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ON THE INTERACTION OF AN ULTRASHORT LIGHT PULSE
WITH A THIN RESONANT MEDIUM II

By
M. G. BENEDICT and I. GYEMANT
Institute of Theoretical Physics, Attila Jozsef University, Szeged

( Received 20th December, 1984)

- An optically thin, two level atomic system interacts with a pulse of resonant electromagnetic
field. The effects of relaxation on the transmitted and reflected waves are investigated. As a general
- rule damping of the polarization reduces reflexion and strengthens the transmission.

In a previous paper [1] we héve investigafed the transmission and reflexion
in the resonant interaction of an ultrashort light pulse with a thin film, containing
two level atoms. In this paper we report results for a model including damping
as well. : : ‘

The interaction is described by the modified Bloch equations {1, 2, 3] as

p=(f+v)w—y,v; w=—(+v)v—y((w+1), (1a, b)

where the damping of the polarization and of the inversion have been introduced.
The coefficient y; of the damping of the inversion is usually much less than that
of the polarization, yy<y, and we can simply set y,=0. In the case of exact
resonance the Bloch vector component v characterizes the polarization, and w
is the difference between the populations of the upper and lower levels. In Egs.
(1a, b) time is measured in units tx=7#c/(2nw, p*n) where w, is the transition fre-
quency, p is the induced dipole moment, n is the surface dipole density, and
é=pE,.tg/h is the dimensionless amplitude of the external field. In our system
of units the transmitted field is &+v, while the reflected wave is ».

In [1] damping effects have been ignored, i.e. the characteristic time T of the
relaxation of polarization has been assumed to be much longer then the unit of time

Ty = tg/7L > Tg- @

This relation, however, is not valid generally for materials used in coherent optical
experiments, because either the transition dipole moment is small or the concentra-
tion of the active atoms is not large enough. Nevertheless, in solids with high dipole
density and with allowed dipole transition tg<7, can be achieved.

In [1] we have shown, that in the absence of damping a pulse-like excitation
of the form :

é’=é’osech—;- | )

1*
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Fig.2. A=2n, 1=025, y1=5

Fig. 4. A=2n, =4, y1=02

Fig. 1. A=2n, =025, y,=1
e
+
A
r
w
Fig. 3. A=2n, 1=4, yL=0
w
Fig.5. A=2a, t=4, y1=1

Fig. 6. A=2n, =4, y =5
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yields very different behaviour for the transmitted and reflected amplitudes in the
cases of A<(t+1)nr and A=(t+1)nm, where 7 is the duration 7, of the pulse
in 7Tg units, i.e. T=7;/tz, and A is the pulse area: A=4&,7. In the first case,
A<(t+1)=n, a complete inversion cannot be achieved and reflexion dominates,
while in the second case w reaches +1, and then the system goes back to its
ground state.

Let us turn our attention to the solution of Egs. (1a,b). If we have a pulse-
like excitation, the stationary values for » is 0 and for wis —1, but as we choose
further y,=0, w=—1 is not achieved actually, while »=0 will be essentially
when & turns to 0. Results of numerical integration are presented in Figs. 1—9,
where the time dependence of the inversion (w) and of the exciting (e), transmitted
(t) and reflected (r) waves are shown. The scales are fixed by the maximum of the
exciting pulse &=4, sech ¢/t switched on at t=—5.5. Namely its maximum posi-
tion is at t=0, while for the inversion along the vertical scale goes from —1 to 1.

Fig7. A=n/2, =025, y1=0 Fig.8. A=n/2, =025, yi=1

y’

Fig.9. A=n/2, ©=0.25 yi1=5
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When the reflected wave is small still in the undamped case, e.g. for A=2n,
1=0.25, the introduction of damping will cause a little effect, as demonstrated in
Figs. 1 and 2 for y,=1 and y, =5, respectively. The reflected and transmitted
waves are essentially the same as without damping, the only difference is that the
inversion does not reach +1 and later does not fall back to —1; the atomic
system dissipates the energy of the excitation. Damping of the tail of the reflected
wave can be observed when 1/y, ~t. For still greater y, the reflected wave will
completely vanish.

The introduction of damping may change the situation radically only if v is
relatively large in the undamped case, which is valid for long and/or weak pulses
[1]. The situation is shown in Figs. 3—6 for a 2n pulse of duration 7;=47g, with
1.=0,0.2,1.,5., respectively. As y, grows the reflected wave diminishes and trans-
mission is getting closer to the exciting pulse. The same can be observed for a n/2
pulse with t,=0.25tgz (Figs. 7—9) though here the effect is not so drastic, but
at y, =35 the picture is very similar to the previous case (cp. Figs. 6 and 9).

As it is expected, for pulses of duration much less then 7 the relaxation with
characteristic time T, Sty will effect mainly the tails of the transmitted and reflected
waves — the superradiant part; the initial stimulated part will be changed only
when T,<t;. In experiments it is easy to meet the condition ;>T,>1x and to
realize a small area exciting pulse, when a relatively strong reflexion can be expected.
However, the more interesting case of strong reflexion of large area pulses requires
the condition T,>1;>7z which seems more difficult to ensure experimentally.
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-Q B3AVIMOJEVCTBUY VJIETPAKOPOTKOI'O CBETOBOI'O UMITVIILCA
C TOHKUM PE3OHAHCHBIM CJIOEM

M. I'. Beneduxm u H. Hoemanm

OnTHYECKA TOHKAS ABYXYyPOBHEBAsA aTOMHAA CHCTEMAa B3AHMOLEHCTBYET C HMITYJILCOM PeE30-
HAHCHOTO 3JIEKTPOMATHHMTHOrO moji. Mcciemyercs BIWAHEE pENaKCalMM HA IPONYIICHHYIO H
OTpaxeHHyro BOJHEL Kak npaswino, 3aTyxaEme MOAPH3ALMA YMECHBIIACT OTPAXKCHUE M YCHIISET
OPOIYCKAHME, :



SELF-CONSISTENT CALCULATIONS OF THE ISOTHERMAL
ELASTIC CONSTANTS OF THE ANHARMONIC RARE-GAS CRYSTALS

By
C. MALINOWSKA-ADAMSKA
Institute of Physics, Technical University of L()d;' v

( Received 20th October, 1984) )

The reduced second-order self-consistent phonon approximation is applied to the calculations
of the isothermal elastic constants of the anharmonic rare-gas crystals. As the models of nearest-
neighbour central force interaction are used the Morse, Rydberg and Varshni self-consistent poten-
tials. The temperature dependence of the isothermal elastic constants, bulk moduls and Griineisen
constants in the low and high temperature limits are given and compared with experimental data as
well as with previous theoretical calculations.

Introduction

The principal theoretical results concerning the temperature dependence of the
elastic constants c,3 of the ideal rare-gas crystals (RGC) in the quasi-harmonic
(Q-H) approximation have been presented and discussed in [1,2]. The results
given in [2] for Ar, Kr and Xe in terms of the (12, 6) Lennard-Jones (L-J) poténtial

showed that the Q-H approximation was unreliable for T,%% T, — the melting

temperature. B

Using the method of BARRON and KLEIN [3] and the pair potential function of
BOBETIC—BARKER (B-B) [4] together with the AXILROD-TELLER triple-dipole
interaction [5] BARKER and KLEIN calculated the harmonic and anharmonic elastic
constants and phonon dispersion curves for Ar at low temperatures {4]. The phonon
dispersion curves were in good agreement with experiment, but c,; showed sub-
stantial differences from current experimental estimates.

An improved description of the elastic constant [7, 8], compared to the Q-H
approximation, has been obtained in the lowest order self-consistent phonon theory
(ISC) [9]. As the potential energy of the solid Ar the L-J potential was taken.

However the ISC theory is known to be adequate up to about —f:—times of the melting

temperature [10] so that up to this temperature the above calculations were per-
formed.

Monte Carlo method with the B-B and L-J pair potentials was used to the
calculations of the elastic constants of solid Ar, Kr and Xe in paper [11]. The results
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for Ar (80K) and Kr (85 and 115 K) have been obtained for the B-B pair poten-
tial. For Ar (80 K) and Xe (156 K) carried out the calculations for the L-J poten-
tial. The results obtained agreed well with the previous work of KLEIN and co-
workers [8].

The self-consistent phonon theory based on the thermodynamic double-time
Green’s function method [12] was applied to the investigations of the isothermal
elastic constants of the RGC in [13, 14]. The results reported there by graphs only
were obtained for the Morse renormalized potential in the case of the displacement-
displacement correlation function calculated at T=0.

Recently, the isothermal elastic constants of the RGC at T=0 K have been
computed in terms of a new potential energy curve proposed by SINGH and NEB
[15]. The agreement between experimental and theoretical results for c,; was reason-
ably good. Singh’s and Neb’s paper does not contain investigation of the phonon
properties from their new model of the potential energy curve.

In this paper, using the self-consistent phonon theory in the reduced second-
order (RSC2) approximation [12,16], we show the anharmonic effects of phonons
in the dynamic properties of the RGC. The calculations of the isothermal elastic
constants, bulk modulus B and Griineisen constants y in terms of the Morse (M),
Rydberg (R) and Varshni (V) self-consistent (sc) potentials are extended from low
to high temperatures. For these potentials we can obtain explicit solutions of self-
consistency equations for ¢,z and for thermodynamical functions in analytical forms
{17], which help to clarify some aspects of the theory of solid state. In order to
assure the accuracy of the present calculations we used the parameters of the M, R
and V potentials determined in higher approximation with respect to the number
of shells n of nearest neighbours (N N) by the help of method described in [18].
Numerical values of these parameters for the RGC are listed in paper [19]. It should
be noted, that M, R and V sc potentials used in recent our papers [19, 20] to the
description of the thermodynamic properties of strongly anharmonic crystals gave
reasonably good agreement with their measured as well as other theoretical data.

‘Isothermal Elastic Constants in the RSC2 Approximation

As was shown in [13] the isothermal elastic constants of the face-centred cubic
crystals at temperature T and external pressure p are given by:

cap = €27 @*(T, p)1=208(T, p)St. 1, ()

where:

% are the harmonic elastic constants,

r, and / are the distance between neighbouring atoms in the harmonic and
anharmonic approximations, respectively, a(T, p) and B(T, p) are defined by the
anharmonic strength constants f(T, p) and g(T, p).

ﬁmm=ﬂ%i %)
B(T.p) = £XL2 P) ®)

LT, p)
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0=kgT, f is the harmonic force constants. The function Sg,; is defined by the
appropriate choice of the type of the mode j and the direction k of the wave vector
yielding the corresponding elastic constants ¢y, ¢4 and ¢ —cpp {13, 14]. (Sk,;
evaluated in [14] are equal to: S,;=1.73X1073, S, r=1.36X10"3 and S,,,=
=1.05X1072).

Analytical expressions for /, o(T,p) and B(T,p) in terms of the Morse,
Rydberg and Varshni sc potentials are given in paper [17]. We shall not collect here
the analytical results of {17] but applying them to the lattices of Ne?’, Ar, Kr and
Xe we will explore the temperature dependence of the isothermal elastic constants
(Eq. (1)), bulk modulus {6]:

1
B = §(011+2012) )
and Griineisen constants {21]:
o, VB
Y= C,, H] (5)

where a,, V and C, are the coefficient of the volume thermal expansion, the volume
of the crystal and the molar heat at constant volume, respectively. It should be noted
thatat T=0XK y has been calculated by the help of the expression given in paper [15].

The anisotropy 4 and parameter J expressing the deviation from the Cauchy

relation [6]:
A = 2c4/(c1n—C12)s (6)

0 = (cu—cis)fen (M
are computed too.

- Numerical Results

The values of the isothermal elastic constants ¢,z of the RGC calculated for
the Morse, Rydberg and Varshni self-consistent potentials at T=0K are given
in TableI. For comparison in this table are listed the experimental [22—24] and
theoretical data obtained in terms of the LENNARD-JONES [2, 7, 26], BUCKINGHAM
[26], BoBETIC-BARKER .4] and SINGH-NEB [15] potentials.

Numerical results for the bulk modulus B, anisotropy A and parameter )
obtained on the basis of the results of Table I are collected in Table II.

The temperature dependence of the isothermal elastic constants calculated in
the RSC2 approximation are shown and compared with experimental [11, 22—24,
27—29] and other theoretical data [7, 11] in Table III and graphically in Figs 1-—4.

Table IV shows the comparison of our results with the experimental [21, 33,
34] and theoretical data [10, 15, 32] for the Griineisen constants y as a function of
temperature. '

From Table I we can see that the agreement between experimental and our
theoretical results for ¢, cu ¢. and Caq at T=0K is reasonably good The
harmonic elastic constants c3; (appearing in Eq. (1)) have been calculated in terms
of the M,Rand V potentials on the basis of the Barron and Klein expressions 31
The values of ¢,z obtained in the RSC2 approximation are lower than those in
the harmonic and Q-H approx1matlons because the phonon frequency renormaliza-
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Table 1

Comparison on the values of the isothermal elastic constants calculated in terms of the Morse (M),
Rydberg (R) and Varshni (V) selfconsistent potentials with experimental [22-25] and theoretical
data [3, 6, 1, 15, 26) obtained for the Lennard-Jones (L-J), Buckingham (B), Bobenc—Barker
(B-B) and Singh-Neb (S-N) potentials at T=0K

Solids Potential Approximation €11 109[Pa) (c11—¢c19) 10%[Pa) ¢, 10°[Pa) Ref.
1 2 3 4 5 6 7
M - RSC2 1.136 0.547 0.692
R 1.303 0.617 0.805
v 1.323 0.648 0.793
Ne L-J Q-H 1.36 0.655 0.828 [3]
ISC 1.597 0.825 [n
S-N H* 1.334 0.350 0.498 15}
experim. IN §** 1.611 0.756 0.972 [22]
M RSC2 3.503 1.549 . 2.030
R ’ 3.934 1.840 2.176
v 3.755 2.002 1.860
L-J Q-H 3.71 1.64 2.15 [3]
H 3.455 1.978 1.941 [26]
A ISC 3.978 2.012 2.600 71
r B-B H 3.50 1.74 2.12 6}
B-B+
A-TH*** H 3.79 1.73 2.12
B H 4.069 2.413 2.366 [26]
S-N H 3.244 1.156 1.797 [15]
experim. INS 4.24 1.85 2.250 [23)
M RSC2 4.288 1.828 2.508
R 4.921 2.380 2.500
A% 4.504 2.163 2.406
L-J Q-H 4.52 1.97 2.60 [3]
Kr H 4.279 2.508 2.376 [26]
ISC 4.876 2.451 3.220 [71
B H 5.011 2.946 2.815 [26]
S-N H 4.236 1.547 2.500 [15]
experim. INS 5.140 2.300 2.68 [24]
M RSC2 5.012 2.177 2.874
R 5.234 2.321 2.853
v 5.150 2.425 2.575
L-J Q-H 5.11 2.20 2.93 (3]
Xe H 4.715 2.78 2.592 [26]
ISC 5.481 2.75 3.632 [N
B H 5.505 3.261 3.067 [26]
S-N H 4.823 1.744 2.930 [15]
experim. INS 5.270 2.45 2.950 [25]}

* Harmonic approximation, ** inelastic neutron scattering method, *** Babetic-Baker
potential together with the Axilrod-Teller triple-dipole interaction.
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Table 11

Bulk modulus B, anisotropy A and parameter 8 of the RGC at T=0K.
The meaning of symbols is the same as in Table 1

Solids Potential Approximation B 109 [Pa} A s
1 2 3 4 -1 6

M RSC2 0.771 2.55 0.175
L-J Q-H 0.923 2.528 0.174

Ne ISC ’
S-N H 1.201 2.846 -0.521
experiment 1.107 2.671 0.137
M RSC2 2.470 2.621 0.039
L-J Q-H 2.617 2.620 0.038
ISC 2.636 2.584 0.322
Ar B-B+A-T H 2.636 2.450 0.029
B H 2.460 1.961 0.429
S-N H 2.473 3.109 -0.139
experiment 3.020 2.432 — 0.054
M RSC2 3.069 2.744 ’ 0.019
L-J Q-H 3.206 2.639 0.019
Kr ISC 3.242 2.627 0.328
B H 3.047 1.911 0.363
S-N H 3.205 3.232 —0.068
experiment 3.607 2.330 —0.056
M RSC2 3.561 2.640 0.019
L-J Q-H 3.643 2.663 0.020
Xe ISC 3.647 2.641 0.328
B H 2.862 1.865 0.363
S-N H 3.660 3.360 -0.068
experiment 3.636 2.407 —-0.056

tion factor a<1 and /=r, even at T=0K. In addition, at sufficiently high tem-
perature the differences between numerical values of our results for c,3 and those
in the ISC theory are due to the negative contributions from the second order terms
in the self-energy operator (—p(7,p) in Eq. (1)). It is worthwhile to underline
that the contributions from the odd-derivative terms in the sc potential which describe
the damping of phonons lead to a decrease of the numerical values of some thermo-
dynamical functions [17] and instability temperature [20] of the crystals also.
The Griineisen constants calculated from our self-consistent potentials are
- essentially temperature independent. This conclusion is in agreement with experi-
mental data for Kr and Xe in high temperature limit. Approximately this con-
clusion concerns the values of y computed by KLEIN and co-workers [10]. Let us
remind here that y obtained in paper [10] for Ar in the case of the Bobetic—Barker
and Barker-Fisher-Watts potentials at T=20—60K are in the range of 2.9—3.0
and of 2.8—2.9, respectively.
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Table 11

Comparison of the experimental and theoretical data for the isothermal elastic constants
as a function of temperature.
The meaning of symbols is the same as in Table I

Solids Potential T[K} c11 10° [Pa} €, 109[Pa] cyq 109 [Pa) Ref.
1 2 4 4 5 6 7
M 5 1.113 0.577 0.678
24 0.946 0.490 0.542
R 5 1.283 0.675 0.792
24 1.091 0.573 0.633
Ne | v 5 1.296 0.661 0.777
24 1.102 0.562 0.621
L-J 7 1.588 0.821 [7*1
(Iso) 23.5 1.112 0.597
experiment 5 1.6614+0.017 | 0.855+0.021 | 0.952+0.05 | [22]
M 10 3.433 1.915 1.986
80 2.059. 1.149 1.192
R 10 3.855 2.052 2.121
80 2.313 1.231 1.272
\% 10 3.679 1.718 1.822
80 2.207 1.031 1.093
Ar | LI 10 3.958 2.003 (741
(ISC) 83 2.147 1.148
L-J
(Monte C.) 80* 1.917 0.92 2.20 (111
B-B 80* 1.91 1.03 1.18 1]
(Monte C.) 10 4.25+0.05 2.40+0.05 2.2440.01 [23]
experiment 80 2.14. 0.83 0.89 [
82 2.4840.06 1.5340.05 1.24+0.04 23]
M 10 4.159 2.386 2.432
115 2.495 1.432 1.459
R 10 4.773 2.464 2.425
115 2.864 1.478 1.455
\% 10 4.368 2.271 2.333
115 2.621 1.362 1.400
L-J 10 4.84 2.434 [7*]
Kr [ dscC) 115 2.50 1.331
B-B 85* 2.88 1.57 1.72 (11)
(Monte C.) 115* 2.05 1.16 1.27
experiment 10 5.2140.05 2.9240.06 2.68+0.03 [24]
85+ 3.24 1.1 1.63 (11]
114 2.89+0.04 1.85+0.04 1.4440.01 27
114 2.99 1.07 1.19 (28]
115* 2.38 1.19 [11]
M 10 4.841 2.749 2.787
110 2.917 1.650 1.672
156 2.041 1.154 1.171
xe | R 10 5.076 2.825 2.767
110 3.046 1.695 1.660
156 2.132 1.186 1.162
\% 10 4.995 2.643 2.497
110 2.997 1.585 1.438
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Table 111
(Continued)
1 2 3 4 I 5 6 ‘7
156 2.098 1.110 1.049
L-J 160 2.806 1.49 [7#]
(ISC) -
(Monte C.) 156* 2.14 1.18 1.48 [11]
Xe experim. 10 5.2740.09 2.821£0.08 2.951+0.04 [29]
110 4.141+0.06 2.40+0.06 2.111+0.04
159.6 2.834+0.05 1.734+0.05 1.5040.02 :
156* 2.30 1.22 1.48 f11]
156 2.12 1.04 1.48 [30]

The values of ¢,z obtained on the basis of the relation [31]: ¢.5 —cS,=B— BS, where cf,, and
BS are the adiabatic elastic constants and adiabatic bulk modulus, respectively. a=1, p=12.

Table IV
Temperature dependence of the experimental and theoretical values of the Griineisen constants y
: : S-N B-B L-J
Solids T[K] Experiment M R v {151 [10] 321
0 |31 [21] 3.031 3.029 3.017 2.10 3.22
Ne 8 3.031 3.029 3.017
16 3.031 3.030 3.018
24 | 35 3.094 3.052 3.033
0 |28 [21] 2.880 2.501 . 2.416 2.063 3.10
20 | 3.10 [33] 2.897 2.851 2.512 2.9
Ar 40 | 2.81 2.941 2.947 2.626
50 3.1 [21] 2.966 2.974 2.837
70 3.044 2.967 2.967 3.0
0 | 275 [21] 2.612 2.611 2.614 2.532 2.80
20 | 2.77  [34] 2.619 2.623 2.629
Kr 60 | 2.84 2.655 2.662 2.683
100 | 2.81 2.719 2.709 2.738
115 | 2.81 2.743 2.747 2.747
0 | 275 [21] 2.808 2.812 2.810 1.948 2.87
20 2.804 2.813 2.815
Xe 60 | 2.72 -[33] 2.843 2.847 2.852
100 | 29 2.896 2.886 2.892
120 | 3.0 2.897 2.902 2.908
140 | 3.1 2919 2.925 2.932
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Fig. 1. Temperature dependence of the isot-
hermal elastic constants of Ne?® for the Morse
self-consistent potential in the RSC2 approxi-
mation (curves 2) and for the (12,6) Lennard-
Jones potential energy function in the ISC
theory [7*] (curves 1).
en(———); e
Coa(—r—+—e—).
The experimental data [22} are shown by:
c0— @ @; ¢,— 0 0;

cu— X X, respectively

—)

R I ¥ TIK

Fig. 2. Temperature dependence of the
isothermal elastic constants for Ar. The
meaning of curves is the same as in
Fig. 1. The experimental data are from
measurements of [11, 23]
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Cup l 10° [P

39:

35

31

9 2
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. -
0- 20 40 60 80 100 T K]

Fig. 3. Temperature dependence of the isothermal elastic

constants for Kr. The meaning of curves is the same as in

Fig. 1. The experimental data are from measurements of
{11, 24, 28, 30]

Conclusions

In conclusion we would like to mention that, considering the large number
of properties [12—14, 16—20] investigated on the basis of the self-consistent phonon
theory (SCPT) of anharmonic crystals developed by PLAKIDA and SIKLGs [12, 16],
the overall agreement with the experimental values may be said to be quite satis-
factory. This paper presents a continuation of our investigation on the properties
of cubic crystals in the SCPT. The calculations are performed in the reduced second-
order SCPT using the Morse, Rydberg and Varshni renormalized potentials as
models of nearest-neighbour central force interaction. The numerical results obtained
for the isothermal elastic constants c,s, bulk modulus B and Griineisen constants
y of the ideal rare-gas crystals (RGC) are compared with available experimental
data as well as with principial theoretical results (Tables I, III and IV). From this
comparative presentation the values of c,; follows that our results are generally
smaller than those obtained by the help of previous approximation. It is due to the
contributions to ¢,z from the add-derivative terms in the sc potential which describe
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Fig. 4. Temperature dependence of the isothermal elastic
constants for Xe. The meaning of curves is the same as in
Fig. 1. The experimental data are from measurements of [29]

the damping of phonons. According to Eq. (1) these contributions come from two
sources: 1) the crystal expands as the temperature increases so that r.//<1, ii) our
elastic constants include the negative contribution (—p(7,p)) from the second
order term in the self-consistent theory which is neglected in the ISC approxima-
tion. Let us remind here that in the Q-H approximation the anharmonic effect in
the elastic constants was represented by using the vibrational elongation that is
defined by the average increase of the effective interatomic distances only [1].

It should be noted that the self-consistent potentials sufficiently differ from the
interaction potentials in thelr harmonic approximations [20 b] so that [/ differs
sufficiently from r, and c,<c2s even at T=0K.

The notable differences between experimental and our results for c,p are
attributable to the use of a simple models of renormalized potentials. Nevertheless,
we hope that the present study shows that the second-order self-consistent phonon
approximation gives a reasonably satisfactory descrlptlon of the isothermal elastic
constant of RGC.
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MOAVIJIU YIIPYI'OCTU AHTAPMOHMYECKHWX KPHUCTAJIJIOB MHEPTHBIX
T'A30B B TEOPMHN CAMOCOI'JTACOBAHHOTI'O ITOJIA

IJ. Maaunoecka-Adamcra

C y4€TOM WICHOB BTOPOTO MOPANKA CAMOCOTJIACOBAHHOM TCOPHWH BLIYMCCHB! MOAYIH YApYy-
TOCTH C.p, MOAYMH BCECTODOHHEIO CxaThud B W mapamerpel I'pronaiizena y aHTapMOHHYECKHX
KPACTAJUTOB MHEPTHBIX ra3oB. CHCTeMa CaMOCOTTACOBAHHLIX YPaBHEHM, ompelensiolmX OUHA-
MHEYECKHE BeNMMHHBI KpHcTaiioB Ne, Ar, Kr # Xe B mpefene HW3KHEX H BLICOKHX TEMIEPATYD,
pelneHa UIA MapHOrO NEHTPANILHOTO B3amMOAEHCTBHA Onmkaiimmx coceneit anpoOKCHMUPOBAHHOTO
xpaseivME Mop3e, Punbepra i1 Bapmrau. Pe3ynsTaThl BRMHCICHHIR ¢z, B H ¥ XOPOILIO COBNANatoT
C SKCICPHMEHTATLHBIMA H ADYrHMH TCOPECTHYSCKHMEM NAHHLIMHM U ApPrOHZ, KPHITOHA M KCe-
HOHA.
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The fluorescence characteristics of bichromophoric dyes consisting of diphenylanthracene and
phenylbenzoxazole have been investigated. It was found that the efficiency of the energy transfer in
this bichromophoric dye is about one hundred per cent, and the absorption oscillator of the donor
includes an angle about 80 degrees with the emission oscillator of the acceptor.

Fluorescence properties of several bichromophoric laser dyes were studied by us
in previous years with the aim of elucidating the energy transfer process taking
place in the dyes. Parts of our results were published already [1—3]. In the hitherto
investigated compounds the acceptor-moiety was identical, only the donor-moiety
and the chain connecting the parts changed. The fluorescence spectra, quantum
yields, and decay times of the dyes agreed with the corresponding characteristics of
the compound forming the acceptor-moiety, disregarding small differences. How-
ever, considerable deviation was revealed between the polarization spectra of the
acceptor and the bichromophoric dyes. On the basis of the polarization spectrum
the angle between the absorption oscillator of the donor-moiety and the emission
oscillator of the acceptor-moiety was found to be about 80 degrees for each com-
pound examined. The rate of energy transfer in these molecules is greater than
10251, as it could be proved partly by carrying out direct measurements [4]
partly in an indirect manner [3].

On the basis of the results achieved to date, it has not been possible to make
an unambiguous statement of character of energy transfer taking place in bichromo-
phoric molecules [5—8]; it has, therefore, been seen suitable to extend the examina-
tions to as wide a range of bichromophoric compouds, as possible.

In this paper account is given of the fluorescence properties of a bichromo-
phoric dye produced in the Organic Chemistry Institute of Gottingen University
under the direction of PRoF. W. LUTTKE. In the examined compound the donor-
moiety is 2-phenylbenzoxazole (PBO), the acceptor-m01ety diphenylanthracene (DPA)
and the two moieties are joined by a group — CH2

2s
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Measurement methods, experimental results

We recorded the absorption spectra with a spectrophotometer of the OPTON
PMQ3 type, the fluorescence and polarization spectra with a fluorescence spectro-
meter of the PERKIN ELMER MPF44A type; the decay times were measured
with an instrument constructed in our institute [9].

As solvents cyclohexane and paraffin oil produced by REANAL were used.
We purified these by the usual procedure.

Figs. 1 and 2 show the absorption and emission spectra of the diphenylanthracene
[DPA), and those of the bichromophoric dye consisting of 2-phenylbenzoxazole
and 9,10-diphenylanthracene parts, respectively, hereinafter designated as PBO—
CH,—DPA. When comparing the absorption spectra, it can be seen that in the
absorption of the bichromophor, the vibration bands corresponding to the antra-
cene part are less sharp, and the spectrum is shifted a little towards the longer

A
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Fig. 1. Absorption and emission spectra of the DPA.
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Fig. 2. Absorption and emission spectra of the PBO—CH,—DPA.
@ (4) is the quantum yield of fluorescence
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wavelengths. The absorption band of the donor-moiety appears in.the wavelength
range of 280 to 330 nm; here the absorption coefficient of the DPA-moiety is very
small. It can be stated, by comparison with literary data [10], that the spectrum
of the donor-moiety agrees essentially with that of the 2-phenylbenzoxazole.

The fluorescence spectrum of the PBO—CH,—DPA is independent of the
excitation wavelength over the excitation range of 290 to 400 nm, it is similar to
the emission spectrum of DPA, but the vibration bands here are also more blurred,
and a shift is observable as well, towards the longer wavelengths. It was not possible
to detect the expected fluorescence of the PBO part over the wavelength range of
320 to 400 nm [10]. ,

The quantum yield ¢ (1) of the bichromophoric-compound (see Fig. 2) is inde-
pendent of the wavelength over the range of 290 to 400 nm, and this means that
the efficiency of the energy transfer following the excitation of the donor-moiety is
approximately a hundred percent.

The absolute quantum yield of the fluorescence of the PBO—CH,—DPA is
equal to that of the DPA, and this latter according to [11], is practically 1.0.

1 PBO - CH,~DPA
2 DPA
p(A:X) 1
- 024+ Go00®
! ...cu‘
(14
8';:;000°o°°°°°°°° °
Q'
O
o1 |- o ooo°°,° .
°© e n=76-10° Pas
L ]
L ]
0 [ - | !
300 350 400 A {nm) ——n
L]
o 1 p,(390;405) ~ 049
-0 . ote™" 1 p, (310, 405) ~-0.19
g 2 p,{380,;405)= 048

Fig. 3. Polarization spectra of the compounds in mixtures of cyclo-
hexane — paraffin oil. The concentration of the cyclohexane is 10
percent. The temperature is 15 degrees of centigrade. The wave- '
length of observation is 415 nm. The concentration of the dye is
5.10-¢M

In Fig. 3 the polarization spectra of the bichromophoric compound and of
the DPA are presented. It can clearly be seen that the degree of polarization of the
DPA is positive over the range of the absorption band of the donor, while that of
the PBO—CH,—DPA is negative.

In order to determine the fundamental polarization value, the dependence of
fluorescence polarization p on temperature T and on viscosity n of the solution was
examined. According to Perrin—Lewshin’s relation, when the decay time and the
molecule volume are constant, the reciprocal p is the linear function of T/y, from
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which the fundamental polarization p, can be determined by extrapolation to the
infinite viscosity [12].

The decay. times 7 of the compounds were found identical at 22 and 35 degrees
of centigrade, these values are presented in Fig. 4.

LI
p(R),
10
) . & . PBO-CH-PBA  DPA _ _
y, P, 037 042
5 ey » 65ns 72ns
-~ s
N
/ A= 83750m, A= 4150m
1 i e 1 . !
0 .5 10 I(10%K) —

Fig. 4. The reciprocal fluorescence polarization vs T/n. The solvent is
identjcal as described in’ Fig.'3. A and A’ are the wavelengths of the
excitation and the observation, respectively. p, is the fundamental
polarization at the given wavelengths. 7 is the decay time of the fluo-
rescence.- The concentration of the dye is 5-10"®* M

Asitcan be seen in Fig. 4, for the examined compounds the connection p~1—T/y
is not linear, thus the values presented there can be regarded only as approximate.
On the basis of the polarization and polarized spectra it could be determined that
the degree of polarization of both compounds reaches the maximum at the exci-
tation wavelength of 390 nm and at the observation wavelength of 405 nm.

The degrees of fundamental polarization at the above wavelengths are 0.49
for the bichromophor and 0.48 for the DPA.

In the absorption band of the donor the fundamental polarization is —0.19
for the PBO—CH,—DPA, from which it can be stated that the angle between the
absorption oscillator of the donor-moiety and the emission oscillator of the acceptor-
moiety also in this compound is approximately 80 degrees.

The spectra of the above-presented bichromophoric compounds retain the
characteristics of the spectra of the component parts, which suggests a very weak
interaction. The rate of energy transfer which can be calculated on the basis of the
fluorescence characteristic of the donor and. acceptor — supposing an interaction
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of the Forster type — may be put at 510 s~ i.e. it is essentially smaller, than
it was in the compounds examined earlier, and thus it may perhaps be verified
by measurement subsequently. The energy transfer, in spite of the smaller rate, takes
place practically without loss.
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®JIIOOPECHEHTHBIE XAPAKTEPUCTUKU BUXPOMATUYECKNX JIAZEPHBIX
KNIKOCTEN

E. daprxaw, M. Xuabepm, H. Keuxememu u JI. Famu

HlccnenoBaEEl GIMOOPECLCHTHEIE XAPAKTEPHCTHKA OHXPOMATHYECKHX MKMIKOCTEH, comepxa-
mex madgenmnanTpaner H (ennmnbGer3zokca3oil. Halineno, uTo K. o. 4. Hepelayd SHEPTHM B 3THX
6mxpoMaTHIeCKHX XEAKOCTAX 1.0 H moriomarommit OCIMJUIATOP IOHOPa COCTABIAET NPHMEPHO
80 rpamycoB 1O SMHCCHOHHOMY OCLILISTOPY aKLEUuTOopa.






STUDY OF 5-NO,-2-FURALDEHYDE DERIVATIVES, IIV,
PREPARATION, SPECTRA AND ANTIBACTERIAL ACTIVITIES
OF SCHIFF BASES WITH SULPHONAMIDES?

By
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The u.v. spectral propertics and the antibacterial effects of Schiff bases derived from 5-NO,-2-
furaldehyde and sulphonamides were investigated. The antibacterial activities of several derivatives
are interpreted in terms of the tautomerization and hydrolysis of the Schiff base molecules.

Many S5-nitrofurans substituted at position 2 with vinyl, azomethine [1—4]
and heterocyclic moieties have been prepared, and their biological activities have
been studied [5—8). The azomethine group, which is the functional group of Schiff.
bases, has been shown to be of biological importance; these compounds have anal-
gesic, anti-inflammatory, antibiotic, etc. properties [9—13].

CsAszAR and Morvay [14] previously discussed the spectra and the antibacterial
behaviour of Schiff bases derived from salicylaldehyde and sulphonamides with
therapeutical effects. CsAszAR [15] also described the u.v., i.r. and *H NMR spectra
of several Schiff bases of 5-NO,-2-furaldehyde (NFA) and different aromatic and
aliphatic amines. It appeared interesting to compare the effectivities of the com-
ponents and of the Schiff bases.

In this paper we present a report on the preparation of Schiff base derivatives
of NFA and sulphonamides*, and on studies of thexr spectra and antibacterial
activities.

D Part]:J. Csiszar: Acta Phys. Chem., Szeged, 30, 71 (1984).

) This work was supported by the Hungarian Academy of Sciences.

3 Institute of General and Physical Chemistry, Attila Jozsef University, Szeged.

4 Department of Obstetrics and Gynaecology, University Medical School, Szeged.

8) Central Laboratory of Clinical Microbiology, University Medical School, Szeged.

* The sulphonamides used: 1: 2-[4’-aminophenylsulphonyl]amino-4,6-dimethylpyrimidine;
2: [4#-aminophenylsulphonyljcarbamide; 3: 6-[4-aminophenylsulphonyl]lamino-3-methoxypyrida-
zine; 4: 6-[4-aminophenylsulphonyl]lamino-2,4-dimethylpyridimidine; 5: 2-[4’-aminophenylsulph-
onyllamino-5-methoxypyrimidine; 6: 6-[4-aminophenylsulphonylJamino-2,4-dimethoxypyrimi-
dine; 7: 5-[4-aminophenyl-sulphonyl]Jamino-3,4-dimethyloxazole.
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Experimental

The Schiff bases were prepared in methanol solution by the reaction of NFA
and sulphonamide in 1:1 mole ratio. The solutions were acidified with cc. H,SO,
and heated at ca. 323 K for about 15 min. After cooling, the products separated
out and were filtered off and washed with ethanol and ether. The uncorrected m.p.-s
and the analytical data are presented in Table I.

Table I
Analytical data on Schiff bases
enldcrn<C)rso-nr
c% H%
No. R= Formula M. p.*
Caled.: Found | Caled. Found
1 o - I C,sH;sN,SO; | 143.5—146.0| 50.87 50.71 | 3.77 3.75
2 L CH NSO, | 190—192 | 42.48 42.34 | 297 2.95
3 @0% CieHisN:SO, | 128—132 | 47.64 47.50 | 4.25 3.30
CH,
4 @ C:H;sNsSO; 167—171 50.87 50.68 | 3.77 3.71
CHy :
5 -'(N%}OCH, C,6H13NSO0¢ 224—226 47.64 47.60 | 3.25 3.28
6 {d;jzf”’ Cy:HysN;SO; 160** | 47.11 47.08 | 3.49  3.45
Ha .
) " - . . .
7 ”’igﬁ’ CieH NSO, | 128—132 | 49.23 49.20 | 3.61 3.57

* .Uncorrected values; ** decomposition.

The u.v. spectra were recorded with a SPECORD UYV-VIS spectrophotometer,
in methanol, in 0.1 mol dm~3 H,SO,/CH,OH and in 0.1 mol dm—2 NaOH/CH,OH
at room temperature, 2.5 min after dissolution.

The u.v. spectral data on the Schiff bases (1—7) and the corresponding sul-
phonamides (1a—7a) are listed in Table II; Fig. 1 shows the spectra of 4. :

The antibacterial effects of the compounds were investigated by the disk method,
and also by the method of minimal inhibition concentration (MIC) determination.

For the disk method, stock solutions with a concentration of 15 mg/10~3 dm?
were made with a solvent mixture of 50% DMF +50% 0.1 mol dm—23 NaOH. Into
the disks, 2-107%dm?® (300 -10~®g) stock solution was dripped, and they were
then dried at room temperature. The following bacterium strains were used for
the investigation: Escherichia coli 35034, Proteus mirabilis 61369 and Subtilis Hart-
Jford 10063. . _
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Table 11
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U.v. spectral data on sulphonamides (1a—7a) and on their Schiff bases (1—T)

Compd. no.l Solvent* nm and g
.NFA - MeOH } . 225(3800) ... 308(11220)
1a EtOH ~210 ~230 270(22900) ,
. MeOH 210(25700) : ) 273(21380) ~320
1, {Acid 202(22910) ~216 . 291(14790)
- Base 210(22910) 244(25120)  268(23990)
2a - EtOH ~210 ©T269(18620) -
: MeOH 204(18620) 270(17380) 432(8130)
2 {Acid 202(19500) ~220 275(10230)  454(10000)
. Base* 4 S o
3a EtOH 203(26910) ~230 269(21880)
MeOH 203(18620) . ~225 264(13490) 420(2240)
3 {Acid 204(26180) ~225 298(13585)  452(1760)
Base 211(16945) ~240 310(7180) 412(2320)
4a EtOH 202(30200) - 273(19950)
MeOH 205(26300) 265(22390) 370(5750)
4 Acid 203(27540) 264(21380)  378(3240)
Base 210(20420) ~250 275(18200) ~395
Sa EtOH ~210 232(14130) 270(17780)
MeOH 202(8510) 230(11480) 270(9330) - ~320
5 Acid 222(29120) 308(8950) -
Base 210(26705) 246(35238) ~265 ~320 .
6a EtOH 203(31620) ' ~260 273(19950)
MeOH 205(27540) ~260 270(21380) ~330 .-
6 Acid 204(34675) 261(21530) ~290
Base 213(39540) ~258 269(37240) ~320
Ta. EtOH ~210 ~240 270(17780) )
MeOH 204(21880) ~230 270(20890) ~380
7 Acid 202(20465) ~220 270(9015) ~360
Base 210(18535) : 260(19142) ~400

* Acid: 0.1 mol dm—2 H,SO,/CH,OH; Base: 0.1 mol dm-* NaOH/CH,OH.

From the 24-hour blood agar cultures of the bacteria, suspensions were. made
in indole-urea medium and incubated at 310K for 3 hours. As the next step,
0.1 -10~8 dm3 of the bacterial suspension was transferred to antibacterial test medium
and the disk was placed on it. After incubation at 310 K for 18 hours, the: 1nh1b1t1on
zones were measured (mm).

For the MIC determination, from the DMF stock solution with a concentra-
tion of 2560 -107%g/10~3dm?® a serial 2-fold dilution was prepared with distilled
water (128 -107%—0.0125 -10~% dm®). In each dilution 50-10"%dm3 of suspension
(density 1 on the McFarland scale) from the 18-hour blood agar bacterial culture
was prepared. After incubation at 310 K for 4 hours and the addition of 0.4% tri-
phenyltetrazolium chloride solution to the preparate, the colour developing after
repeated incubation was used to demonstrate the presence of the live bactena
The evaluation was performed by eye, without any instrumental aid.

. The inhibition zones (mm) and the MIC values are given in Table III. .
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Table IIT
Inhibition zones (mm ) and MIC values of the Schiff bases
N 35034 E. coli 61369 P. mirab. 10063 S. hare.
[+
mm MIC mm MIC mm MIC
1 14+ 0 17—19 64 13 0
2 12* 0 19—20 128 14—17 0
3 0 0 0 0 0 0
4 15—17 0 0 0 0 0
5 19 . 0 0 32 0 128
6 17 0 20 64 19%+ 128
7 0 0 0 0 0 0
nitro-
furantoin 17 64 21—22 32 21-22 32

* Narrowed, ** inhibition and secondary growing.

Results and discussion

Uw. spectral investigations. The spectra of the sulphonamides are characterized
by two well-defined bands, at 202—210 and 268—275 nm, respectively [14, 20].
These high-intensity bands can be assigned to n* < transitions of the aromatic
rings; this is supported by spectral investigations in different solvents. Sulphon-
amides bearing CH; or OCH; groups show very similar spectra.

The u.v. spectra of Schiff bases 1—7 in methanol are very similar to those of
the corresponding sulphonamides; the shape of the spectra does not change in
apolar solvents. The electronic excitation spectra generally show a well-defined
inflexion or band at about 280 nm, e.g. for 2, 3 and 4. None of the observed bands
can be assigned to a 7w <n transition, since any such transition would be comp-
letely obscured by overlapping n*<=n bands with much greater intensities. These
spectra exhibit little alteration in time, except for that of 2, which changes con-
siderably, the extinctions of the bands decreasing to about half during 30 min.
The transformation is faster in the presence of water; a hydrolysis process probably
takes place. Detailed investigations of this phenomenon are in progress.

In acidic media the bands shift bathochromically, but the structures of the
spectra do not change appreciably. In basic media the intensities of the bands increase
and the spectra are more complex; the main band at about 260—280 nm is split
into two components (see Fig. 1). This splitting may be seen well in the cases of
1, 4 and 5; in the above range, two bands (or one band and one inflexion) appear.

Comparison of the u.v. spectra of the Schiff bases with those of the corre-
sponding sulphonamides in acidic and basic media [14] reveals that the spectrum
of the sulphonamide part is determining, the NFA part having only a small effect.
This can be seen well in Fig. 1. It is obvious that the spectra of Schiff bases in acidic
and basic solutions correspond predominantly to the protonated and anionic forms,
respectively, of sulphonamides formed during hydrolysis of the Schiff bases.

Antibacterial investigation. It can be seen from Table III that 1, 2 and 6 exhibited
significant activity against E. coli, P. mirabilis and S. Hartford; in the case of E.
coli, 4 and 5 are also effective. All other compounds showed no antibacterial activity.
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Fig. 1. Ultraviolet spectra of Schiff base 4 (SB), NFA and the correspon-

ding sulphonamide (SA). A4 in methanol, 1: SA, ¢=3.8-10"%; 2: NFA,

¢=1.03-10_4; 3: SB, ¢=3.99-10"*moldm™3, B: in 0.1 mol dm™3

H,S0,/CH,;0H, 1: SA, ¢=3.95-10"%; 2: NFA, ¢=9.93-10"%; 3 :SB,

¢=3.99:10"*moldm~3. C: in 0.1 moldm~2 NaOH/CH;OH, 1: SA,

¢=3.95.-10"%; 2: NFA, ¢=8.86-10"%; 3: SB, ¢=3.99-10"* moldm™3.
d=0.1cm; T=295K.

The different activities can probably be interpreted by the following reasoning.
First of all, the structure of the group R, mainly in 1, 4, 5 and 6, promotes the for-
mation of a conjugated system extending to the whole molecule and hence one
with a strongly polar structure. In alkaline medium rearrangement takes place
in the nitrofuraldehyde fragment, but a similar change is possible in the

%N‘[I O:l'l CH3 N~ O‘NEOJ’CH'N—-
0 o ¢
e

-SO,-NH-R group.
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On the other hand, it must be noted that nearly all nitrofuran derivatives,
including the seven compounds investigated, decompose in acidic or alkaline medium,
resulting in the free aldehyde and the corresponding amine. When the decomposi-
tion was followed spectrophotometrically, the most rapid change was observed in
those cases where an antibacterial effect was also present. This effect is presumably
a resultant of the effects of the hydrolysis products, i.e. those of the nitrofuraldehyde
and the free sulphonamide.

It is noteworthy that in the case of E. coli, with the exceptions of 3 and 7, there
is no significant difference between the inhibition zones of the Schiff bases and
those of the free sulphonamides. For P. mirabilis the inhibition zones of the sul-
phonamides are 0, while in the case of 1, 2 and 6 they are significant; they approx-
imate the value for Nitrofurantoin.
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HUCCIIEJOBAHHME ITPOU3BOIHBIX 5-NO,-2-OVPAJIBAETAA, 1.
CUHTE3, CTIEKTPLI 1 AHTUBAKTEPUAJILHAS AKTUBHOCTH OCHOBAHE!
MUPPA C CYIBOOHAMUIAMA

H. Yacap, H. Mopsau u O. T'epyez ‘
Hsydenst Y®-cnekTpairbHEIE B aHTHOAKTEpHANbHEIE CBOMcTBA OcHOBaHuit Mudda u3 5-NO,-

2-¢ypanbaeruna u cyimbGpoHaMUAOB. AHTHOAKTEPHANbHAA AKTHBHOCTh PAlla IPOU3BOAHBLIX OObsC-
HEHA ¢ HO3HUMI NpOoLECcca TAYTOMEPH3aUMHM H THApOM3a MoJekysa ocHosanwii IMlnddda.
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Schiff base derivatives of 5-NO,-2-furaldehyde with aminopyridines and nitroanilines were
prepared, and their u.v. and visible spectra in acidic and basic media are discussed.

In previous papers [1—3] we reported the synthesis and spectral behaviour of
several Schiff base derivatives of 5-NO,-2-furaldehyde (NFA). As a continuation
of our investigations on furan derivatives, in the present paper we discuss the u.v.
spectral characteristics of the following Schiff bases:

=
L [ .

The preparation of the compounds studied and the method of spectral meas-
urements were described previously [1, 3]. The analytical data on our compounds
are listed in Table 1.

The spectra of the aminopyridine derivatives (Table II) reveal different spectral
properties. The spectra of I and 3 show two bands, the positions and intensities
of which are almost the same in acidic and in alkaline solutions. The spectrum of
a neutral methanolic solution of 2 contains two high-intensity bands at 237 and

335 nm, while in acidic and in basic solution thrée and two bands, respectively,

are observed (Fig. 1). The different properties can probably be interpreted by-the
conjugation extending over the whole molecule; in the case of 2 this is impossible.

Similar observations can be made on the methyl derivatives. The spectra are
pH-independent for compounds with 2-CH3 or 4-CH; groups, while those of the
3-CHj; derivative in neutral alcoholic and in acidic or basic solutlons are completely
different. .

* This work was supported by the Hungarian Academy of Sciences.
** Part IIL.: J. Csaszar: Acta Phys. et Chem., Szeged, 30, 79 (1984).
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Table I
Analytical data on Schiff bases
C% H%

No. R, R = M.p.*
Calced. Found Calcd. Found
1 ) 79—81 55.30  55.14 3.25 3.09
2 - 117—119 54.98 3.16
3 O 250% 55.20 3.12
4 g 160—161 | 53.88  53.58 2.88 2.77
‘5 —@ 146—148 57.14  57.06 3.92 3.79

CHy

6 @cn, 163—165 57.40 3.81
7 .@C’B 200%* 57.31 3.78
8 @ 110*+ 50.71 50.66 2.55 2.48
9 @ g5%+ 50.58 2.56
10 @ 100** 50.70 2.48
11 D‘Et@ 50.58 50.59 2.70 2.93
12 _@5*0‘ 144—146 50.59 2.58
13 O 180%* 49.14 2.95

* Uncorrected values; ** decomposed.

The spectral behaviour of Schiff bases with diaminopyridines is interesting.
For & (Fig. 2) and 10 a very intense colour is formed in acidic or in basic solution,
and new bands appear in the visible region; similar changes can not be observed
for 9.

The spectral data on nitroaniline derivatives are listed in Table II. The spectrum
of 11 is practically pH-independent. The methanolic solution of 13 shows a high-
intensity band at 377 nm; in acidic media there is an inflexion at around 480 nm
too. The visible spectrum of a basic solution contains three bands, at 377, 477 and
618 nm (Fig. 3). As the base concentration is varied a set of curves can be recorded,
in which the intensities of the 477 and 618 nm bands change in opposite ways;
an inflexion point is formed at 480 nm. The change in Eg; vs. base concentration
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Table II

U.v. spectral data on Schiff bases of aminopyridines and nitroanilines
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No. nm and log e data on u.v. bands
1 235(4.19) 3034.12)
233(3.95) 308(4.05)
235(4.15) 309(4.09)
2 237(4.12) ~275 335(4.21)
217(4.48) 233(4.20) 312(4.27)
241(4.05) 313(4.01)
3 205(4.23) ~250 265(4.11) ~300
209(4.13) 267(4.12) ~310
~247 ~270 ~315
4 218(4.30) ~265 310(3.92)
265(3.89) 308(4.02)
~265 317(3.89)
5 245(4.06) 325(4.00)*
234(4.16) 313(4.29)
237(4.20) 303(4.13)
6 235(4.11) ~290 358(4.26)
205(4.28) 236(4.21) 313(4.27)
238(4.25) 317(4.19)
7 203(4.24) 234(4.09) 297(3.91)
206(4.35) ~230 300(4.02)
236(4.16) 297(3.94)
8 233(4.01) 310(4.07) 409(3.75)
~225 312(4.20) 510(3.25)
~245 313(4.00) 484(3.63)
9 233(3.95) 305(3.83) ~380
207(4.20) 233(4.20) 307(4.09)
~240 310(3.96) ~400
10 208(4.23) ~240 311(4.36)
246(4.08) 325(4.20)
~230 309(3.58) ~390
11 229(4.33) 296(4.03) 393(3.69)
230(4.31) 303(4.08) 406(3.70)
230(4.38) 287(4.05) 391(3.69)
308(4.03)
12 232(4.20) 268(4.21) 343(4.27)
203(4.46) 251(4.04) 307(4.12)
233(4.36) 319(4.14)
13 ~220 377(4.20)
- ~225 ~250 362(4.03) ~ 480
~230 377(3.86) 477(3.86)
618(4.01)

* Broad band between 305 and 340 nm.
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50 46 L2 38 34 30 6/kK%

Fig. 1. Spectra of 2. a: in methanol,
¢=7.37-10"%; b: in 0.1 mol/dm?®
H.SO,/CH,0H, ¢=8.75-10"%; c: in 0.1
mol/dm?® NaOH/CH,OH,
¢=6.91:10"¢ mol/dm?. d=0.1 cm

200 | . 250 afhen 300, . 250 . 40D . 500 . 600,700

S0 w6 42 38 3% 30 . 2% 24K1B 1
Fig. 2. Speétra of 8.a:in methanol, ¢=7.75-10"%; b:in 0.1
mol/dm® H,SO,/CH,0H, ¢=6.46-10"%;c: in 0.1 mol/dm?

NaOH/CH;0H, ¢=6.46-10"*mol/dm?. d=0.1 cm

is shown in Fig. 4. We presume that the above change is due to the' participation

of NO, groups in the conjugation; the strong colour change too can be interpreted
in terms of this transformation.

0 — 0
\ ,0 Oy /

N N'UCH=N-®'N (- /N=Q=CH-N N

¢’ YN P Nog

Since the change is reversible, the decomposition of the Schiff bases or the opening
of the furan part is not probable.
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50 ' 4 42 38 3% 30 26 22 gkK® 005 ooy O
Fig. 3. Spectra of 13. a: in methanol; b: in 0.1 mol/dm? Fig. 4. Plot of the changes in
H,S0O,/CH;0H;c: in 0.1 mol/dm?® NaOH/CH;OH.  Evs. cnaoy for 13

¢=6.89:10"* mol/dm?; d=0.1 cm
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UCCIEOOBAHUE ITPOMN3BOOHLIX 5-NO,-2-OVPAJIBAETUIA, 1V,
OCHOBAHUS NINPPA C MINPUAVNHAMU 1 HUTPOAHUJIMHAMU

H. Yacap
CunretmsgpoBansl ocHosaHusa Imdda, npomspomurie 5-NO,-2-bpypambpernga ¢ ammHo-

MMPYIAHAMA H HATPOAHWIMHAMHM ¥ DacCMOTPEHBI X Y®P-ple H BHAMMEIC CIEKTPHI B KHCITOM H
IIETOYHOH cpenax.

3!






|

SPECTROSCOPIC STUDY OF SECONDARY AMINES
AND THEIR COPPER(I) COMPLEXES

By
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The u.v. spectra and the complex-forming behaviour of secondary amines produced in the
reduction of Schiff bases were studied. The changes observed in the spectra of the copper(II) comple-
xes in pyridine solution can be interpreted in termsof the transformation [Cu(amine)(acetate)],
~Cu(amine)(acetate) (py).

Similarly to the corresponding Schiff base, the secondary amines of N-aryl-
hydroxybenzylamine type are potentially bidentate chelating agents. Many authors
discuss the reduction of aromatic Schiff bases by different methods [e.g. 1—4] and
two earlier papers [5, 6] describe the preparation and spectral investigation of several
secondary amines of N-aryl-o-hydroxybenzylamine and N,N’-polymethylene-o-
hydroxybenzylamine type. These amines gave rise to mixed chelates of the type
Cu(amine)(acetate), where amine represents the phenolate anion of the amine.

We. report here the synthesis and spectral properties of a series of 4-X-aniline
(I) and pyridine (II) derivatives and of their copper(Il) complexes.

CH,—NH—@-X @i%-NH—@C”J
)

Experimental

Reduction of Schiff bases to amines (I and II) was achieved using sodium .
borohydride in anhydrous methanol [3]. After the initial reaction the mixture was
refluxed for ten minutes. The amines were liberated on addition of water; the crude
products were recrystallized from water-ethanol 1:1. The analytical data and the
melting points are listed in Table I.

“The copper(Il) chelates were prepared by mixing the amine solutions in methanol
with a warm aqueous solution of copper(Il) acetate in 1:1 molar ratio. The dark-
green crystals were recrystallized from chloroform; the composition was checked
by Cu and C analysis.
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. Table I
Analytical data on several secondary amines studied
C% H%

X M.p.*
- Caled. Found Calcd. Found
N(GH;). - - 68.7 75.52 75.48 8.20 8.16
N(CH;). 95.5 74.35 74.29 7.49 7.41
3,4-(OCH;), 116.7 69.48 69.41 6.61 6.57
3,4,5-(0OCH;)a . 1197 66.42° 66.34 6.62 6.60
OC:H; - - 98.5 - 74.05 74.00 7.04 7.06
COCH, Coal 1452 | -79.22  79.19 6.33 6.27
NHCOCH; - o 163.7 70.29 70.22 6.29 6.21
2-NH,-py** . 107.2 71.98 71.90 6.04 6.00
2-NH,-3-CH;-py - .--] 1016 -|-- 72.87 72.81 6.59 6.50
2-NH,-4-CH;-py 1449 72.78 6.54
2-NH,-5-CH;-py 134.0 72.85 6.49
2-NH,-6-CHa-py 95.6 72.85 6.56

* Uncorreéted values; ** py=pyridine.

The u.v. and visible spectra were measured at 298 K on a SPECORD UV VIS
spectrophotometer in spectroscopically pure solvent, using quartz cells.

The transformation in pyridine was followed spectrophotometrically at 298 K,
using 1 cm quartz cells. The first-order rate constants were calculated from the
E_-E,

measured £, and extrapoiated Ey and E., values, via the formula kr=log E 5"
. : o — it

Results

U.v. spectra of amines. The u.v. spectral data on the aniline and pyridine deriva-
tives are given in Tables II and 111, respectively. .

The data in Table I, together with the earlier observations [3], show that
these compounds may be characterized by two main bands, in the ranges 200—220
and 240—260 nm, respectively. These bands can probably be assigned to n*«n
transitions. In 0.1 mol/dm® acidic solution the positions and intensities of the
first bands remain almost unchanged, but the second band shifts toward longer
wavelength (270—280 nm) and the intensity decreases. This longer-wavelength band
is characteristic of the protonated form of the amines.

In alkaline solution (0.1 mol/dm® NaOH) the spectra also contain two bands,
at 240—260 and 290—300 nm; this spectral structure is characteristic of the ionized
form resulting from the action of NaOH.

The spectra of methylpyridine derivatives are more complicated (Table III,
Fig. 1). In methanol, four bands can be measured in the ranges 200—205, 245—250,
275—285 and 300—320 nm, respectively. Variation in the position of the methyl
substituent does not alter the spectral character significantly. In contrast with the
former group, the spectra of pyridine derivatives show no 51gn1ﬁcant change in
acidic or in basxc media.




SPECTROSCOPIC STUDY OF SECONDARY AMINES ‘ 731

Table 11

U.v. spectral data on aniline derivatives measured in different media

X Solvent nm and log &
N (C,H5), MeOH 203(4.56) ~225 260(4.18)
N(CH,), I 203(4.56) ~220 259(4.25)  317(2.73)
3,4-(OCH3). : 208(4.58) 247(4.03) ~275 ~305
3,4,5-(0OCHy), 215(4.67) 252(4.15) ~277
OC;H; 203(4.58) 243(4.18) ~275 310(3.43)
COCH, 202(4.45) ~220 ~240 331(4.41)
NHCOCH; 203(4.53) ~220 270(4.26)
N (C,Hs), Acid 202(4.46) 279(3.49)
N(CHj), 203(4.47) ~225 278(3.39)
3,4-(OCH,), 206(4.65) .~ ~238 280(3.93)
3,4,5-(OCHy), 210(4.70) ~230 277(3.51)
OC.H; 202(4.54) 227(4.30) 277(3.61)
COCH;, . 203(4.52) ~220 278(3.62)
NHCOCH;3 203(4.57) 247(4.33) ~278
N(C,H;), Base 246(4.24) ~262 ~292
N (CH,).» 247(4.31) ~260 ~292
3,4-(OCH,), 243(4.31) 295(3.82)
3,4,5-(OCHs)s 244(4.32) 293(3.87)
OC,H; 243(4.37) 294(3.79) )
COCH;, . 239(4.14) ~290 338(4.45)
NHCOCH; 244(4.13)  271(4.26)

Table IIT

U.w. spectral data on pyridine derivatives measured in different media

X Solvent I nm and log
2-NH,-py MeOH | 201(4.32) ~226 246(4.12)  280(3.33) 308(3.34)
2-NH,-3-CH;-py 202(4.44) ~227 245(4.15)  281(3.49). 305(3.44) .
2-NH,-4-CH;-py 204(4.48) 226(3.99) 249(4.21)  282(3.51) 306(3.42)
2-NH,-5-CH;-py 202(4.48) ~226 248(4.32) 279(3.47) 314(3.59)
2-NH,-6-CHz-py 202(4.37) 227(3.89) 248(4.07) 281(3.35) 310(3.41)
2-NH,-py Acid |202(4.38) ~225 241(4.16) 281(3.67) 313(3.81)
2-NH,-3-CH;-py 203(4.48) ~225 240(4.17)  281(3.78)  308(3.94)
2-NH,-4-CH,-py 207(4.54) 243(4.17)  284(3.81)  308(3.90)
2-NH,-5-CH;-py 202(4.50) 244(4.35)  281(3.73) 320(3.98)
2-NH,-6-CH;-py 202(4.36) ~227 242(4.08)  282(3.48)  320(3.83)
2-NH,-py Base 244(4.30)  296(3.76)
2-NH,-3-CH;-py 244(4.37) 298(3.95)
2-NH,-4-CH;-py . 247(4.39)  298(3.90)
2-NH,-5-CH;-py 246(4.49)  300(3.90) ~318
2-NH,-6-CHs-py 244(4.29) 303(3.85) . -
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The complexes have the general formula Cu(amine)(acetate). The dark-green
crystalline compounds are soluble in common organic solvents. Their visible spectra
contain only one medium-intensity band (log e~1.7—2.7) in the range 640—700 nm
(Table IV). On analogy with literature suppositions, these compounds have a binu-
clear structure [5, 7). The abovementioned band is assigned to the d,:—d,:

J. CSASZAR and N. M. BIZONY

300 nm 350

38 34 kK 30

Fig. 1. Spectra of the 2-NH,-5-CHj, derivati-
ve in 1: methanol; 2: in 0.1 mol/dm?

H.,S0,/CH,0H; 3: in 0.1 mol/dm®

NaOH/CH;OH. c¢=4.06-10"* mol/dm?;

d=0.1cm; T=298 K

Table IV
Visible spectral and kinetic data on copper(Il ) complexes

Visible spectra of copper(1l) complexes

nm and log e

X k- 104 (sec)
in MeOH in g.a.a. in pyridine

N(C,H,), 585(2.64) 683(1.97) *

N(CHs)s ~600 679(2.15) *

OCH, 670(1.98) 694(2.29) 668(2.33) 8.25
OC.H; 666(2.05) 691(2.30) 679(2.27) 6.55
OC.H, 666(2.03) 694(2.30) 683(2.29) 6.70
CH, 680(2.00) 694(2.29) 687(2.20) 5.75
C,H; 682(1.98) 698(2.30) 687(2.21) 6.67
H 686(1.83) 691(2.29) 687(2.15) 4.98
Cl 692(1.74) 694(2.29) 687(2.09) 5.67
Br 700(1.60) 691(2.30) 676(2.13) 3.95
I ~705 691(2.29) 687(2.08) *

* Very low soluble.
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transition; the intensity corresponds to that of the d—d band characteristic of a d°
system in a strong ligand field with low symmetry.

The complex structure in the range 350—400 nm is assumed to be closely related
to the weak copper-copper interaction [8, 9].

The data in Table IV reveal that the band positions change similarly as the
HAMMETT o, constants.

In glacial acetic acid the bands shift only slightly to the red, but the intensity
increases considerably. The structures of the spectra of the complexes in pyridine
and in methanolic solutions are similar. The single band appears in the vicinity
of 650—670 nm (Table IV).

] E
E]
to] 10
05 Q6.
W A 0 | 8.
2 5 kK 20 B KK

Fig. 2. Spectral changes of complexes with X=A4: OCH;; B: Hin
pyridine. r=2, 10, 20, 30, 40, 50, 60 min. T=298 K; d=1.0cm;
¢=2.5-10"* mol/dm?

In pyridine solution the band appears at 650—690 nm, and its absorbancy
increases with time. The spectral changes of two complexes (X=OCH,, H)
are presented in Fig. 2. From the change in the absorbancy it is possible to calculate
the first-order rate constants (Table IV). The changes in k and the HAMMETT
constants o, show the same tendency. The rate constants k decrease with decrease
in the electronreleasing effects and with increase in the electron-withdrawing effects
of the p-X substituents.

-We presume that the charge density on the copper atom increases in the dimer
molecules as a result of the electronreleasing effect of X, one of the copper-O(acetate)
bonds splits, and one pyridine molecule is bound in the coordination sphere.
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In this way a species of low microsymmetry is formed; the increase in absorbancy
may be interpreted in terms of this change.

This assumption was supported by the fact that no change can be observed
in the presence of 2-picoline or 2,6-lutidine; the steric effect of the CH; groups
prevents bond formation between the copper atom and the basic nitrogen.
Investigations of these problems are in progress.
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CIIEKTPOCKOITUYECKOE U3YYEHME BTOPUYHbBIX AMMHOB 1 X
KOMILIEKCOB C MEABIO(II)

H. Yacap u H. M. Busons

W3aygensl YO-cnekTpbl H KOMILTEKCOOOpa3ylompe CBONCTBA BTOPHYHLIX aMHHOB, IOJIyYcH-
HBIX IpH BoccTaHOBNeHuH ocHoBammil Illndda. Msmereus, AabiaronaemMsre B CEKTPaX KOMIUIEKCOB
meau(ll) B MAPUOMHOBHIX PAacTBOPax, MOIyT ObITh 00BsAcHEHH! nepexogoM [Cu(ammu)(anerar),] -
- [Cu(amun)(aueraT)(mapuamn)).
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The E¥ and Bgr values determined in ethanol-cyclohexane mixtures, and the EF values deter-
mined in ethanol-benzene mixtures, demonstrate a simple correlation with the-activity coefficient
of ethanol.

Introduction

Since the classical investigations by MENSCHUTKIN [1], a huge number of experi-
mental data have demonstrated that the rates of reactions taking place in the liquid
phase, and also the position of the equilibrium, are frequently influenced consid-
erably by the solvent applied [2]. *“The rates of reactions in solution are often governed
by the solvent, rather than by the chemical nature of the reaction partners.” [3].
Nevertheless, in spite of the importance of this question and the extensive investiga-
tions that have been performed, there is still no general quantitative description of
the soltvent effect. The primary cause of this is that no exact and utilizable informa-
tion is available concerning the internal structure of liquids. The interpretation
of the solvent effect through the physical constants of the solvents (e.g. the relative
permittivity [4]) is of only restricted use, for particular reaction types. If the large
variety of intermolecular interactions is considered, however, a simple correlation
of general validity is not to be expected. Accordingly, empirical parameters char-
acteristic of the solvents have recently become widespread ; if these are used appro-
priately, it is generally possible to give a good approximation to the magnitude
of the solvent effect influencing the reaction rate or the chemical equilibrium.

The best-know of these parameters are the Y scale of GRUNWALD and WIN-
STEIN [5], the Z scale of KosowER [6] and the E(30) scale of DIMROTH~—REICHARDT
[7]. The most widespread of these is the DIMROTH—REICHARDT acidity parameter,
the value of which is known for more than 200 solvents [8] and numerous solvent
mixtures [9—11], and the applicability of which has been tested widely [12].

The basicity parameters [13—16] are less well-known and less used. The reason
for this is that the parameters introduced earlier are not sufficiently exact and their
determination is limited. However, the basicity parameter described by KAMLET
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and TAFT [17] (Bgy) is easy to measure and can be applied well; it has been slightly
modified by KRYGOWSKI ET AL. [18].

We earlier reported that the rates of amine exchange in certain types of Schiff
bases are appreciably influenced by the solvent used. We measured the rate constants
of amine exchange for some reactions in ethanol-cyclohexane and ethanol-benzene
mixtures [19—21]. We subsequently set out to establish what connection there is
between the measured rate constants and the acidity and basicity parameters of the
solvent mixtures used. We have therefore determined E¥ and B values for ethanol-
cyclohexane and ethanol-benzene mixtures, for which experimental data have not
previously been published.

Experimental

The 2,6-diphenyl-4-(2,4,6-triphenyl-1-pyridinio) phenolate necessary for deter-
mination of the E+(30) values was kindly provided by Professor Reichardt (Marburg).
This dye is strongly solvatochromic; its long-wave absorbance band is shifted con-
siderably towards shorter wavelengths in solvents of higher polarity. If the position
of the band maximum (4, nm) is determined, the E;(30) value [7]7is

- 4 - 5
E,(30) = 2.853 10 keal = 1.19’//1 10 K. 1)

By normalization of the Er(30) values, the more practically useful dimensionless

EY data can be obtained [8], which in the solvent in question are

EN = E,(solvent)— E;(TMS) @)
T ™ "Er(water)— E;(IMS)

where Er(water) and E(TMS) are the E(30) values measured in water and tetra-
methylsilane, respectively. Thus, the two end-points of the scale are water (E¥=1)
and TMS (E¥=0). Since E¥(water)=63.1kcal and E;(TMS)=30.7kcal [7],
we have :

E; (solvent)—30.7
N — T
Er= 324 : )

To characterize the basicity of the solvent mixtures, we determined the modi-
fied KAMLET—TAFT parameter. For this, the positions of the maximwm for the
long-wave absorbance bands of p-nitroaniline (pNA) and N,N-diethyl-p-nitroaniline
(DEpNA) were measured in the given solvent mixtures. The following regression
equation was used for calculation of the By, values [18]:

v, (pNA) = 1.128 v*, (DEpNA)+0.319 kK.~ @

This correlation applies to apolar, weak ¢ or @ donor solvents (e.g. n-hexane, tetra-
chloromethane, 1,2-dichloroethane), which are not able to form hydrogen-bonds either
as an acceptor or as a donor. It must further be taken into consideration that DEpNA
can take part in hydrogen-bond formation only as a hydrogen-acceptor, whereas
pNA can do so both as an acceptor and as a donor. Thus, if the v}, (DEpNA)
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values measured in the various solvent mixtures are substituted into Eq. (4), data
for v}, (pNA) can be calculated from which the effect of the basicity of the solvent
has been eliminated. The measured v}, (pNA), however, is influenced both by the
acidity and by the basicity, and hence the difference (4v*) between the measured
and calculated values of v}, (pNA) will be characteristic of the basicity of the sol-
vent. The basicity parameter Bgr was calculated via the following correlation [18]:

Av*
BKT = 2.78 (5)

where 2.78 kK is the Av* value for hexamethylphosphortriamide. Thus, the Bgr
scale too is normalized; the most basic solvent is hexamethylphosphortriamide
{Bxr=1), while the least basic ones (Bxr=0) are those for which Eq. (4) holds.

The v, values were determined with a VSU 2P spectrophotometer. The sol-
vents, which had purities corresponding to spectroscopic needs, were carefully freed
from water.

Results and Discussion

The acidity and basicity parameters calculated with Eqgs. (1) and (3) and with
Egs. (4) and (5), respectively, are listed in Table 1.

The variation of the parameters as functions of the mole fraction (x;) of ethanol
is illustrated in Figs. 1 and 2. It may be seen that both parameters vary monot-

-onously with x, in ethanol-benzene, while E¥ also does so in ethanol-cyclohexane;

however, in each case there is a very considerable deviation from linearity. The

Table I

EY and Byt parameters for ethanol-cyclohexane and ethanol-benzene mixtures at 25 °C

Ethanol-cyclohexane Ethanol-benzene
Ethanol mol/dm3 EN* By p*** EN** Byp**t
0.000 0.077* 0.00* 0.127* 0.08
0.086 0.405 . 0.13 0.164
0.171 0.431 0.26 0.260 0.13
0.428 0.460 0.51 0.344 0.18
0.856 0.480 0.73 0.381 0.22
1.713 0.517 0.85 0.428 0.34
3.425 0.542 0.87 0.470 0.50
'5.138 0.562 0.87 0.501 0.56
6.850 0.567 0.87 0.531 0.61
8.563 0.582 0.86 0.548 0.64
10.276 0.595 0.84 0.569 0.69
11.988 0.611 0.83 0.584 0.70
13.701 0.623 0.80 0.611 0.73
15.413 : - 0.635 0.79 0.633 0.77
17.126 0.651 0.78 0.655 0.78

© * Literature data [8], [18].
** error in our EY measurements less than 10.005,
*** measurement error less than $0.03.
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Fig. 1. Variation of E¥ and Bxr values for Fig. 2. Variation of E¥ and By values for
ethanol-cyclohexane mixtures as a function of x, ethanol-benzene mixtures as a function of x,

By values for ethanol-cyclohexane pass through a maximum. At low x; values,
both parameters (but particularly E¥) increase steeply, while at higher x; values
the curves flatten out.

At least two phenomena must be taken into consideration in connection with
the interpretation of the shapes of the curves. One factor is that, when the solvent
components are mixed, their original structures are broken down to various extents.
This is important in the case of ethanol; the higher the mole fraction of the apolar
component in the mixture, the lower the extent of association of the ethanol mole-
cules. At low x,, essentially free alcohol molecules are present, and thus both
the acidity and the basicity of these can be well displayed. This is reflected in Figs. 3
and 4, where E¥/x, and Bgq/x, are plotted as functions of x;. It can be seen
that these “‘specific’’ data increase very quickly with the decrease of x;.

0 02 04 06 X4 1

Fig. 3. Variation of E¥/x, and Bgr/x, values Fig. 4. Variation of EY/x, and Bgr/x, values
for ethanol-cyclohexane mixtures as a function for ethanol-benzene mixtures as a function of

of x, X3
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The other factor is the interaction of the components of the mixture, in which
significant roles are played by the acidities and basicities of the components [22].
Benzene and cyclohexane, for instance, have higher acidity than basicity; in mixtures
with low x,, therefore, the apolar component more effectively blocks manifesta-
tion of the basicity of ethanol. Figures 1 and 2 are in agreement with this, where the
Byr vs. x, curve falls more steeply than the E¥ vs. x, curve towards x,=0. In mix-
tures with higher x;, this interaction is naturally no longer of significance.

From Figs. 1—4 it can be expected that the correlation between EY, Bgr and
the composition of the solvent mixture can not be described by a simple two-para-
meter equation. Accordingly, the equation introduced by LANGHALS [11] can not
be applied to these systems. The same was observed by KrRYGOWSKI ET AL. [22] for
solvent mixtures containing methanol.

0,84 0,201

; ‘,'\\\ —

2 ] \o\ <3
zr ‘l N -

w 5 Z—

< | S BBy Y

ol’" ! 0,10'

024 0,054"

T ) T T
0 0.2 04 06 X4 1
Fig. 5. Variation of AEY and ABg, values Fig. 6. Variation of AE¥Y and 4Bk, values for
for ethanol-cyclohexane mixtures as ethanol-benzene mixtures as a function of x,

a functionof x;

Figures 5 and 6 depict the differences of the E¥ and By values from additivity
as functions of x;. The differences, 4EY and 4Bgr, were calculated via the known
correlations

EY —x,(EP)f — xo(EY); = AEY
. (6)
Byt — %1(Bxr){ —X2(Bkr): = A4Bgr

where the index 1 refers to ethanol, and the index 2 to cyclohexane or benzene.
The difference from additivity (which stems from the effects of the interaction
of the components of the mixture on the phenomenon in question) is seen to be
greates in the mixtures with low x,. Figures 3—6 and our earlier results relating
to the solvent effect [20] led us to assume that the AEY and 4By values determined
for the given mixtures are connected with the activity coefficient of ethanol. To
express this connection, we made use of an empirical correlation of the type

Y= X1 Y{+X2 Y;"'xlng (7)



740 P. NAGY and R. HERZFELD

which can frequently be applied well to describe the properties of two-component
mixtures. In this case, ¥ denotes the corresponding E¥ or Bk value, in accordance
with Eq. (6), while B denotes the difference from additivity. Figures 7 and 8 depict
the B values calculated from the data in Table I, as functions of the activity coeffi-
cient of ethanol [23, 24]. It is clear that, to a very good approximation, the data
relating to both the acidity and the basicity for the ethanol-cyclohexane mixtures
vary linearly with the activity coefficient of ethanol. The regression equations for
the straight lines are

B = AE/x,x, = —0.14840.55y,, n=10, r=0.9994 ®)
B= ABKT/xl Xg = O.264+ 0.979 Y1 n= 11, r= 0.9992, (9)

The correlation between B and 7y, is seen to be very good.

91:;
=

14 AByr
/ . X;Xz
2 4 6 f 10
Fig. 7. Variation of B(4EY/x,x; and ABgr/x,xs) Fig. 8. Variation of B(4EY/x,x, and
for ethanol-cyclohexane mixtures as a function of ABx r[x,Xx;) for ethanol-benzene mixtures as
71, the activity coefficient of ethanol a function of y,

For the ethanol-benzene mixtures, the linearity and correlation are similarly
good for the acidity:

B = AEY¥/x, x, =—0.320+0.5787,, n=11, r=0.9998. (10)

However, the data relating to the basicity do not vary linearly with y;.

The reported results demonstrate that both the acidity and the basicity para-
meter for ethanol-cyclohexane mixtures, and the acidity parameter for ethanol-
benzene mixtures, vary in parallel with the composition of the mixture and with
the activity coeflicient of ethanol, in accordance with Egs. (7)—(10). This is pre-
sumably a consequence of the variations in the acidity and basicity parameters
and the activity coefficient being determined by the structure of the liquid, and
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predominantly by the association of the alcohol molecules. The latter depends
considerably on the composition of the mixture, i.e. on the relative content of the
apolar component. It is probable that, additionally, the effect of the apolar com-
ponent on the parameters in question corresponds to the additivity. The basicity
parameter for the ethanol-benzene mixtures varies in a different manner with the
composition of the mixture. This is presumably caused by the = donor nature of
the benzene molecule, or by the composition-dependent difference from additivity
influencing the By, values.

Finally, it should be noted that, when the solvent effect was studied in the amine
exchange of Schiff bases [20], the variations of log k measured in ethanol-cyclo-
hexane and ethanol-benzene mixtures could similarly be described by means of a
correlation corresponding to Eqgs. (7) and (8). Thus, it is to be expected that the
rate constant is directly correlated with the acidity and basicity parameters, which
is in accordance with the assumed mechanism of amine exchange. This problem
will be dealt with in our next paper.
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OIPE/JIEJIEHUE [IAPAMETPOB KHUCJIOTHOCTH ¥ OCHOBHOCTH
10 JIIOUCY (E¥, Bxr) B BUHAPHBIX PACTBOPAX 3TAHOJI-LMKJIOTEKCAH
Y 3TAHOJI-BEH30J1

IT. Haos u P. lepygheaso

IToxa3ano, uTo 3Ha9¢HEA EY A By, OTPEENEHADBIE B STAHONILHO-LUKIOTEKCAHOBOM PacTBOPE,
a Takme EY B 3TaRONLHO-GEH30LHOM pacTBOPE HAXONATCA B IPOCTOH 3aBECHMOCTH OT kK03hdH-
OHCHTA aKTHBAOCTH 3TaHOMNA.



TFOMOJINTHYECKOE I'AJIOTEHUPOBAHUE ALIETAJIEN 1
OPTO2®1POB B PACTBOPE

JI. JI. PAXMAHKVIJIOB, C. C. 3JIOTCKUI], E. B. ITIACTYIIEHKO, JI. 3. POJILHUK
Yonmcknit mepTaHOM HECTATYT, Yda
P. A. KAPAXAHOB
MoOCKOBCKHIt HHCTHTYT He(DTEXHMHIYECKOR M ra30B0H MpOMBIIIICHHOCTH
mM. U. M. I'y6xuna, Mocksa
M. BAPTOK u A. MOJIHAP
Kadenpa oprammyeckolt XaMuH YHHEBEPCHTET2 HM. ATTIIH Moxeda, Ceren

( Hocmynuao e pedaxyuro 19 dexadpa 1984 2.)

OGO0mIEHsT Pe3yLTATHI 3KCOEPEMEHTANBHOTO M3YYEHHS PEAKIMI IOMOJHTHYECKOTO 3aMe-
MIeHHA JTHHEHHBIX B LMKIIHIECKAX aueTael, a Taxxe opToadupos. OCHOBHOE BHUMAHHE YAENECHO
KUHCTUKE ¥ MEXaHM3MY XMAKODAIHLIX npespamermit anerajield B opTo3QHpOB B CPERE IOJUTa-
JIOTEHAJIKaHOB. PaccMOTpeHa CBS3b CTPOCHHA aUETAICH B OpPTOIQHPOB ¢ PEaKUHOHHOH coocoG-
HOCTBIO 1O OTHOIICHAIO K PafuKajaM pa3nuvHON HPHPOIBIL.

Bgecenue

AnleTany ¥ WX IeTEPOAHANOTN YCHeHIHO IPUMEHSIOTCE B CHHTE3e pasHoobpas-
HBIX OPTaHHYECKHX COeAMHEHNH, 2 Takxke IIMPOKO HCHOJIE3YIOTCH B KaYeCTBe pacTBO-
puTenel, IACTHQHKATOPOB AJist IIOJUMEPHBIX MATepHANOB M T. I. DdHpH opTo-
KapGOHOBEIX KMCIOT UCTIOJIB3YIOTCA B IPOMECCAX MOIMMEPU3ANMYU, B IPOU3IBOICTRE
NOJNUYPETAHOBBIX MaTePHAJIOB C YJIYYILEHHBIMH CBOMCTBAMHM, B CHHTE3¢ GHOJIOTH-
YeCKM aKTUBHBIX COeauHenuii [1].

AXTYaJIbHOCTb CHCTEMATH3aIWH A 0000ILEHNS HAHHEIX O PeaKIHAX TOMOJIHMTH-
4eCKOrO 3aMellleHHs! alleTaled ¥ opTo3dupoB B Xugkod ¢aze obycnoBieHa TeM,
YTO 3TH PeakDMM MOTYT JleYb B OCHOBY METOHOB HOJYUYEHHS CIOXHBIX 3wpos,
MPOCTBIX &-XJIOP3(hHPOB, 3GOHPOB rajJOreHIMAPUHOB, (FaJIONAAJIKU)ITHIKAPOOHA-
TOB W APYIHX UEHHBIX MONMAM(YHKIMOHAJIBHBIX COCOUHEHMY, TPYIHOLOCTYIHEIX
HHBIMU METOJIaM.

B HacrosinieM 0630pe CHCTeMATH3HPOBAH M OOCYXIEH MaTepHay, MOCBSILEH-
Hpd M3YYCHWIO PeaKiyii TOMOJMMTHYECKOTO 3aMellCHUs alleTalleili H opTo3(hHpPOB
B XuaKoil ¢ase.

4*
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Tomoaumuueckoe 2arozenuposanue 1,1-duarkoxcuaakanos

U3BecTHO, WTO pamwkaibHOe OpOMHApOBaHHE JHREHHBIX ametaneir N-Gpom-
CYKIMHEMUIIOM IPHBOINT K COOTBETCTBYIOIIEM CJIOXHBIM 3dupam [2].

B psine pabot {3—7] uccnienoBaHO paiMKaIbHO-IEMTHOE I'a/IOTeHAPOBAHKE JIHHEHR -
HBIX aleTajiel moJIArajoreHajkaHaMu. B xyopodopMe mnoj neHcTBUEM TpeT.-
OYTOKCHJIBHBIX PAOWKAJIOB, TEHEPAPYEMBIX TEPMHYECKHM PAaCHaloM NEPEKUCS TPeT.-
6ytuna ([ITB), U3 MUAIKOKCHMETAHOB MapaJUIe/IbHO C COOTBETCTBYIOILMME (op-
MIAaTaMH ¥ aJIkaHaMHA OOpasyloTCs XJIOpalikaHBl, abOETHABI H a-XJIOp3duphl
(tabm. I). B cny4ae guxnoankandopManei 0HEIM H3 OCHOBHBIX IPOAYKTOB ABIIAETCS
COOTBETCTBYIOLIMI KeTOH [3], mpm 3TOM H3 xjopodopma oOpa3yeTcs XJOPHCTHUA
Metuned u 1,1,2,2-reTpaxsoparad. O6pa3oBanue HabiroJaeMbIX IPOAYKTOB CBs-
3aHO ¢ ¢pparMeHTanHed ¥ B3aHMOJCHCTBHEM OH- H MOHOAJKOKCHANKHJIBHEIX pajH-
KaJIoB ¢ xnopotdopmom [6].

Tabauya I

Cocmas npodyxmoe c60600HOPaduKANbHEIX NPespatyeruii atkuagopmaneil
¢ cpede xaopogpopma [5]
T=130°C, [xaopogopm]l= 3,0 moav/s, [nepexucy mpem.-6ymuaal=0,3 moas/a,
spems peaxyua — 90 mun

KoHueaTpaums, MOIL{n

Cocnnnacnne
CH;(OC‘HQ;; R=CH3. 3,7 CH:(0C5Hu)z; R=C4H9; 3,2
HCOOCH;R 0,27 0,22
RCH,Cl 0,05 0,05
RCHO 0,33 0,27
CICH,OCH;R 0,32 : 0,27
CH,Cl, 0,28 0,21
(CH;);COH 0,11 0,11
Tabauya I1

Ckopocms Haronaenus npodyxmos npeepaujenus aaxuigopmaneii 8 cpede xaopogopma
T=130 °C; [nepexucy mpem.-6ymusal=0.3 moavfa

dopmanms CHCl, CKOpOCTH HAaKOIUIEHHA NPOAYKTOB w- 105, Mons-n—1-¢-1
Momu/a | Mom/T \THCOOCH,R | RCHCI | RCHO | CICH,OCH,R | cmcn | (cHy,con
CH,(OC.H,),,
R=CsH,
4,5 1,0 5.2 0,9 6,2 6,1 5,0 2,0
4,1 2,0 5,1 0,9 6,0 6,0 5,1 2,0
3,7 3,0 5,0 1,0 6,1 59 5,1 2,1
CH;(OC;H, ),
R=C.H,
40 1,0 42 0,9 5,0 4,0 3,6 2,1
3,5 2,0 4,1 0,9 52 5,0 4,0 2,0
3,2 3,0 4,0 0,9 5,1 5,0 3,9 2,0

Ll
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ATbIeruap! B a-xJ10p3(GUpPEl HAKANIMBAXOTCSA TPAKTAYECKH B OJMHAKOBEIX KOJIHA-~
yecTBax (Tabi. I). 3To CBUACTENLCTBYET O TOM, YTO MX NPeLUECTBEHHMKAMY SIBJIS-
10TCSt MOHOANKOKCHAJIKHIIbHbIE DajMKaJbl. B M3ydYeHHBIX YCJIOBHAX (parMeHTANUs
SBJIACTCS HamboJiee OBICTpoM crammed, TaKk Xak CJOXHBIX 3()MpPOB 3HAUMTEILHO
6oJple, YeM aJIKUAXJIOPHIOB.

B amux paborax HalineHo, YTo HadaJbHEIE CKOPOCTH o0pa3oBanng GopMAATOB

U ajb[eTH[OB IpakTAYecku coBnagarpT (tadu. II). B uemom mis mpoliecca npel-
JIOX€EHBL CXeMBY 1 1 2.

Hyc(or); + (:a,),»o —= (cHs),con + He(or),
HE(OR)y —= HCOOR *+ R
HpC{R), « K = RH + HE (OR),
R+ R —= Morekyadpueie npodykTel
R+ (Helg — RCI + éHClz
HE{OR), + K —= [ctrc(or)] + cHstrp
) el \lcoon
HaC OR); + EHEly —o wi (0R), + CH Gl
Hel, + CHEL, — CL,CHCHTI

H~C/OO CH;ECO H ¢ OO -O
O HE o-O — O+ Heoo D
"0 i CH%CI \:“:‘(zg
[eten (00)2] Heoo-O+Ora O

P"C\UO,‘.O‘O __r*-O-O * H.éo-o

+CHEl

CHEL
S [ \00 ]—o—tlcﬂ.o-o O
'Hé(O'O)z :
tHIy —{ *He g el
1, CHEHEL,

« EHCL,

JUTMHA UEUU HeBEJIMKA, YTO OGBACHAETCS BHICOKMMH CKOPOCTSME KBajApaTwy-
HOTO 00pBIBA HAa YIilepOAUEHTPHPOBaHHEIX PaiuKaiax.

M3 nuTpeTasKokCHaIKaHOB B CJIOPOoGOpMe B MPHCYTCTBHM IMEPEKACH TPET.-
Gyrraa o6pa3syroTcs COOTBETCTBYIOUIUE TPET.-AIKHIGOPMHAATEL, TpPeT.-aJIKHIIXJIO-
pUIBI M AJKaHBL, NIPH 3TOM XJIO0podOpM NPEBPALIAETCS B XJIOPHCTHIH METHJICH H
1,1,2,2-TeTpaxioparan [5].

O6pa3oBaHre XJIOPCOACPKALIMX NPOAYKTOB PEaKIUH OOBACHEHO B3aHMOJIEHCT-
BHEM C MOJEKYJAMK XJIopodopMa TpeT.-AIKMIbHBIX DPaIHKAJIOB, BO3HUKAFOMIKX
npu OBICTPOlt pparMeHTalMH AHANKOKCHMETHIbHBIX pajaukaioB. O6pazoBanue co-
eIHHEHHH, coepXallyX B CBOEM COCTABE TPHUXJIOPMETHIIbHBIE TPYNNLL, He Habr0-
J2110Ch, T.K. B JAHHOM CJIydae OTPBIB pajuaxaioM R or xjmopodopma aToMa xjopa
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6onee mpemmourmTeseH. IlockosibKy W3 aneTasieli He BO3HHKAKOT TpET.-aJIKOKCH-
METHJIBHBIE PaJiHKanbl, B IPOAYKTaX Peakunu He ObUI0 OGHApYXeHO amKdi(Xiaop-
METHJIOBLIX) 3Q)HPOB, YTO HMEET MeCTO B Cllyyae aileTalieif e pBHYHbIX ¥ BTOPHYHBIX
coaptoB. CKOpOCTH HaKOIJIEHHS TpeT.-aJKW1PopMHaTOB H TpeT.-OyTHIOBOro
COMPTA MPAKTAYECKH HE 3aBUCAT OT KOHUEHTpamuH ciopodopma. Kunermueckue
JapHble [S] mO3BOIAIOT 0OOCHOBAaTHL MEXaHM3M XMAKO(a3HBIX TpeBpalleHuWid aH-
TpeT.-aJIKOKCHaJIKaHOB B xjopodopMe moA OeHCTBHEM CBOOOJHBEIX paJiKaJIOB

(cxema 3).
) HE ek R),
Hyt (0CHzR), + (cHy),c0 —[ + {oHs)con
Hat (ocH,RlocHR

HE{ocHR), —= THCOOCHR « EHR
HC(OCHR)OEHR + DHet, —== EHCI, o [ RCH,0CH 00CHCIR] —=
— RCHO .+ CLCH,0CH,R

Hoe(0CHaR) 0CHR  —= REHO + HyCoCH,R

HEOCHIR « CHCLy == CLCHOCH,R  CHetl,

EHaR + HC(oCHRY, — oHsR + HE(ooH:R), [Hac{ocH;R)ocHR]
EHCLy + HyC(OTHaR), —= CHaCt, « HE(OCHSR), [HoC (00K R)oCHR]
TR « CHlly —> RiMgCL « CHOL,

tHO, « CHCl, —> C1,CHEHC,

R » Cyhp. CoMy

Jnst upssMoro ompeJie/IEHUS BIASHAS CTPOCHHS HA PEAKLIMOHHYIO CIOCOGHOCTD
anerajielf, ¥X aKTHBHOCTh OIECHHMBAJH MeTOJIOM KOHKYDPCHTHBIX peakuui [7]. U3
IIOJIyYeHHBbIX Pe3yI»TaTOB CIELYeT, YTO IUMKIMYeckdue ¢opMaim B 4—5 pa3 aKTHB-
HEe JIMTHEHHBIX. DTH Pe3yNpTaThl XOPOILIO COBNANAIOT ¢ JAHHBIMH HalICHHBIMHA IIPH
KOHKYPEHTHBIX TIPEBPALICHHUAX JIMHEMHBIX M NHUKJIMYECKHX aleTaliel B WHEPTHOMH
cpene [7]. Hapsgy c xmopodopMoM, B KauecTBe TAJOMOUPYIOLINX aTeHTOB HCIIOJIb-
30BaJIM H APYTHE HOJHIajJoHAAJIKaHE [7]. Tak, 6poOMTpHXIOpPMETAH BeCbMa aKTH-
BEH IO OTHOIICHHWIO K IMAJIKOKCHAJKHIBHHIM pajdKaiaM B TuCyTOKCHMETaH C BHI-
COKOH CeJIEKTHBHOCTBIO IpeBpalliacTcs B GyrundopMuar B OyTHAGpPOMHA COOT-
BETCTBEHHO.

o€ (0cqHy), + CBrely —goe HCOOG,Hy + Cylgbr

8

ITepBeotit opsAOK o cyGeTpaTy, HOJOBHHHBIN [0 WHHIMATODPY M HYJIEBOH HO
CBrCl; yxa3piBaroT, 9TO 3Ta peakOua MpOTeKaeT N0 IENHOMY Hepa3BeTBJIEHHOMY
MeXaHU3MY ¢ KBaJ[paTHIHBIM OOPHIBOM Ha TPHXJIOPMETHIBHBIX pamukanax. O6pa-
30BaHMe OyraHa U3 AMOYTOKCHMeTaHA HE HAaOJIOAANIOCh, YTO OOBICHEHO NMpeBBILIE-
HAEM CKOPOCTM HAKOIJIeHHs a-OpoManerans HaJ CKOPOCTHIO MOSBICHHS pPagHKa-

jsoB CH,—C,;H;, ® BBICOKOCEIEKTHBHEIM *pacXO[IOBAaHHEM IIOCAEOHUX IO peak-
oum ¢ CBrCl;.
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'y AA02€HUPOBARUE YUKAUYECKUX az/ema/leﬁ

H3BecTeH psa OpONeccoB, B KOTOPBIX NAKIMISCKHH HaJIKOKCHAIKAIbHLINA paad-
kaJ1, o6pa3opaBIIniicss H3 COOTBETCTBYIOLIETO 1,3-nHOKCAMKAAHA, CIIOCOGEH OTpHI-
BaTh 4TOM rajlIOTeHa OT raJICHAUPYIOIIETO areHTa ¢ 00pasopaHmeM Kpaitie HeyCTOM-
YUBHOTO [JHAJNKOKCHANKAnranoremnaa [8, 9]. Ilocmemumit 6BICTpO H30MepH3yeTCA
B COOTBETCTBYIOIIMI raJlouA3Qup, mpu4yeM IOJIOXKEHHME aTOMa TajloreHa B MOJe-
KyJle OJJHO3HAYHO YKa3bIBA€T Ha MECTO Pa3phiBa YIJIEPOJA-BOAOPOJHOM CBA3H.

ga% v X-Yy tsany Ofﬁho

—gcl
5K <x ‘ocHz (cHz) X + H

X-Ye=Hal-CHmHalyss  0=00,2; ReAlk,CHg; mey,2

TIpeanonaraercs, uro [10] JaOuNLHBLI THKIHYECKHH AWAIKOKCHAJIKHIraIore-
HHI, IMeeT XapakTep KapGOKCOHHEBOTO HOHA, W ero M30MepH3aUds IPOTEKAET KakK
BHYTPHMOJICKYJISipHOE HYKJIeo(hnIbHOE 3aMeINeHHe 3a CYeT aTakM aH@OoHA X© 1o

Q-YIIIEpOJHOMY aTOMY.
f%\
0,80~ x®

¥
R

Tax, IpH FOMOJIMTHYECKOM XJIOPHPOBAHUE MOJIEKYJIAPHBLIM XJIOPOM H 6POMHpOBa-
HAM MOJEKYISpHBIM GpomoM m N-GpoMcyknmeumMuzoM Ttpauc-1,4,5,8-TeTpaokca-
JeKalpHa Obul mMoJTydeH au-fB-ralIona3TaIoKcoaT [9].

0 0
(:Ig) "X £ o):cj(

CyecTBoBaHme 2-XJIOP-2-TUXIOpMeTHI-1,3-AHOKCONIaHA B PEaKIHOHHOM CMeCH
npr —60°C 6ruto ycranoBiIeHO MeToAoM SIMP-cnextpockomen [11]. Veroiiunsre
OpH KOMHATHOM TeMIepaType JIMHeHHble AHANKOKCHAJKHIXJIOPHAR! ObUIM CHHTe-
3APOBaHEL H3 TPHHEO-IEHTOKCHMETAHA H alleTUIXIOpAAA. YCTOHYMBEIE IPH MOJO-
KATENBHBIX TeMIepaTypax HUIIHYECKHe NHATKOKCHAJKAJ TaJIOTCHHIBl B HACTOs-
e BpeMs HEH3BECTHHI, XOTS 00pa3oBaHwWe HX B Ka4eCTBe IPOMEXYTOUYHBIX HpO-
IYKTOB COMHEHHS He Bb3biBaeT [10].

INpwm B3anMopeiicTBUA IHKJIAYECKAX aneTaliei ¢ N-OpoMCyKITHHEMEIOM B cpelie
9eTHIPEXXJIOPHCTOrO YIieposa, Hapsany ¢ 6poMadmpamu (tabu. III) otmeueno oGpa-
30BaHUe XJOPHPOR3BOIHBIX, 9TO OO BACHAETCH NepeZiavcii ien Ha pacTBOpHTeNS [1].

Co-n & [[ﬁx;'] -

-
k- “NOcH, e, 01
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Tabnuya 111

Pearyusa yuxauveckux ayemaseii ¢ N-6pomcyxyunumudom( NBC)
UHUYUUPOBAHKHAA a3o-Guc-usobymuporumpusom (AHBEH)
0.5 moab ayemaas, 0,5 moav NBC, 2z AUFH

Aneram , PacreopuTresns | Temmeparypa,°C IIponykT Buixon, %
[} CCl, 35—45 2-6poMAITUNOYTHpAT 32
[o)' CH, CH, CHy 6em3on 35—45 2-6poMITHIOYTHPAT 67
[g)-CH ccl, 35—45 | 2-6pomsTanaverar 40
3 Ger3on 30—40 2-6pOMITHIIALIETAT 66
0¥ CCl, xansuesme | 2-6poMatundopmmat 22
E0> GeH3on 45—50 2-6poMayTHNGOPMHAT 30
C-© ccl, 3040 | 2-6pomaTAnGamer 76
CM CCl, 35—40 2-6poMuponHnGen3oaTt 95

H. 1-MeTEN-2-6pOMITHN-

s‘r_g)@ ccl, 3540 | 12ean- 92

* g cM2cAC X aopodopmom.

Beixon, MPOIYKTOB OINpPENENAETCS. CHOCOOHOCTHIO 3aMECTHTENS] BO BTOPOM IIOJIO-
XKEHIH CTAOMIM3MPOBATH HECNIAPEHHEBIN 2JIEXTPOH B IHKJIAYCCKOM PAAVKaJIe B JINMH-
THpyIOlIe# craaueii mpomecca sABJseTcss romonus C(2)-H-cpasm. .

B pesynbrate mccnemosanus gedcTBus N-GpoMcyknuuauMuza B GeH30JBHOM
pacteope mpu 50 °C B IPHCYTCTBHH IlepekucH OeH30MIa Ha PAn aleTajieit U KeTa-
JIe# STHJICHTJIMKOISA ¥ TPONMICHIIIMKONS-1,2 6BUI0 YCTAHOBIIEHO, YTO NMPH PACKpPhI-
M 1uKIa cBsa3b O(3)—C(4) npakTHiecku He 3aTparuBaeTCs, M B 00pasyrommxcs
adupax aToM OpoMa HAXOOUTCs y NEPBUYHOIO aToma yriepoia [12]. B ciyuae
HUKIMYECKAX KeTalel MPOTEKaeT TONLKO OpOMMPOBAHME AJIKHJIBHBIX IPYNN IPH
yriieponaoM atoMe C(2) Kombla.

Bpomuposanre N-GpoMcykmmHaMAAOM 4-heHnn-1,3-IroKcaHa NMpOTeKaeT na-
PAJUIENIHO O BTOPOMY H YeTBEPTOMY 4TOMY, Ha YTO YKA3BIBAET OJHOBPEMEHHOE
obpazosanve GpoMadupoB B 4-6pom-4-deruin-1,3-muokcara [13]. Bpommposanue
2-ankun-1,3-guokconanos mpu 70 °C mop aAelicTBHeM N-OpOMCyKHEHWMEHJA MpH-
BOIMT k 6poMadupam obmeit dopmynst RCOOCH,(CH,), Br [14].

DOTOXAMHUYECKOE XJIOPHPOBAaHHE 2-TpUXIOPMETHNI-1,3-AH0KCONIaHa TPOXOIUT
tonpko y C(4) u C(5) atomoB- yraepojaa [15].

DOTOXUMHUYECKAE PEAKIUA PAa NATH3BCHHBIX NUKIAYECKHX aleTanell m ux
retepoananioro B CHCl; B npHCyTCTBHN GeH30(CHORE NPHBOIAT HCKIIIOUUTENLHO
K 00pa30BaHUIO COOTBETCTBYIOIINX XJOPCOAEPXKAINMX aOMKIMYeckux 3¢upos [11].
®oTonM3 ONTHYECKH AKTHBHOIO 2-heHuia-4-MeTui-1,3-auoxconana OpuBOOUT K 2-
areTokcH-1-xropdenmatany co 100%-Ho# HHBEpCHEH KOHPUTypanmH, 3TO SABISCTCS
y6equTeIbHLIM JOBOAOM B IIONB3Y TOro, uro mpw atoMe C(4) mporekaer peax-
mus (cxeMa 4). Ecnr ¢peHMnbHYIO IPYNNy B 4eTBEPTOM IIOJIOKEHAHM 3aMECHUTD IPYyI-
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CHs o (:H3
ot el Py
CHs 03 He-cde 17— LEAN

2T TN~ (H, = CH,
& A : §-(+)

Y Lﬂz 7% CGH' 0{":'{
H;C C\@T\ —"H.;C C\o HaCi
"2 R--)

noit CH; unn CH,Cl, To HOH XJiopa aTaKyeT IO HAaHMEHEE 3aMEIUEHHOMY YIJIEpOa-
HOMY aTOMy B NPOMEXYTOYHOM KapOeHHEBOM HOHE; CIEACTBHEM 3TOTO ABJISETCH
obpa3oBaHHe TOIBKO NEPBHYHBIX XJIOP3QUPOB.

B pe3ynpTaTe MHUOUHUPOBAHHBIX NMEPEKUCLIO TPET.-OyTHNAa npeBpauienuii 2-
OyTui- u 2-u306yTHII-1,3-0HOKCOJIAHOB B NPHUCYTCTBUH Xiopodopma mpu 130°C
HaGJII0AaeTCA OJHOBpeMEHHOe 00pa3oBaHHe H30OMEDHEIX 3(QMPOB M COOTBTCTBYIO-
mmx 2-xmoparmnsaiepuatoB (ECI) [16]. )

= RCOOCH,CH; (EH
ﬂ * CHa, 1““‘ o (EH)

30°C
L~ Reoo CH,CH, ¢ ( 1)

lvH)

ReCoHg o .m0 - Cehy

HauvanbHasg CKOpOCTh OOPa3soBaHMs NPOAYKTOB JIMHEHHO 3aBHCHT OT KOHIEHTpA-
nud cybcTpaTa, ClIenoBaTelbHO, B JMMHUTHPYIOLWEH cTaauu oGpa3oBaHus JMHEH-
HBIX IIPOAYKTOB y4acTBYeT ofHAa MoJiekysa l,3-guokcanukiana, mpUYeM Meperpyi-
NMMPOBKA DAIMKAJOB SIBIseTCS OBICTpoM peaxiveil. Brimonuenwe uHeHHOM 3aBH-
CHMOCTH cKopoctn o6pa3oBanus 3()HPOB M XJOPI)HUPOB OT KOPHS KBaOPAaTHOTO
H3 KOHUECHTPAaN¥H MHALEATOPA YKa3bIBaeT HA KBAPATHYHBIA OOPHIB IEIH.

C yeennuecHmeM xomneHTpanuum CHCI; ckopoctes o6pasopanus adupa craHo-
BUTCS Ha IOPSimOK M boJiee HIKe CKOpocTH oOpa3oBaHMs xjopadupa, kKoTopas
B JaJbHEHIIeM He 3aBHCHT OT YBEJHMYCHWsl KOHIEHTPALUM XJIOPHPYIOLIErO arcHTa.
[TonyueHHble KHHETHYCCKHE PE3yJIbTaThl IO3BOJISLIOT IIPEIJIOKATEL NOCHEN0BATE b=
HOCTDb 3NIEMEHTapHBIX peakuuii (cxema 5).

DH Arnd A'rc; [ >'r\

Deenel, —— EHet, + [Pa] £
p) — . S
E+DH —— D+ EH
E + CHoy —=  EcL + CHCL
(HClp = THCL, ———= C1,CHCHCL,
€ + QMO ———e ECHCL,
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Boicokasi CKOpOCTh OHMONEKYJAPHOH PpeakmgH OTphIBA aTOMa XJIopa OT
CHCl; nwxmmueckwM pagukaioM D¢, 6aaromaps koTtopolt yxe mpu [CHCl,]=
=1 MOJB/JT, Wgc=>Wgy OOBACHAETCS KAK CPABHUTENBHO HA3KOH POYHOCTLIO AAH-
woit cBasu C—Cl (~ 74 kkasn/mons) {17], Tak U GJArONPHATHEIM JJIS IPOTEKAHHA
JAHHOTO aKTa COYeTaHWMEM MOJApHBIX ¢akTopoB. Kak wm3BectHo [2], ckopocTh
MOHOMOJIEKYJISIpPHOM NEPETPYIEPOBKA PaguKalia CYyLIISCTBEHHO 3aBUCHT OT TeM-
mepaTyphl, Io3TOMy B pabotax [18—21] aBTOpEl H3y4Ya)id H3OMEpH3AMUIO 2-3aMe-
wmieHHbIX 1,3-awokconanoB B cpeae xjaopogpopma mpu 80 °C, unmmuupyemeix ITB.
B 31HX ycnoBusx, Hapany ¢ xjaopapupamu (ECl) B 3aMeTHBIX KOJIHIeCTBax 06pa3sy-
I0TCH XJIOPHCTBIA METHJIEH, TOTAA KaK H30MepHBIe HCXOAHbIe aTHIOBbIE 3¢uphl (EH)
He HabJroaroTcs. DTO CBUAETENLCTBYET O TOM, 4TO XJOP3adHpaM IPeAMIECTBYIOT
nabuapHble 2-X710p-1,3-AMOKCONIaHEBL, 4 XJIOPUCTHIM MeTHIIeH 00pa3yeTcs B Peakiuu
OPOJOJDKEHHS HelH MEXAY IHXJIOPMETIJIBHEIM paiWKaJIoM H cybcrpatoM. U3

CXEMBI CIEAYET, ITO
: k
WeHa 01, = W:— [DH]- Vkp[HB]
4

k
wea= 2k, - [TIB]+ Wy, o1, = 2k, [[IB]+ —[DH] - Vk - [T1B] .

Vks

Honyyennble pe3ysbTaThl [22] MO3BOIHIN ONpPEeeINTEL 3HAUCHNE KAHETHYECKUX Mapa-

MepToB k;/Vk, , XapaKkTepu3yIOLIHX aKTHBHOCTh alleTalell IO OTHOUICHHIO K IH-
XJIOpMETHIILHOMY pagukaidy (tabi. IV). Lluinyeckde alenTam OPOABISAIOT CpaB-

HEMYIO C IIOJyYeHHBIMH 3HaueHusMu Kk3/}k,; aKTHBHOCTb IO OTHOWIEHHIO K IEp-

Tabauya IV

Kunemuxa u usomepusayua 1,3-0uokcosanos e npucycmeuu xaopogopma
T=380°C; [I[IF]=0,1 moas/a, [DH]=3,0 moas[s, [CHCl5]= 1,5 moas|a
pacmeopumens-6engoa

. W= " wy 108 k3 5
Auetans weerr1® | wem,cl, 16 | =(Wea—wcH,cl) 1% | *»~3MmE) Vi, 10
n 1/2
Mos/n.c Mons/n.c MOTB[I.C c-1 (Mom, c)
[0 CHcrych 2,6 17 09 45 25
[0)-tiHs 36 25 1,1 55 3,7
[p-on-g"° 19 10 0.9 1 as 1,6
CHy
-ty 29 19 1,0 50 2,8
oy

[« " 3,0 2,0 1,0 50 3,0
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BUYHBIM aJIKAITBHBIM pajukajaM Todeko mpm 120—130°C. HabimropaeMas 601b-
Iag peakOHOHHASA CHOCOGHOCTh IUXJIOPMETHIBHBIX PajHKajoB B aKT€ IPOMOJI-
KEHHMA LIeNH N0 CPaBHEHWIO CAIKMILHBIMM, OYCBHJHO, CBg3aHA C TeM, YTO NpoY-
HocTh cBsa3u C—H 8 CH,Cl, va 1,5 kxay/MoJIb Bhille, Y€M B METHMJILHOM IpymHIte
yrieBoJopoJa HOpMalbHOro cTpoeHMs [23].

W3 cpaBueHns BenHuue ky/ Vk, BEAHO, 9TO CTPOEHNE ANKHIBHOMN TPYIITE MAJIO
BJIHsET Ha NMPOYHOCTHL pasphiBacMoil cpsasu C(2)—H, xoTopas B 06ouX coenmHe-
HHMSAX aKTHBHPOBAHA JBYMs CMEXHBIMH aTOMaMH KuciIopoza. PaccMoTpeHHast peak-
U MOXET UCIIOJIb30BaTHCA KaK JJIs IHOJNYyYeHHS XJTOp3(hUpOB, TaK U B LEJIsIX 9ACTHY-
HOT'O BOCCTAHOBJICHUS MOJHXJIOPaajIKaHOB.

Ce/leKTUBHBIA IepeXol NATH3BCHHBIX HUKIAIECKHX aleTaleil 10 Xaopadupos
Habmomaercs TOJNBKO NpH Temnepatypax mmxe 110°C, a miecTH3BEHHBIE LUKIH-
4eCKHe alleTasld, B 9ACTHOCTH, 2,5,5-TpuMeTmi~1,3-I0KCaH, H30OMEPH3YSCh B Cpele
xaopodopMa, 06pa3yeT TOIBKO aleTaT 3-XJI0p-2,2-TuMeTHINPOoNaHoia-1 gaxe Ipu
130°C, torma xak aneraT HeomeHTmioBoro cmupra (EH) B peaxumonHoM Macce
npaktAdecku oTcyTcTByeT [19]. HauampHas CKOPOCTb Wgey JIMHEMHO 3aBHCHT OT
KOHIEHTpanuyu xjiopodopMa. 3To ykashlBaeT Ha TO, 4TO peakUus OTPHIBA aTOMa
XJIOpa He ABIAETCA JIUMHTHPYIOILEH. .

AHaJIOTHYHBIE Pe3yJIbTATHL ITOJIYYEHE! NPH OCYILECTBJICHHH H30MEPH3AIMH 2-
MeTII- B 2-6yTHi-1,3-guokcosanos B cpene 1,1,1-Tpuxaoparana [20]. 3aech, Hapany
¢ xnopadupamu, o6pasyercs 1,1-muxnop3Tan. BeMauHEl KHHETHYECKOTO IAPAMETPA
IJ1st BBILIEYKAa3aHHBIX COCAUHEHUH OXa3aJIuCh PaBHBIMH.

( ks ) = 2,4.1073(at/mons - c)!/2
CCl,CH,

Vs

.

[ ks ) = 2,8-10~2(;1/mous - )2,
¢CL,CH,

Vks

B oTcyTtcTBHE Xn0podopMa cKOpOCcTh, 06pa30opaHus alleTaTa HEOMEHTAHOJA Wy =
=2,3.10~° MOJIB/71.C U OTHOIIEHHE Wgc/Wgy=1,7 OTpaXaeT MOBBLILECHHYIO AKTHB-
HOCTh alleTalleli M0 OTHOILCHHIO K AUXJIOPMETHILHOMY PaJHKaly, IO CPaBHEHHIO
¢ NepBUYHBIMH aJKWIbHBEIMH. Ilponecc mpoTexaeT mo cxeMe 6. OTcioma Wge =

HsC_ CHs HJ‘|‘><‘CH3

b TPl o
< T Y
Hit” M CHy
{rH) $))
HyC _(Hs CHy
. R . |
D« CHil, —= CHel, h, —= CHC00CH,= €= CH,CL
7 eH; CHy

CHCl, 4 DH —= D = CHyCL
2 {Ho, —=  Moaekyaspueie npogykTel



752 A. 1. PAXMAHKVJIOB 1 COTPYIHVKHA

ks
V2ks
pacnaza IITH Ha pagMKabl, MOJIb/J. C.
Xopollasg 3KCTPamoJsANAs JIHHEHHON 3aBACUMOCTH Wgeg OoT [DH] B Hawamo
KOOPAWHAT CBHAETENLCTBYET O TOM, YTO B H3YUYEHHBIX YCJIOBHAX ILIENH IAHHBIE
U BKJAaJ BEJIUYHHBI CKOPOCTH HHUIHAPOBAHAS B CKOPOCTL 00pa3oBaHms XJIopadHpa

[DH]-Vw; +w;, rie w; — CKOPOCTb HHATIMAPOBAHHSA 3@ CIET TEPMHAYECKOTO

npeHeOpeXKUTeNbHO Malla (wge>>w; mpa [DH]=3,0), mosromy wECIzL [DH]-

V2k,
- Yw;. B peakuuax TOMONHTHYECKOTO 3aMCIEHHs IHKIMYecKHe (GOPMANH IO
aKTHBHOCTH OJM3KM K IUKIAYECKHM ayeTaJsiM H B 33aBHCHMOCTH OT pas-
Mepa nukaa 1,3-auokcalukiianbl pacnosiaraloTCs B CASAYIOLIMH PAA: AMOKCOJaH >
>>MoKcenaH>>auokcan [24]. Tajonnupyromie areHTHI DO aKTHBHOCTH pacmona-
rajorca B cilenyrommd pan: CCl,<CHClL;~CH;CCl; u  CHBry>»>CBrCl; >
= CH,Br, [24].

3ameuara OHHOTO aTOMa KHCIOPOJA B LUKJIE HA ATOM CephI IPOBOANT K YBEJIH-
YEHUIO KMHETHIECKOTo mapameTtpa kufVk, Mo CPaBHEHUIO C TAKOBBIM JIst TMOKCA-
OHKJIO2TIKAHOB.

CxopocTh oTpeBa atoma xjopa or CCl, 2-amkmi-1,3-0KCaTHO-2-IHKIIONEH-
THIBHEIMH PajiiKajlaMA HA TIOPANOK BhIIIE CKOPOCTH WX MOJICKYJSIPHOM HMeperpyn-
nuposxy. Paguxanst CCl, jlerde OTpBIBAIOT BOAOPOJ OT cepoconepaliux aneTaei,
4eM OT 1,3-IrokcanruKIIOaJIKAHOB.

Tomonaumuueckoe 2a102eHUPOBARUE YUKAUYECKUX U AUHEIIHBIX 0pmMOoIPupos

M3BecTHO, 4TO TPHANKOKCHMETAHB! IOJ ACHCTBHEM CBOOOAHBIX PagWKajiOB
B MHEPTHBIX PACTBOPUTEIIX IpETEpleBaroT f-3NMMUHAPOBaHHE C OOpa3oBaHHeM
kapOoHaTOB, (POPMMATOB M aJIKaHOB [25—32).

B pabote [33] u3yyanuce NpoAyKTH cBOGOAHOPAONKAIBHBIX NIpeBpaILEHHH TPH-
3TOKCHMETaHAa W TPHTEKCHIOKCHMETaHa B Cpei¢ Pa3jIMYHBIX IOJMIAJIOTCHMETAHOB.
B npopyktax MpeBpallleHH# TPUITOKCHMETaHa, MHATIMHPOBAHHBIX paadKalaMH, 06-
Pa3yIolIEMUCS IPH TepMopachane mepekuceil GeH3onia uik Tper.-OyTHiia B cpeje
CHCl; u CCl,, 6putH MmeHTHQUIMPOBAHBL AUITHIKAPOOHAT, 3TaHaNb, 3THAGOP-
MHaT, XJIop3TaH U 6yTaH. [Ipw 3aMeHe MOJMXIOPMETAaHOB HA GpoModopM BMeCTO
xJiopanmkaHa obpa3yerca 6pomatan. B cpene xiopodopma u CCl, u3 TpUITOKCHME-
TaHa MOJ ACHCTBHEM CBOOOMHBIX paAUKATIOB BOSHHKAIOT IPEAMYIIECTBEHHO THITHII-
kapGoHaT  3THiIhopMHAT B cooTHOIUeHHWH 2:1. Takoe ke COOTHOIIEHHE NPH HX
obpasoBanny HabIIOJAI0Ch B HHEPTHBEIX pacTBopHTEsiX. B cnextpe IIMP peak-
HUOHHBIX cMeceil TpuaTokcuMeTaE—CHCI,—ITBb npr 6=5,40 M. . mpHCYTCTBYET
KBapTeT, XapaKTePHBIA MJIS XMM. COBHTAa NPOTOHA B IPOCHITX a-XJiopadupax
OCH(CIHR.

CuoexTpst IIMP peaknpoHHBIX cMeceH, CoAepKallliX TPUTeKCHIOKCHMETAH, yKa-
3BIBAIOT HA OTCYTCTBHME AHAJOIHYHBIX IPYNOHPOBOK B CIy4ae 3TOTO OpTO3dHpa.
OueBOIHO, B3 IPOMEXKYTOUHO BO3HAKAIOILUX X-TaJJOTEHOPTO3)HPOB B JAHHEBIX YCIIO-
BUSIX YCTOMYHB JIMIUb 2-XJ10p-4-3TOKCH-3,5-IMOKCANICHTAH.

B pabotax mpemnoxena cxeMa 7 [33]). Pagmkamst CHzR H CX2Y pexoMOuHn-
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" 27
() wefocuoR); « 3 —= H + Efocn ), (A)

——
AH+Y —= K + HC(OCH,RI OCHR {B)
A —= oc{ocHR), ~ eH.R
§ —= RoWo + wE(ocr.R), ©)
€ —— HCOOCHR + CH.K
EHR <OXY —= RCH,X + EXY°
é * OGY —= HC[OCH,RY 0cXR + XY -
[Rcﬂ‘ggn H‘“] — RCH) + HCOOCH.R + ReHX
‘cu
"y .
CH,R +AH — A + RCH,
EHR 2 AH —= & + RCHs
EXaY ~ AH —— A + cHXy
CNY tAH —— B + CHXY

ng + Y~ XY CIX,Y
CH R + EH,R —= RCH.CH.R, ReCH,

DYIOT C ONHMHAKOBOH KOHCTAHTON CKOPOCTH NpHYeM NPOAYKTOB IepeKpeCTHOH pe-
KoMOuHaUuH He oOHapyxeHo. BBuay GrIcTporo pacmaja pagukajioB A' um C [32]
OTCYTCTBYIOT HMPOAYKTHL HX B3aMMOACHCTBHS C CyGCTpaTOM WIIM PacTBOPHTENEM-
MOJIATaIOTEHMETAHOM.

PeaximonHas cnocoGHOCTb, IO OTHOUICHWIO K IEPBHYHBIM AJKHJIbHBIM, U=
XJIOp-, AMOPOM-, ¥ TPAXIOPMETHIBHEIM PAIUKAIOM, YIIIEPOI—BOIOPOJHON CBASH
(RCH,0); C—H B 5—10 pa3 Bplllle, IO CpaBHEHHIO €O CBs3pi0 C—H MeTnneno-
Boii rpynmel RCH,0. BpoModopM kak rajioreHapyromwii areHT B 3—4 pa3sa akTHB-
nwee CCly, a xyiopodopM NpHMEPHO Ha HMOPAJOK YCTYNAeT B akTHBHOCTH OpoMo-
dbopmy.

B paGorax [34, 35] m3y4anuch TOMOJMTHYeCKHME IpPEBPAIlCHHS NHMKIMYeCKHAX
opT03dUpPOB B Cpele¢ IOJHTaJOTEHMETAHOB. YCTAHOBJICHO, 4TO 2-3TOKCH-1,3-mu-
OKCoJiaH B cpene OpomodopMa IpeBpallaeTCs B 3THIIEHKapOOHAT, OUATHIKApOO-
HaT, 3TII(2-6poMsTII)KapOoHAT, aneranbmerun, 2-Opomstundopmuar m GpoM-
sran. U3 Gpomodopma obpasyrorcs Gpomucteii Mermien u 1,1,2,2-reTpabpoM-
3TaH.

Q + CHBr, Ph——{:'o +{CH50),c0 + cHycHo
H DCZHS .wzer’c-’HZsu 0 5 ’

* GHgOCOCH; CHyBr + HCOOCH,CH,Br + CHghr
0

Bo Bcex cnydasx obpasosanue stundopMmumara ne Habmromansoch. CoriacHo
IangemM pabot [11] 6pomadupy mpenmecTsyer JabuiubHe 2-6poM-1,3-a10KCoIaH.
3gaunTeNbHAS H0JA GpoMkapOoHATA, OUYEBHAHO, TAKXE BO3HHKAET M3 IPOMEXY-
TOYHOTO HEYCTOMYHBHOTO 2-O0poM-2-3TokcH-1,3-nuokcorana. KuneTnyeckue naHHbEe
YKa3BIBAIOT HA PAUKAJIbHO-IETHOM Hepa3BeTBIIEHHEIH MeXaHH3M oOpa3oBanusa Gpo-
MHCTOro METHJIEHA C KBAJAPATHIHBIM OOPHIBOM Ilend Ha JMOPOMMETHIIBHBIX paIu-
KaJiax, TIpHYeM HE3aBHCAMOCTh CKOPDOCTH HAKOIUIEHHs OpOMHCTOTO MeETHJIEHA OT
KoHIEHTpamuu OpoModopMa yKasbIBaeT, YTO CTaAdAd oTmea aToMa Gpoma He
ABJIIETCA TUMATHPYIoe# [34] (cxema B). ,
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AN Hs R
CXa™™ v 08— - C>or,
0/ 0C3Hs 0 . 4
LOXOT o m oo o [OXCIHHe
Comotks  ——=[0 « i
CO-ots —= cHcocockn,
0
. 08,
CHg0Co0EH, o [ﬁx: #As —= o0 [g)-ac;us
[ .
N A 0y OEHEH,
c:H,e‘g)ecr-x;cu_,~[:Q>(H s (eso)go - [oxHOHs
ot T . — ¢ - o ‘a'
[ -00:Hs < tHzry — e, [[on:z"’]-.c;mgom:cnzsr
EHOCOTH M, + CHBey —= EHBry + CHgOCOTH,OH, br
9 0

E:X:cﬂtﬂs — CHCHO + [g).n

L4 + cusey —-mfz'[[g)(:,]—»n:oocnzcnzsf
G:Hs ¢ CHBry — (HBry « C,Hy8r
Eiidry o Co-0cHs ~—= cHyry '« [ -oc g
2{HBry == CHbr, = CHBry

O6pasyromuecst Ha mepBoil cramud 1-(1,3-AHOKCONAaH-2-HI)OKCHITHIBHEIE H
COOTBETCTBEHHO 2-3TOKCH-1,3-AHOKCONIaH-2-WIbHBIC PaIUKAIBl IPETEPIEBAIOT Clle-
IyIOIlde MpeBpalleHysa: f-3IAMHHAPOBaHEe ¢ 00pa30BaHAeM COOTBETCTBEHHO aJb-
JeTuja WM KapOoHaTa; pacKpHITHE LUKIIA, MPUBOAsLIEE K JHHEHHBIM 4-0Kco-3,5-
JMHOKCATeNTHILHEIM pajuKaiiaM; oTphB aToMa Gpoma oT CHBr; n ob6pazoBanmeM
9epe3 MPOMeXKyTOUHBIE JIAGHIIbHBIE 2-0poM-1,3-maoKCcoIaHEl GpOMCOAEPKAIIMX MPO-
IYKTOB.

XapakTep OpeBpalIeHAM IUKJIAYECKHX OpTO3(QHPOB B pacTBOPHTEINAX COAEP-
®aimx G6oJiee MPOUHBIe CBA3M YIIEPOA-TajioreH, HeckoibKo m3Mensetcst [35]. Tax,
OPOAYKTAMH HHHIMAPYEMBIX Hepekucpio TpeT.-Gyruna (IITB) nmpespamenmii 2-
rexcokcu-1,3-AHOKCONaHA B MPUCYTCTBHH XJopodopMa SABIAIOTCA KapOoHAT, rek-
can(2-xopaTHI)Kap6oHAT, STHITeKCHIKapGOHAT, KaNpPOHOBBIA albAETHA, 2-XJIOD-
3THIGOPMHAT, reKcaH. PacTBOpHTeNb JaeT XJOPHCTHIA MerHileH H 1,1,2,2-TeTpa-
XJIOP3TaH, a B3 FHANHATOpa 00pa3yeTcsa TPeT.-OyTHIOBBIA CIHPT.

[g)-océu,, NI rsu,go%om,ﬂgu . [:)-o .

* CHg0G 0CH3 # CHyiCHO “» HCODCH,CH, (1

IIpycyTcTBEE B OPOAYKTaX peakuww kapOoHaTa H ajkaHa HApALY C IMHKJIH-
YeCKAM KapGOHATOM H TaJOTeHKapOOHATOM, a TAaKkKe OTCYTCTBHE IeKCHUIXJIODHAA
YKa3bBaeT, YTO TPHAJIKOKCHAJIKHIbHBIC PajJHKaJibl HAPAAY C OTPHIBOM Xjopa OT
CHCl; pacnaparorcs 1o SHAOMMGO IK3ONUKIMYECKAM YIJIEPOA-KHCIOPOJHBIM

cBsa3sM. B To xe BpeMsd paimKaibl HCOCHZ(EHO MPaKTHYCCKH HANEJIO peard-
l

PYOT C XJIOpO(l)OpMOM, Ha YTO YKAa3bBACT OJHHAKOBOE KOJIMYIECCTBO oGpaaonan-
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LIeTocq ajbierana ¥ Xiropadmpa. TeKCHIIbHEIE pafiiKadbl YIACTBYIOT B PeaKIHsIX
o0pbiBa, OJHAKO J0JIs MePeKpeCTHOM pekoMOuHanuu Maina (cxemMa 9).

. L_’ HX,
\',0 = —= RCH-0C004,CH X
0iHR © LXTVR 0
~Enx,
~onNy

RCH,0200H,CH,
0

N
-m\(acmk

RCH, °s°~;ﬂs

/0 me
R

o ©

©

T

Rify ——— CHX KCH;(

lcoxe:nzl
Rey

L. - 0H¥
08 Y° -m; E';H HEOOCHEH,X

. X, -
WX —.eux.
e CHXCHY,

RCHs 2
Rz Renyon
RecHy, Coy

B pabotax Jquenposckoro ¢ cotp. [36]} moxasano, 4ro xaopun GpeHuIXI0pHOI0-
mast CoHICL, u cynsdypmnxinopun SO,Cly B yCIOBHSX TOMOJIMTHIECKOTO HHHTHE-
poBanus B OcH30/I€ SABIIIOTCS CEJCKTHBHBIMH paJHKAIbHBIMA XJIOPHPYIOIIHMHA
areHTaMH, OCOOCHHO HPHUIOAHBIMH MJIsf TaJIOTEHHPOBAHHS KHCIOPOACOICPHKAIIUX
COCARHCHWN.

H3yueHo xsgopupoBanue 1,3-AROKCONAaHA M OpTO3bUPOB-TPHTEKCOKCHMETAHA H
2-rexcoxch-1,3-nuokconana coenpneHnsvu 1 m 11 B mpucyTcrBau a30-6mc-H300yTH-
pountpuiia (AVIBH).

Ilpn mpomeserun peaknun B Gensosne npu 55°C u3 anmeTang-guokconana-1,3
C BHICOKOH CEJIEKTHBHOCTBIO 00pa3yeTcs 2-XI0paTHA(POPMHUAT.

((Il:)css:sct'“z E y AR HeoocH, e,
22

B sTHX %e ycloBHAX U3 OpTO3hHPOB-TPUTEKCOKCHMETaHA B 2-rekcokcu-1,3-am-
okcoJiaHa 06pa3yroTcs AUreKCHIKapOoHaT, dTuleHkapOoHmid, 2-xmoparaidopmuar
¥ TeKCHAXIAOPUL,

MBH_ o O, Hs

He(ocH 0=l AT
( (3 13)3 C\OC‘H“ 6713
e MBH =0
» o Oty ——— [ =0 YHOD0CK,SHCL + Gyl

IIpaxTHYeCKOe COBIAZICHAE Pe3yAbTATOB XJIOPHPOBAHKS XJIOPHAOM (peHHIXIOP-
HOZOHHS H CyIbGYPHI XJIOPHAOM CBHACTEIBCIBYET O TOM, 4TO B 00omX Ciydasx

CHs 1 -t (s0,00) ¢
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OTPHIB aTOMOB BOJOPOJA OT CYOCTPATOB OCYLIECTBISETCS TOJBKO CONLBATHPOBAH-
HbEIM (6en30JI10M) aTOMOM XJIOpa.

OTOT BBIBOA XOpOWIO corjiacyercs ¢ paboTamm, W3 KOTOPHIX CIEAYET, YTO B
GEH30JIBHBIX PACTBOPaxX PABHOBECHS MPAKTHYECKH IOJIHOCTHIO CABHHYTHI BIPABO
332 CYET COJIBBATALMA ATOMA XJIOPA BCIIEATCBHE 7-KOMIJIEKCOOOpa3OBaHus.

80,60 + (o) = S0, + O)y-Lt
GRsICE + (O) == (:Hs I + (O)-CF

TTockombKy KOHBEpCHA CyOCTpaTOB BO BCeX ONBITAX He mpeBbluana 359%, Ha-
KOILICHWE B PCAKIMOHHOM CMeCH HEOOJIBUIHX KONWYeCTB (EHMIHOAMIA NpaKTH-
YeCKH HE MOIJIO U3MEHUTh MEXaHW3M XJIOPHPOBAHHs areHTOM L.

IasorenupoBanue no Meroly JlHEempoBCKOTro He IPWBOJMT K rexcui- (f-xmop-
sTmwnkapbonaty. Ilo-BrmauMomy, mpu 55°C pacKpeiTHe OUKIA B IPOMEXYTOY-
HOM 2-XJIOp-2-T€KCOKCH-1,3-{HOKCO/IaHe HEBHITONHO W MPAKTUYECKU €NUHCTBEHHBIM
TIPOTIECCOM SIBIISIETCA €0 pactaj Mo 3K30MUKIIHIeCKOH CBA3H.

0 e 55 0
[oxocsﬂu_* L >=0 +Coull

ITpm ranoreHMpoOBaHUA INUKJIHYCCKHX (hopMaiied, B 9acTHOCTH, 1,3-Anokconana, mo
MeTony JlHempoOBCKOTO C BBICOKOH CeJIEKTHBHOCTBIO oOpasyercs 2-xiopatuidop-
MuaT. IIpoAyKTH XJIOPHPOBAHHA OPTO3(QHPOB B OPYrHe IOJIOKEHHs MOJEKYIEL! He
00HapyXeHEY, 9TO CBSI32HO C BBICOKOH CeNIEKTHBHOCTHIO KOMITJIEKCHOCB3aHHBIX aTO-
MOB XJIOpa ¥ CPaBHHUTEJILHO MATKHMH YCJIOBHSMH NPOBEACHHs HpoLecca.
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LIQUID-PHASE HOMOLYTIC HALOGENATION OF ACETALS AND ORTHOESTERS

D. L. Rakhmankulov, S. S. Zlotskii, E. V. Pastushenko, L. Z. Rol'nik, R. A. Karakhanov,
M. Barték and A. Molndr

Results on the homolytic substitution of linear and cyclic acetals and orthoesters are reviewed.
The kinetics and mechanisms of the transformations of acetals and orthoesters in the liquid phase,
in the presence of polyhalogenated alkanes as solvents, are discussed. The relations between the
structures of acetals and orthoesters and their reactivities towards different radicasl are surveyed.
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The oxidation of n-butenes in the gaseous phase over mixed oxide catalysts SnQO;—Sb,O, was
investigated in a pulse reactor and in a recirculatory flow reactor at 523—673 K. Over catalysts
containing more than 50% tin, practically the total quantity of converted 1-butene was transformed
into butadiene. The reaction of 2-butene depended to a considerable extent on the composition of the
catalyst. The lowest conversion was found for the mixed oxide with Sn: Sb=1:1, but in the forma-
tion of butadiene this was the most selective catalyst. The selectivity decreased appreciably as the
reaction temperature rose. From measurements in the recirculatory flow reactor, apparent rate
constants and activation energies of reactions were determined; the latter values for 1-butene and
2-butene, were 105 and 70 kJ mol~?, respectively. This difference was explained by the dissimilarity
of the rate-determining steps in the two reactions. The oxidation of 2-butene precedes isomerization
to 1-butene on surface acid sites, with subsequent conversion to butadiene on oxidation centres via
a n-allyl surface intermediate.

Introduction

The modern techniques used for the production of butadiene are based on
the dehydrogenation of C, hydrocarbons, the oxidative dehydrogenation of n-butenes
assuming increasing importance. 1- and 2-butene originating from cracking and
pyrolysis are available in large amounts, and can be converted into butadiene with
high selectivity at low temperature (623—723 K) in a heterogeneous catalytic
process.

Besides the well-known bismuth-molybdate [1, 2] and iron-antimonate [3],
recently mixed tin-antimony [4, 5] oxide catalysts have been applied in oxidative
dehydrogenation.

The oxidation of butenes to butadiene was investigated by SALA and TRIFIRO [4]
over SnO,—Sb,0, catalyst; it was found that the selectivity increased from 40 to
93% as the Sb;O, content in the SnO, increased, and maximum selectivity was
observed at an antimony content of 5%. Not only the selectivity of oxidation, but
also the rate of double-bond isomerization increased. It is interesting that the addi-
tion of steam inhibited the isomerization without affecting the oxidation.

The results of several authors [6, 7, 8] show that the rate of reaction over cata-
lysts of different compositions depends on the partial pressures of both butene and
dioxygen. The partial order for each reactant is about 0.5. SAZANOVA et al. [6] stated

5
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that the reaction can be described by a redox-type mechanism. TRIMM and GABBAY
[7] preferred a Langmuir—Hinshelwood mechanism. TRIFIRO and PAsQuoN [8] con-
sidered that different types of kinetic equations fit the experimental data to a good
approximation. MCATEER [5] presumed an adjacent Sb®+—Sn** ijon-pair as the
active site in the oxidation of butene. These two ions have different electron densi-
ties, so they form a surface acid-base centre. The first step in the oxidation reac-
tion takes place on a Sn** ion, with acidic character. A positively charged allyl
ion is then formed, which attaches to the adjacent basic centre through a #- or
o-bond. Butadiene results from the 7-allyl intermediate during a proton-abstraction
step and the product can readily desorb from the highly basic centre. The allyl
intermediate attached to the nucleophilic surface oxygen through a o-bond yields
products containing oxygen, such as methyl vinyl ketone. On the other hand, HEr-
NIMAN et al. [9] assert that the acid-base character has no fundamental role in the
catalytic properties of mixed tin-antimony oxides. They consider that the properties
are much rather determined by the electrical behaviour of the surface. In the optimum
catalyst surface there are antimony(III) ions and O?~ vacancies, which can be formed
only as a result of calcination for several days above 1300 K.

Although the basic features of the oxidative dehydrogenation over SnO,—
Sb,0, have been clarified previously, the overall picture is still somewhat incon-
sistent and incomplete. The present paper, connected with studies on the oxida-
tion and ammoxidation of olefins over mixed tin-antimony oxide catalysts [10——12],
therefore deals with the oxidative dehydrogenation of n-butenes. We set out to
establish the optimum reaction conditions (such as the composition of the catalyst,
the reaction temperature, and the composition of the feed) and to determine the
kinetics of the reactions. A possible reaction mechanism is given for interpretation
of the experimental data.

Experimental

The effects of SnO,—Sb,0, mixed oxides in the oxidation of butenes were
investigated in a pulse reactor. Detailed kinetic studies were made in a recxrculatory
flow reactor.

The binary oxides were prepared by mixing the components SnO, and Sb204
in the desired proportions, followed by calcination at 873 K for six hours. To permit
comparison with previous results, mixed oxides at some ratios were prepared by
coprecipitation. A mixture of SbCl; and SnCl, in the required proportions was
dropped into NH,OH solution during stirring. The precipitate was filtered off,
washed free of chloride and ammonia, dried and calcined as before. After calcina-
tion, catalysts were pressed into tablets by 10MPa pressure, and the tablets were
broken and sieved. The 0.1—0.3 mm fraction of the granules was applied in the
catalytic investigations.

The thermal behaviour of the catalysts was investigated by denvatography
(DERIVATOGRAPH-Q, MOM), and phase analysis was performed by X-ray
diffraction (DRON-3, USSR) The surface areas of the catalysts were determined
with the BET method via the dinitrogen adsorptlon isotherm at the temperature of
liquid nitrogen. T . . Lo o
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The experimental equipment and procedures were described earlier [11, 12].
In each experiment 1 g of catalyst was used.

Analyses were carried out with a CHROM-4 and a CHROMATRON GCHF
18.3 gas-chromatograph; the column, 5 m long, was filled with dimethylsulpholane
adsorbed to 30% on Chromosorb W (mesh 80—100). On this column, the reagents
and products were separated in the sequence: 1 butene trans-2-butene, cis-2-butene,
butadiene.

Results

Characterization of SnO,—Sb,0, mixed oxide system

During investigations of  the thermal behaviour of the catalysts by derlva-
tography, it was found that the TG, DTG and DTA curves of the pure oxides dis-
play neither exotherms nor endotherms in the interval 298—1273 K ; this is in accord
with other results [13, 14]. During the investigation of catalysts with different com-
positions, there was no change either. This was confirmed by X-ray diffraction
measurements, which showed no new phase or compound in the tin-antimony
system. However, the possibility of the formation of a solid solution [4] or twin
boundaries [15] in small quantity is not precluded. There is no difference between
the properties of catalysts prepared by mixing or by coprecipitation.

The surface areas of the mixed oxides calcined at 873 K are shown in Table I,
as a function of composition. The surface areas of samples with low tin content
(0—50 atom%) are practically the same; they then increase up to 15m?g~? as
the tin content increases. However, this relatively small change cannot be respon-
sible for change in the catalytic properties as a function of catalyst composition.

Table I
Surface areas of various mixed oxides

»

Sn:Sb
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Investigation of oxidative dehydrogenation in a pulse reactor

In the oxidative dehydrogenation of n-butenes in a pulse reactor, the applied
catalysts were characterized by the conversion (x) (the ratio of the reacted and
initial amounts of butene) and by the selectivity (y) (the ratio of the amount of a
given product to the amount of butene reacted). Average conversion and select1v1ty
values for different catalysts and reaction conditions were calculated by using data
obtained from the 4th—5th pulse on, which practlcally correspond to a station-
ary state. .
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Properties of the catalysts as a function of composition

The effect of the catalyst composition is demonstrated at 623 K and at 1.013 bar.
The volume of the pulse was 3 cm®. The volumetric composition of the gas feed was
7% C,Hg, 18% O, and 75% N,.

For the. oxidation of 1-butene (Fig. 1), the conversion (apart from pure Sb,0,)
increases almost linearly as the tin content increases. Maximum selectivity for
butadiene, which is 90%, is attained at a tin content of 75—90%. The most important
byproducts are 2-butene (cis-trans) and carbon oxides, which form during the
total oxidation of 1-butene or butadiene. Under the same reaction conditions, the
conversion and selectivity for 2-butene (Fig. 2) differ considerably from those for
1-butene. The conversion decreases up to a tin content of 50% and, besides buta-
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Fig. 1. Conversion and selectivity as a function of
catalyst composition in the oxidation of 1-butene.

t
% i
g
b0 &
o ®
40 ]
30
20{ i
/‘\Klim:,.n_q °
0 20 40 60 80 00

Sn-content /atom %

Fig. 2. Conversion and selectivity as a function of
catalyst composition in the oxidation of 2-butene
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diene, 1-butene is found too. The amounts of 1-butene and 2-butene in the product
approximate to their values at thermodynamic equilibrium. The conversion over
mixed oxides containing more than 50% tin increases, but the selectivity for buta-
diene decreases considerably. The double-bond isomerization similarly decreases.

Conversion and selectivity as a function of reaction temperature

The influence of temperature is illustrated by measurements over the mixed
oxide with Sn:Sb=3:1, which was found to be the most effective catalyst in the
oxidation of 1-butene.

As expected, the activity of the catalyst (the conversion) in the oxidation of
1-butene (Fig. 3) increases, but the selectivity decreases considerably as the reaction
temperature rises. The latter is a consequence of the oxidation of butadiene at higher
temperature (673 K).

e ® 3 §
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E 70 - *
] 60

501 3

: O—/M/O 140

301 i

1 20
523 573 63 673 /K

Fig. 3. Temperature-dependencé of 1-butene
oxidation over a Sn:Sb=3:1 catalyst

J Sn:Sb=3:1 Lo0

S73 623 6B 1k 7<)

Fig. 4. Temperature-dependence of 2-butene oxidation
over a Sn:Sb=3:1 catalyst
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The characters of the curves in the oxidation of 2-butene (Fig. 4) are similar,
but the conversion and the selectivity are much lower at all reaction temperatures.
The selectivity for butadiene is only 40% at 673 K. This can be explained in that
the reaction rate of butadiene oxidation is commensurable with the reaction rate
of the initial reactant 2-butene. This cannot be found in the oxidation of 1-butene,
for 1-butene has a higher reactivity; thus, the amount of active surface oxygen
decreases rapidly, and the butadiene cannot be oxidized.

Oxidation of butadiene

The tin-antimony mixed oxides may have a role in the oxidation of butadiene,
the product of oxidative dehydrogenation. This can reduce the selectivity of the
reaction. The stability of butadiene, i.e. its behaviour under the given oxidation
conditions, was investigated under the same circumstances as for n-butenes. Only
the conversions at different reaction temperatures and catalyst compositions are
shown in Fig. 5; the nature and the selectivities of the products, e.g. furan, maleic

. 638 K
304
E :
. 873K
201
648K

)

) 20 [ 60 0 100
Sn-content / atom %

Fig. 5. Conversion as a function of catalyst
composition and reaction temperature in the
oxidation of butadiene

anhydride, acetaldehyde and mainly CO,, are independent of the selectivity for
butadiene formation in the oxidative dehydrogenation of butenes. Below 623K,
mixed oxides of all compositions are inactive in the oxidation of butadiene. At
higher temperatures, ‘the conversion exhibits two maxima as a function of com-
position, the first at a tin content of 50%, and the second at 909%. This is in accord-
ance with the fact that the optimum catalyst compositions in oxidative dehydrogen-
ation were Sn:Sb=3:1 and 5:1. Over these mixed oxides, 1-butene is oxidized
more quickly, but butadiene has a relatively high stability even at 698 K.
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Kinetic investigations in a recirculatory flow reactor

Over the mixed oxides with Sn:Sb=3:1 and 5:1, which had been found
the best catalysts in previous investigations, the kinetics of oxidation of 1- and
2-butene were studied in the range 573—673 K. The initial mole ratio of the reactants
(except in the determination of the order) was C;H,:0,=1:1. Results obtained
on the oxidation of 1-butene can be seen in Figs. 6—7. Figures 8—9 show the
kinetic curves of the oxidation of 2-butene.
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Fig. 6. Temperature-dependence of kinetic
curves measured in the oxidation of 1-butene over
a Sn:Sb=3:1 catalyst ’
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Fig. 7. Temperature-dependence of kinetic curves
measuredin the oxidation of 1-butene over a
Sn:Sb=>75:1 catalyst

At 673 K, the oxidation of 1-butene is a relatively fast reaction. Over both
catalysts the half-life of 1-buteneis about 100s. The butadiene formed does not
undergo further oxidation until the conversion reaches 90%. At lower temperature,
as the half-life of 1-butene decreases, it can be seen that over the mixed oxide with
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N5 /mat

Fig. 8. Temperature-dependence of kinetic curves
measured in the oxidation of 2-butene over a
Sn:Sb=3:1 catalyst
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Fig. 9. Temperature-dependence of kinetic curves
measured in the oxidation of 2-butene over a
Sn:Sb=5:1 catalyst

Sn:Sb=5:1 the rate of reaction is higher than in the case of Sn:Sb=3:1. At these
temperatures (573 K and 673 K) the oxidation of butadiene cannot be observed.

The oxidation of 2-butene is a much slower reaction. The respective rate con-
stants are lower by nearly one order of magnitude. The ratio of the two isomers
changes during the reaction: the initial cis:trans ratio of 3:1 becomes 2:1 at half-
life, and then decreases to 1:1, which shows that cis-2-butene is oxidized more
quickly.

Previous results of the kinetic investigation of the oxidation of olefins over
mixed oxide catalysts showed that the rate of the reaction can be described by the
equation [16]:

d olefi n m
—% =k *Dolefin DOs
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Fig. 10. Determination of partial order
for butene. Kinetic curves (the amount of
1-butene as a function of reaction time)
determined in the oxidation of 1-butene
over a Sn:Sb=35:1 catalyst at a fixed
initial partial pressure of O,=65.8 mbar.
Curves 1, 2, 3,4,5 and 6 were measured at
Pluene=32.9, 658,987, 131.6, 1974 and
263.2 mbar, respectively
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Fig. 11. Determination of partial order for dioxygen. Kinetic

curves (the amount of 1-butene as a function of reaction time)

determined in the oxidation of 1-butene over a Sn:Sb=3:1

catalyst at a fixed initial partial pressure of 1-butene=65.8

mbar. Curves 1, 2, 3, 4 and 5 were measured at pg =263,

32.9, 65.8, 131.6 and 263.2 mbar, respectively
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The partial order with respect to 1-butene was determined. From the kinetic curves
(Fig. 10) obtained at a constant initial pressure of dioxygen (pd,), it was found
that n=0.92£0.1 if pY,ienc:PS,=2. It should be mentioned that a value of n<0
emerges from measurements at pQyenc P, >2. The order with respect to dioxygen
was determined at a constant value of p,... (Fig. 11), which gave m=0.55+0.05.
From this, the rate equation for the oxidation -of butene can be approximated to
by the relationship:

—- dpbutene

a1 =k 'pbu(cne'p%:

Via the half-lives derived from this equation, the apparent rate constants can
be calculated [17] if pPYuiene=p%.. Tablell lists apparent activation energies and
pre-exponential factors determined from the apparent rate constants calculated
previously, and their dependence on the reaction temperature.

Table I

Kinetic parameters of oxidation of butanes

T t k-103 = A
Reactant Catalyst rle(“‘ ls/ : moll/ ’s(‘)l g-1! kanol" mol/25-1g-1
573 4560 8.87
Sn:Sb=3:1 623 1320 30.64 108.5 5.7%x10?
673 150 269.7
1-butene - -
573 3120 12.96
Sn:Sb=5:1 623 900 44.94 103.6 3.1x107
673 120 337.0
573 7200 5.61 .
Sn:Sb=3:1 623 3300 12.27 64.1 3.5x102
673 960 42.13
2-butene
573 6000 6.74
Sn:Sb=5:1 623 2700 14.98 67.4 8.4x102
673 720 §6.2 _—

As concerns the data in Table II, it may be stated that the apparent activation
energies and pre-exponential factors obtained for the oxidation of 1-butene correlate
well to literature data for mixed tin-antimony oxides-of similar composition. The
apparent activation energy for the oxidation of 2-butene is lower by approx.
-+ 30k} mol~? than that found for 1-butene, and the pre-exponential factors differ
significantly too.

In an investigation of the reason for the different behaviours of 1-and 2-butene,
the double-bond isomerization was studied over the mixed oxide with Sn:Sb=3:1
at 473 K in the absence of dioxygen. The results are to be seen in Fig. 12. For both
starting substances, the concentrations (partial pressures) of the reactants reach
thermodynamic equilibrium in a short time (less than 15 minutes). The isomerization
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Fig. 12. Kinetic curves of double-bond isomerization of
1-butene (O) to 2-butene (1) and 2-butene ( |j) to
1-butene (@) over the Sn:Sb=3:1 catalyst at 473 K

can take place in the presence of dioxygen too, but it is a slower reaction than the
oxidation of 1-butene. However, the rate of -isomerization is probably larger than
the rate of oxidation of 2-butene, so it is possible that the oxygen undergoes reac-
tion with adsorbed 1-butene formed in an isomerization step.

Discussion

The pulse reactor measurements show that in the temperature range 523—673 K
1-butene can be converted into butadiene with high selectivity in the mixed oxide
composition range 1:1=Sn0,:Sb;0,=9:1. The optimum catalyst composition is
Sn:Sb=35:1, but the mixed oxide with Sn:Sb=3:1 also has high activity and selec-
tivity. Over both oxides, the butadiene formed hardly takes part in further oxida-
tion at 623—673 K, which is therefore the optimum range of reaction temperature.

Investigations in a recirculatory flow reactor on the effects of the composition
of the reactants demonstrated that an excess of dioxygen increases the rate of reac-
tion and furthers the oxidation of butadiene to only a small extent. However, on
increase of the amount of I-butene, the rate of oxidation decreases as the quantity
of reactant reaches the stoichiometric composition (the order becomes negative).
1-C,Hg:0,=1:0.75—2 seems to be the optimum initial reactant composition, so
it is expedient to perform the reaction in the presence of an oxygen excess. -

Comparison of the oxidation of the two n-butenes demonstrates that both the
conversion and the selectivity for butadiene are much lower in the oxidation of
2-butene than in the oxidation of 1-butene. In our opinion, this behaviour may be
connected with the double-bond isomerization taking place over the Bronsted-type
acidic surface sites of the catalyst. The rate of isomerization is maximum over the
mixed oxides of the studied system with the highest acidity (40—75% Sn). During
the isomerization step, 2-butene converts into 1-butene, which either desorbs and
then readsorbs on a surface oxidation site, or migrates to an oxidation site as a
surface species which can then yield butadiene via the w-allyl intermediate.
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Over 623 K, in the oxidation of 2-butene, the butadiene formed takes part in
considerable further oxidation, in contrast with that of 1-butene. This different
character can be explained by the fact that the active surface oxygen is used up in
a fast oxidation of l-butene, but in the slow reaction of 2-butene butadiene has
time to respond to chemisorbed or lattice oxygen, so that the selectivity decreases
considerably. The measurements made so far suggest that the oxidative dehydrogen-
ation of butenes over mixed tin-antimony oxides can be described by the following
simple scheme:

1-butene 2t butadiene -2+ | furan
| MSA
o, methyl ethyl ketone

CO, CO,

2-butene

O,

The detailed mechanism found in further investigations will be published in a fol-
lowing paper.
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W3VUEHWUE OKUCIUTEJILHON OAETMAPOTEHU3AIINA s-BYTEHOB
HA CMEIMAHHBIX OJIOBO-CYPBMSHBIX OKCUOAX

K. Bapza, A. I'anac, K. Fepradu u I1. Peiiew

H3ydeHo oxdcnende H-OyTeHOB B ra3opod ¢aise HA CMEIAHHHIX OIOBO-CYPBMSANEIX OKCHA-
HHIX KaTanm3atopax SnO;—SbyO, B EMOYNBCHBIX B PELHPKYJAIMOHHBIX PEakTopax B OO/IACTH
TemmepaTyp 523—673 K. Ha xarammsatopax cozepxaimax Goiee 50% onoBa BBENEHHOE KOJMH-
vecTBO 1-OyTeHAa HIOMBLHOCTHHO OpeBpamaerca B OyrammeH. Peakmua 2-OyTeHa B 3HAYHATENLHOMN
Mepe 3aBHCHT OT COCTABa KaTanM3aTopa.



BOIIPOPLI CBA3Y CTPYKTYPBI M KOJIEBATEJIBHBIX CITEKTPOB
KAPBOKCHUJIATOB METAJLJIOB, 1. OB30P OBHINX MOJOXEHAN

U. A. AHJIOP, U. APEBEHHU u O. BEPKEIIX
Kadenpa obweit B pu3myeckoii xuMuyu yHEBepcHTeTa MM, ATTHie HMoxeda, Ceren

(Hocmynuao e pedaxyuio 14 aneapa 1985 2.)

PaccMOTpeHHI CTPYKTYpHBIE OCOGEHHOCTH XapGOKCHIATHON IPYImbl B KapGOKCRNATOB pa3-
.JIMYHBIX METAJUIOB. JeranbHO aHANM3UPOBAHL! H CONOCTABIICHB! 3KCHEPUMEHTANIBHBIC JILTEPATYD-
HbIE JaHHBIE M PA3IM4HbIE TCOPETHYCCKHE IPENCTABIECHHS OTHOCHTELHO CBA3M 4acTOT HOPMAJb-
HBIX KONeOaHmii B HHQPAKPACHEIX CHEKTPaX KapGOKCHIIATOB METAIIOB C HX CTPYKTYPOH.

Kap6oxcunatst Metamno (KM) siBrsioTcs, mo-BHAUMOMY, HarboJiee ApeBHe-
HA3BeCTHLIMH, HALIECIIIAMHA LIPOKOE IIPAaKTHYECKOE NPUMEHEHHE METAJLICOAE PIKAILH-
MH OPTraHHYeCKHMH COeIMHEHMAMH. Bee Xe 10 HaCTOALIETro BpeMEHH He ocnabeBacT
TIPAKTHYECKUH ¥ TCOPETUUECKUH MHTEPEC K COSAMHEHUSM 3TOTO KJIAcca, K CHHTE3Y UX
HOBBIX TIpEJCTaBHUTEJIEH H KBBIICHEHHIO CBOMCTB M CTPYKTYPHI YK€ H3BECTHBIX COCIHHE-
uuit. Bonee Toro, B mociennee BpeMsd, OYEBHIHO BCJIEACTBHE BCe 00Jiee IIMPOKOTO
OpakTHyeckoro mpuMeneHms KM, cMeo MOXHO TOBODHTL O HOSBJIEHWH HOBOTIO
HOJbeMa HAYYHOTO WHTEepeca K YTIyOJICHHOMY H3YUCHUIO COCTaBa, CTPYKTYPHI, CTe-
PEOXMMHEM, XapakTepa cBs3eilt 1 ocobeHHOCTeH HX (PU3NIECKUX H XUMITYECKHX CBOMCTB.
MoaTeepXueHHEM TaKOTO IOJOXKEHHS SBIAETCA HEOAaBHO BEILEAIIAS B CBET CIe-
nuaneHast Mororpadus Mehrotra w Bohra (1] Becner 3a xuuroit Nakamoto v McCar-
thy [2], a Takxe psn 0630pHBIX paboT, MOSBUBIIMXCA 32 HOCIEIHME I'ObI, HAIPH-
Mep [3, 4], TOCBAIECHHBIX PacCMOTPEHHUIO OIyGIMKOBAHHBIX B JIATEPATYpEe Pe3yiib-
TATOB HCCHeHOBAHMN IO w3ydeHuro KM.

B Momorpadun [1] HaxoauM IepedeHb GONBUIOro YACHa MyGIHKALHIA, OIBHB-
muxcst 3a mocieauux 50 et (Bcero 2158 HCTOYHMKOB) IO MeTOAaM CHHTe3a, HPH3HKO-
XUMHU9ECKUM CBOMCIBAM, MO CTPYKTYPE M IPUPOJIE CBA3CH KapOOKCHIATHBIX KOM-
m7AEKCOB I IOMpOKoro Kpyra MeTauioB. B o63ope [3] meranpHO paccMmaTtpusa-
I0TCs] BOIIPOCEI CBS3aHHEIE C KPHCTALIOXUMHEH H CTEPEOXHMHENH OJTHOCHOBBIX Kap-
OOKCHIIaTOB HEepeXOJHBIX METaUIoB. ABTOp 0630pa IONYEpKUBAET, 9TO 3HAYECHHE
KapOOKCHIIATOB B OpraHmYecKoM, HEOPTraHAYECKOW W aHANMTHISCKON XMMMH, XHMU-
9eCKOM TEeXHOJOrMM, OHOXMMHHM W APYTrHX OOJacTsIX XAMHYeCKHX HAayK BecbMa
GoJiplioe U JOCTATOYHO XOPOIIO U3BeCTHO. POJb CTPYKTYPHBIX JaHHEIX IO COEIH-
HEHMSAM 3TOTIO Kjacca, Kak OfHo# W3 BaxKHeHNMX KOMIOHEHT MO3HAaHWS WX QYHK-
OUOHANBHEIX 0COOeHHOCTEH H KaK o0mmieil OCHOBBI HX CTEPEOXUMNHM, TPYAHO IEepe-
otenMTh. HeciyvaiiHo 4mCno CTpPyKTypHEIX mybsmkammit mo KM Bospocraer 3a
TDOCJICAHAE TOOBI B BecbMa 3HAYWTENbHOM Mepe. HeoOXoauMo OTMETHTD, OIQHAKO,
9T0 OPO6IIEMBI CBI3H KpACTAIMYecKoil cTpykTypst KM ¢ ux ¢hH3AKO-XuMUYeCKIME
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CBOMCTBaMHU, B NEPBYIO O¥epelb CO CIICKTpaJIbHO-pGSOHaHCHHMIH, COBEPHIEHHO HE
TPOHYTHI B pabore [3].

PaccMOTpeHHIO B3TJILAOB OTHOCHTEILHO COOTHOINCHHA MeXJY JacTOTAMH Ba-
JIEHTHBIX KoJieOauuif cBsi3ed yTiiepof — KHCJIOPOJ W THIOM KOODAMHALMH Kap-
6oxcunataeix rpynn (KI) B kommnekcax, mocBsiuena pabota [4]. ABTOpHL 3T0#
paboTH COCPEIOTOUMBAIOT CBOE BHAMAaHME Ha JIMTEPATYPHBIX JAHHBIX MO yKa3aH-
HOM BBIllle KOPPEJSILMH, KOTOPhIE OTHOCATCH K alleTATHBIM KOMIJIEKCAaM MeTaJuUIoB,
HOCKONLKY TOABLKO MU 3THX COCAMHEHHH HMEETCA HOCTATOYHO OoNplloe KOiu-
YECTBO CIEKTPOCKOMUYECKHX U PEHTTCHOCTPYKTYPHBIX IKCIIEPUMEHTAJIBHBIX PE3yb-
TATOB I NPOBe/ieHHs MOAPOOHOIO aHAM3a AAHHBIX M K OCYLIECTBICHWIO NONBITKY
YCTAHOBJIEHHS OOWMX 3aKOHOMEPHOCTeH, HEOOXOOWMBIX Ifs CO3JaHWsA TEOPHH
CTpOCHUA KapOOKCHUIATOB MeTAJLIOB.

JeTanbsHoe O3HAKOMJICHME C JIMTEPATYpod M MMeroluuecs y Hac 3KCIepHMEH-
TAJbHBIC JAHHBIE N0 HCCIEJOBAHWIO (PU3MKO-XMMWYECKMX CBOWCTB H CIIEKTpAaib-
HBIX xapakTtepucTuk KM [5—13], ogHako, noOyaunu Hac K JanbHeHbleMy 3KcHe-
PHMEHTATILHOMY M TeOpeTHYeCKOMY DPACCMOTPEHWIO OCHOBHBIX BOIIPOCOB CBSI3H
CTPYKTYPH H KoJieGaTeIbHbIX CHEKTPOB B KapOOKCHJIATAX METAJLIOB.

DAeKmpoHKaAA cMpyKmypa u eaieHmHbvle KOAeOQHUA KAPOOKCUAAGMHOU 2pynnbl

OO0mas xapakTepHas CTPYKTypa KapOOHOBBIX KHCIOT MOXeT OLITh 3amucaHa

B BUIC
0]
r—c{_ M
—H

KapGoHOBble KHCIIOTHI, BCICACTBHE CHOCOOHOCTH KapOOKCHNBHBIX Ipymm K oGpa-
30B2HHUIO BOJAOPOAHLIX CBA3EH, B TBEPAOM H TA30BOM COCTOSHHMH, & TAK XKE B HEHMOHH-
3APYIOIUAX PACTBOPHTEINSX, HMEIOT TEHACHIMIO K nuKax3anmi. C MOMOINLIO PEHT-
TFeHOCTPYKTYPHOIO aHajn3a KapOOHOBBIX KHCIOT B TBEPAOM COCTOSHHH, ONpele-
JIEHBl CpefHMe JaHHBIC KapOOKCHIBHOH rpymmbl [14], XoTopbie IpHBENEHBI HMXKE

C=0 123pm

H—O,
R— C——R
C<O—H o’ C—0 136pm

OH...0 260—270 pm
O0—C-0 122—123°

B BOmHOM pacTBOpe XapOOHOBEIE KHCIOTHI HaXONSTCH B PABHOBECHH IBYX
dhopm

0 o1
R——C< +H,0 = R—C< I +H,0*
OH 0
(M 3

Kap6GokcranatHag rpymma B ¢popMe (3) HMeeT MEHAMANBHYIO SHEPTHIO, €CITH 06pa-
3yeTCA TPEXUCHTPOBast Ac/IOKAIH30BAHHAS MOJEKYJIApHAs OpOHTANb Hjis YeTHIpeX
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anextponos [15]. Onuako, cornacio npunuEny Pauli, TONLKO ABa 3JIEKTPOHA MOTYT
3aHgTh OpOMTAaNbL Ha HM3IEM 3HEPIETHYECKOM YPOBHE, a Ba APYTHX 3JE€KTPOHA
BLIHy)KlIeHLI PACIOJIOKUTECS HA OPOUTANH ¢ 6GoJice BHICOKOH '3Hepmeifl obnana-
101Ie# TUIOCKOCTHIO C YHCJIOM Y3JI0B GoJibille HA eMuHHUIY. CXxeMaTHYeCKH 3TO upen-
crapsieHo Ha Fig. 1 [16].

Fig. 1. DntexTpoHHbIE Op6HTAIH KapOOKCHIIaTHOM
rpymmss, corsiacuo {16}

CaMpbIM CyIIECTBCHHBIM NPAaKTHYECKNM BEIBOZIOM M3 BOSMOKHOCTH peasiu3allin
¢dopmst (3) aBiusercs To, yto KI', obnamaroiias 4eThHIPbMS HEJIOKAIH30BAHHBIME
SJIEKTPOHAMHM, MOXET BCTYIATh B PeaklMd KOMIUIEKCOOOpPa30BaHHS KaK JIMranj
obpasyromuit (i) HoHHYIO (HEKOOPAWHHPOBAHHYIO), (i) MOHOAEHTATHYIO Hu (iii)
OUIIEHTaTHYIO CBS3b ¢ OJHUM HJIH ABYMsl ATOMaMHA MeTajuia.

Onpenenenne KojebaTeIbHOTO COEKTPa HOHU3HPOBAHHBIX KAPOOHOBHIX KHCIIOT
(3) B BOOHBIX pacTBOpax JO CHX IIOp HE MPOBEJAECHO, B IIEPBYIO OUepelb, BCICACTBHE
cnaboit mucconmanum KucaoT (HE3KoM KomueHTpamuk ¢opmer (3)). Taxum obpa-
30M, IS HCCJIEAOBATENCH OCTajach TOJBKO BO3MOXHOCTH ONpEACIICHHS Xapax-
TepucTHyeckux actor mus KT, ucxoas u3 cmexrpos coseil kapGOHOBLIX KHCIIOT,
HMEIOLIMX MPEANOJIOXKATENbHO MONHOCTBIO HOHHYIO CTpYKTYpy (3) [17].

YacroTe! BasteHTHRIX Kosaebaumit KI' (vCO; ) npencTaBiasioT 3HAYMTEIIbHBLA
MHTEPEC, T. K. OHM MEHSIOTCSA KaK IpH M3MEHEHMM NPHPOALI MOHA METAJLIa, TaK
H 3aMecTHTeNedl npu opranmveckoM octatke (R). Spinner [18] cumran, 9T0 3KBH-
BaJIEHTHOCTb KHCJIOPOJHBIX ATOMOB B Ipynne CQO; 4acTo HapylleHa H, HAIIpUMED,
IpH 3aMellieHNH TaJIOTeHaMH B G-TIOJIOXEHWH, BHICOKOYACTOTHAsg IOJIOCA JIOJIKHA
pACCMATpHBATBLCH He KaK aHTHCHMMeTpHYHOe BajieHTHOe KoneGaumne KT (v,,CO; ),
a Kax HCTHHHOe KapGonuwnbHoe moryoluenue (vC=0). Bellamy [19], He corna-
IIAACh C 3THM B3IJIAAOM, CIHTAJ, 4TO MAIOBEPOSTHO, 4T00BL Kakde-HuO Y AL 3didexTH
[OJIAPHOIO B3aMMOJICHCTBAN MOTJIH OBl ObITH HACTOJIBKO BEJMKH, YTCOBI ynuuTO-
XATD NOJIHYIO 3KBHBaJICHTHOCTh IIBYX aTOMOB Kiciopoaa. I1o3ToMy oH mpeniarasn
BCE TAKH paccMaTpHBATh IOJIOCH! BAJCHTHLIX KOJeGanmii, Kak 06yCIIOBIEHHbIE IJ1aB-
HEIM obpa3oM v,,CO; u v,CO;.
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Koaebameavnole cnekmpel ayemamos memanios

Hag0omnee ymoOHOH Mopenblo IS H3YYeHHS CTPYKTYpPH H ClekTpop KM
MOTJIA CJIYyXHTb, €CTECTBEHHO, aleTaThl W MX pa3jiMYHEIC 3aMelllcHHBIE TIPOA3BOJI-
HBle. B GOJILIIWHCTBE CilydaeB 3aMeILCHUE aKTHBBIMH I'PYNMIAMHA NpU aTOME yrJle
pozia B @-TIOJIOXEHHH NPHBOAUT K CMEILEHHSM YacTOT, KOoTophie s V,, CO; BechbMa!
CXOIHBI, HO HECKOJILKO Ooutblile, YeM CMellleHHsr 9acTOT vC =0, BEI3LIBAEMBle TeMH

xe rpymnamu [19]. Spinner [18] oOpaTun BHMMaHWE HAa TO OOCTOATENLCTBO, YTO §

V.5 CO5 (oxomo 1600 cm™') dyBCTBHTENBHO K MHAYKTHBHOMY 3ddexTy R ¥, Hao6o-
pOT, HEC YHBCTBHTCIIbHO K H3MCHEUIO MACChHI R. B IPOTHBONOJIOXHOCTL 3ITOMY

vsCO, KonebaHue, akTHBHOE B HH(paKpacHBIX (IR) cuexrpax, a Takxe Raman]

aKTHBHOE, HE WYBCTBHTENBLHO K TOJAPH3ALHOHHBIM 3(0(deKTaM, HO 3HAYMTEJIbH
YMEHBIAETCS, €r0 9aCTOTa OpH BO3POCTAHUM MacChl R. 06ma;1 CTPYKTypa aleTaTo
METAJLIOB MOXeT OBITh NpENCTABNICHA B BHAE

X3C—C02"‘M - ' (4)

roe X moxet Otk H, Cl, F a1 np., M — n1wo6oii 351eMeHT cnocoﬁm,m obpa3oBaTh
cBA3b ¢ KapOokcuibHOM rpynmoit. CoenuHeHns obnagaronye CTpykTypoit (4) npea-
CTaBJISIIOT BO3MOXHOCTb OIIEPHPOBAaTh OTHOCHTEIBHO HEOOJNBIIMM KOJIHIECTBOM
HOPMAJIbHBIX KoNeOaHWil, HATIpEMep, IJIA HE3aMEIICHHOro  aleTaTa HMMeeTCs HX
Bcero 15, 9To 3pavyuTeNbHO O6JerdaeT 3amaqy HHTepnpeTamm IKCIIEPHMEHTAJIbHBIX
CIIEKTPOB.

IlepBoHAYAbHYIO 3a/1a9y, IPOBEACHUSA OTHECEHUs IMOJOC CHEKTPOB H YCTa-
HoBJienwe rpymmuer cuMMeTpum KI', ocywecrsunm Edsall [20], a Takxe Davies n
Sutherland [21]. apokuii Kpyr aleTATOB Pa3iAMYHBIX METAJLIOB K IaJIOF€HITPOU3BOI-
HBIX alleTaTOB MOAPOOHO H3ydasu Lecomte n coTpyaHuku [22—24]. Ognako, 3x3aKT-
HOE OTHECEHHE MOJIOC TOTJIOUICHHSI B KoJieGaTeNbHBIX CIIEKTPaxX ameTaTOB OBLIO
OPOBEAEHO TOJNBKO B 50-X rofax, HA OCHOBAHHH aHAJH3a CIEKTPOB alleTaTa HaTpHs
(CH,CO,Na) u ero aeiitepupoBaHHoro aHanora (CD;CO,Na) ¢ IpHHATHEM MOAEITH
MoJIeKyJl cumMeTpan Cy, [25).

B pambHeiimmeM psl aBTOPOB COCPEOTOYMBAJ CBOe BHHMAHWE HA OIpejele-
HHE YaCTOT HOpMAaJIbHEIX KojeOaHmit KM Ha npuMepax HaTPHEBBIX COJIEH HU3-
HIMX WIEHOB TOMOJIOTHIECKOTO psiia KapGoHOBEIX kucior {26, 27).

TeopeTadeckn 060CHOBAHHBIM MOJIHBLIA pacyeT 4acTOT W (opM HOPMANBABIX
KoJieOaHmil angeraT-HoHA C NPHEMEHEHHEM NOTeHOWalnbHOU (ynkmuu Urey—Bradley
BIEpBBE OBUI NpoBelieH TOJbKO B 1958-M romy Nakamura [28]. AsTop mpopei
TaKXe W 3KCOCPUMEHTANBHYIO IPOBEPKY CBOMX pacyeTOB JUIs aleTaTa HATPHA H
HAIlleJT YJOBJIETBOPHTENbHOE COBIAJNEHAE B YACTOTAX OOHAapyXeHHBIX a6copOuuon-

HEBIX IIOJIOC B MHPPAKPACHBIX CHEKTPAX C TEOPETHYECKH paccHHTaHHBIMU (IpH mpen-

NOJIOKEHUY CHIOBOW MOCTOSHHOA cBa3u C—O pasuoil 7.2din-cm~! m yrma O'—
C—O0* pasuoro 120°). DTu mapaMeTpsl, NpHHATHE Nakamura BeCbMa DPAGIHKEHHBI.
B pesynnbTaTe B3aUMOAEHTBHA OTPHIATEILHBIX 3apAAOB HA aTOMax KHCIOpoAa,
yroi, O*—C—O0* MoxeT UMeTh Gosbllee 3HayeHmWe, Kak 3To ObUIO HalineHo I
$opmuaTa HaTprs eme B 1940-M roay [29]."TIo3xe I'puropwes -[30] mokasan, 4ro
COT/IaCHO HMEIOIIHMCS PEHTICHOCTPYKTYPHBIM ONpEIE/ICHUSM, YT o —C-0%s

Pa3sIMYHBIX COJIAX YKCYCHOM KHMCIOTHI E3MEHSIOTCS B npezienax 110—125° T. €.
MOTyT OKa3aThCq He TOJbKO Gosbllie, HO M MeHbIe 120°,
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HamGonee xapakTepHbIMH 9acTOTaMA B criekTpax KM, BCIencTBEE 3HAUMTENb-
HOM moJIpHOCTH CBA3H C—O, SABJIAIOTCH 9acTOTHL v,,CO; u v,COj3 [31]. Baneur-
‘Hble koyebanus KI' HamGoJiee 4yCTBHTEILHEI K BJIMSHUIO KOOPAHHALMHE M MEXMO-
-JICKyJIIPHOTO B3amMopncicTBus. B obmeM, wacrora v,,CO; 3HaUHTENbHO Gosree
“qyCTBHTE/LHA K 3THM BIHAHUAM, YeM dacrotra v,COj; [32]. B IR cnekrpax KM
1oJioca, COOTBeTCTBYIOmAs Vv, CO; ; ABNaeTC Hanbosee CuibHOU. VIHTEHCHBHOCTD
TOAOCH!, coOTBeTCTBYIOMmEH v, COj5, 3HAUWTENbHO MeHbiasd. I1oJoCH OTHECEHHBIE
K geopManuoHHEM Kosiebanusam KT, ABIIAIOTCA Ci1abbMu, MOITOMY AOJIFOE BpeMSs
HaxXOOWIHCh BHE BHUMaHHs HcCiemoBaTesiell. OToMy crnocobcTBoBaIO M TO 06CTOS-
TEJILCTBO, 9TO TOJBLKO ONMH BHA AePOPMANMOHHBIX KojieOanmuil (HOXHHYHOE —
B, CO3) nposBIgeTCS NPHA BOJHOBBIX YHCIaX B OOLIYHOM aHaJIUTHYECKOH 0OJacTH
IR cnextpoB (4000—650 cm™Y), a HBa Apyrux BEOA Ae(GOPMAOHOHHEIX KoJieGaHmii
 (MASTHUKOBBIE M BHEIUIOCKOCTHBIC) HMelOT YacTOThl HHMKE YKa3aHHOM obGmactu
[25, 27, 28, 33]. Vratny, Rao u Dilling [34] n3yunnu IR cnexTpsl GONBIIOLO 4HCIA
a[EeTaTOB METAJLIOB, PETUCTPUPYA UX kak B BH/E CYCIICH3H B mapadHHOBOM Maciie,
Tax u B KBr TabGnerax, 0JHAKO, HX PE3YJbTATHL TAKXKE OTHOCATCS TOJBKO K aHAJIU-
TRYecKoH obsactu IR crekTpa. -KpoMe 3TOro HEoOXOAMMO OTMETHTh, YTO IPO-
BeCTH NoAPOOHEIA aHAN3 JNAHHBIX, IIpeJICTaBJleHHHX HMH B BHJE LITPUX-AHATPAMM,
BeCbMa 3aTPYAHEH.

- Bausnue npupodsl amoma Memaiia-Ha 4acmomsl 6aAeHMHbIX
Koebanuil KapOokcurammoti 2pynnul

.BroJiHe €cTeCTBCHHO CTpeMIJICHHE UCCICAOBATENCH C ITOMOIUBIO OTHOCHTELHO
JIETKOTO M AOCTYHHOTO MeTOona — peTHCTpaudn a0COpOIMOHHBIX KOJieOaTebHBIX
CIIEKTPOB W UX AHAJIH3a, HONBITATBCS YCTAHOBUTL CTPYKTYPY KapOOKCHJIATOB pas-
JIMYHBIX MeTaJLTOB. [t pealu3amuy TaKOIO pellIeHHA 3aJadd, HeoGxomuMo ObLIo
SKCIIEPEMEHTAILHO HaliTH OOLIHe 3aKOHOMEPHOCTH CBsi3H CTpyKTypst KM, B mep-
BYIO OUEPElb, MEXXY GH3MYECKAMU NapaMeTpaMH METAJIIOB (MacCoi, HOHHEIM pa-

JHYCOM, JJIEKTPOHHBIMHU XAPAKTEPUCTHKAMH M T.I.) H 4acTOTaMH HOpMaJ'IBHLIX
KoseOapuit B wx JR cmekTpax. .

IlepBrIe . crcTeMaTHYECKHE Hccne,uonanmr Lecomte u COTpYZHHKOB [22—24 35,
36] ‘mpuBeTH aBTOPOB K BHIBOAY, YTO HENIb3A OOHAPYXHTH OSHO3HAYHYKO 34BHCH-
MOCTh MeXIY YacTOTaMH BaJICHTHBIX KojeGanwii KI' m 2MeKTpOHeraTHBHOCTBLIO
MM JpyruMu (U3HYeCKHMM CcBOMcTBaMH MeTasuioB. OmHaKo, mMo3%e B OOHOM M3
cBoux pabor 3TH Xxe apTophl [37] coobmin o HAGMOJAEMOM CHHKEHHH 42CTOT
v, CO3 TIpH YBEJIHYEHMH MAaCChl METAJUIMIECKOTO aToMa B Kapbokcunatax. R. Thei-
mer n O. Theimer [38] Ha ocHoBaHuH u3yueHns Raman cnekrpoB KM I u II rpynn
TNEPHOAMIECKOM CHCTeMBI 3JIEMEHTOB YTBEPXKIAJH, 4TO 4acToThl v,CO; yMeHb-
UIAIOTCS ¢ YBEJIMYEHHEM HOHHOIO Pajgdyca METama. YIOMSHYTHI COBUT 9aCTOT
JocTuraer seimume, o .70 cm~. W3ydasg IR clekTpH! cojiell (hpeHHII-CTeapHHOBOM
KHCJIOTEI CO HICJIOYHBIMHE W HIENOYHO-3eMEJIbHEIME MeTtajutaMa Kagarise [39] npn-
e K BBBOAY, WTO MeX/Y SJEKTPOHETATHBHOCTBIO METAIUIOB MO Pauling-y u
gacToTaMu v, CO; cymecmye'r apHeHnas 3asucuMocTs Wit I u II rpynn se-
MEHTOB.

Ellisn Pyszora [40], Hsyqax cTeapaTh! METaJIJIO8, IPUILIH K BLIBO,E[y, YTO YTBEP-
XKIerns aBTopoB pa6or [38] i [39] He MoryT GHITH IPHHATEL Kak OGLIHe 3aKOHOMEp-

6*
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HOCTH H, YTO BJIMAHME TPHPOAL METAJUIOB HAa YaCTOTH BAJIEHTHBIX KoneGammit
KI' He MOXeT OHITh XAPaKTEPA3OBAHO KAKAM-IHOO oAHAM (H3HYECKAM mApaMeT-
pom Metaiia. Bee xe HeOOX0AHMO OTMETHTBD, YTO IO AaHHBEIM paboTh! {40], Habmro-
JaeTcs CHUXEHHE YacTOTh! V,, CO; , cTpeMsllieeCq K ONpefe/IeHHOMY HPEeHeIly C BO3~-
pocTaHEeM aTOMHOM Macchl Merajula. Ha mam B3risia, HET HEOOXOJHMOCTH Npo-
JOJIKaTh PAaCCMOTPEHHE HMeoLIErocs elle nejaoro paaa pabor [30, 41—43}, B xo-
TOPHIX ABTOPH IBITANHCh HAUTH KOPpE/ANUH MeXAY OTACHbHHIMA IapaMeTpaMs
aToMa MeTajlila H YacTOTaMH BaJIEHTHBIX KoJieOammit KI' M OpHXOJWIM K CaMBM !
Pa3iFYHBIM, 9aCTO MPOTHBOPEYABBIM BBIBOJAM.

CA02CHOCMY CNEeKMPAALHBIX NOAOC NOZAOWeEHUA Koaebanui
Kapboxcusamuoi epynnei

HaobxonuMo corsaceThes ¢ MHeHReM Bellamy [19] otMedaBIero, 910 mpocro
mopasuTesiell HATEPBAaJI YaCTOT, KOTOPRIA OTHOCAT O6BIYHO K 06JIaCTH DOTIOIUEHHAS
v, CO; . Tosoxenue elne GoJiee 3aTpyFHAETCA CIIOXKHOMK CTPYKTypoii caMuX nojoc [44]
A A3MEHCHHSMH OTHOCHTENIbHOM HHTEHCHBHOCTH pa3JjIA4HBIX IAKOB B 3THX HOJIO-
cax. Slpkre mpmMepsl 3Toro sBJIeHHA B /R COEKTpax pacTBOPOB 2-3THJI-TEKCAHOATOB
mukens(ll) m xobanpra(ll) ymanoce HaM moka3aTh B mocielHee Bpems [12, 13).
HOna comextpos Teepanx obpasuos I'puropneB [30] mpennoxni, HanpuMep, 9To
B KPHCTAJITHYCCKOM pelleTKe aleTaTa KAJbIUs HMEIOTCS JBa THOA alNeTaTHRIX
IpyIn: alleTaTHbIC Ipymmbl o6Gpa3yrolpie B 3HAYMTENLHOH CTEICHH KOBAJICHTHBIE
CBSI3H C HOHAMH KaJbusl (v, CO; npm 1538 cm=! u v,CO; upm 1452 cm~*) u nogrn
9UCTO HOHHBIE ANeTATHBIE TPYHHL (v, CO; mpu 1559 cm—*u v, CO; upu 1411 cm™1).
O emunoBpemennoM npucytcTBrd KI', EMelollHX OTIHYAIOIMYIOCH CTPYKTYPHYIO
POJb (MOCTHKOBBIC HIIH HECBA3LIBAIOILHE) B XoMIulekcax poaus(ll), noxiaanBaeTca
B pabote Boyar u Robinson [45).

Hanbpeiinige 3aTpyAHEHHS NOABIAIOTCA elli€ H3-3a TOro, 9TO mojoca gedop-
MamuonHoro xoyebauus OH rpynnsl (§OH), COOTBETCTBYIOMIAS MOJIEKYJIAM BOJRBL,
COJIepKAIUXCA . B BHAE BJIATH B HCHOBITYeMOM o6pasle, IHOosABJIACTCA B HHTCpBAJIC
1680—1600 cm—1, xak mIApoOKas CpelHell HHTEHCHBHOCTH II0JIOCA, OXBATHIBAIOIAS
yKa3aHHBIA HHTEpBaN 9acToT [33, 46). IlosToMy Ha OYeHb MHTCHCHBHOM IOJIOCE
v,s CO5 nonoca f OH NoSBIETCS B BHAE IIAPOKOTO ILIe4a, pa3MbIBAIOLIETO HCTHH-
Hble KOHTYpHl morjiomenus [47]. O1A obcrosTenncrsa, 3HAYATENPHO YCIIOXHSIO-
[IMe ompeaeiieHHe TOTHOTO MMOJIOKEHHs HOIOCH Vs COF, HEOAHOKPAaTHO YKa3bIBa-
JIACh B B HalImxX paboTax, Kak B ciyyae u3ydenus cuoekTpoB KM B TeepzioM cocTos-
mAm [5, 7, 11], Tak ¥ ux pactBopoB [9]. KpoMe Bcero 3Toro Heo6xoqumo elle OTMe-
THTb, YTO IPH ONPEHENICHUHM HOJIOXEHHS MOJOCH V,; CO; HEKOTOpBIE aBTOPHI YKa-
3BIBANOT 3HAYeHHS, COOTBETCTBYIOLUE CPeQHEH 4acTOTe CJIOXHOH MOJIOCHL MOrJIo-
IeHAs, TOrAa Kak ApyrHe — BhIOHPAIOT 4aCTOTY OTHOCAINYIOCS K HauboJlee RETEH-
CHUBHOM KOMIIOHEHTE Ha0opa HOJIOC, HTO MOXET NPHBECTH K Pa3jiHiAAM B OIEHKE
qacToT, AoctHratomux 130 cm™1,

Eure 6oJice CIOXHO OOGCTOMT [IEJI0O NMPH ONpEAEICHHH IOJOXKEHHS NOJIOCH!,
cooTBeTcTByIOmieH v,CO;. [docTaTodHO HAJEXKHBIX [AAHHBIX MOXHO IOJYYHTb
TOJNLKO B Raman cheKTpax, He TOJIbLKO BCICIACTBHE 3HAYHTEJILHO GoJiplueit MHIEH-
CHBHOCTH B HEX N0JIOCEL v,CO;, HO R B Pe3yJIibTaTe HCUC3HOBEHHAS CHJILHBIX IOMEX,
KoTophle 06pa3’yloT NoJoChl JeOPMANMOEHKMX KoJeOaHuli METHIbLHBIX B METHIIE-
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HOBBIX rpynn B /R chmekTpax B Toil ke 0oOJIaCTH 4acTOT. A €CJIH y4ecTh emie A TO
06CTOATENBLCTBO, ITO ITH NOC/EAHMEE NOJNOCH B CHEKTPax TBepAbIX 00pa3noB 4acTo
pacmeniens! [33] 1 amayjorumdHoe pacIleIUTCHHE YacTO OGHApYXHBAeTCA TAKKe H
ong nmosnocel v,COz [41], TO CTaHOBWTICH SICHBIM, YTO AOCTATOYHO IOCTOBEDHOE
ollpelieICHAE TaCTOThl CHMMETPHYHOIO BaJIeHTHOTO Kolebanns KI' asnaerca Gosee
HCKIIOYEHAEM, YeM 3aKOHOMEPHBIM siBIIcHHeM. ITo3ToMy B JHTepaType HAXOOMM
ropaszo MeHblI¢ NONBITOK CBA3BIBAHMA 4acTOTH v;CO; mo IR cHeKTpaM co CTpyK-
typoit KM, uem s wacrotH v,,CO;. OnHako, HampuMep, I'puropees [41] npu-
mieJT K BBIBOAY, 4TO B anerarax MetajuioB III rpynmel HepuonnvecKod CHCTEMBI,
3HAYCHUA O0EHX 9acTOT paciiellJieHHOro v;CO3 HAaXOOATCSA B NPAMOi 3aBHCHMOCTH
OT H3MeHEHAS HOHHOTO pajyyca MeTajllla M He 3aBHCAT OT MAacChl aTOMa MeTallia,

Cmpyxkmyprble M0Oeaiu KapboKCUAamos Memanios

Nakamoto [48] Ha ocHOBaHMM HAKONHMBIIMXCS DPEHTIEHOCTPYKTYDHBIX AAHHBIX'
no KM, npeanonoxui Hajamuue CleAyIOLIAX, NPeACTaBJieHHBIX HA Fig. 2, CTpyk-
Typ. B xauecTBe mpumepa IiIa CTpykTypH! (5) OH mpEBOAMT (HopMHAT HATpH,
rae AmuHeL cBa3eit C—O' 1 C—O0? UMeIT OAMHAKOBEIE 3HAYeHHs paBHOe 127 pm
[29]. CrpykrypHoit ¢opme (6) cooTBeTcTBYeT mo MHendro Nakamoto muruApat
anerata yutHs (Li(ac) - 2H,0), COINacHO PeHTTEHOCTPYKTYPHBIM AaHHBIM paGoThI
[49]. Crpykrypy (7) Nakamoto cumtaeT MeHee pacmpocTpaHeHHOMH, yeM (5) u (6),
HO TIPUIMCHIBAET 3Ty (OPMy Tak¥M COCOWHEHHSM KaK NATHApPAT ANeTATa IFHKA
(zn(ac)- 2H,0) [50] u ypannn auetat matpus (Na[UO,(ac)s]) [51], a Taxke Ge3-
BOJHBIM aleTaTaM TPEXBAJICHTHLIX XpoMa B MapraHna. s psna aneTaToB MeTall-
noB 6bINIa HalieHa MOCTHMKOBasi cTpykrypa (8), Tax, HanpmuMep, y Cry(ac), - 2H,0
[52), Cuy(ac),- 2H,0 [53], Be,O(ac)s [54] Zn,O(ac)q [55}.

M=0 0 M—0.
7 N

\ R M >C—R R

o o 0 M—07

(5) (6) (n (8)

Fig. 2. CtpyxrypHbie HOpPMEI KapOOKCHIATOB METAILIOB, COTsacHo [48].

Ipenmoxendrie BLIE CTPYKTYPHBIE (HOPMEI MO-PA3HOMY IOJDKHHI BIIHATH HA
IR cmexTpr! ameTaTHLIX rpynm, Beb CTPYKTYPH (5), (7) 7 (8) mpeanonararor Hamn-
qHe paBHOLECHHEIX KuCIOopoaHsiXx atoMoB B KIT, a B crpykType (6) mpeanonararorcs
HepaBHONEHHBIE KMCIOpOabl. JApyruMH CIOBAMH, C TOYKH 3PEHAS CHMMETpHH alle-
TaTHO} T'pynmnsl, B NIpHBEeACHABIX Ha Fig. 2 ¢opMax, pa3andaroTca TOJBKO [BA BHAA
cammerpun: Cy, ana ctpyxryp (5), (7) u (8) m C, Ana ctpyktyph! (6). Nakamoto [56]
yTBEPXHaJ, YTO B CAydae CTPYKTYpH (6) ¢ HOBHIIECHWeM KOBAJEHTHOCTH CBA3H
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METaJUI — KHACJIOopoZ, dacrora v, CO; 6Gyner Bo3poctaTh, a v,CO; OGynaer .cHH-
xaTecd. B cTpyktypax ke C,, cCUMMETDHH, 9acTOTHI BajleHTHBIX kone6Gamuit KT
JOJDKHEI MEHATLCS HapasuleMbHO NPH H3MeHEHHA NPUPOIBI CBA3YIOILETOCH. METAJLIA.
Cson 3akirodeHHs Nakamoto OCHOBHIBAJ Ha IKCIEPUMEHTAJIBHBIX De3yJIbTATaXx,
COrJIAaCHO KOTOPLIM BCe HaiiieHHbIe uM 9acToThl KIT 11 anleTaTOB pa3/IMYHBIX METAJI-
JIOB MMeJIH 3HA4YeHAs BHYTPH WHTepBaJia YacTOT JAJiZ KpHcTannm4eckoro ‘Na(ac) n
MOHOMEDPHOI GopMBI ykcycHOH kucnoThi. Ero B3risabl HAXOOATCA B COOTBEICT-
BHH C IPEJJIOKECHHBIMU paHee B pa601ax Busch Bazlar U Morrzs [57 58], a TaKkxke
Ktrschner [59] npencraBneﬂuxMH

Koppe/mquu uacmom eanenmubix Konebanuii u cmepeoxumuu
Kapéoxcu/zamos Memannos

B corytacum co B3rmmaMn Nakamoto Sawyer [60} npennoxun paccMaTpHBaTh
Pa3sHOCTH 9acTOT AH1MCHMMETPHYHOIO H CHMMETPHYHOIO KOJIe6aHHH BaJICHTHHIX
cBs3eit KI' (Av=v,,CO57 —v,CO; ) Xak Mepy KOBaJIECHTHOCTH CBS3H MeTaJLUl —
KHCIOPOA. Sawyer CHYATal, 9TO €CJM 3Ta Pa3HoCcTb Gosblie 225 c¢m'~, To CBs3b
METAJUI — KHCJIOPOA IIpeMMYLIECTBEHHO KOBaJICHTHA ; €CJIM MeHbplle, TO CBA3b, IJIaB-
HBIM OOpa3oM, mounas. OmHAaKO, Tako¥ MOAXOH K aHAJM3y KOMILIEKCOOGpa3oBa-
gust ¢ yyactueM KI' pmajexo He McuepnemBaeT Bcedl CJIOXKHOCTH siBJieHWH, o6Ha-
pyx#BaeMHbIX B JR cHOekTpax, Kak 3TO CllefyeT TaKXke H3 paHee ONyOIMKOBAHHBIX
naHHbIX Sawyer ¥ Paulsen [61]. BnocnencTBHH MHOTHe aBTOPHI NBITAIUCH HAWTH
CBs13b MeXay cTpykTypoit KM ¢ ‘oamoit cTOpOHEI, M 3HaueHUsMH Av — C OPYroM.
TiaTenbHBL aHAIH3 9KCNEpAMeHTAILHBIX JAHHBIX B B3[JLIIOB 110 3TOMY BOIPOCY,
A3JIOXKEHHBIX B GOMIBIIOM YHCHe my6imkanmii (paccMoTpeHsl 177 JIMT. HCTOYHHMKOB),
HAaXOJHM B 0630pHO# pabote Deacon u Phillips [4]. O1n aBTOpH! cobpanu 061mmp-
HbI MaTepHas mo /R CHEXTpaM aleTaToB pasjiHYHBIX MeTajuioB (84 coelvHeHHIH)
OIy0/IMKOBAHHBIX B JIMTEPATYype W CONOCTABHJIM MX C HMEIOLIMMHCS PEHTIEHO-
CTPYKTYPHBIMH JaHHbIMA (6osplie 190 KpuCTamnMIeckux cTpykTYyp). ‘U3 0630pa
CJIe[yeT, YTO BO3HHKAET PAJ COMHEHHH OTHOCHTEIHO HHTEPHpPETalH MHorux IR
CTIEXTPOB M YKA3bIBAETCs HA [JIABHBIC NPHYHHBL, KOTOPHle MOTNH IPHBECTH pa3-
HBIX aBTOPOB K IOJy9eHHIO HETOYHBIX MJIM HEBEPHBIX pe3y/bTaTOB M K OLIMGOY-
HbIM BBHIBOAAM. IIpHHSTHe BO BHMMaHWe HOBHIX BO3MOXHBIX CTPYKTYPHBIX HOPM
KM (6 momosmmTespBbx GopM), mpHBeneHHbIX B paborte [4], naeT BO3ZMOXKHOCTHL
MU PaspelICHHs] TOJNbKO HEKOTOPHIX HPOTHBOPeYHI IKCNEPHMEHTANbHEIX - A3 HHBIX

.0 M-0
M. _C-R (=R
~N07 M-----07

© . a

Fig. 3 AcHMMeTpHYHbIE XelaTHAsA (9) m MocTHKOBasR
(10) cTpykTypH kapOOKCHNaTOB MeTaiuios [1).
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U TEOPETHYECKUX NPEACTABJIeHHH O CTPYKTYpaxX OTIENBHBIX COeOWHEHUl. VdeT Bo3-
HUKHOBEHMS aCHMMETPHMH B X€JIATHBIX ¥ MOCTHKOBBIX CTpykTypax [1] (cm. Fig. 3)
TIPEACTaBAgET BOZMOXHOCTD [l 6osiee TOYHOH MHTepNpeTAHH CHEKTPOB IS Paa
KM, nanpumep, nig aneraros IV rpynner nepuoguyeckod CHCTEMEL.

Kpucmaasoxumus npocmeix u MHO20A0epHBIX KAPGOKCUAAMOE MeMa08
- ) , 1

PaccMaTpuBas KPHCTAJIIOXHMHYECKHE BONPOCH OHOOCHOBHBIX KApGOKCHIATOB
nepexolublx MeTayuioB, ITopaili—Kouin [3] ycranosmn wanuaue 18-Tu cTpyKTYp-
HBIX Gyrkuwmit (hbopM) kapOGOKCHIATHON TpYIIBI, U3 YAC/IA KOTOPHIX 14 GbUIH Hali-
IeHBl yXe JKcepuMeHTanbHo. COBEpILIEHHO SICHO, YTO HPH TaKOM H300HJIMH BO3-
MOXHBIX CTpyKTYp KM, oxunanus uccienosaTeseit I MOJIy9eHHs OOCTOBEPHBIX
CTPYKTYPHBIX HH()OpMAaIuil Ha OCHOBaHUH /R CHEKTPOCKONMHYECKAX JaHHBIX IO dac-
ToTraM BaJleHTHBIX kolebammit KI', He Morym ompasmatbest. CaM GakT HajaMyus
BO3MOXHOCTH 06paszopanuss KM GeCKOHEUHO-IOJMMEPHBIX B OJIMTOMEPHBIX CTPYK-
Typ (C ONMHAPHLIMH, ABORHLIMA H T.U.) KAPGOKCHIATHEIMA MOCTHXAMH, TIPEHOC-
TaBJIIET BO3MOXHOCTh 06pa3oBaHyus OO0JIBIIOIO YHC/A CHEKTPOCKONMYECKH TPYAHO
pasnuauMbIx cTpykTyp (cMm. Fig. 4).

Cooco6HOCTh psiia MeETaJljioB o6pa3031>man> ¢ KapOOHOBBIMM KHCIOTAMA
(B MepPBYIO OYEPENb ¢ YKCYCHOM KHCIOTOM) MHOTOSIEPHEIE COEMHHEHHA, TOILKO elle

[ 0 0 o, I a,

7\ N/ N/
\M g/ Mol y N
R .. R REE R

Fig. 4. Nonumeprste (I) B omuromepasie (II) CTPYKTYpEI KapGOKCHIATOB METAIIOB
¢ ABOUHEIME (@), TPOHHBIMA (b) M YeTBEPHLIMH () XKAPOOKCATIATHHIMA MOCTHKAMH MEKIY
- KaxXmoi mapoit aTOMOB MeETaJLIa, COrjIacHo [3).
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JanbIe YCIIOXHSET BOHPOC YCTAHOBJIEHWS CBA3H CTPYKTYpsl M /R cnextpoB KM.
Cpeom MHOTOSNIEpHBIX alEeTaTOB BNepBble ObUla AoOKa3aHa CTpyKTypa Be,Ofac)g
(cM. Fig. 5), koTopas no3xe ObUIa yTOYHEHA H APYTAMH HcchleopaTensMu [62, 63].
AHAJIOTHIHYIO, TIpeACTaBIeHHOM Ha Fig. 5, CTPYKTypy MMeeT M OKCHAIETAT IWHKA
(ZnO(ac)s) [55, 64).

Fig. 5. Crpoenne oxcrauerara Gepmumas
(A2 PHCYHKE OOKA3aHHI TOJBKO YeTsIpe B3 IECTH
xapGOKCH/IAaTHBIX Ipynm).

B mocnenree BpeMs NogBiiseTcd Bce Gonbine paboT, B KOTOPHIX aBTOPHI [OK-
JIABIBAIOT O CJIOXKHOM MHOTOSACPHOH CTPYKTYpe alleTaTOB MeTajuloB: KoOanbTa
[65), cBunna [66), ponus [45, 67), Marums [68] u. T. m. Bosiee Toro, Johnson, Cannon
" Powell [69] HemaBHO COOGILHAH AaHHble IO CIIEKTPAM MHOTOSIACPHBIX KapOOKCH-
JIATHBIX OKCO-KOMIIEKCOB CO CMELUAHHBLIMH METa/UlaMH H C MeTajulaMH, Haxons-
IMFMHCS B Pa3HbIX BaJleHTHBIX cocTostAuAX. [lonydenuble Hamu [9] 3KCHepHMeH-
TaNbHEIE JaHHBle MOK43alH, 470 B Kapbokcunartax kobanpta(ll) # mmxens(ll) nns
HEKOTOPHIX THIIOB OPTaHAYECKAX PaJNKANIOB, BOSMOXHO OAHOBpEMEHHOE IIPHCYTCT-
BHE Pa3sHHX $OpPM CHMMETpPHH B HX CTPYKType. BMOJIHE €CTECTBEHHO, YTO CTOJIb
GoxnbInoe pa3HooOpa3ue BO3MOXKHBIX COCTABOB H CTPYKTYP Pa3JjIMYHBIX XKapOokcuia-
TOB pa3HbIX METAJUIOB, BECbMa 3aTPYAHAET TEOPeTHYECKH ODOCHOBAHHYIO MHTEp-
OpPETANAIO SKCIEPHUMEHTAJILHO [OJIyYaEMBIX CIEKTPaJbHBIX AAHHBIX.

Bausnue -éeauyunvl eaanemnozo yaaa O—C—QO na xoaebameavHvie
cnekmpbl KapboKcuaamos Memannoe

T'puropnes [30] BoepBrle MOAYEpKHYJI OYEHb BAXHYIO, paHee MOYTH HE INpH-
HAMaeMYIO BO BHMMaHHWe, JeTaldb OCODEHHOCTH CTPykKTypsl KM, a wuMenno:
BIIMSHAE BENHIMHE yrjia Ol—C—O? Ha cHIeKTpajbHBle XapaKTepUCTHKH 3THX CO-
enaHennit. Ha oCHOBaHME pacueTa, IPOBEACHHOTO JJIS TPEXMacCOBOM MOJEINH, M
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6LLI0 TOKA3aHO, YTO CPaBBHTENLHO HeGobIIOe H3MeHeRHe yria O'—C—0? (1 5°)
OpHBOOAT X BeCbMa - CYIIECTBEHHMM H3MEHEHHSM 4acToT v,,CO; +25cm~?,
v,CO; F18 cm=* u B,CO; F24 cm~'. OTo 0GCTOATENHCTBO, IO MHEHHIO aBTOPA,
3aCTaBiseT ¢ 60JIBLIONH OCTOPOXHOCTBIO MOAXOANTh K @HAJM3Y CMellleHWH B CIek-
Tpax KM. OgHoBpeMEHHO 3TO NPHBOAMT K MBICIH O HEOGXOAHMOCTH HCIOJIB30O-
BaTh MPH aHaJU3e¢ CIEKTPOB AN IPYIHX 9ACTOT HOPMAJBLHBIX KoJeCaHuiH, MOMEMO
BaJIeHTHBIX KoJiebanuit C—O. HeMano JAaHHBIX YKa3bBA€T HA BAXHOCTh HCIOJNb-
3opadug 4acToTH f,CO;, KoTOpas OYeHp YYBCTBHTEJIbHA K H3MCHEHIO BEIMYHMHEI
yria O'—C—Q0?, HO MaJlo 3aBHCAT OT BCJIMYHMHEL CHJIOBOM mocrosHHOH fC—O.
B aueTaTHHIX COCAHHCHUSAX ClenyeT TaKXe NpHHUMAThp BO BHUMAHHE 4aCTOTHI Ba-
JIeHTHBIX KoJieGanmii cBaseit C—C u C—H. Ha HanpaBJICHHAX H BEJIHYHHAX CIOBHIA
3THX YacTOT IOJDKHBI, IO-BHAMMOMY, MEHBILE CKa3bIBATHCA HPOCTPAHCTBEHHBIE
3aTpyOHEHHS, BAMAIOUIME HenmocpencTsenno Ha KI' w senauuny yrna O'—C—O2,

Bellamy [19] oT™Meuait, uTo ehekTH B3aUMOCBs31 KoNeOaHrit 1 H3MeHe st BaJIeHT-
Hpix yrioB B KM BmosiHe MOTYT IPHBECTH K CMeIUEHHAM CHEKTPaJbHBIX IIOJIOC
B NPOTHBOIOJOXHBIX HAIPABICHUAX, N0 CPABHEHHIO C OXHIaeMEIMH, U WHOIIA
OHM MOTYT IPEeBAJIHPOBATh HaJ CMellleHUSIMH, BOSHHKAIOIAMHE B Pe3yJbTaTe H3Me-
HeHH# B SHeprusx cBsaseil. Takum o6pa3oM, CTAaHOBETCH SACHBIM INOJIOXKEHHE, 9TO
HAa OCHOBaHWH OJHHX TOJBKO cMelliehudt vCOj; HeJib3s NPUNTH K JOCTATOYHO
060CHOBaHHBIM 3aKJIFOUEHHSM OTHOCUTENILHO CTPYKTYPBI, NPAPOJLI CBA3€il HIIH clo-
coGoB kommiekcoobpa3oBannsg B KM.

3ax arouerue

Hapo emme cka3ath, 4To oTMe4daeMas B pabote [4] HeoOxOAMMOCTE OIHOBpE-
MEHHOTO PACCMOTPEHHA PEHTTCHOCTPYKTYPHBIX H /R CHEKTPOCKONAYECKHX AAHHEBIX
kakoro-nu6o KM, He Bcerna NpHBOIMT K OXHIAEMBIM OIHO3HAYHBIM DE3YJIbTa-
TaM. TTpuunnoif 3TOr0 MOXeT OBITH TO OOCTOATENLCTBO, WIO He TONBKO COCTaB,
HO ¥ cTpyKTypa KM B 3HaYNTeNbHOM Mepe MOXET 3aBHCETh OT cnocoba CHHTe3a
A METOIOB MOATOTOBKH K HCIIBITAHMAM HCCIenyeMbix o6pasnoB. To ecTs, ApyraMu
CJIOBAMH, TOJIHKO B ClIydae MOJNIHON MACHTHYHOCTH MOATOTOBKH H 3KCIIEPAMEHTAb-
HBIX YCIIOBHil HMEIOTCA 3aKOHHbi€ OCHOBaHHSA IJIA CONOCT2BICHHS pe3yJIbTaTOB
pa3HBIX HCTOYHAKOB. XapaKTepHBHIM NPHMEPOM MOTYT CHYXKHThH OIyOJIMKOBaHHBIE
NaBHBIE OTHOCHTENLHO CTPYKTYphl Ouruapara anerata mmrus (Li (ac)-2H,0)
¥ OPOTHBODPEYHBEIE BBHIBOABI CHEJNIaHHbIE Ha HX OCHoBaHmmM. Tak B pabore [49]
NIPHBOAATCA CIENYIOLIAC PeHTTeHOCTPYKTYpHBle mavHble: C—O' 122 pm, C—O*
133 pm, Li—0? 227 pm u yron O—C—O? papmplii 119°24’. Ha ocHOBaHMH
STHX IAHHBIX MHOTHE aBTOPHI, clieaysd 3a 000OILIeHASIMH CAETAHHBIMHA B MOHOIpa-
obusax [19, 48], mpuEEMAIOT CTPYKTYPY IUTHAPATA ALETATa JINTHA, Kak obaanaiomeit
THmAYHO Hecmmmertpuanoit KI' (Fig. 2, dopma (6)). Bememctsme storo KM,
aMerome B JR chekTpax aHajorgysble 3HadeHns vCOj; Kak y aneTara JIHTHA,
OTHECEHH! K COeIUHEHHsM O6JIafaroliuM cTpykTypoi (6). C mpyroii cTopoHH B pa-
fore [70] coobieHs! ciieayionme PEHTTEHOCTPYKTYPHbIE ARHHBIE [IJa JUTHAPATa
auetara natug: C—O0* 124,5 pm, C—O* 124,5 pm, Li—0" 189,5 pm, Li—0* 189,5 pm
r yron O'—C—O0?* pasaniii 125,7°. B onHoli u3 mocaenumx o63opos [4], cremo-
BATEJBHO, CIOECKTpajibHEIE CBOHCTBA, AHANIOrMYHBIE ameTaTy JIMTHA [71], mpmHUMa-
10T XapaKTEPHBIM I CEMMETPHYHOHR MOCTHKOBOH CTPYKTYpPH (Fig. 2, dopma (8))
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KM. PacxoxnaeHrs, Kak B PeHTTeHOCTPYKTYPHBIX, TAK H /R JaHHBIX, CIEIOBATE/BHO,
CTOJIb' 3HAYHTEJIBHBI, YTO pedb HE MOXET UATH OO 3KCIEpUMEHTAIBHBIX OLHOKax,
a MOXHO TOJIEKO MPeANOIOKHTh OTCYTCTBHE HACHTHYHOCTH HCCIIEAOBAHHLIX COCH-~
HEHHH y Pa3sHBIX ABTOPOB, YTO, TO-BHAMMOMY, SBISETCS ONHOM W3 BaXKHEHIUHX
OpHYUH B Pa3HOTJIACHSX OKCTIEPHMEHTANILHBIX JIAHHBIX onyﬁnmcona}mmx B JIATe-
PaTYPC
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RELATIONSHIP BETWEEN THE STRUCTURE AND THE
VIBRATIONAL SPECTRA OF METAL CARBOXYLATES, I
REVIEW OF FUNDAMENTAL PROBLEMS

J. A. Andor, I. Dreveni and O. Berkesi

Structural characteristics of the carboxylate group and different metal carboxylates are discus-
sed. Earlier experimental data and interpretations on the relations between the structure and the
vibrational spectra were reviewed and commented.
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