsieTcs
[95, 101, 103] B paMKax npeACTaBieHUi O MOJAPHBIX 3¢dexTax B pagHKaNbHLIX peak-
IusaX 3aMECLICHUA MEHEE 6naronpnmm,1M COoYeTaHMEM IIONAPHBLIX (baKTOpOB B-Iiepe-
XOOHOM COCTOSHHM JIMMHUTHPYIOLIEH CTalHH OTpbiBA aToMa Bojopoja ot 1,3-oxca-
3aHUKJIONCHTaHA OTHOCHUTENIBHO HYKJIEOGHUNBHEIM [-aMHI0AJIKHILHEIM PaUKAIIOM,
4yeM B ciy4ae 1,3-mumokconana.

.

8‘
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Tabauya XIII

Kunemuueckue napamempel 20 MOAUMUYECKOT n#cudKOPA3HOG U30MepUIay UL
1,3-oxcazayuxaonenmanos e npucymcemeuu [ITE. [DH]=4,0 moas/a;
[ TF)=0,4 moav/a, pacmeopumeas —xaopbenson [103]

S 21% x w k3/Vk, /(Mo -cex)®:5) |
. ".'_ : '.‘: g w ._6
1,3-Oxcazonuaun 5 E] 53| 5° H Ay E,—0,5E,
255|858 2 | 120°C | 130°C | 140°C | 150°C exp (-—]
2; ax|A 0z 1 . VA, ’RT
—14,9
3-nponm- 3,9 4,8 1,2 1,3 2,5 3,5 6,0 105+% exp ( T ]
—15,9
3-H300yTHI- 2,8 3,7 1,3 1,3 2,3 4,3 6,0 | 10%%exp RT .

3,8 —9.2
2-3THI-3-IpOIAII- 39 6,7 1,7 2,4 3,7 4,0 4,9 10%-% exp RT
2-g3onponnn-3- —12,9

pponu- 3,9 2,6 0,7 1,4 1,7 2,1 3,2 | 10%'exp ( ]
RT
: ’ —-10,1
3-bennmn-5-MeTAN- 3,9 1,5 0,5 0,8 1,0 1,6 2,4 | 10%%exp RT
-9,2
3-3TRII- 2,5 2,8 1,1 — 2,0 2,7 3,3 10%® exp (
RT
-10,5
3-heHnn- 7,1 6,1 0,7 1,0 2,1 2,6 4,2 10*7 exp
RT
C(—14,4
1,3-mAokconad 1 2,6 | 28,1 { 10,8 4,3 59 | 10,2 | 158 | 4,26+10%exp T
2-metnn-1,3-04OK- —54
conan 4,5 | 38,1 | - 8,4 6,0 7,0 8,1 9,6 | 4,67-10%exp RT ]

Jnuna mernn peaknum (v) B H3YYEHHBIX YCJIOBMSX HE NpEBBHIIAET 2, 9TO, IO-
BHIMMOMY, CBSI3aHO C BBICOKOH KOHCTaZHTOH CKOpPOCTH PEeKOMOMHALHH S-aMHO0al-
KHJIBHBIX PaJHKasioB.

W3 TemmepaTypHOii 3aBUCHMOCTH IapaMeTpa ka/ Vk_4 Ing psaa 1,3-oxcazanukio-
MIEHTAaHOB HAaWAEeHHl 3HAYCHAA aKTHBAUHOHHBIX mapaMeTpoB (Taba. XIII) A3/ VA,
u E—0,5E,. Halineunpie 3mavucHus pazHoctd E;—O0,5F, nexat B npenenax 9—
15 xKkan/Monb. A '

Ilpu H3y4eHHH OTHOCHTE/IbHOH AKTHBHOCTH 1,3-OKCa3amMKIONEHTaHOB B CBO-
60aHOpaIAKAILHON H30MEPHU3alHA METONOM KOHKYDHDYIOIIMX peakmuid ycTa-
HosineHo [60, 103] (tTabn. XIV), uTo npupoja ¥ pa3Mep 3aMeCTHTENS Y aToMa a30Ta
HE3HAYHTENHHO BJIHSET HA PEAKHHOHHYIO CINOCOOHOCTH 1,3-OKCa3alMKIIONEHTAHOB,
O[HAKO, IIPH 3HAYUTEILHOM YBEIMYCHHHM [JIAHBI aJIKAMBHOTO 3aMECTHTEJSI aKTHB-
HOCTb HECKOJIKO Bo3pacTaeT. BBeaeHre aKUAbLHOTO 3aMECTHTENS BO BTOPOE MOJIO-
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. : Tabauya X1V

Ommnocumensnan akmugnocms 1,3-0KCa3ayuK10aAKaHO8 8 20 MOAUMUYECKOIl
ocudxogpasnoil usomepuzayuu [103]

(o}

K, V
O NG —_— HC\N _Caty
~
CaHs
I ‘ [0}
. v .
o} N—R K, R—C R
\( — ~ y J/
) R ~ CHyCHg
T=130°C
1,3-Oxcazonuann kofky=koyy. Krn 1,3-Oxcasonunns koru, =kyfk, K
. 3-nponm- 1,0 1,0 2-3TH1-3-0ponni- 1,5 3,0
3-0ytmn- 1,0 1,0 2-p30nponui-3- 0,7 1,4
MPONKII-
3-u306yTHN- 09 09 3-deHun-5-MeTHII- v0,4 04
2-n30npormn-3'- " 0,15 0,3 2-TeKCHN-3-IpONHI- 2,9 5,8
beHnn-5-MeTHA- .
2-bennn-3-nponun- 0,05 0,1 3-(2-oxTHN)- 2,1 2,1
2-3THI-3-U300y THII- 1,2 2,4 3-OyTunrerparuapo- 0,1, 0,1
. 1,3-0okca3unr .
2-H30IPONHII- 0,6 1,2

*c YUYETOM YHC/Ia aKTHBHBIX aTOMOB BOOOpOOa

KEHHE TETEPONUKIIA YBENHYMBAET (C YI€TOM YMC/IA aKTHBHBIX aTOMOB BOIOPOJA)
aKTHBHOCTH 1,3-OkcasanmkiioneHTasna. MeTunbHasl Ipynna, BBEACHHAs B MATOE IIO-
JIOKCHHE TETEPOUHMKIA, CHHXAET €r0 aKTMBHOCTb, IOCKOJIbKY HAa JHMMHTHPYIOLICH
CTAaJ¥HA IEIb BeAYT MCEHEC aKTUBHBIE BTOPHYHBIE [-aMHIOAIKHIIBHBIE padAKalIbL.
N-ITponun-2-perun-1,3-okca3allukIONEHTAH MAaJOAKTHBEH B CBOOGOIHOPAIHKAIIb-
HOM M30MepHu3annu. ITO, BO3MOXHO, CBA3aHO € TEM, YTO oOpa3yromuecs Ha HEpBOi
cramun N-nponui-2-¢heHusi-1,3-okca3a-2-MUKIONEHTHILHEIE PAANKAIbI B H3YYEHHBIX
YCJIOBHSIX JOCTATOYHO YCTOHYHMBEI, U GONBLIAS YaCTh HX MCYE3aeT N0 IEeperpyIiu-
pOBKM B peakuusax obpwBa nenu. IIpu mepexone OoT HATH- K MIECTHWICHHOMY 1,3-
OKCa3amMKJIOaJIKaHy IIPOUCXOMUT YMEHBILICHHE PeaknuoHHO#H crocobHocTH. ITono6-
Has 3aBHCHMOCTb DEaKIMOHHONH CHOCOOHOCTH OT pa3Mepa IMKJa YKa3heIBacT, YTO
NEPEXOJHOE COCTOSHME OJM3KO K KOHEYHBIM mnpoayktam [107]. W3smenenume sp’-
rubpuamsanuu C(2)-yriaepoIHoro aTomMa KoJibl[a Ha Sp?, IPOHCXOAALIEEe B PEAKIHM
OTpHIBA ATOMA4 BOOPOJA AMHMIOANKHIBHLIMHU pajJhKajJaMM, HAUMEHEE BBITOJHO
JU1s INECTHWICHHBIX IUKIIOB [106].
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Ilpu n3y4eHHH BIIMSHHS BBHICOKOTO AABJICHUA HA TOMOJIHTHYECKYIO H30MEpH3a-
nuio 1,3-0KCca3anmKIONEHTAHOB ObLIIO YCTAHOBIEHO, YTO C POCTOM MOABJICHHA OO
10 000 aT ckopocTh 0Opa3oBaHHs aMUAOB, a TAKXKe JAJIHHA LIETIH PE3KO YMEHBIIAETCH
(tabn. XV) [108]. Kak cnemyer u3 pabotsl [108]), nocnennee siBiseTcs cneacTBHem
TOTO, YTC MOHOMOJIEKYJSipHAs IeperpynNHUpoBKa LHUKJIMYECKUX paiHkanoB D B
JIMHeHHbI? A XapakTepu3yeTrcss HeoObiMHO GONbUIMM NMOJOXHTENbHLIM O0OBEMHBIM
ab¢exTom axkTHBalMH. B pe3yibTate 3TOrO, 3HAYMTENbHAs 4acTbh pajukanoB D-
HCYe3aeT B peakuusx oOppiBa N0 MEPerpynnvpoBKH B JIHHEHHbIE S-aMKA0ANIKMIIb-
Hble pagukanel A°, 4To U oOycjaBjWBaeT PE3KOE YMEHBLUIEHHE CKOPOCTH 00pa3so-
BaHHUs aMiiaa.

Tabauya XV

Kunemuueckue napamempsl 20Moaumuueckoii wcudkodasnoil uzomepusayuu
1,3-0Kkcazayuxaonenmanog npu 8bICOKOM O0agaeHul

Temnepamypa — 130 °C [IITBE]=0,4 moav/a; pacmeopumens — Xa0p6en3oa;
epema peaxyuu — 2 4 [ 108 ]

Aasne- Bu'OH] |wgto 105 K -10° AH Wags 108 Wan

Coenuacrne ::;' [M°“'>/ -"] ::m?/l;.cex cex-1 M[W“'} n Mg!‘l:/ﬂ.cek Y =m
1 0,25 3,40 4,25 0,32 4,40 1,3
3-npoma-1,3-oxca- | 2 500 0,12 1,70 2,10 0,03 0,32 0,2
30IMAUH 5000 0,09 1,25 1,60 0,02 0,26 0,2
7 500 0,07 0,97 1,20 0,01 0,12 0.1
10 000* 0,04 0,37 0,50 — — —
) 1 0,25 3,5 4,40 0,38 5,35 1,5
2-3TH.1-3-11} 'OTIATT- 2 500 0,10 1,4 1,80 0,06 0,90 0,6
1,3-oxca3c nuaAMH 5000 0,08 1,1 1,40 0,01 0,15 0,1
7 500 0,06 0,9 1,20 0,01 — —
10 000* 0,03 0,3 0,40 —_— — —

* Bpems peiknpd — 3 4

Ilpy u3ydeHnd BIMSHMS AABJICHHS Ha CEJIEKTHBHOCTH MpPOIECCa PaaMKAIbLHOM
U30MepH3 IMH  1,3-0KCa3aUMKIONEHTAHOB METOAOM KOHKYPUDYIOLUMX peakiui
YCTAHOBJI¢ HO, YTO C yBelHWYeHueM JaBieHus ¢ 1 at mo 2,5 Teic.aT™M. BBIXOA M306Y-
tupamuia (41) o cpasHenuio ¢ popmamunoM (42) BospacTaer B ~ 2 pasa [60, 109].

o.
ON-CaHy  ——= "N ks Cas @1
HC/ \C3H7
H3C -CH=CH3 3 :
40 ,
OVN—C3H7 — HC_ _C2Hs (42)

N CyHy
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O4eBHAHO, C AABJICHHEM OBICTpEE YCKODSETCS peaklysl pa3phiBa MeHee Mpovy-
Hoi#t TpeTnunoit C(2)—H cBA3M neperpynnupoBaHHbIM f-aMHIOANKHALHLIM Paa-
KaJoM B 2-u30Iponui-l,3-okca3alMk/ONEHTaHe MO CPaBHEHHWIO CO BTOPHYHOM
C(2)—H cBasbio B N-npomuokcaszaunukioneHTane. I1oydeHHbIE pe3yabTaTbl COT-
JnacyoTcd ¢ gaHHbIMU pabGoTel [110], roe Ha TpuMepe NUHEHHBIX aneTajieil Oblaa
TIOF13aHi AHAJIOTMYHASA 3aKOHOMEPHOCTbD.

B pzborax [60, 111, 112] u3yyeHbl peakuMu rOMOJUTHYECKOTO TIPHCOECAMHEHUS
1,3-0KkcazauuKJIONEHTAHOB K TEPMHHAJIBHBEIM oOjiepuHaM. 1,3-OKkcazanukIONEeHTaHbI
B XMJKOI1 ¢haze B IPHCYTCTBHH CBOOOIHOPAANKAIBLHBIX HHUIIHATOPOB TOMOJIMTHYECKH
TIPUCOEAMHSAIOTCS K TEPMHHAILHBIM oNleuHaM, 00pa3ys 2-H.-ajkun-1,3-okcasaiuxk-
noneHTaHs! (43a) u N,N-gu3amelleHHble aMuasl kKapboHOBHIX kucioT (430).

™ 1 0 R
0. N-R MMAMATIE 5 N-R' —— RENS
<, \R( “CH,CH,
| = 2 - ¢
+CH2:;:-R2 t-b *DH+CHz=CHR® | - D

N-R' c lcl_N,R' (436)
CH,CH, R? NCH, CHoCH CH, R
(43a)

ITpu Temnepatypax 20—50° B ocHOBHOM o0Opa3yrorcd nepsble. IIpn NOBBIIEHHA
TeMrepaTypsl 10 150° BBIXOZ MPOAYKTOB JIMHEHHOIO CTPOEHHMS BO3PacTaeT M CTa-
HOBHTCSI COU3MEPUMBIM JTHOO0 npeo6Jia IAk0LIMM 10 CPABHEHHMIO € BRIXOJIOM aTyKTOB
nuKanYeckoro crpoenus. C yBenuueHUeM IJIHHLL YIJIEBOAOPOAHON HEnu MOHOMEpPA
€ro akTHBHOCTb MAaZiaeT, 4 PEe3yJNbTaTE YEro BBIXOJ AJAYKTOB JIMHEHHOIO W IUKJIH-
YECKOTO CTpoeHust yMeHpIaercs (Tabn. XVI), a BbIX0I M30MEPHOIO aMHsia BO3pac-
taeT. [locneauee cBsI3aHO C TeM, YTO MPH YMEHBILIEHHH aKTUBHOCTH oJiepuHa OTHO-
LIEHHUE CKOPOCTEH KOHKYPHPYIOLIMX peakiuii OTphiBa aTOMa BOJOPOJA PaJAKAIOM
A' M npucoeqvHEHWS €TO IO JBOIHONM CBA3W Bo3pacTaeT. IIpu mpounx paBHBIX
YCIOBUSIX U3 2-alKHJI3aMEILEHHBIX 1,3-0KCA3alMKIOMEHTAHOB aMHAOB o0pasyercs
Gorpie. BBefieHHE aKMIBHOTO 3aMECTHTEINST BO BTOPOE IOJIOKEHUE TETEPOINKIa
B GOJbIICH CTENEHH. 3aMEIJISET CKOPOCTh NMPUCOEIUHEHUS TPETHYHBIX 2-ankui-1,3-
OKca3a-2-UMKIONMEHTUNBHBIX PaUKaoB IO IBOWHOH CBA3H HEXENH CKOPOCTH HX
MOHOMOJICKYJIIDHOH TeperpynnupoBkd. IIpm yBesudeHMd pdaBneHuss ¢ 1 1o
10 000 aT™M., OPHTOMOJIUTHYECKOM TIpHcoeauHeHHH N-nponui-1,3-oxcasaukiio-
NIEHTaHa K reKceHy-1 ceaekTHBHOCTh 0Opa3oBanms N-MpoOMul-2-TeKCHIIOKCa3aMKIIO-
‘yieHTaHa no cpaBHEHHIO N-npomuii-N-okTuiadopMaMUAOM yBEIUYHUBAETCH ~B 2
pa3a, 4TO, MO-BHAMMOMY, CBS3aHO CO CHIDKCHHEM CKOPOCTH MOHOMOJEKYISIPHOMH
TIeperpynIUpOBKH N—npormn-l,3-0Kca3a-2-uuxnoneﬂmnbﬂblx paIuKalioB C pOCTOM
nasnenust [60, 108, 109].
B pabortax [113, 114] mokazaHno, 4To 1,3-0KCcasanuKJIONEHTAHH U 1,3-An0KCaKK-
JIONIEHTAHbI B BOAHOH CpEle MOJ [NEHCTBHEM OKUCIUTEIbHO-BOCCTAHOBUTEIILHOM
cactemsl Fe(Il) + H,O, + Fe(IlI) nepexonat B N-(B-ruapoKCHITHI)-aMHEIBl B MOHO-
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Tabauya XVI
Bbixo0 npodykmog 20M0Aumuuecko20 npucoedunenus 1,3-oxca3ayuxioneHmanos
K MepMUHAAbHBIM 0aeuHaM
Temnepamypa — 150 °C; [DH ] =4,0 moas/a; [[ITE]=0,3 moas/a
[onreun] =0,5 moavfa; t1p=50 mun. {60, 112]
Fexcen-1 OkTen-1
CeNexTHBHOCTb CenexTHBHOCTD
CymmapBELIfi - CymmMapHbifi
Cocmmenue UHKITHYECKUH ”:::E;’:rﬂ BHXOO LAKTHYECKRTT ”::::;';‘r" BHIXOI
NpONYKT mpH- NpoaykEToB, | NpoaykT nmpn- npoayKTOB,
COCAWHEEHS, npucoeay- COCAMHERHA npucoenu-
HEHR, HEHHSA,
% % % % % %
3-oponmn-1,3-okca-
3OTHAAH 47,0 52,0 99 36,0 36,0 72
3-u306yTHN-1,3-
OKCa30JTRIHH 41,5 43,5 85 53,0 22,8 75
2-31Un-3-nponu- .
1,3-oxcazomammy 8,5 89,5 98 1,5 90,5 92

adHEPBl STHIEHTIHKONS, COOTBETCTBEHHO.

114] cxemamu (44a) u (446).

r—1 0
0 x1%
N/

Fe(Il) + H,0, — Fe(I1T) + HO* + HO~

+Fe (@)

N -Fe (E)
M

)
X

Y

Hg0
Ho

1

0
H” “OH

—

0

Ux obpaszoBanme mpenctasisior [113,

“XCH,CH, OH

(446)

Peaknus NMpOTEKaeT 4Y€pe3 CTaQMIO OJHOIJIEKTPOHHOTO OKHCIEHHA 1,3-okca-
reTepo-2-UUKJIOANKIWILHBIX PAONKAJIOB 0 COOTBETCTBYIOLINX KapOOKaTHOHOB, KO-
Tophie B3amMopelcTBya co cpemoil (H,O) maroT nabunbubie 2-ruapokcu-1,3-okca-
rereponuknoankanel. Ilocnenune MOHOMOJEKYJIIDHO NEPEXOHST B COOTBETCTBYIO-

LIME THAPOKCHITHIAMUABLI WK MOHO3(HUPHI ITHUIEHTAMKOJIS.

B pa6ore [115] u3y4eHO MHHIMAPOBaHHOE OKKcieHne N-berun-1,3-oxcazanukino-
NMeHTaHa MOJIEKYJIAPHBEIM KHCIOPOAOM. ABTOpPaMH yCTaHOBJEHO, 4To N-ennn-1,3-
OKCa3aIHKJIONEHTAH OKHCJIAETC KHCIOPOAOM O PAHKAILHO-IEITHOMY MEXaHH3MY
C KBaJpaTH4YHBIM OOpbIBOM Iiemeit (45a)—(45r).

(o4

AUBH

"

D)

D--2:. DOO-

DOO*+DH — DOOH+D-

2 DOO* —— MoOJeKyJISpHBIE POIYKTHI

1
0\./N - C,Hg

(45a)

(456)
(458)
(45r)
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INepexucHpie pajuKanbl IPEHMYLIECTBEHHO aTakyloT C(2)—H-cBa3b, CMEXHYIO
¢ OAByMsI TeTepoaTOMaMH.

AxTHBHOCTP N-penni-1,3-oxcazalMKIOnEeHTaHa B OKHCICHHH MOJIEKYJISPHBIM
KHCIOpoaOoM Bmile, YeM y 1,3-amoxcauukianoB [116] u 6imska x aKTHBHOCTH
TpEeTHYHBIX ayinaTU4eCKux amMuHOB [117—119].
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RESULTS IN THE CHEMISTRY OF 1,3-OXAZACYCLOALKANES

F, N. Latypova, V. V. Zorin, S. S. Zlotskii, D. L. Rakhmankulov, R. A. Karakhanov,
M. Barték and A. Molndr

The synthesis, structure and properties of the 5- and 6-membered 1,3-oxazacycloalkanes are
reviewed. A summary is given of the regularities of their formation from aminoalcohols and carbonyl
compounds, from unsaturated compounds, primary amines and formaldehyde and from other
compounds. The stereochemistry of the 1,3-oxazacycloalkanes is also discussed on the basis of *H
and 13C NMR spectroscopy results. Their homogeneous and heterogeneous ring-opening transfor-
mations in the liquid phase are surveyed.
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The kinetics of oxidation of D(+) glucose by potassium permanganate has been studied in
aqueous phosphoric acid solution. The reaction has been found to obey first order kinetics in substrate -
and in oxidant, both. Various hypotheses for the mechanism of acid catalysis have been tested. .
The energy and entropy of activation have been determined as 11.4 and 13.4 kcal/mole and —29.3
and —24.1 e.u. for the two stages of the reaction, respectively. A-mechanism consistent with the
experimental data has been proposed.

Potassium permanganate has been known as a versatile oxidising agent and the
kinetics of oxidation of various organic substrates have been studied by earlier
workers [1—4]. However, careful survey of the literature reveals that oxidation of
aldohexoses by potassium permanganate has received little attention [5). The present
paper deals with the kinetic study of the oxidation of D(+) glucose by permanganate.

- Experimental
Reagents

D(+) glucose, potassium permanganate and other chemicals used were of
S.M. ‘GR’ grade. Doubly distilled water was used to prepare all solutions. The
reaction vessels were coated with black paint to exclude any photochemical effect.
Potassium permanganate solution was prepared by the method of Vogel [6].

Kinetic Measurements

The requisite amount of D(+) glucose and phosphoric acid were taken in the
reaction flask and kept in a thermostat at the desired temperature within the range
of +0.1°C. The flask of potassium permanganate was also kept in the thermostat.
Requisite volume of permanganate was then rapidly mixed. The kinetics of the reac-
tion was followed by estimating unreacted permanganate iodometrically.



126 P. N. PANDE et al.

Results and discussion
Dependence on oxidant concentration

The reaction was studied at different temperatures and concentrations of sub-
strate, oxidant and phosphoric acid. It was observed that at constant concentration
of substrate and phosphoric acid, the value of pseudo-first order rate constant is
not affected by the change in concentration of the oxidant, hence, the order with
respect to oxidant is unity.

Dependence on substrate concentration

The plot of rate constant against concentration of D(+) glucose gives a straight
line not passing through origin, thus showing that the order of reaction with respect
to substrate is one and also that, there is a kinetic evidence for the intermediate
complex formation between substrate and permanganate [7]. The results are summa-
rised below in Table L

Table 1 '
Variation of rate with concentration of D(+) glucose

[KMnQ,;]=6.66xX10"‘M [Phosphoric Acid]=2.50 M
Temperature =30 °C

[D(+) glucose] X103 M ky X 102 min.—t ke X 10% min, -1
4.00 1.37 0.67
5.00 1.52 0.85
6.66 . 2.05 1.08
10.00 2.85 1.50

20.00 5.12 2.66

Dependence on acid concentration

Increase in phosphoric acid concentration also increase the rate of oxidation
of D(+) glucose. HMnO, is considered as the active oxidising species in this case
based on the fact that the rate of oxidation is directly proportional to the substrate
concentration indicating that HMnO, oxidises the substrate directly [8].

Further in an attempt to correlate the rate of oxidation with acid concentration,
various hypotheses for the mechanism of acid catalysis were tested. In this case,
either of two Zucker — Hammett plots [9], are linear, indicating that reaction is
acid catalysed, but however, no straight line of these plots in the present case, pro-
duces the ideal slope of unity. In view of these departure of ideal slope values from
unity, applicability of Bunnett’s hypothesis [10] and Bunnett Olsen l.f.e.r. [11] were
tested. The values of —H, and log a,, corresponding to given acid concentration
have been taken from PAUL and LoNG [12] and BuNNETT [13], respectively.

The values of Bunnett parameters w and ¢ were found to be —2.08 and —0.22
for first stage and +5.36 and +0.57 for second stage, respectively.
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Activation parameters

The reaction was studied at different temperatures to evaluate activation para-
meters. The results are summarised in Table II.

Table II

Activation paramelers
[D(+) glucose] =6.66 X107 M [Phosphoric Acid]=2.5 M
[KMnO,]=6.66X10"* M

AE* 48% Z
Stage Temp. coeff. kcal/mole cal mole 1K ! litres mol‘:: ~min.~-!
First 2.00 11.4 —-29.3 3.93x 108 ’
Second : 2.00 13.4 —-24.1 5.38x107

Primary salt effect-was not observed, but a linear plot of log k against ionic
strength was obtained at higher concentration of added neutral salts. This indicates
that the reaction involves both the neutral species or-a neutral molecule and an ion
in the rate determining step.

Stoichiometry of the reaction was also studied. It was observed that two equi-
valents of permanganate were consumed by one equivalent of D(+) glucose. Carbon
dioxide has been detected by usual lime water method. Formic acid and formal-
dehyde were detected as the reaction products [14]. The induced reduction of mer-
curic chloride by the reaction mixture indicates the participation of free radicals [15].

The information gained from the experimental data leads to the following
probable mechanism, which explains the observed results very well. In the following
treatment ‘S’ stands for the substrate.

S+H+ =t SH* - o

H*+MnOj J‘”_ HMnO, )

SH* + HMnO4 [Complex] ?3)
[Complex] —p=— RCHOH + HCHO+ HMnOj; C))
RCHOH +H+ =% RCHO"H, ' (5)

RCHO+H2+HMnO4+H20 —=—~ RCH = O*H+HMnO; +HyO (6)
RCH = O*H —~ products

Rate expression for this mechanism has been developed as

- AMNO) _ k,[81(MnOF ]+ K7 18] [MnO; ] ®
o K o Ko [H oy K K [0 [T

and k! =

whete b = TP RH Y AT
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KUHETUKA ¥ MEXAHU3M OKHCJIEHUSA D(+) I'JIFOKO3bI
IIEPMAHIAHATOM KAJIUS

M. H. Danoe, X. J. I'vnma, Ulypew II. Amema u T. I[. Ulapma

Usyyeno okuciedne D(+) riIroko3sl IepMaHTaHATOM KaJdsAd B BOOHBIX pacTBopax ¢ocdop-
vofi kucrmoTsl. HaiineHO, YTO peakuusa OEpBOro MOPsANKA KaK OTHOCHTENLHO CyOCTparta, Tak H
okrcymTeNns. PaccMOTpeHs! pa3iM4Able TANIOTE3b! A MeXaHM3Ma KHCIOTHOrO karanusa. Paccum-
TaHB! 3HEPTAA H OSHTPONHA AaKTHBAaLMA, COOTBETCTBEHHO HNsA MOBYX CTagdil pasHBL 11,4,
13,4 xkan/mons 1 —29,3, —24,1 3HTpONMUHLIX eaMANL. TIpe/UIOKeH MEXaHHW3M, COTJIACYIOIMHIACS
C 3KCIEPHMEHTAJILHBIMH JAHHBIMH.
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Products were prepared from anhydrous aluminium oxide organophilized to various extents
with an aqueous solution of ammonium methacrylate. The degrees of surface modification were
selected on the basis of the results of preliminary sorption and sedimentation studies. An investigation
was made of the effects of sorbed ammonium methacrylate on the sedimentation and rheological
properties of aluminium oxide suspensions in an organic medium. Comparative examinations were
performed in connection with the effects of methacrylic acid dissolved in the dispersion medium and
of sorptive surface modification prior to the suspension process. Correlations were established be-
tween the results of the sorption, sedimentation and rheological investigations.

Introduction

It is a fundamental problem in several branches of industry (primarily the
varnish, paint and plastics industries) that stable suspensions must be prepared
from fillers and inorganic pigments with polar surfaces in dispersion media that
are much less polar or even apolar. The interaction between the disperse phase and
the dispersion medium is of determining importance from the aspect of the dis-
persion process and the properties of the dispersion. This is essentially indicated
by the Ostwald—Buzdgh continuity theory [1], which in its general form emphasizes
that the more continuous the transition that develops on the solid — liquid inter-
face, and the more harmonically the particle (together with its adsorption layer)
fits into the structure of the dispersion medium, the more stable the dispersion will
be, the smaller the adhesion forces, and the more favourable the practically-impor-
tant properties of paint suspensions and filled polymer systems [2].

The harmonic fitting-in of the disperse phase into the dispersion medium may
be promoted by. regulating the lyophility of the surface. The lyophility is generally
influenced with wetting agents (tensides) dissolved in the dispersion medium. Howe-
ver, the use of wetting agents may also lead to disadvantageous side-effects [3].
In the course of their sorption they are distributed between the solid surface and
the solution, and thus the dissolved tenside considerably impairs the properties of
films formed from the suspension. This deleterious effect can be eliminated by the
systematic lyophilization (organophilization) of the surface of the particles of the
disperse phase by the chemisorption of tensides before the suspension process [3—6].

9
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Thermodynamically well-defined quantitative data for characterization of the
lyophility of the surface are provided by the wetting heat values measured with an
immersion -microcalorimeter [7—9]. Conclusions regarding the interaction between
the pigment surface and the tenside can be drawn from adsorption, sedimentation
and rheological investigations [3, 5—7, 10,11]. At the same time, liquid mixture
adsorption studies give a possibility for the quantitative determination of the size
of the solid surface, as well as its hydrophilic-hydrophobic mosaic structure [12—
14). In a simple case the adhesion between the particles can be measured directly,
while in general conclusions in this respect can be drawn from the sediment volume
and the sedimentation rate [15—17].

The lyophility of the surfaces of the pigment and filler particles is modified by
the sorption not only of tensides, but also of monomers capable of polymerization,
oligomers and polymers. Many authors have made detailed studies of the effects
of such solid substances on the kinetics of polymerization [18—20] and on the pro-
perties of filled polymer systems [21]. Substantially fewer data are available, however,
in connection with the effects of sorbed monomer-type substances on the stability,
sedimentation and rheological properties of suspensions in organic media [22, 23].

" Experimental

Materials. Anhydrous Al,O, of the highest analytical purity (Reanal) was
used. Its specific surface area, measured by the BET method in an atmosphere of
nitrogen, was 16.0 m?/g. This specific surface area value did not change essentially
as a consequence of the surface modification (organophilization). The dispersion
medium was benzene of the highest analytical purity, or paraffin oil satisfying phar-
macopoeia standards. As wetting agent and for organophilization, use was made of
analytically pure methacrylic acid (Fluka), and of ammonium methacrylate prepared
in the laboratory from methacrylic acid and ammonium hydroxide solution.

Methods. Surface modification of the aluminium oxide to various extents was
carried 6ut in a 10% benzene suspension, with a 0.1% solution of methacrylic acid
in benzene. With a view to avoiding the disturbing effect of the water bound on the
surface [24], before the suspension process the aluminium oxide was dried to weight
constancy at 105°C in a vacuum drying oven. The benzene was freed from water
with metallic sodium.

In the organophilization with ammonium methacrylate, a 10% aqueous suspen-
sion of the AL,O, was prepared; then, to the accompaniment of intensive stirring,
ammonium methacrylate in a quantity equivalent to the methacrylic acid was added
in the form of a 0.1% aqueous solution. After the adsorption equilibrium had been
established (48 hours proved sufficient for this in both cases), the Al,O; was separated
from the equilibrium solution by centrifugation and then washed several times with
the solvent. The washings were mixed with the equilibrium solution. The organo-
philized samples were dried to weight constancy at 60 °C in a vacuum drying oven,
powdered, and then passed through a DIN-30 sieve.

The rheological examinations were made with a Haake rotary viscosimeter.
The shear gradient was varied in 10 stages, in the interval 2.7 —441 sec™2. The suspen-
sions for the rheological measurements were prepared in an Erweka rotatable homo-
genizer fitted with a closed agate vessel. In every case the suspension concentration
was 62 mass%.
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Results and Discussion

A detailed account was given earlier [6] of the effects of tensides dissolved in
the dispersion medium, and of organophilization of the disperse phase prior to the
suspension process, on the sedimentation and rheological properties of suspensions
in organic media. A report is now presented of experimental results relating to stu-
dies comparing suspensions in an organic medium of Al,O, hydrophilized with
methacrylic acid dissolved in the dispersion medium, and suspensions in an organic
medium of AlLO; previously organophilized with ammonium methacrylate.

The effects of the quantity of sorbed methacrylic acid or ammonium on the rate
of sedimenation of Al,O, suspensions in a benzene medium are illustrated in Fig. 1.
The Fig. 1 reveals that hydrophilic
Al,O; sediments out relatively quickly
in pure benzene, with a sharp inter- 0754
face. On the action of a small amount
of methacrylic acid, this rate is enhan-
ced a little, presumably as a result of
the transitional coagulating effect of
the very small water content of the
methacrylic acid. A larger quantity of
methacrylic acid behaves as a markedly
surface-active substance, and according-
ly the sedimentation rate decreases
rapidly; then, as a consequence of the
development of an adsorption layer
with reverse orientation, it increases .
once more. An essentially simpler vari- G 10 15
ation can be observed between the Adsorbed Amount , mol-10™*g"
sedlm?ntat‘lon rate and the adsorbed Fig. 1. Effects of surface modification on rate
quantity, if the surface of the Al,O; of sedimentation of Al,O; suspensions in
is organophilized with an aqueous benzene medium
solution of ammonium methacrylate
and the treated Al,O, is then suspended in pure benzene. In this case the sedimenta-
tion rate falls progressively as the amount of ammonium methacrylate adsorbed
increases.

Interpretation of the phenomena is facilitated if we examine the similarities and
differences for methacrylate adsorption from the organic medium. The adsorption-
desorption isotherms of methacrylic acid and ammonium methacrylate are shown
in Fig. 2.

It may be stated on the basis of Fig. 2 that in the first short section of the iso-
therms the equilibrium concentration is zero, and hence irreversible sorption may .
be assumed. The isotherms are two-stage isotherms characteristic of the sorption
of tenside-type substances, and in both cases the sorbed quantity is comprised of
parts bound by chemical and physical binding forces. After the inclined section of
the isotherms, the specific adsorbed quantities before and after the desorption
progressively diverge. In accordance with our earlier experience [3, 5], following
the irreversible, chemisorption section, in a linearized plot the adsorption isotherm
can be divided into two parts (Fig. 3). In the first section of the linearized isotherm
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Fig. 2 Adsorption isotherms

the adsorption is partly reversible,
while in the second section it is
completely reversible.

Figures 2 and 3 strikingly reveal
that, at more eleveated equilibrium
concentration, the quantity of meth-
acrylic acid sorbed from benzene (in
contrast with the adsorption of ste-
aric acid or ammonium stearate [6])
is greater than the amount of ammo-
nium methacrylate sorbed from
water. This may be correlated with
the fact that methacrylic acid ad-
sorbed from benzene causes greater
decreases in the adhesion and
sedimentation rate, and also with
the fact that in this case a marked
reaggregation process can be obser-
ved at higher methacrylic acid

quantities, due té the development of an adsorption layer with reverse orientation.

The rheological measurement data can be discussed in good agreement with
the results of the adsorption investigations. The extent of the organophilization
of the Al O, used in the rheological examinations, and the amount of methacrylic
acid dissolved in the paraffin oil dispersion medium, were determined from' the
characteristic points of the adsorption-desorption isotherms. In the course of the
rheological examinations, the variation of the nature of the dispersion medium
(benzene or paraffin oil) was made necessary by the desired increase in the repro-
ducibility of the measurements and the decrease in their relative error.

It was demonstrated by comparative studies that the changed parameters result
in changes in a similar direction when benzene is used as dispersion medium.

Langmuir Representation of Adsorption Isotherms
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Ammonium Methacrylate
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Fig. 3.

15

25
1/cs , dm® mol™



SUSPENSIONS OF Al,0, IN ORGANIC MEDIA : 133

The paraffin oil suspensions of Al,O; surface-treated with methacrylic acid
dissolved in paraffin oil during the suspension process, or organophilized with an
aqueous ammonium methacrylate solution before the suspension process, are charac-
teristic plastic systems. The equilibrium flow curves exhibit a comparatively high yield
value and plastic viscosity; appreciable thixotropy is displayed by the hydrophilic
and the surface-treated Al,O, suspensions. Instead of a detailed account of the
flow curves, in Figs. 4 and 5 the variations in the plastic viscosity and Bingham yield
values, calculated from the final linear section of the curves, are depicted as func-
tions of the quantities of adsorbed methacrylic acid or ammonium methacrylate.

300
[}
o
a-
2 .
Ammonium Methacrylate
200 15
$E Ammonium Methacrylate
z a4
}J;QQJ v Methacrylic acid 10 - -
. Methacrylic acid
G 0 5 05 05 0 s
Adsorbed Amount , mal-10* g Adsorbed Amount, mol-10°g

Fig. 4. Effects of methacrylic acid and ammonium Fig. 5. Effects of methacrylic acid and am-
methacrylate on Bingham yield value of ALO; monium methacrylate on plastic viscosity of
suspensions in paraffin oil medium Al,O; suspensions in paraffin oil medium

'

On the basis of these Figures, it may be stated that the initial suspension of
hydrophilic ALLO; in a paraffin oil medium is a rigid system with a high adhesion;
it possesses an outstandingly high yield value and a considerable plastic viscosity.
Both the yield value and the plastic viscosity decrease to a limiting value as the
amount of adsorbed methacrylic acid or ammonium methacrylate is increased. As a
consequence of the fact that, at the same equilibrium concentration, the adsorbed
quantity is very much higher for methacrylic acid than for ammonium methacrylate
(Fig. 2), methacrylic acid exerts larger decreasing effects on the adhesion, and hence
on the yield value and plastic viscosity. Both of the examined additives reduce pri-
marily the yield value, the change in the plastic viscosity is very much smaller, pre-
sumably as a consequence of the large internal friction of the dispersion medium.
It may also be observed.that, in contrast with the results of the sedimentation exa-
minations (Fig. 1), in concentrated dispersions with large amounts of adsorbed
methacrylic acid no reaggregation accompanies the repeated increase in the adhesion.
The reason for this is presumably that the loose adhesion interactions developing
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between the particles are eliminated by the essentially greater mechanical effect
applied during the preparation of the concentrated suspensions.

The reported experimental results permit the finding that the lyophility of the
surface of solid grindings can be influenced to a significant extent not only by the
adsorption of tenside-type substances of comparatively high molecular mass, but
also by that of low molecular weight monomeric substances capable of polymeriza-
tion. If the effects of such surface-treated solid substances on the kinetics of poly-
merization are investigated, it should not be forgotten that this surface modification
considerably influences the sedimentation and rheological properties of the sus-
pensions, and hence the physical and chemical propertles of the filled polymer sys-
tems too. o
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BJIMAHME COPBIITMOHHOM IMOBEPXHOCTHOW MOANM®UKALIUU
HA CEOIVUMEHTALIMOHHBIE U PEOJIOTMYECKHUE CBOWCTBA
CVYCITEH3UU OKCHUOA AJTIOMHWHHA B OPTAHUYECKOU CPEIE

A. A. A60 Dav Xaxum, A. Baaanc u @. Canmo

IpuroTosnens! opraHOGUMM3APOBAHHABIE A0 PAa3HBIX CTENCHEH OKCHABI AJUOMMHHS DIYTEM
copOm® aMMOHHIT MEeTaKpAJIaTa |3 BOJHOrO pacTBOopa. V3y4yeHO BymsHHE cTemeHd opranodmmm-
3alHH HA CeIMMEHTALHOHHLIE H- PEOJIOTHYECKHE CBOHCTBA CYCHEeR3Hi okcHaa amovmuuna. CpabHEHa
3 GEKTHBHOCTD MPEABAPUTENBHON OpraHO(GHIM3ALMA METAaKPHJIATOM aJIOMWHAS HEINOCPEACTBEH-
H0ro BBEACHUS OpraHOQHWIM3HPYIOIEr0 areiTa — METaKPHJIOBOM KHCIOTHL, B cucreMy. [1okasana,
B3aEMOCBA3b MEXKAY Pe3ybTaTaMH COPOUHOHHEIX, CEAAMEHTAMOHHBIX ¥ PEOJIOTHYECKAX OOBITOB.
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Peat humic acid originafing from Keszthely was studied by gel-fractionation and by infrared
spectroscopy of the fractions. The molecular weights of the individual fractions were determined by
osmometry and by light-scattering measurements.

1. The infrared spectra reveal the presence of aromatic components in addition to the aliphatic
structure of the sample.

2. The osmometric and light-scattering data show that the molecular weight decreases with the
increase in the number of fractions. The low polydispersity values calculated from the weight- and
number-averaged molecular weights prove that the gel-fractionation resulted in practically homoge-
neous samples. The calculated second virial coefficients show the lighter fractions to be better solvated.

3. With the increase in molecular weight of the fractions, the shape of the molecules differs
more and more from spherical.

Introduction

Products fractionated by gel-chromatography from humic acid prepared syn-
thetically or extracted from brown coal and soil of various ages and origins were
earlier examined by infrared spectroscopy [1, 2]. Significant differences were found
between the structures of the individual samples, as indicated both the molecular
weight distribution and by the infrared spectra. It was concluded that whereas the
coal humic acid samples contained an appreciable aliphatic component in addition -
to the aromatic structure, the infrared spectra of the synthetic and soil humic acids
revealed only aromatic fractions. The moleculdr weight distributions of the individual
samples and the molecular weight intervals of the fractions were determined by
gel-chromatography. .

We subsequently extended such measurements to an infrared spectroscopic
study of humic acids prepared from peat, and to the use of different methods to
determine the molecular weights of the individual fractions more exactly. Thus, the
number-averaged molecular weights were found by means of osmometric measure-
ments, and the weight-averaged molecular weights by means of light-scattering
measurements. Very few references to these methods are made in the humic acid
literature. HANSEN and SCHNITZER [3] developed a procedure for the determination

* Technological Faculty, Department of Colloid Chemistry University Novi Sad, Jugoslavia
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of low molecular weight fulvic and humic acids with vapour pressure osmometry.
However, this method is not suitable for measurements on fractions of higher mole-
cular weight. A further problem is that the measurement is complicated by the disso-
ciation of the ions in the aqueous solution. In this respect, a correction calculation
is reported by ScHNITZER and KHAN [4]. Unfortunately, we were unable to obtain
well reproducible results with this method, and BERGMANN [5] describes similar
negative experiences. Later, with a Knauer membrane osmometer we first succeeded
in determining soil humic acid samples of high molecular weight [6], and then, with
a special membrane of very fine porosity, the molecular weights of other humic
acid fractions of medium and lower molecular weight in the case of samples with
low heterodispersity. These samples were prepared by repeated gel-fractionation.

OrLOV and GORSKOVA [7] report data on the study of humic acids by light-
scattering measurement. We have performed such measurements on colloid solutions
of very dilute, carefully purified peat humic acid sols, obtained by freeze-drying.
A comparison of the experimentally determined weight-averaged molecular weights
with the values found for the same fractions by osmometry yields accurate informa-
tion on the extent of heterodispersity. The results of the two methods can also be
used to obtain certain thermodynamic parameters, e.g. the second virial coefficient,
characteristic of the solvation.

Materials and methods

Gel-fractionation, spectrophotometric, osmometric and light-scattering measu-
rements were made on a peat humic acid sample originating from Keszthely. The
gel-fractionation and infrared spectroscopic procedures were described previously
i1, 2].

Osmometric measurements were carried out with a Knauer membrane osmo-
meter, with the application of Sartorius SM 11536 and SM 11539 regenerated cellu-
lose membrane filters. Solution series were prepared from the individual fractions
in the concentration interval 0.2—2 g/100 cm3, and their osmotic pressures were
measured at 298 K. The reduced osmotic pressures (n/c) were plotted as a function
of concentration and graphical extrapolation was employed to calculate the number-
averaged molecular weights (M,). From the slopes of the plots, the second virial
coeflicient (B) too was determined.

Light-scattering measurements were made with a SHIMADZU instrument at
436 and 546 nm in the concentration interval 0.0005—0.005 g/100 cm3, with ten
different incident angles. The weight-averaged molecular weights were determined
by plotting the expression Hc/t in the. Debye relation as a function of the concentra-
tion to yield a straight line; extrapolation of this to zero concentration gives an
ordinate intercept of 1/M,,. The slope of the straight line again gives the second
virial coefficient. '

Results

The results are listed in Tables I and II, and illustrated in Figs. 1—3.

Examination of the infrared spectra of the fractions (Fig. 1) does not reveal
any significant peaks for the unfractionated sample, similarly as found earlier {1, 2].
Only the shoulders around 1700 and 1600 cm~* are well defined; these values corre-
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Fig. 1. Infrared spectra of fractions of peat humic acid from Keszthély

spond to the aromatic carboxylic acid C—0 group and the carboxylate ion COO~"
group vibrations, demonstrating the acidic nature of the sample.

In ‘the spectrum of the first fraction, a very intense band is to be seen
at 2850 cm ™1, corresponding to the ahphatlc CH, and CH, groups. With the increase
in the number of fractions, i.e. with the decrease in the molecular weight, this band
becomes progressively smaller. As for the lignite humic acids, therefore, this sample
too contains aliphatic components. In addition, aromatic vibrations also appear
from the first fraction on, at 1400, 760 and 680 cm ™. In the spectrum of fraction 2,
the stretching vibration of the phenolic OH groups is observed at 1220 cm™L, as
are the deformational vibrations of the CN and NH groups. From this fraction on,
the band at 1720 cm~* becomes ever larger with the increase in the number of frac-
tions; in fraction 5, virtually only this peak is predominant, as an indication of the
presence of molecules with the lowest molecular weight and the most acidic character.
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A peak may be seen at 1640 cm™! only in fraction 2, and at 1620 cm™ only in
fraction 4; these correspond to the vibrations of chelates and carboxylates. In frac-
tion 3, a sharp peak occurs at 1030 cm™2; this can be ascribed to the SiO group
of silicates. A small sharp peak is visible in the same wavelength range in fraction
4 too, but with a substantially lower intensity. Likewise in fraction 4, a vibration
corresponding to the alcoholic OH groups is observed at 1170 cm™?.

Overall, therefore, this sample displays a simpler structure than those of the
samples - investigated previously [1, 2); its spectrum contains fewer and smaller
vibrations relating to the various functional groups and chemical bonding types.

Table |

. M-10-3 '
Fraction % determined by gel- M,-10-3 M,-10-3 MM,
fractionation

1 26.1 >38.0 41.2 46.6 1.13
2 15.8 38.0—28.0 31.9 35.5 1.11
3 11.4 28.0—18.0 223 24.0 1.07
4 10.0 18.0— 5.4 10.8 11.9 1.10
5 35.0 <5.4 4.5 5.2 1.15

Molecular weight distribution, molecular weights determined by osmometry (M,) and
light-scattering measurement (A7,,), and polydispersities (M, /M,) of fractions of peat humic’
acid from Keszthely. :

Table I shows that the fractions obtained by gel-fractionation differ considerably
in quantity. The amount of fraction 4 (which spans the broadest molecular weight
interval) is only 10%, while that of fraction 5 (containing the lightest molecules)

T Fraction 5
= .

)
9

o

=
=

90 Fractions
40 *

30 Fraction3
2 /./’//Tn:ctionz
10 Mdim 1

s 050 75 100 ¢, g{i0end)”

Fig. 2. Concentration-dependence of reduced osmotic pressure (z/c)
of peat humic acid from Keszthely
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is 35%. Fraction 1 (the heaviest molecules) also accounts for a considerable pro-
portion (26.1%) of the material. However, the Table clearly shows that the individual
fractions have low polydispersities (M,,/M,), i.e. the gel-fractionation yielded prac-
tically uniform fractions. The molecular weights determined by osmometry and by
light-scattering measurements on the various fractions exhibit a very good parallelity,
- with calculated polydispersities between 1.07 and 1.15. The molecular weights
obtained with the two methods likewise correspond well with the molecular weight
intervals given by the gel-fractionation.

The experimental results of osmometry and light-scattering measurements are
depicted in Figs. 2 and 3. Figure 2 demonstrates the concentration-dependence
of the reduced osmotic pressure (z/c). The molecular weights of the fractions were
calculated after extrapolation of these plots to zero concentration, while the second
virial coefficient was determined from the slope; the second virial coefficient is a
very important quantity, for it is characteristic of the magnitude of the interaction
between the solute and the solvent. Its value is the higher, the better the solvatlon
It may be seen from Fig. 2 that with the
increase in the number of fractions (i.e.
with the decrease in the molecular weight)
the slope of the straight line progressively
_increases, which means that the value of
the second virial coefficient becomes
larger. This permits the obvious conclu-
sion that the fractions with lower molecu-
lar weights are in a better solvated state.

Figure 3 illustrates the concentration-
dependence of the Hc/t values determined
by light-scattering measurement. Here
too the molecular weights of the indivi-
dual fractions were calculated by extrap- .
olation to zero concentration, while the / Fraction
second virial coefficient was obtained 0 *
from the slope of the straight line. The /
results are given in Table II. The values '
of the second virial coefficient calculated Eraction3
from the results of light-scattering meas- 5
. urements display a tendency similar to ) =_*— Fraction 2

that observed in the case of osmometry: —“7“)”'_’—:—_’"_’ Fraction 1
this parameter becomes larger with the
increase in the number of fractions (the

Fractions

N He /v .10‘

slope becomes progressively steeper as the 6001 o3 0005 g (100em’)”
fractions become lighter in Fig. 3). Fig. 3. Concentration-dependence
The intensities of the scattered light, of light-scattering measurement data on

measured from various directions for the peat humic acid from Keszthely
individual fractions, were employed to
calculate the asymmetry factor, the values of which are also reported in Table II.
From these values it may be concluded that as the molecules become heavier, their
shape differs more and more from spherical.

We should subsequently like to supplement these investigations with molecular



140 S. SIPOS, E. SIPOS and I. SEFER: IR EXAMINATION OF HUMIC ACIDS IIL

Table 11

B (mol cm?/g2-104) B (mo! cm3/g?- 10%) igs
Fraction M,-10-3 determined by M,-10-3 determined by light Z=—
osmometry scattering hss

1 41.2 6.2 46.6 2.5 4.27

2 31.9 8.1 355 5.2 3.85

3 22.3 154 24.0 9.5 3.23

4 . 10.8 25.2 11.9 13.3 2.18

5 4.5 343 5.2 22.7 1.56

Second virial coefficients (B) determined by osmometry and by light-scattering measure-
ment, and asymmetry factors (Z) of fractions of peat humic acid Keszthely.

‘weight measurements involving ultracentrifugation, and with alternative fractiona-
tion techniques. Such measurements could be used to calculate other thermodynamic
parameters too, which would provide additional data towards a more exact under-
standing of the structures and the colloid chemical properties of the humic acids.
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HNCCIEOOBAHME I'VMUWHOBBIX KUCJIOT METOAOM
.  HWH®PAKPACHOW CINEKTPOCKOITWH, II.

oI HMlunow, 3. Hlonow u H. Hegep

IIposeneHO rens-(hpaKUMOHHOE pa3iiesieHne obpasua TOpGhAHON TYMHHOBOM KHCIOTEI M CHATHI
UK coekTpsl oTaenbHbIX dpakumit. QopenesieHbl cpe AHbIE MOJIEKYJ IS PHBIE MACCHI OTIleJILHbIX dbpaxumit
METOJOM OCMOMETPHHM H CBETOpPACCEABAHHS.

1. Ha ocroBarma UK cnekrpos moxa3aHO, YTO HCCIIEAYEMBIH 06pa3eu COOEPXHUT HE TOJIBKO
anmadaTniecKHe, HO M apPOMaTHYECKHE CTPYKTYPHBIE 3JIEMEHTHI.

II. CormacHO HaHHBIM OCMOMETDHA H CBETOPACCEHBAHHAS C YBEJMYEHHEM MOPAXKOBOTO
HOMepa $pakuMH MONEKYJspHAs Macca HX yMEHIIaeTcs.

CreneEs NOMMOECIEPCHOCTH, PACCYATAHHAS HA OCHOBAHHH CPENHHMX OTHOUICHHI BECOBBIX H
YHCIEHHBIX MOJICKYNAPHBIX MAacCc BecbMa Maja, YTO CBHIETENLCTBYST O HPAKTHYECKOM MOHOIHC-
nepcHOCTH (pakuuil, BHIAENEHHABIX METOAOM Treib-OpakUMOHUPOBAHHSA. PacCYMTaHHBIE 3HAYCHHS
BTOPBIX BHPRAILHBIX KO3hQHIMEHTOB YKa3bIBaloT Ha OOjbIlyio Mepy conbBaTaudd y dpaxumit
C MCHBIIMMH MOJEKYISPHBIMA MacCaMH. )

ITI. C Bo3pacTaEMeEM MOJIEKYNAPHO# Macchl (pakimii OTKJIOREHAE (GOpMBI MONEKYJ OT cde-
pHEYeCKOH yBETHYABAETCS.



M3YYEHUE KUHETHUKUA NOJIVUMEPU3ALINU CTUPOJIA,
NHULIMNPOBAHHOU TPET-BYTHUJOIEPBEH30ATOM
B NPUCYTCTBUUM 2-DTMITEKCAHOATA HUKEJIA(II)

B. N. TATABEN
Kadenpa ¢pnzeko-xumar noymmMepos yaaeepearera aM. Y. Y. Meurmkosa, Opecca

Y. JPEBEHU u U. A. AHJIOP
Kadenpa obmeit 7 GE3AIECKOH XHMIA YHRBEPCATETa HM. ATTHIIB! Noxeda, Ceren

(Iocmynuao ¢ pedaxkyuro 2 mapma 1981 2.)

OnpefeneHbl KAHETAYECKME NMAPAMETPHl MMOMAMEPH3AIME CTAPONA, HHALMAPOBAHHON mpem-
OyTHINepOEH30aTOM B NPHCYTCTBHA 2-3THAreKcaHoara Hukensi(1l). OnpeneneHsl cpegHAE CTEIECHA
MOMMMepPHA3aIMK 00pa3syolyxcsa NoMMcTAPoJIoB. [IokazaHO BO3POCTAHHAE CKOPOCTH TEPMHYECKOro
pasnoxeHus nepedHpa ¥ CKOPOCTH HNOJMMEpPH3ALMHA CTUPOJA ¢ YBEIMYEHHEM KOHLEHTPAUHHA COJH.

Conu MeTasjioB HepEMEHHOH BaJIEHTHOCTH HAaXOIAT NpHMEHEHme B KadecTse
AKTHBAPYIOIMX JO00ABOK psida XMMHYECKHX IPOIECCOB, MPOTEKAIONIMX 1O LIEMTHOMY
MEXaHU3MY: OKHMCJIEHUs YIJIeBoaopomoB [1], mosumepH3amuw BHHWIOBBIX MOHO-
MepoB {2, 3], oTBepxkIeHNUS HEHACHIEHHBIX NoXu3GupoB [4—6], BLICHIXaHAM JIaKO-
KpAaCOUHBIX MOXpHITHH [7, 8].

OKHCIMTEIbHO-BOCCTAHOBUTENILHEIE HHUIUUPYIOILHAE CHCTEMBI, COIEpXKAallfe
COJIE METAJJIOB IEPEMEHHOI BaJICHTHOCTH, JOCTATOYHO IIMPOKO H3YYAJIUCh IIPH
[OJIAMEPH3ANUA BHHHJIOBBIX MOHOMEPOB B 3Myibcuu [9, 10]. B pane pabor [11,
12] mokxa3zaHa BO3MOXHOCTb HPUMEHEHHS YIMOMSHYTHIX OKHCJIMTEIbHO-BOCCTAHOBH-
TENBbHBIX HHUIEMDYIOILHX CHCTEM IPH ITOJIHMEPU3allMH B TOMOIEHHBIX Cpenax.
OpHaxo, IMIMPOKOE UCC/IENOBAHHE OKHCIMTENBHO-BOCCTAHOBUTENBHBIX CHCTEM, HHH-
OUMPYIOLHUX IpoNecC NOJAMEPU3alUu¥ B MACCE MOHOMEDA HIIM PacTBOPE, COCTOA-
UIMX M3 OPTaHUYECKHX IIEPEKHMCEH W COJIEH METAJUIOB, 3aTPYOHEHO IUIOXOH pacTBO-
PHUMOCTBIO OOJIBIIMHCTBA OPTraHMYECKHX COJIEH METAJLIOB B MOHOMEpE. 3TO 00CTOS-
TEJILCTBO HE OA€T BO3MOXHOCTL H3y4YaThb OPOHECC B AOCTATOYHO IUMPOKOM KOHIECHT-
pPAllHOHHOM HMHTEpBAJIE COJNH. XOpOlO PaCTBOpHMEIE B OPraHMHYECKHX cpelax Had-
TEHAThl METAJLIIOB IEPEMEHHOM BaJICHTHOCTH HE SIBJISIOTCA HHAUBUIYaIbHBIME COCIIH-
HEHUAMH, 4YTO 3aTPyJHsIET HHTCPNPETANHIO IOJYYCHHBIX JAHHBIX. '

B kauecTBe MEepeKMCHOW KOMIIOHEHTHI OKHUCIHTEIHHO-BOCCTAHOBHUTENLHEBIX CHC-
TeM: MEPEKHCH — COJIM METaJJIOB, Haubosiee NETaJbHO HMCCICHOBAHL mepCyibdar
Kajius, mepekuch OeH3zouna u psg ruaponepexuceit [2, 13]. B oTiauuue oT BOOHBIX
pPacTBOPOB, IPU MOJHMEPH3ALHH B MACCE KaTalli3 OCYILECTBIISETCA HE HOHAMH, a
MOJIEKyJIaMH COJIEH HETaJUIOB IMEPEMCHHOH BaleHTHOCTH. Hanpmmep, peakmus
MEX Iy THIPOHEPEKACHIO H COJIBIO IPOTEKAET ¢ 0Opa3oBaHAEM CBOGOTHOTO pauKaa
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# HOBOH IIOJIAPHOH CBA3W y MeTaiula (a He HOHa, KaK B BOAHOM pacrsope) [1]:
CoSt, + ROOH — RO - 4+ Co(OH)St, . IlpuBeneHHEas peakius NpoTEKAeT MeIJIEHHEEE,
94eM aHAJIOTHYHASA PEeaKkmus B BOJHOM pacTBOpE, HO ropasfo GeICTpee, YeM TepMmH-
YeCKHH pacnaj THAPOIEPEeKHCH. B HEKOTODBIX CilydasiXx pa3jIokeHHIO TMapomepe-
KHCH TIpeAUIECTBYeT OOpa3oBaHHE KOMILIEKCA CONIM METAJUIA C THAPONEPEKHCHEO,
KOTOpBIH 3aTeM pacmajaercs ¢ oOpa3oBaHMEM CBOGOAHBIX paguKajyioB (BaJIEeHT-
HOCTb METAJL1a MpU 3TOM HE M3MEHAEeTCsH).

AKTHBUpYIOUIas CHOCOOHOCTbL COJIeH METAJJIOB — BTOPOil KOMITIOHEHTBI CHC-
TEMBI — ONPEJEIAETCS He TOJbLKO IPHPOJIOH KATHOHA, HO M aHHOHA H, ECTECTBEHHO,
CBOMCTBaMH NpHMeEHseMoil nepekucd [2, 14].

TpeT-OyTunoBbie nep3dupbl B AHALIMAPYIOIIMX CHCTEMAaxX MEPEKACh — COJlb
METaJ/la MIEPEMEHHON BaJIEHTHOCTH HE MCCJIEAOBAHBI.

3agaveit maHHOI PabOTHI ABJIAETCS U3YYCHHE KHHETMKH NOIUMEPH3ALAH CTH-
pojla B Macce, HHHONApyeMoii mepadupoM — Tper-O6yrunnepdensoatom (TBPB)
B IPUCYTCTBHH JO0AaBKH XOPOIO pacCTBOPAMOI B MOHOMeEpE CONH JBYXBANICHTHOTO
makensn 2-3tairekcanoara (Ni(IDEH).

Memoouxa ucciredosarnusn

CTupoN HpUMEHSIICS TEXHHYECKHH, KOTOpBI OTMBIBaJIM OT HHIAGHTOpa 10%-
HEIM pacTBopoM wienoyuy, cymmid Hax CaCl, 1 moaBepraiin 4eThIpeXKpaTHOH mepe-
roske B Bakyyme (ocraroudoe namjende 2-10° Pa, TemmepaTypa BoAsHOH GaHm
318—322 K) B atmocdepe renusa. IlocneqHio NMEperoHky IPOBOMWIH HENOCPEI-
CTBEHHO IIepeJ IPOBEAEHHEM IOJIHMEPH3AaMOHHEIX OMBITOB. Ilocne OuHCTKH CTHPOJI
HUMeN CIEAyIolie nokasatenn: d°=0,9061; nf’ =1,5463.

B kauecTBe WHANMATOpA MNOJAMMEpH3auUMKA Mcmoyb3oBasd TBPB 97,5%-noit
yucTtoTel. Mcxomusniit Tonyonshsid pactsop Ni(IDEH conepxan 10,5%-0o8 meTtasua.
Hna opurorosienus pactsopoB Ni(IDEH B MoHOMeEpe, pacCUMTAHHOE KOJIMYECTBO
TOJYOJILHOIO PacTBOpa cOJM IepeHOcHIM B konby KisiizeHa m pacTBOopHTenb
HCHapsAiA B BaKyyMe€ B HHEPTHOH aTMmocdepe NpH TeMIepaType BOISHOH OaHH He
e 313—323 K. OcraBuiyrocs COJIb pacTBOPHJIH B PACCIMTAHHOM KOJIMYECTBE
MOHOMepa.

Omnpeneneane riyOMHBl DOMUMEPHU3AIAM IIPOU3BONIIN B HHAIATOMETPaxX pac-
4yeT mpom3eoauan mo ¢dopmyne doragkuna [15]. HavanbHylo CKkOpoCcThH moamme-
pusanun (V) pacCUMTEIBANIM IO TAHIEHCY YIJIa HAKJIOHA KPHBOH: IIyOHMHa IIOJIH
MepHu3agud — BpeMA.

KoHcTauTel ckOpocTH wuHuUumpoBaHud (K;,) OBUIM pacCYHTaHLI MO AAHHBIM
Vo1 B 3Ha9eBUAM K, - K;%° IO OCHOBHOMY YPaBHEHMIO nonnMepuaaunu [16}, open-
CTABJICHHOH B BHIE:

K (Vpol term
K:-[MP-Ci-CP’

Kin =

rae: Voo B ¥ — CKOPOCTH NOJMMEPH3aUAH M  TEPMONOJMMEPH3ALMH, COOT-
BETCTBEHHO, B mol-dm~3-s-1;
K, — KOHCTAaHTa CKOPOCTH POCTa LIEIH;
K, — KOHCTaHTa CKOPOCTH OOpbIBa LENH;
[M] — KOHIICHTpaUuss MOHOMEpPA;
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Cin — xoHOeHTpauus naunuaTopa (TBPB);
C, — xonuenTpanus aobasxu (Ni(IDEH);
Xuy - — TMOpPSAOOK CKOPOCTH TOJMMEPH3ANMH IO . HHHLMATOPY H [O-

6aBKe, COOTBETCTBEHHO.

Dxcnepumermanvtole OaHHblE U UX 06CYHCOeHUE

Ilnsa soiscHenus BnusHus gobaBku Ni(IDEH na TtepmoycroiiuuBocts TBPB
Obla mpoBeneHa paboTa MO ONpeNesIEHHIO CKOPOCTH pacnaja nepadupa B TOJyoJe
B mpucyrcteud jobasku (konn. Ni(IDEH=0,01 mol-dm~%) u B ee oTcyTcTum.
B o6onx cnyuasx pasnoxkenue TBPB nmporexaer no nmepsomy mopsaxy. Kax moka-
3BIBAIOT IOJIYYEHHBIE SKCIIEPHMEHTANIbHBLIE PEe3yNbTATH, NpUBEACHHEIE B Tabm. I,
BBegeune Ni(I)EH npuBOIMT K BO3POCTAHWIO KOHCTAHTHI CKOPOCTH Pa3jIOKeHHS
H K CHIDKEHWIO 3HEprH¥ aKTHBAIMM Ipopecca.

Tabauya 1

§

Koncmanmer ckopocmu u s3nep2uu axmusayuu peaxkyuu pazroxncenus TBPB
6 moayoae npu e2o ucxooHoti konyenmpayuu 0,05 mol.dm=3

) KonueHTpauus KoncraAra - Oneprus
Temne}:zarypa, Ni(IDEH, pasyoxKerus, aKTHBALMH,
. mol.dm~3 s~ kJ-mol~1 *
383 . 0 3,7.-10-¢
368 0 5,8-10-¢ 144
393 0,01 3,2-10"4
383 0,01 1,1.10°¢ 127
368 0,01 2,2.10°%

IIposenena nonmMepH3anus CTHpona, MHUNUHpoBaHHass TBPB mocTosnHOMR
xouuenTpanud (0,05 mol-dm=-3) B npucyrcreum Ni(IEH. Kak Bmano u3 puc. I,
BeegeHne Ni(IDEH u yBenuyeHne ero KOHIEHTPAUHH B CHCTEME, NPHUBOINHAT K yBe-
JHYEHUIO CKOpOCTH mosmMepusanud. IIpu 3ToM, CKOpOCTH IOJIMMEpPHU3ALHM  [IPH:
xonnentpanun Ni(IDEH passoi 0,1 mol-dm~2 moutu B 3 pasa Bhune, YeM B OT-
CyTcTBHE O00GaBKH IPH TOH k€ KOHIEHTpalud HHALHKATOpA.

Ha puc. 2 npenctaBiieHbl JaHHBIE 0 H3MEHEHHMIO CKOPOCTH IOJMMEDPH3ALMA
B 3aBHCHMOCTH OT konueHTpanmun TBPB B otcyrcremm m mpucyrcrsuun Ni(IDEH

' moctosinHo# kosnentpauun (0,01 mol-dm—2). Bunso, uro eeenenue Ni(IEH npu-
BOAMT K YBEIMYEHHIO CKOPOCTH MOJMMEPH3ANMHd BO BCEM KOHLIEHTPAIMOHHOM MH-
TepBaJi€, CKOPOCTH MPOIECCa 3aKOHOMEPHO YBEJTMYHUBAETCA ¢ POCTOM KOHIEHTPAHH
nepadupa.

Kak cienyeT n3 IpeICTABIICHHBIX JaHHBIX, CKOPOCTh HOJHMEPH3ANUH CTHPOIIA
onpenensieTcss kak koHneHTpanwmeir TBPB, tax m kxonuentpaunueii Ni(IDEH.

Brun onpeneneHpl NOPAAKH PeakiMH MO KOMIOHEHTAM HHHMIAMPYFOUIEH CHC-
tembl — TBPB u Ni(II)EH, xoropsie oka3ajuch paBEbIMHU 0,32 1 0,16, COOTBECTBEHHO
(cM.- puc. 3). TakuM o6pa3oM BUOHO, YTO BBEICHHE COJH B HOJIHMEPH3ANUOHHYIO
CHCTEMY CHMXKAeT MOPAIOK peaKknuy IO WHUIHUATOPY.
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VPol'I OA n‘lol'dl'ﬁ3o$_i

6.01
- o
401
20/
”
002 0.04 0.06 0.08 0.10

CNi(n)gH mol-dni3

Puc. 1. 3aBHCHMOCTh HAYANBHEON CKOPOCTH HOIAMEpPH3a-

OWH CTHPONAa, WHHIMHPOBAHHOW cucremoii TBPB —

Ni(INEH, oT ®#3MeHEHHA KOHNUEHTpAaHH JA00aBKA
Ni(INEH. Cypps=0,05 mol-dm~3, T=368 K.

1

Vool mol-dm3 s

S0

3.0

T

002 004 006 008
CTBPB. mol-d rﬁB

Puc. 2. 3aBHCAMOCTS HaYaJTLHOM CKOPOCTH MOJHMEPH3a-
. LHH CTHPOJia, MHHALMMPOBAHHO#A cHcreMoit TBPB —
Ni(INEH, oT u3MeHEeHNs KOHUEHTPALMH HHHIHATOPA
TBPB: T=368 K, 1 — Cniapen=0,01 mol-dm=3, 2 —
6e3 nobaskr Ni(II)EH.

B T1abn. Il DpuBenecHEI YACIEHHbIE 3HAYEHAS CKOPOCTEH MOJMMEPH3ALAH .H
MHUIMHPOBAaHHUA, a4 TakkKe KOHCTAHT CKOPOCTeH WHUNMMPOBAHHA B 3aBHCHMOCTH
OT KOHIIEHTpaIHii 060HX KOMIOHEHTOB HHHMIOMHpYlolei cucteMwl. Kak ciemyet
u3 nanrbx 1a671. 11, ysenuaerue kornenTpaumy Ni(IT)EH npr nocTosHHOM KOHIIERTPa-
mud TBPB B nepBoii cepuH ONBITOB, a TaKxke yBeJandyeRne kKonueHTpanux TBPB npu
nocrosHEoN xoHneHTpaumH Ni(IDEH Bo BTOpPOii cepuu, NpHBOAMT K 3aKOHOMED-
HOMY YBEJIMYEHHIO CKOPOCTEH NOMMMEPH3ANMH M MHUOHHAPOBAHMS. 3HAYECHHS KOHC-
TaHT CKOPOCTEH MAMIHHAPOBAHMS, PACCUATAHHBLIE M3 CKOPOCTEH NOJHMEPH3AMU H
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Tabauya IT
Kunemuueckue napamempe! noaumepusayuu cmuposa ¢ macce,
unuyuuposannoii cucmemoii TBPB — Ni(IDEH npu 368 K

anus
Cepus Nial)léglﬂnemp ’mTBPB . vpol.lod, vln.106 Ki 105 K m.ms
mol-dm™% mol.dm~-3.s-1 » (cpenn.)
0,1 . 0,05 6,7 2,4 34
0,075 0,05 59 1,9 3,0
0,05 0,05 5,0 1,2 2,1
I 0,025 0,05 4,4 1,1 2,4 2,7
0,01 0,05 3,9 0,83 2,5
0,005 0,05 3.4 0,61 2,3
0,001 0,05 2,9 0,46 2,9
0 0,05 2,4 — —
0,01 0,1 5,4 1,58 3,0
0,01 0,075 4,6 1,16 2,7
0,01 0,05 4,0 0,88 2,6
I 0,01 0,025 3,9 0,80 3,7 3,1
0,01 0,01 2,9 0,45 3,7
0,01 0,005 2,2 0,27 3,5
0,01 ~0,0025 1,6 0,14 2,8

3Hauenuit K,-K;%® nng oGewx cepuil ONBITOB UMEKOT YAOBJETBOPHUTENBHYIO CXO-
JHMOCTb.

Ha pHc. 4 npencraBieHs! JaHHBIE NOKAa3HIBAIOIIHE 3aBHCAMOCTh CpPENHEH CTe-
IEHU TOJIMMEPH3AIMKA CTHPOJIA, OTIPENENICHHYIO MO XapaKTEPHCTHYECKOH BS3KOCTH
-pactBopoB [17] oT koHueHTpanuu nobasku Ni(II)EH. Vi3 naHHBIX pUCYHKa CIEOYeET,
YTO CpeAHsAs CTCOCHb NOJMMEPH3ANWH CHUXAeTCs B 3HAYUTEIbHOH Mepe TOJIBKO
no skBuBaJeHTHOro cootHowmenns NI(IDEH — TBPB. U3 cpaBHeHHs AaHHBIX

IgV+4

081

0.41

02 v - v v
1 15 2 25 1gC+ 4
Puc. 3. OnpeneneHae mopAlKa peaxkidH MOJTEMEP3aLMH i
RACTRPOJIA, RHAUAUPOBaHHOf cucTemoit TBPB — Ni(II)EH:
1 — mo mrEmmaTopy TBPB, 2 — no nobaske Ni(IIEH.

10
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Taby. II u pmc. 4 caeayeT, 9To jajibHEHIEe yBEIWYCHHE KOHIECHTpamuw noOaBkH
Cond, IPAMEPHO B 2 pa3a 60Jbllle BAMAET HA BO3POCTAHUE CKOPOCTH HONAMEPH3a-
AW, Y€M HAa YMEHBILCHHE CPENHEHl CTeNIeHH MONMMEpPH3AIWH.

" Crexrpockonuyeckoe uccneaopanue cacremsi TBPB — NIi(IDEH npu pa3seix
TEMNEpaTypax M COOTHOIUERHSX KOMIIOHEHTOB YKa3ano Ha HAald4YHe B3auMoJeii-
- CTBUAL MEXJy HHMH, OJHAKO, OIpE/ENIeHMe MEXaHH3Ma NPOUCXOAAIUMX IPONECCOB
TpebyeT elle AaNbHEHIIECTO H3YUCHHMS.

2004

100+

o

002 004 006 008 '
Ci(ERmol-dri3

Puc. 4. 3aBRCAMOCTD CpeHEH CTENEHH NONAMEDHIANAA
MOMHUCTUPOJIOB OT KOHLEeRTpaumn Aob6aekm Ni(IDEH
x TBPB. T=368 K, Crppp=0,05 mol-dm~32
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KINETIC STUDY OF THE TERT-BUTYL BENZOATE-INITIATED
POLYMERIZATION OF STYRENE IN THE PRESENCE OF
Ni(IDETHYLHEXANOATE

v. L Galibej, 1. Dreveni and J. A. Andor

The authors determined the kinetic parameters of the polymerization of styrene, initiated by
tert.-butyl benzoate (TBPB) in the presence of Ni(Il[)ethylhexanoate and measured the average degree
of polymerization of the polystyrenes formed. It was shown that the rate of thermal decomposition of
TBPB and the rate of polymerization of styrene increase with the increase of the concentration of
the Ni(Il) salt.
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AJICOPBLIA HEMOHOT'EHHbBIX BOJOPACTBOPUMBIX
MNOJMMEPOB JUCIIEPCHBIMU YACTUIIAMM U
CTPYKTYPA AJCOPBLHIMOHHOTI'O CJI0OA

L. AncopOums no/IMMepoB H3 BOAHBIX PACTBOPOB QMCHEPCHBHIMH 4aCTHIAMH
b. 2. [IVIATOHOB! n A. A. BAPAH?

(Hocmynuao & pedaxyuto 17 anpeas 1981 2.)

O6Go6meHsl pe3ysIbTaThi H3YYE€HMs 3aKOHOMEPHOCTEH ancopOuMM HEHOHOIEHHBIX BOMO-
pacTBOPMMBIX IOJIMMEPOB — B OCHOBHOM IOJIMITHIIEHOKCHAA, NOJMBUHUIIOBBIX CIIMPTOB M METHII-
HEJUTIONO3Bl — JHCHepCHO# ¢a3oit ruaposoneli W cycneH3Wif, OmyOJIMKOBaHHBIE 3a IOCIEHHAE
5—6 ner.

BonopacTBopuMeie MonMMEpBI BCE ILHPE HCIOJNB3YIOTCS B KAa4eCTBE BBICOKO-
3¢ dexTHBHBIX CTAOMAN3ATOPOB M (JIOKYIAHTOB QHCHEPCHH B CaMBIX Da3IMYHBIX
obnacTax coBpeMeHHON TexHojormw. VIX neiicTBHe Ha YCTOHYMBOCTBH HENOCpen-
CTBEHHO CBSI3aHO C OCOOEHHOCTSMM aJICOpOUWH ITOJMMEPOB HA IOBEPXHOCTH IHC-
NEPCHHIX YacTull. B pesynbrate aacopbuuy MakpoMOJeKyJl WM MX arperaTtoB Ko-
PEHHBIM 06pa30M HM3MEHAIOTCS CBOMCTBA IDaHMIBI pasjesia (a3 W HHTEHCHBHOCTD
€€ B3aUMOJIEHCTBUSA C HHTEpPMULEIIAPHOMH KHAKOCTHI0. AACOPONHOHHEIE CIIOU ITOJIH-~
MepOB 06yCIIaBINBAIOT IOABJIEHHE HOBBHIX (aKkTOPOB CTAGMIN3ANMH AUCOEPCUH MM
BHJIOM3MEHSIOT CyHIECTBOBABIINE B HeH peHee. YUalie BCero Mel MMeeM JEJIO C Mpo-
spiaeHAeM oboux 3ddexToB. [is MpaBWILHOTO NOHMMAaHMS MEXaHW3Ma JEHCTBUS
BBICOKOMOJIEKYIsApHBIX coeaubenuii (BMC) Ha ycToiivmBOCTH nucmepcuii HEo6xo-
MO paclojiaraTh HaJEXHbIMH NaHHBIMU 006 WX aAcopOIMH Ha 4acTHLAX TBEPIOH
¢a3sl, 0 mapaMerpax (OPMHPYIOIHXCS HA IMMOBEPXHOCTH aJCOPOIHMOHHBIX CIOEB H
BJIMSHUN HA HUX Pa3JiMYHLIX (aKTOPOB. DTO HO3BOJNMT HOJONUTH K pa3paboTke Hayy-
HO 0OOCHOBaHHBIX KpHTEpHEB IOAGOpa M IPHMEHEHHs BBLICOKOMOJEKYJISPHBIX BE-
INECTB [JI1 IEJICHATIPABIEHHOIO PEryJHpPOBAaHUA CTaOMIHLHOCTH PAa3JIMYHBIX [HC-
TIEPCHEIX CUCTEM. ' .

Huxe 06061eHsl pe3yabTaThl HCCIEA0BaHNA aICOpOIHY HEHOHOTEHHBIX BOAO~
pactBopuMEIX nonuMepoB (HII) m ompeneneHus napaMeTpoB aACOPOGIHOHHBIX
CIIOEB HA TOBEPXHOCTH NUCNEPCHBIX YACTHN, BHIIOJHEHHBIE 3a HOCIEAHHME TOABI
riaaBHKIM o6pa3oM aBTopaMu AaHHOro ob63opa. IlonpoGHbld aHaIH3 IKCIECPUMEH-
TaJbHBIX JAHHBIX, & TAKXE Pa3BHTHA TeopuH aacopbuun BMC Ba TBepAoi nosepx-

1 Kuesckmii nenarormiecknit macruryr, CCCP
2 VIBCTHTYT KOJLIOMIHON xuMuHA B xumuyu Boasl AH YVCCP, Kaes, CCCP
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HoctH 1o 1972 roaa npmeenen B MoHorpadmu {1]. Bonpoch B3anMocCBSI3E ancop6-
IAA TOJIEMEPOB H YCTOWYHBOCTH AMCIEPCHHl C HCIONMbL30BAaHMEM HAKOILUIEHHBIX OO
1973 roga [OaHHHIX OCBEIIEHHBIX B 0030pe [2]; oHM OymyT paccMOTpeHBI Takxke
B HAIUMX CJIEAYIOIUAX MyOIHKAIUAX.

3axonomeprocmu adcopbyuu HeUOHO2EHHBIX 8000PACMBOPUMBIX
noAuMepos OUCNEPCHbIMU YACUYAMU

OCHOBHOM 0COOEHHOCTBIO 2ACOPOLMU NOJMMEPOB ABJAETCA TO, YTO BBICOKO-
MOJIEKYJISpHBIE BELIECTBA TOTJOMAIOTCS OOLIYHO B KOJHYECTBAX, MHOTO NPEBOC-
XOAAmKX HeoOxomumele ansi obpa3oBaHHs MOHOMOJIEKYIspHOTO cios. Ilpu atom
Ha M30TepMax ancopbimu He Habyronaercs nepernboB, KOTOPHIE YKa3bIBajld Obl Ha
$opMHEpOBaHHE AUCKPETHOTO MOHOCIOSA. ARCOpOIMsA NOJMMEPOB B GONBIIHHCTBE
Clly4aeB HOCHT HEOOpaTUMEIH XapakTep: 3TO 00YCIOBICHO OTHOCHTENBHO OONBLIIAM
9ECIOM KOHTAKTOB MaKPOMOJEKYJ C IOBEPXHOCTBIO, KOTJ1a OJAHOBPEMEHHBIH pa3-
PHIB BCEX CBSI3aHHBIX C HEH 3BEHBEB ABJIAETCH CTATHCTHYECKH MAJIOBEPOATHEIM. Bo
BCAKOM Cjlyuae, CKOpOCTb AeCOPOIMH IONMMEPAa HACTOJNBKO Maja, 4TO BpAX JH
NPUXOAHTCS €€ YYHTHIBATb NP KPATKOBPEMEHHOM — COCTABJIAIOILUMM, KaK JIETKO
paccuuTaTh U3 3akoHa CToKca, faxke B O4YeHb BS3KHX CpeJax JIMIUb AONH CEKyHA —
KOHTAKTE OUCIEPCHBIX YACTHIL B XOJI€ MX CTOJIKHOBEHUS B pe3ynbTaTe OPOYHOBCKOIO
aswxenus. Hrmxe OyOyT KpaTKO pacCMOTpPEHBI OCHOBHBIE 32KOHOMEPHOCTH aicopo-
nur HII aucnepcHBIMH TeNnaMH.

Kunemuxa abcopbyuu. JIns AOCTUXEHUS aICOPOLIHOHHOTO PaBHOBECHS B TNOJIH-
MepCOLepKalMX AUCTIEPCUSX TpeOyeTcsl 3HAYHTEIbHOE BpPeMsS — OT HECKOJIBKHX
yacoB [3—5] 0 HECKONBKHX CYTOK [6]. DTo BpeMs 3aBHCHT OT pa3Mepa W MPHPOJIbI
9aCTHII, MOJIEKYJIAPHO-BECOBOTO paclpeesicHAs TOIMMepa, KavyecTBa pacTBOPHTENS
u ap. Kak mpasmio, OpH YBEJHYEHHHM NPOJOJKATEIBLHOCTH KOHTAKTa pacTBOpa
noyiuMepa ¢ aacopbenTom (1) BeswmymHa ancopOuum (I') pacreT, NOCTENEHHO NpH-
6JMXkadch K paBHOBeCHOMY 3Hauenmio (7—10). Hampmmep, mpr yBeJHYEHWH 1T
pacTtsopa nonusuHEIoBoro cnupta (IIBC) ¢ vacTruamu cycnensuu SbeS,; oT 20 MuH
[0 24 49acoB NMPOHCXOIWT IUIABHBIA NPOCT afcopbnwmm, a manpHEHIWHA poCT T A0
72 yacoB He m3menser I' [§). s 3ons Agl yBenmueHne T OT ABYX 4acoB IO CYTOK
TIpUBOOMT Kk pocty aacopbuuu IIBC ne Gonee yeM Ha 15% [9, 10]. Ot pe3ynbTaTsl
OOLSACHAIOTCSA HE TONBKO MEMJIEHHBIM JOCTHXEHHEM aJCOPOMMOHHOIO paBHOBECHS,
HO ¥ BO3MOXXHOCTBIO TiEpepacnpeleieHHs anacopOHMpOBaHHBIX MaxpOMOJIEKYI BO
BpeMEHH — BBLITECHEHHEM MEHEE KPHITHBIX MOJIEKYJ boJiee KpYMHBIMU. DTOT 3¢ddexT
HMeeT MecTo s nojuaucnepeHEbix ob6pasnos I1BC. BricokoMonekynsapHeie 06paz-
et noymasTHAeHOKCHAa (I190) cpaBHATENEHO OOHOPOMAHEI; 3THM, NO-BHUAMMOMY, H
00BACHAETCS AOBOJHLHO OBICTPOE — MEHEE YEM 3a 1 4ac — [NOCTHXEHHE PABHOBECHS!
agcopbnmu Ans 3Toro BemecTBa [3]. B TO ke BpeMsS Ha KHHETHYECKMX KPHBBIX
HHOT[IAa IIOABIAIOTCA MAaKCHMYyMBI, Kak 3TO Obl1o, HampuMmep, OOHApYXEHO IPH
apcopbumu I1BC ma aspocmiie [11]. TlonoxeHne MaxcUMyMa 3aBHCHT OT IPOJOJI-
KUTEIBHOCTH XpaHeHHs pacTBopoB IIBC (puc. 1), 910 0GBACHAETCS XOpOLIO H3-
BECTHOH HM3MEHACMOCTBIO CTPYKTYPhl H CBOHCTB BOJHBIX PacCTBOPOB 3TOro TOJH-
Mepa Bo Bpemerd [12, 13].
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[]
T e

Puc. 1. 3aBECHMOCTb BETNYHWABI aACOPOLAH NOMHBHHUIOBOIO

crpta ¢ M .M. 5,6-10* Ha yacTHUax a’poCHNA OT BPEMEHH

KOHTakTa W3 pabouero pacresopa (1 r/mm3), BHAEPKAaHHOrO
B tevenue 1 (1) 1 7 (2) cyTok; no [11].

Beauuuna aocopbyuu. B GonpminncTBe paboT BenMdMHY ancopOuMHM HAXOOWIH
0 Pa3HOCTH KOHUEHTpPALMii TMONHMEpa B PACTBOpPE O H TOCHe ancopOIu, HpH
sToM koHueHTpanuw BMC onpenensnu konopumerpuyiecku [9, 11, 14, 15], nyrem
xAMUYeckoro anammsa [16], metonom untepdepomerpunm [3, 7, 8] wan BuckO3NMET-
puu [8, 17].

Ipu pacuete I' MOJHMEPOB BO3HHKAET PA TPYAHOCTEH H3-3a TOrO, YTO PEAJILHO
JOCTYIHAsA i ancopOIuM MakpOMOJIEKYST HMOBEpXHOCTH TPYOHO ONpemeInmMa, a
JKCIICpHMECHTAJIbHAsA BEJIIUYHHA y,D,BJ'ILHOﬁ MOBEPXHOCTH Sy}:l' 3aBUCUT HE TOJILKO
OT MeToda, HO ¥ YCIIOBWil ee OIpeHesieHus.

Hckaxaroliee BnauaHue mopuctocTH npu agcopbuum [IBC Ha noBepxHOCTH
OKCHIOB MeTaJlloB oTMeuasioch B [18]. B pe3ynnTaTe arperanuu 4acTHIl Y€CTh HX
NMOBEPXHOCTH MCKJIIOYAETCH M3 aJCOPOUHOHHOTO B3aUMOMEHCTBHA € MaKpPOMOJIEKY-
JIAaMM M TIpH JaHHOH PaBHOBECHOUN KOHLEHTPAaOWUH I10-
smMepa I' ctaHoBUTCS PyHKIMEH KOHIEHTPAUWN TBEp- Frk
noi ¢a3mr (puc. 2). AHAJIOrMYHbIE 3aBUCHMOCTH Ha-
6monanuce npu ancopbiuu [IBC B cycneH3usX MOHT-
moputonuTa [19], cynedumraoro momuHodopa [20],
Honuma cepebpa [21] U IIMHACTHIX MHHEpANoOB [4,

22]; otmeuanocs [19, 22, uro o6paboTka cycnen3uif
yALTPAa3BYKOM WM IEPEMEIIUBAaHKME, CMOCOOCTBYrO-
IIAE pa3pyIICHUIO arperaTtos, MPUBOIMT K pocty I
Ilo nannbiM [21], B cycrmeH3usax noauna cepebpa npu- ;
MepHo 35% MOBEPXHOCTH YaCTHI HENOCTYIHO IS
agcopbuun IIBC. B cnydae ruppodunbHbIx BemectB Puc. 2.63aBchMocrb BEJMYUHb

a BHUHHITOB!
(oXcuAaBl METaNnoB) aacopouusa BOILI 32HHXKAET IK- cgﬁgga%.M?ﬁm‘ 2% a‘;'e‘f

CIEpAMEHTAIIBHYI0 I' IO CPABHEHHIO C MCTHHHOM WA prpy o toormy b nosepxmocTa
Jaxe TPHBOAUT K IOJyYeHHIo OTpHUATENbHBIX I [14].  okcamos xenesa (1), TuTana (2)

Pacuer I' Ge3 yueTa ONMUCAHHBIX OCIOXHAIOIHX B KpemHus (3) OT comepxanus
DaKTOPOB MOXET IPHBECTH K OIMGOYHBIM pesyip-  [BEPAOH hasbl s cycnemsuu; pas-

HOBECHBIC KOHIICHTpALMHA NOJA-
TaTaM, B YACTHOCTH, NPH CONOCTABJICHMH BENMMHH neno' |36 1,84 m 1,38 /v
ancopbuun BMC Ba pasznuuneix agcopbenrtax [1]. COOTBETCTBEHHO.

L

-
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3asucumocmo I' om konyewmpayuu noaumepa, T.e. popMa H30TEpPMBI aacop6-
muu 3aBucHT oT npupoas! HIT m ancopbenTa, MonexyaspHoi Macch (M.M.) monu-
Mepa, TepMOAWHAMMYECKOTO KadecTBA pPAcTBOpHTENs. B kadecTrse nmpuMmepa Ha
puc. 3 mokasansl u3oTepMsl apcopbuun 1190 u TIBC kosuiomAHBIMHA YacTHLIAMHA
Agl u Sb,S, [23]. Osu xapakTepHbl I ancopbuua monumMepos [1, 2] u cBrueTesb-
- CTBYIOT O 3HAQYHTECIBHOM CPOACTBE 3THX BE-
MIECTB K YKa3aHHBIM IOBEPXHOCTAM. HM3oTep-
MBI TAKOro THIA ObUIM NMOJIy4€HBI M IPH aacop6-
. wun MeTHesunronossl (ML) Ha noguae ceped-
» pa, cynbbuae cypbmsl [24], II20 — Ha aspo-
CHJIe, BBICYIIEHHOM oOcajike cyibduaa CypbMbl

phiy a 4

Py |
P
-

15

0} [24—26], TIBC — Ha MoHTMOpUIUIOHHTE [19].
H3oTepMBl ¢ MakCHMyMOM XapakKTepHbl IS

o ” T ancopbuuu IIBC na cynndunaoMm momunodope
[20] u caxe [6]. 3aBucumocts I' (C) mna IIBC

bt B cycrnensusax aspocuia [11}], deppurusuponan-
0 : HBIX MapraHUEeBOLIMHKOBBIX MOpPOIIKOB [27] u
w0 okcu10B MeTayuioB [14, 28] omuceBaeTCs CIOXK-

L HBIMH KDHBBIMHM, C JKCTpEMyMaMH H IEpErH-
ot 2[[)° 6amn. OGBIMHO MAaTEMATHYECKOE OIMHCAHUE N30~
wl ® TEPM aACOpPOLUUH HOJNAMEPOB 3aTPYOHHUTEILHO
o A3-32 MX CJIOXKHOI (OPMBI, OJHAKO B T€X CIYy-
by 4afgx, KOTAa OHO BO3MOXHO, dY€lle BCETO HC-

noAb3yloT ypaBHeHue JIsurmiopa [4, 7, 26].
Bonpoc o nipupone ancopOupyIOMIMACT Ku-
HETHYECKAX €IUHHI HMeeT HPHHIOUIHAJIBHOE

° 0b 08 12 Cor/

Puc. 3. a) U3oTtepmsr ancopbimm mo-

JIABHHHIIOBOT'O CIIAPTA YaCTALIAMHA 30715
#ionmma cepebpa: 1 — TIBC-12 (12%
aueTaTHLIX rpymm) ¢ M.M. 2,2.10%;
2 — MIBC-2 ¢ MM. 4,1-10%; 3 —
TIBC-12 ¢ M.M. 5,910t u 4 —TIBC-18
¢ M.M. 6,5-10* no [23} 6) N3orepmsl
ancopOuUME  MOMASTHICHOKCHOOB C
M.M. 2,3-105 (1), 1,3-10% (2) m 2,6-10¢
(3) ocanxom cynbdhHAa CYpBMEL.

3HayeHHe npu u3ydeHun aacopbumm BMC u3
pactBopa. OO6O0OLIMB ONBITHbIE JaHHBIE IO
ancopbuum IMOJMMEPOB M3 Pa3baBIEHHBIX Pac-
TBOpOB Gosiee uem 20 cucreM, Diipux [29] oT-
CTauBaeT KOHIEHIHUIO MOHOCHOEB, HOpMHUPYIO-
IIMXCA [pH agcopOLMH M30JIHPOBAHHBEIX Mak-
POMOJIEKYNl B BHAE NPONMUTAHHBIX DAaCTBODHTE-

JIeM KiyOxoB ¢ pasMepamu, OJTU3KHMMHE K BX pas-

MepaMm B pactBope. K BriBoay 00 amcopOrum
AHINBHAYANbHBIX MAaxKpPOMOJIEKYJ IPHXOIST H aBTOopel [3, 4, 8, 10]. Opgnako B
psde Ciy4acB MOJENb aACOPOHOHH H30JHPOBAHHBIX MAaKpOMOJIEKYJ HE OaeT YIOB-
JIETBOPHTENLHOTO OOBACHEHHS 3KCHEPHMEHTAJILHBIX JNAHHBIX, DOPOIO Jaxe s
pa3baBieHHbIX pacTBOPOB. JIMMATOBEIM ¢ coTpyaHuKamu [1, 30, 31] pa3sBuTel mpea-
CTaBJIEHHA O NEPEX0/ie Ha IOBEPXHOCTh HE OTJEJILHBIX MaKPOMOJIEKYJI, 4 AarperaTos,
9TO MPUBOAMT K MOSABJICHHIO Ba H30TepMax aacopbouu nepernOoB, SKCTPEMYMOB,
OTCYTCTBHIO HACHILLEHASA C POCTOM KOoHUIeHTpanuy BMC B pacTBOp M Ap., HEOOAHO-
KpaTHo HaOmomaBmmxcs ¥ npa agcopboum HIT Ha mucnepcHeix dactmmax [7, 11,
14, 27, 28].

XoTa COBpeMEHHBIE TEOPHH CTPOCHHSA aJCOPOLHOHHBIX CJIOEB IOJIHMEPOB
OPEAmoJIaraloT aiacopOUAI0 HHAMBHIYAILHBIX MAaKPOMOJIEKYJI, IpUBJICYCHHE Hpea-
craBjiennii 06 amcopOUmUM arpegaToB BO MHOTHX Cilydasx Hem30EXHO HpH Tpak-
TOBKE ONBITHBIX AaHHBIX mo agacopbmum BMC. Hampmwmep, B [11] mokasano, 4TO
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npr xonneHtpamux I1BC=0,5 r/n BenuwumHa afgcopOupm Ha aspocHie 3aBHCAT OT
MpPEAUCTOPHM PACTBOPA, MPHYEM H3MEHEHHE COCTOSHHUSA IOJIAMEPa B PACTBOPE BIIH-
seT Ha I’ B TeM Oonblueil CTENEHH, 9€M BHIIE KOHICHTPAIHS. -

Bauanue monexyaapHoii maccel noaumepa Ha I' BbIpaXeHO OOBIMHO TEM CHIb
Hee, YeM GOoJbllie KeCTKOCTb ¥, COOTBETCTBEHHO, 4eM MeHbINe AehOpMHPYEMOCTD
MaKpOMOJIEKYIspHOTO KiayOka mpu apcopbiun. B (3, 8, 10, 23, 24, 26) noka3saHo,
4YTO MO 3aBUCHMOCTH I'ec oT M.M. Ha wacruuax womuma cepebpa m cyasduma
CYpbMBI M3y4Y€HHBIE HAMH MOJMMEPHI PACIIONATAIOTCS B PAA: METUILEIUIION03a =
MONUBHHHIIOBEIA CIHPT > OJIA3TAICHOKCH, COOTBETCTBYIONIHI OCIA0ICHHIO JKeCT-
KOCTH MaxKpOMOJEKYJIAPHBIX LieNeil B 3TOH ke mociemoBaTeiabHOCTH. Ha 3T0 ke
yxa3pIBaeT aHajau3 ypaBHeHus Ilepkens—VYnemana [1] I'=KM?*(1) (K u a-koHCTaH-
THI): BEJIMYMHA MOKA3aTesis CTENEHH ¢ IPH Tepexole B ykasaHHOM psaay oT MIJ
k II20 ymenbiaercs oT 0,7 (ans cucreMbl Agl-MII) unu 0,5 (SbyS;-MIT) [24] mo
0,15 (AgI-T130 [3]) man maxe 0,06 (Sb,S;-II30 [26]) uro o6piuHO cBA3BIBAIOT [1, 2]
¢ ycuyeHneM nepopManun (pa3BopadrBaHus) MTOJAMEPHOTO KIIyOKa mpu aacopbuvn.

VBennyeHne npenesibHOM BEIMYAHEL afcopOumu ¢ poctoM M.M. Habnrozanocs-
u nipn agcopbunu I1D0 =Ha aspocune [7] n IIBC va oxcune TuTana [18] m yacThiax
MOJIMCTHPOJIBHOrO Jatekca [32]. B 1o xe BpeMsi I’ HOJMBHHUJIOBOTO CIIUPTAa B CyC-
TICH3UAX OKCHJA ATIOMWHHUS, LUHKCYJIbGUIHOro JIOMUHOGOpa NPOXOOUT YEPE3
MaxcumyM [18], mosBnerne koToporo o6wsAcHAEeTCS GOPMHPOBAHMEM B PACTBOPAx
IIBC magMonexyspHBIX 00pa3oBaHMii NpH JOCTATOYHO BeIcOKo M.M. moimMmepa,
XyXke 3aKpeIUISIONIMXCS Ha MOBEPXHOCTH, Y€M HHIWBUAYAILHBIE MaKpOMOJIEKYJIBI.
Hpyroii Bo3MOXHOH NpuunHOM yMmeHbiueHus I' ¢ poctoM M.M. MoryT ObITh CTe-
pHUYECKHE TIPENSTCTBHSA, BO3HMKAIOLIME NPH aACOpOIHMH MaKpOMOJIEKYI Ha IOPHC-
ToM ancopbenTe. ABTops! [19] mcnonb3oBanmy 3TH NpeACTaBICHHS AJIS HHTEpIpeE-
tanud Toro dakra, 9ro azcopbuus IIBC B cycnen3nsx MOHTMOPWIJIOHHTA PacTeT
B mHTepBane M.M. or 1,7-10* go 6,3-10% a gna M.M.=38,1.10* napmaer.

C yXYALICHHEM MepMOOUHAMUYECKO20 Kauecmea pacmeopumens aacoponus
HEMOHHBIX TIOJIAMEPO, KaK TpaBuio, pacter. Hampumep, B [33] mokasaHo, 4TO
BBenenne B pacTBop I1D0 mponanona B KOJMYECTBE CBHIIE 15 MOJIBHBIX % IIpH-
BOIMUT K pocTy I', 4TO CBA3bIBAeTCSA C YXYAUIEHAEM KadeCcTBA PACTBOPHUTENSA B 3THX
YCIIOBHASIX M YCHJIEHHEM IIPOIIECCOB arperaToo6pa3oBaHms H HX MIEPEXOfa Ha MOBEPX-
HOCTb aspocuna. Ilo maunem [8, 10, 11, 23] ancopbuposannsie Ha woauae cepebpa,
cynsbune cyppMbl H KpeMHe3eme xonmuecTBa I[TBC ¢ Gim3koit M.M. Bo3pacTarT
C yBEJIHYEHHEM YACIA HEOMBIJIEHHBIX AlleTATHHIX rpymm B Mojyekyje. OnHako 3Ta
TEHJEHIUS HE SABJAETCA OOIEH, Tak Kak IO BeJWyHHme ancopbumu Ha ZnO [28]
o6pasusr IIBC pacnonaratorces B pan [IBC-12 > TIBC-2 >IIBC-18 (uudpa nmokassl-
BaeT CoIEpKaHUE aleTaTHBIX I'PYNI B MPOLUEHTAX), COBNANAIOMMM C PIAOM BTOPHIX
BapHAaNbHBIX K03 QUINEeHTOB 111 UX BOAHBIX PACTBOPOB, T.€. B 3TOM CIIy4ae C yjyd-
LIeHHeM KavecTBa pacTBoputeis I pacrTeT, a He ymeHbinaetca. B [28] ator pesyis-
TaT OOBACHEH KOHKYPEHITHEH MEXIy NMpOLECcCaMH aficopOIUH W arperani¥ Makpo-
monexyn IIBC B pacTBOpe, a Takxe yiacTHeM B ancopbuuonHoii ca3u IIBC ¢ mo-
BepXHOCTBIO OKCHIA MOJEKYJT BOIBIL.

Pesynbtatom m3ydenus ancop6uum IIBC Ha cynsdune cypemsl [8], momune
cepebpa [10], oxcanax nunKa, uupkoHus, TuTana {14, 34] u T1I90 Ha uonmae cepebpa
3] n xpemHeseme [17] moka3biBalOT, YTO BO3pacTarolive A0OGaBKH 3JEKTPOJIIHTOB
06BIYHO MPHUBOAAT K YMEHBIIEHHIO KOJHYECTBA aacopOupoBanHoro moiumvepa. Kak
BUJIHO M3 JAHHBIX PHC. 4, 3TO YMEHBLILCHHUE 3aBHCHT B OCHOBHOM OT KOHICHTDALM{
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BBOOHMON COJTH W B MEHBIIEH CTEIEHHA OT
€¢ BAJCHTHOIO COCTaBa; TEHACHMHUA K CHH-
*eHnio I B IPHCYTCTBHH 3JICKTPOJIATOB YCH-
nmBaerca B pagy [1BC-2 <TIBC-12 <IIBC-18
[8]. B mexoTophix cnyyasx [14] nocne mnep-
BOHAYANILHOTO CHHXEHHs Habilomanoce He-
koTopoe yBenauuenue I'. Kazanock Obl, nerun-
paTHpYIOLLEE WM BhICAJUBAIOLLEE ACHCTBHE
0 \ . cojieit BOMKHO Oblo Obl MPHBECTH K POCTY
0 of [7] [X] 6 Gp,ifad . .
ancopbuuu nommmepa. HabGmromaemslii n3
Puc. 4. W30Tepmbr ancopbiym nonusuar-  OMNBITA TIPOTHBOTOJIOKHBIH 3ddexkT Moxer
nosoro cmapra (18% auetatHeIXx rpynm)  OBITB OOYCJIIOBJIEH PSAAOM IIPHYMH: KOHKY-
4aCTHUAMH 30J14 Homana cepebpa u3: 0 —  peyrholt ajcopbuueli MOHOB M IONAPHBIX
BOIBI, 1 — pacTBopa HUTpaTa HaTpHsA (a — .
200, 6 — 1000 Mvomb/mv?), 2 — pacteopa  3BCHBEB MOJNHMEDHOM LIEMH HA TOBEPXHOCTH
HWTpaTa Kanemms (a — 200, 6 — 1000 copOenTa [3, 10]); BEITANKHBAHAEM H3 JIBOW-
MMONb/AM®) M 3 — pacTBOpa HMTpaTa HOTO 3JIEKTPHYECKOro Cjos, IpHobperaro-
MaHTaH2 (a2 — 25 MMONL/IM?). HIero B KOHIEHTPUPOBAHHOM PAaCTBOPE JJEK-
. TpOJIHTA CBOIWCTBA IJIOCKOrO KOHAEHCATODA,
MeHee MOJSPHBIX 3BEHbEB MAKPOMOJIEKYJIEI GoJiee MONAPHBIMA MOJIEKYJIAMH BOJbI;
YCHIIEHHEM KOHKYDEHIMHM MeXJy IpOIECCaMM arperalyu B aacopbiuu MaKpomo-
aekyn [14, 34] unm M3MEHEHHEM MJIOTHOCTH NMOBEPXHOCTHOIO 3apsia C pOCTOM
MOHHOM cuibl pacTBopa [17].

Ipupooda adcopberma OKa3bIBAET CYIIECTBEHHOE BJIMSHAE HAa BEIWYHHY ancopo-
pur BMC, Tun ancopOumoHHON CBSA3HM, 38BUCUMOCTE I’ OT KOHUEHTpallMd IIOTEH-
" OUaionpeNeNAIIMX MOHOB M T.I. Tak, BeaumudHa ajacopOmomu Gim3kpx HO mapa-
MeTpaM ob6pasuos IIBC nocruraet 2 mr/m® Ha oxcmae nuHka [14, 28] U kaoJAHUTE
[51, 1,5 mr/m? mHa iiomuae cepebpa [9, 10], 1 Mr/mM® Ha cymedune cypsmsl [8] 1 MHOrO
menbliue 1 Mr/m® Ha xpemueseme [11]. B [15] noxasaHo, uTo TepMoo6GpaboTka nocie-
HETO CHJIbHO BJuseT Ha aacopbuuio ITBC u MakcumaiibHas aacopbuus Habroaanack
Ha obpa3max, mpoxaneHHBIX npu 700°. Veenmiuenue pH conpoBOXAaeTCs yMEHb-
mendeM I’ TIOJMBUHMIOBOIO COMpPTA HAa KpeMHE3eMeE H €€ POCTOM Ha OKCHIAX Me-
Taimop [14]. B 3aBHCAMOCTH OT IpHpOAbI COpOEHTa MEHSETCH OpPHEHTANIMS KOH-
TAKTHPYIOIIHX C TMOBEPXHOCTHIO 3BEHBEB MaKpOMOJEKyJ: nph agcopbmum I120
n I[BC Ha uyacTumax Agl 3BEHBST OPHEHTHPOBAHBI OTPHLOATENLHLIM IIOJIOCOM B
pactpoB [35); Toraa kak mpH agcopOmoum Ha Sb,S; opHEHTalHs 3THX 3BEHBEB HPO-
THBOIIOJIOXKHA [35].

B nuTepaType BBHICKa3HIBAIOCE MHEHHE O TOM, 4TO aacopbuuonHas cBsi3b IIBC
u TI20 ¢ noBepxHOCTLIO KpemHesema [7, 11, 15, 35—37], okcumoB MeTasuioB [14,
18, 28], rimuucThIX MuHEpaloB [4, 38] saBngeTca mo cBOEH mpUpOIE BOJOPOMHOM
cBA3b10. B ciyyae ancopbuun T30 ma aspocune [7] n IIBC va MOHTMOPHIUIOHHTE
[39] aT0 OBLMO MOATBepX)AeHO MeToxoM UK-cnekTpockonuu.

PesynnTarsl psaga paboT yka3plBalOT HA BaXHYIO POJIb MOJIEKYJI BOJABI B 0bpa-
30BaHHH afCOPOLMOHHBIX CBf3e€dH THAPOQHILHBIX MaKPOMOJEKYJ C MOBEPXHOCTBIO
apcopbenta. 1o Tem Oonee BEpOSITHO, 4TO NmO JAHHBIM SMP cnekTpocKonHH
BOAOPACTBOPHMEIE TIOJIMMEPHI HOBOJLHO CHIBHO FHApaTHpoBaHBI [40,-41]. B [19,
38] noxasano, uro aacopdbuus IIBC Ha MOHTMOPWJIJIOHHTE PACTET C YBEIUYECHHEM
COEpPXaHUA B HEM BOJIbI, IPUYEM MOJIEKYJIB! BOABI, IPOYHO CBA3aHHBIE C OOMEHHBIMH
katmoHamu H OH-rpymmamn MuHEpajia, He BRITECHAIOTCS IPH aICOPONUA MONANMEDA,

Gurfi
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a marot cssask ¢ ero OH-rpymamu mo cxeme Me*t...O—H...H—O—CH—CH,—
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OTa «3axaras» MOCTHKOBas Bona ygausercs auiub npu 150°, ITo HammuM QaHHABIM,
ruapo¢MIbHOCT, MOBEPXHOCTH M CTPYKTYpa THAPATHBIX CJIOEB, €€ CIIOCOOHOCTH
3aMeIlaThCs 3BEHbAMH aJACOPOUPYHOILMXCA MaKpOMOJIEKYJ ABJIACTCA BaXKHBIM (ak-
TopoM, omnpenessionM aacopbumro HIT Ha oxcupax [14, 28]. VyacTtne monekyi
BOIHI B 00pa30BaHUH aICOPONMOHHON CBS3H NIPEAIOATajoch OaXe B CIy9ae TaKkux
agcopbenTos, kak Agl [3, 10], a u3 [26] u3BecTHO, 4TO BEHICYIUMBAHME OCaika Sb,yS,
NPHBOJHAT K yMeHbIIEHNIO I'o ¥ cponcTta 1130 x ero moeepxnocTH. [1o-BuauMoMy,
IanpHeHiliee pa3BATHE HANIMX IpeacTaBneHHi o6 agcopbuuu HIT u3 BomHBIX pact-
BOPOB B 3HAYMTEJILHON CTETIEHUW CBA3aHO C BHISICHEHHMEM DOJH MOJIEKYJ PacTBODH-
Tellst B a7copOIMOHHOM B3aMMOJIEHCTBHE NIONIMMEpa ¢ NOBEPXHOCTHIO aZICOpOEHTA.

3aBepmasi pacCMOTPEHHE 3aKOHOMEpPHOCTeH aiacopOuud HEMOHOTEHHBIX IIOJIH-
MepOB H3 BOJHBIX pacTBOPOB IOUCIHEPCHBIMH YAaCTHOAMH MOXHO 3KaJIOUATh, YTO
HHATENPETANHA IKCIEPHMEHTABHBIX JAHBHIX TpeOyeT yieTa pa3sHOOOpPa3HBIX THHOB
B3aUMOEHCTBHS: ONAMEP-TIOIAMED, TONUMEP-PACTBOPHTEIND, IOJIAMEP-aACOPOEHT
¥ pacTBOpHUTENb-aICcOpOEHT, a Taxke npenucTopun pactBopoB BMC u ancopbenra
U €ro MOPUCTOCTH.

B cnepyronie#t nyOnukaluM [JaHHON cepum OymeT paccMOTpeHa CTpPYKTypa
_aICOPOIMOHHBIX CJIOEB MOJMMEPOB Ha MOBEPXHOCTH AMCIEPCHBIX YaCTHI] H METOJBI
(B nepByio ovepenb SNIEKTPONOBEPXHOCTHBIE) €€ ONpe/Ie/ICHHUSI.
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THE ADSORPTION OF NON-IONIC, WATER-SOLUBLE POLYMERS ON
DISPERSE PARTICLES AND THE STRUCTURE OF THE ADSORPTION LAYER
I. ADSORPTION OF POLYMERS FROM WATER SOLUTIONS

B. E. Platonov and A. A. Baran
The results published in the past 5-6 years are summarized, together with newer results relating to

_the adsorption of nonionic polymers based on polyethylene oxide, polyvinyl alcohol and methyl-
cellulose. on particles of hydrosols and suspensions.



BOOK REVIEW

Interferometry by Holography. Yu. I. Ostrovsky, M. M. Butusov, G. V. Ostrovskaya, Springer
Series in Optical Sciences, Vol. 20, X+ 330 pages, Sprmger—Verlag, Berlin, Heidelberg, New
York, 1980.

The book reviewed is the English translation of the above Soviet authors’ monograph ,,Gologra-
ficheskaya Interferometriya” published by “Nauka” Publishing House, in Moscow 1977.

This book is an introduction to the holographic interferometry. The application of holography
in different fields is very wide-spread nowadays, but holographic interferometry is probably the most
important. Mechanical engineets, turbine designers, biologists, crystallographers may benefit from the
results of this very sensitive novel method.

The well-arranged work is easy to survey and systematically devided into five chapters. The first
chapter summarizes the general principles. The authors give a clear mathematical treatment of light
interference. The interference of plane and spherical waves, as well as that of the light beams of
different wavelengths are aligned, moreover coherence is defined. After this theoretical introduction
a rewiev of the practical realization of optical interferometry is presented. A detailed discussion of
interferometers follows classifying according to different points of view and potential applications
(including determination of the distribution of refractive index and of layer thickness, metrological
and spectroscopic applications). In this chapter holography is also reviewed. After short historical
introduction, the mathematical basic equations related to recording and reconstruction of the holog-
rams are presented. Then, after the classification of holography according to different principles, the
possible application of holography is discussed shortly, including holography produced by not light
waves. After treatment of the general principles and many important properties of holographic
interferometry, the first chapter is closed with the detailed analysis of two important procedure:
real-time and double-exposure methods.

The second chapter gives an account of the experimental technique. After outlining the descrip-
tion of coherent light sources used in holographic interferometry (gas lasers, solidstate, and dye lasers)
follows the review of the more important properties of hologram recording materials. Beside silver
halide photographic materials, mention is also made to novel recording materials (photoconductor-
thermoplastic devices, electrooptic crystals and the so called FTIROS developed in the Soviet Union
in 1976). Beside the detailed presentation of the holographic interferometry, antivibration holographic
slabes, and optical setup elements (pinhole diaphragm, beam splitter, hologram fastener ect.) the
authors summarize many useful every day laboratory experiences.

The third-chapter begins with the description of investigation of transparent phase inhomoge-
nities by holographic method. Beside the earlier methods of visualization of phase inhomogenities
(“schlieren” system and shadow method), the fundamental principle of holographic interferometry
is explained. The different recording methods, e.g. the two- and three-dimensional cases, are discussed
not only theoretically, but are also practically illustrated by typical optical arrengements.

The calculation of the spatial distribution of refractive index is based on this method. The holog-
raphic diagnostics of plasma is a particularly authentic review since the authors published numerous
papers in this topic. The holographic investigation of laser-induced spark is reviewed, and the so
called cineholography they have developed just for this purpose. Interferometric study of plasma
induced by pulse laser on surface of solid, (in flash lamps) and the pinch effect is treated. The use of
 holographic interferometry in gasdynamic investigations (shock wave, gas flow around freely flying
bodies came into being in wind tunel etc.) closes this section.

In chapter 4 the investigation of displacement and deformation of different surfaces, and of
surface reliefs is presented. The process of interference pattern formation is discussed theoretically.
Holographic interferograms are explained with the aid of Kirchhoff integral and correlation. function
Following this, experimental procedures are given for the evaluation of displacements (transla-
tions and rotations), deformations and surface reliefs. In particular the two-wavelenght, and the
immersion method is analysed in details. The description of interferometric examination of defects
in certain materials (e.g. in tire) can be found in this part, too.

The last chapter is devoted to the holographic study of vibrations. The interferometric investi-
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gation objects moving with constant and stepwise speed, or with harmonic vibration, is treated.
The Powell-Stetson method and stroboscopic holography is briefly discussed.

In the individual chapters theoretical parts are well balanced with experimental, practical parts.
The book is based on graduate course theoretical and experinemtal optics.

The book is well arranged, its style is clear, the outlook is attractive. It must be emphasized that
illustrations of experimental arangements, photographs of optical setups and the reproduced
interferograms are beautiful and perfect, they evidently help the better understanding. Nearly
four hundred references with separete numeration to each chapter enable the reader to widen his
knowledge, if wishing to enter the field.

Summarizing this well arranged book of relatively up-to-date object, is highly recommended to
experts (physicists and engineers) familiar with the basic theory and practice of holography, who wish
to use holographic interferometry. Besides university teachers and students, may also find this
monograph to be a useful introductory reading.

L. Gdti
. (Institute of Experimental Physics,
} Attila J6zsef University, Szeged)
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