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CHANGING IN THE DENSITY OF STATES CAUSED BY
VACANCY IN GaP AND InP

. By
G. PAPP* and F. BELEZNAY
Research Institute for Technical Physics, Budapest

( Received October 28,.1982)

A study of ideal-vacancy induced deep levels and changing in the density of states in two III—V
compound semiconductors (GaP and InP) is presented. The Koster-Slater Green’s-function technique
is used in conjunction with a linear combination of atomic orbitals description of the electronic
structure of the perfect solid.

" Introduction

The electronic structure of localized defects in pure and III—V compound semi-
conductors is of crucial interest in the understanding of optical and electrical pro-
perties of a class of materials of major importance in most field of pure and applied
solid-state physics. Excellent review of the various methods for the study of deep-
level impurities and defects has been published by PANTELIDES [1].

In this papér the Green’s-function method has been used to study the ideal-
vacancy-induced deep levels and the change in the density of states n GaP and InP
for both cation and anion vacancy.

" In the calculation Koster and Slater method has been apphed They showed [2]
that the electronic energy levels introduced in the band gaps by a localized perturba-
tion could be calulated from'a-knowlédge of the Green’s function for ‘the. perfect
crystal and the matrix elements of the potential, both calculated in the Wannier
representation.

The method was developed further by CALLAWAY [3] and calculations of the
electronic states in the band gap have been performed for the vacancy [4] and diva-
cancy [5] of Si in the Wannier representation. The numerical determination of Wannier
function turned out to be very tedious and difficult and for this reason only a few
subsequent calculations have been made [6].

LANOO AND LENGLART [7] observed that the Koster—Slater method can be,
applied using a conveniently chosen localized basis set: They performed a semiempi-
rical tlght binding band structure calculation for Si. The ideal vacancy was defined
by removing all the Hamiltonian matrix elements between orbitals localized about
the central atom with all basis states describing the system. .

* Permanent adress: Institute of Theoretical Physics, Attila Jozsef University, Szeged




4 . G. PAPP and F. BELEZNAY

This method has been extended by BERNHOLC and PANTELIDES [8], and our
calculation is based on this technique.

The outline of the development is as follows. In section A the tight binding for-
malism is described. Section B contains the Green’s function in LCAO-basis. In
section C the ideal vacancy potential is defined and section D contains the numerical
results.

A. Tight binding formalism

A brief review of the Linear Combination of Atomic Orbitals (LCAO) Tight
Binding Method will be given because the bulk solid electronic structure is calculated
within the framework of this approximation [9].

Atomic orbitals are symbolized by ¢, (7 — R%) where pu signifies both angular and
spm angular momentum quantum numbers of the atomic wave function and Re

-is the position of the ath atom in the nth primitive cell. Bloch sums, &%(k, 7) are
formed by taking combinations of each of these atomic orbitals in each primitive
cell, with the coefficients being fixed by the periodicity of the lattice:

N
£ N-12 KRS (3 B
@ (6, 7) = N7 3 o, (F—RY), o)

where the summation is over primitive cells. The perfect crystal wave functions,
¥9(k, ) are then linear combinations of the above Bloch functions:

Yk, P) = 3 Caj, k) oLk, 7), Q)

B

where j signifies the band index and C3(j, k) are determined by minimizing the
expectation value of the Hamiltonian. Solving the resulting secular equations,

2 e =R g, (F— RO H lp, (F— RD) — E; (R)3,45,,) CE(LB) = 0 (3)

we get the jth band energy at wave vector k E (k) and the expansion coefficients,

Ca(j, k).
B. Green’s function

" " Let H° be the perfect crystal Hamiltonian and ¥V the vacancy potential, then
the Hamiltonian of the crystal consisting of the vacancy can be written as

_ H=H'}V. @
The Green operator of the perfect crystal’s Schrédinger equation is:
G'(E) = lirgm (E—H%+ig)™, ()
e—~0+

The Schrédinger equation for the imperfect crystal can then be replaced by the
Lippmann—Schwinger [10] equation
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or equivalently . .
[1-GYEW1¥;(k, P) = P}k, P). ™

In the band gap Y’_‘,?(IE, #)=0, therefore the condition for the existence of a2 bound state
becomes
D =det|1-G(E)V| =0. ®)

Within the energy bands of the perfect crystal D is nonzero and a phase shift [3]
can be defined as follows:

_ _; ImD(E)
8(E) = ~tan™1 g - ®
It can be shown [3] that the change in the density of states is given by
_ L, d5(E)
. AN(E) = —E (10
G°(E) can also be expanded in the ¥(K, 7) basis set:
lis ){j: K| |
WE)= 3 " ——, 1
G*(E) ,-,2;;' E—E;(k)+ie an
Using Eq. (2) an expansion in the (u, «) basis set is
1 5 Cali, RCE*(j, kye”#Rn— R
0 = LAY -
G vom = N ,2,-, E—E;(k)+ie ’ (2

where N is the number of the unit cells.

C. The Ideal Vacancy Potential

The ideal vacancy is viewed as the absence of the appropriate atom in the nth
unit cell leaving all other atoms at the same positions, the atomic-like orbitals are
retained on all other atoms, and their interactions are assumed unaltered. As we have
seen in part B Eq. (8) is the condition that must be satisfied for a bound state to
exist. In the (i, o) LCAO basis it becomes

det “‘s;uz 7 2 G pa,p’a’ u a’ vﬂ“ (13)

If the functions ¢ are localized about atomic site and the perturbatlon potentlal vV
has a finite range the matrix element V,,,. .5 Will be nonzero if both @ and ¢# overlap
with the potential and the size of the detérminant reduces to the size of the nonzero
. part of the potential matrix [2]. The ¥ for ideal vacancy within the tight-binding
description using large cluster [11] represents a matrix which annuls all the interaction
between the atom placed at vacancy site and all other atoms of the solid. In this me-
thod the perfect crystal Hamiltonian’s matrix form is sheared four blocks (Fig. 1.a)
where the vacancy site is taken to be X and H_ is the m % m submatrix and m is the
number of orbitals chosen for atom removed to form vacancy, and the imperfect
crystal Hamiltonian is H=H,. To achive that let H and H° be of the same size,
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H is rewritten in the form of Fig 1b, where E, is arbitrary chosen outside the range
of interest and since V=H—H?, V has the form of Fig. Ic. An equivalent way to
obtain a matrix representation of V is to take the limit E;—< and use arbitrary
matrices in the off-diagonal blocks. This can’t change the eigenvalues of H [8]. Choos-
ing H in the form of Fig. 1.d where M=HS+Ej1 with E,—~os, we obtain for V
(Fig. l.e)

HY H E1 0 —H+E,1 —H;}
o B S O B A (S

H?\ Hl 0 Hl i A 0
a b c
_(M HY _ (Eol 0]
H= \H, HY) V= 0 O .
d e
Fig. 1.

The net result is that no electron is allowed to reach the site of this atom. Since the
perturbation matrix has the above form and the matrix of the Green’s operator is

G G°]
o_ [6x Ga
¢ = [Gg G
the matrix of the operator 1—G°V becomes
1-G%E, O)

— GV — xLo

From this it follows that
det||1—-G°V| = det |1 —G%E,), (14)

so that the size of the determinant reduces to the size of the nonzero part of the
potential matrix.

D. Calculations and results

In the present study s, py, p,, p, atomic orbitals were used, which, combined with
the fact that GaP and InP have two atoms in the unit cell, yield an 8 X 8 secular matrix
for the calculation of the band structure for the ideal crystal (Four valence and the
four lowest conduction bands can be obtained).

For numerical calculations of the energy levels of the ideal vacancy we need to
compute the Green’s-function matrix elements G%,(E) on the atom X where u=s or
p and )

PR *rs T

e—+0+ .k E—El(k)‘l'le :

(15)
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This expression can also be written as follows

dE’
o i 1
Gon(E) = Jim [ 5=y Cun (B,

-15 -8 -5 ) 5
Re Gss GaP
75.00 : ar | rsoe
2.2 2.0
-75.00- . o o .} -75.00
15080/ | -150.00
-15 -18 -5 2 5
e PR E(ev)
-15 -10 -5 ) 5.
70.88 — . " = " - L 70.90
Re Gpp GaP .
60.20 - L eo.ca
50.08 L s0.00
2.00 e
30.00 L. 3000
20.20 28.00
12.00 ' 1e.00
2.0 Y
-10.00 L _10.00
-20.08 L '~20.00
-28.00 | L -3p.00
-15 -0 -5 s 5
EleV)

Fig. 2. Real parts of G,(E) and G} ,(E)
of GaP in the case of cation vacancy.

(16)
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where the quantity C,,(E’) is given by

C,.(E) = zk C,(j, KYCr(j, )3 (E’—E(j, k).
N Js
Using the Dirac identity (15) becomes

62.&) = P [ ) 4k —inc,, ()

-15 -1 -5 ] 5

Re Gss II'IP
120.00 il 108.20

—

-100.20 1 - ~100.09

-15 -18 -5 ] 5

. EleV)

-15 ~-10 A-5‘ o 6 5

Re Gpp InP

50.08 I 50.00
25.00 t 25.00
2.8 L ee
-25.80 \,\/\ -25.08
-50.88 -50.88

-15 -1a -5 P 5

E(eV)

Fig. 3. Real parts of G%,(E) and G%,(E)
of InP in the case of cation vacancy.

1 I N N PN

amn

(18)
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For our present calculations we have used the method of GILAT and RAUBENHEIMER
[12] to evaluate the integral (17) for C,,(E’). Principal value integrals were evaluated

using the identity [13]

gE) . _ (EE)-gE) ., b—E
P fE 7 dE’ = f F—pr— dE'—g(B)Inp—.

-15 -12 -5 2 5

Re Gss GaP
502.00 500.09
400.00 402,20
200.08 3%.9:}
200.00 200.00
100,00 120,00
2.0 2.8

-102.00 | L - 10000

-15 -18 -5 @ 5

EteV)

-15 -10 . -5 8 5
Re Gp%m 20 . Gap 209.00
190.20 168.2 J
2.0 2.9
-120.20 F -100.02

-15 18 g o 5

E(eV)

Fig. 4. Real parts of G‘,’,(E) and G3 (E)

of GaP in.the case of anion vacancy.

.(19)
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Having evaluated the real parts of GY,(E), their zeros within the band gaps were
located and identified as bound states. The changes in the densities of states within
the energy bands were then evaluated using Eq. (10).

Calculations have been carried out for the ideal vacancy in GaP and InP.
The parameterization of the energy bands of these materials is that of das SARMA
and MADHUKAR [14] which retains the first and second nearest-neighbor interactions.

-15 -18 -5 ] 5
Re Gss InP
398.08 320.20
2¢2.28 290.20
180.28 180.02
2.0 . — " X]
-1eo.28 \(w -108.00
-15 -18 -5 ] 5
E(eV)
-15 -18 -5 [} 5
Re Gpp T T InP
4202.29 420.89
202.00 | 209.90
2.9 2.0
-202.00 L -200.20
-15 -18 5 - ] 5
E(eV)

Fig. 5. Real parts of G2,(E) and G2, (E)
of InP in the case of anion vacancy.
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This parameterization wére used to describe only the vacancy bound states of the
same metarials.

Figs. 2—3 show the real parts of Green’s functions for GaP and for InP in the
case of Ga and In vacancies, respectively. Figs. 4—5 show the real parts of Green’s
functions for GaP and for InP in the case of anion vacancies, respectively. The zeros

~15 10 -5 .8 .8
ANss Ay -~ - R - -
yx ; Ty
- 2,00 200
5 8.8 1 . oo
Y. 22 ber <2,00
: : i
7488 ] : H S
yg o iag ,_5_ A T
Et(eV)
~15 -10 . -5 o 8 5
sNpp O A R e
. 208 { : : 1 200
2.8 - 2.0
- 2004 : i} -200
-15 - S 7 7Td S8

E(eV)

Fig. 6. A, and T, contributions to the change in.density
of states induced by an Ga vacancy in GaP.



12 G. PAPP and F. BELEZNAY

of G in the regions of band gaps correspond to bound states of 4, symmetry and
the zeros of G%, in the regions of the band gaps correspond to bound states of T,
symmetry.
The positions of the bound states within the gaps of materials are given in Table I.
The changes in the densities of states are given in Figs. 6—9.

aNss
2.08 1 2.28
109 1 4.0
2.9 2.8
-1.80" 4 -1.00
_2.00 - -2.60
-15 -1p -5 ‘o s
E(eV)
-5 -@® -5 8 5
aNpp T2
3.60 1 2.80
150 1 : 158
2.8 1 — 2.0
-1.59 -1.50
-3.80 " L -3.00
-15 -10 -5 8 5
E(eV)

Fig. 7. A, and T, contributions to the change in density
.of states induced by an P vacancy in GaP.
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Conclusion

The modified Koster-Slater technique has recently been widely used to calculate
localized deep levels in semiconductors. A related quantity, the change in the density
of states is investigated in this paper. The optical properties of the deep levels, which
are of most important in many measurements and applications do depend on the

-15 -18 -5 8 5
ANss ]
3.0 1 ' 3.08
2.0 L._J k\—1 2.8
.:g_gg1 - -3.e2
-15 -18 -5 8 5
E{eV)
-15 ~-12 -5 [} 5
4Npp T2

2,00 - 2.08

-2.28 1 I ~2.83

-15 -10 -5 8 5
i E{eV)

Fig. 8. A, and T, contributions to the change in density
of states induced by an In vacancy in InP.
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band states too from where transition takes place. From our calculations it is seen
that in case of a reasonable “‘localized” transition significant structure can occur due
to the sharp peaks in the change of the density of states. This, similarly to the “inter-
nal” transitions of the d-electrons in the crystal field for transition metal impurities
might rise to unexpected structures even in case of an ordinary deep level if this
energy difference is smaller then the forbidden gap. It remains to find an appropriate
system where this effect should be seen experimentally.

-15 . . -8 -5 . .5
oNss Aq
2.8 - 2.88
22 i ﬁﬁA\z\,—[J J — 02
H . . :
~2004 - .. . ' : -2.08
400 ) - I -4.08
-15 < iqg s "o 5
E(eV)
=15 -1 -5 8 5
&Npp T2
§
2,06 - : 2.00
ga { t———‘ m——t 2.9
-2.80 1 . -2.89
-15 -18 -5 a 7 6
E(eV)

Fig. 9. A, and T; contributions to the change in density
of states induced by an P vacancy in InP.
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Table 1

. A, and T, levels obtained in this work. Energy in eV.
( The energy zero is at the top of the valence band)

GaP InP
Ay Ty A Ty
Vanion 1.70 20 - 1.36 1.66
cation - 0.5 —_— —_—
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"ISMEHEHUA B ITJIOTHOCTHU COCTOSSHUN BCJEACTBUE BAKAHCUN
B GaP u InP

I, ITann u @, benesnau

Hccnenyiores rnmyOokdae ypOBHH, CO3HAHHBIE MIOCAILHON BaKaHCHEM M M3MEHEHHS B ILIOT-
HocTH cocTosiHuit B ABYX III—V nonynposoguukax (GaP u InP). Ucnonb3yercsd Texuuxa TPHHOB-
ckux ¢ynxuuit Kocrepa—Crerepa BMecte ¢ JIKAO 1A 9/7€KTPOHHOR CTPYKTYPH HACATBHOLO
TBEPAOro Tena.






DISTRIBUTED FEEDBACK DYE LASER TUNING
BY DIVERGENT PUMPING BEAMS

By
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Institute of Experimental Physics, Attila Jozsef University, Szeged, Hungary

( Received 10th November, 1982)

A simple tuning method of distributed feedback dye lasers based on divergent beam pumping
is presented. The tuning mechanism is described theoretically. The calculated and measured values
of tuning sensitivity and maximum tuning are in good agreement. Continuous tuning of 5 A was
demonstrated experimentally.

Introduction

It has been shown recently that the N, laser pumped distributed feedback dye
laser (DFDL) is capable of generating short transform-limited pulses. DFDL’s are
simple in construction, they produce stable, single picosecond pulses {1—3] without
the use of expensive pulse selectors. Their operation range covers the visible and near
UV part of the spectrum [4]. Amplification of the pulses by a few amplifier stages
pumped by the same [5] N, laser is quite simple. It was found that the DFDL’s have
much lower amplified spontaneous emission (ASE) background level, and besides
the efficiency and tuning range is about twice as large as that of the grating tuned
lasers [6].

The pumping arrangements described in [4, 6, 7] allowed us to create a perfect
pumping interference pattern even with superradlant (N,, Cu-vapor exc1mer etc.)
lasers with low temporal and spatial coherence.

The pumping arrangement incorporating the quartz parallelepiped described in
[4, 6] is very simple in construction and it can be easily aligned. However, it is a dis-
advantage that the simple tuning method, based on the rotatlon of mirrors [7],
cannot be applied to this case.

In this paper, we are proposing a very simple tuning method based on pumping
the DFDL by divergent beams allowing a change of a few A in the laser wavelength.

7]

Theoretical considerations
. DFDL’s are usually pumped by an-interference pattern created by two beams
of very low divergency [9]. Thus the points of maximum intensities form parallel

and equidistant planes. In this case the period of the interference pattern at the surface
of the dye cell (and consequently, the lasing wavelength) is unchanged against the

2
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translations of the dye cell. A pumping interference pattern with tailored spatial
dependent period allows a very straightforward tuning method, based on the shift
of the dye cell. This principle was applied for tuning a DFDL in [10], where two slight-
ly divergent pump beams were used to form the interference pattern. Similarly, we
have also used divergent pump beams to pump the DFDL (Fig. 1). The pump source
was a TEA-TE N, laser oscillator-amplifier system, similar to the one described in

\4

B(-usin 8,0) g -4 B (usin3,0)
a8 ' x
GRATING Y '

u
1) MIRROR
9%
dyl % EH’ / Y=y,
DYECELL /
de [
!
/
\ L PUMP BEAM
| t
il |
EQUIVALENT
e LIGHT SOURCE
A

Fig. 1. The equivalent interference scheme of a DFDL pumped by divergent beams. P,P, and 4
are the points where the two diffracted beams causing the interference and the pumping beam are
emerging from, respectively.
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[8] with a divergence of 0.4 mrad. The pump beam was sent through a telescope fo-
cussed almost to infinite. In this way, a pump beam was obtained which could be
considered as to emerge from an equivalent point light source A. The position of
point A was set by proper focussing the telescope. It can easily be shown (see Appen-
dix 1) that the beams, diffracted by the grating, into the +1 and —1 orders are pro-
pagating as if they had emerged from points P; and P, respectively (see Fig. 1). The
distance of P{ and P; from the point B of the grating (¥") can be calculated by u’=
=lcos? § (see Appendix 1), where /=AB, and f is the angle of diffraction. The
beams, after being reflected form the two mirrors, produce the same interference as
if they had emerged from points P, and P,, thus the points of maximum intensities
of the interference pattern form a set of hyperbolas The distance of P, and P, from
the dye cell (v) approximately equal to «’ in our experiments. In Fig. 1, the co-ordi-
nate system is chosen so that the co-ordinates of points P, and P, are ( —usin B, 0)
and (u sin B 0), respectively. Therefore, the equation of the curves of max1mum
intensities is:

X2 2 o o

H

L ., nl,\?
[-5—] u?sin ’B_(T]
where: 4, is the wavelength of pumping and, » is an integer (the order of the intef-

ference).
It is easy to show that the x co-ordinates of the maximum intensities at the sur-

face of the dye cell (y=y,= —u cos ff) are given by

n%A3 cos® B

) n i2 sin B 4usin? f—nti2’ @
The quasi-period of the DFDL structure is defined by »
A= (xn + l—xn)' (3)

It can easily be shown that A varies along the axis of y. This effect can be used
as a tuning method by shifting the active medium (or the grating) along axis y.
There is also a small dependence of A on x which may spoil the pertodicity of the
DFDL structure. This effect can cause an unwanted line broadening. It can be proved -
easily by a geometrical consideration (Appendix 2) that the tangents of y=y, of the
hyperbolas intersect at a point on axis y at a distance of v=Icos  from the y=
=y, line. Therefore the value of tuning sensitivity with respect to.the shift of the
dye cell:

A dy , -
A = Toosh’ :- )
Using the proportionality between A and the lasing wavelength (1) we get:
v A
dy  TcosB’ )

Equation (5) was verified experimentally. Fig. 2 shows the tuning sensitivity

[%) versus the reciprocal distance of A from the grating (%J - The tuning sensitivity

2.
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aA
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-1 -05 05 1 1.5 2 _.‘|. {m™]

Fig. 2. The tuning sensitivity of DFDL based

on the shift of the dye cell versus the reciprocal

distance of A from the grating. The solid line

is the theoretical curve, the points are the
measured values.

MIRROR E < -~

DYE CELL Ay

J

C

PUMP BEAM

cmamesem e ———

Fig. 3. The pumping arrangement produces

an interference pattern with high visibility

because the two beams coming from the same

part of the pump beam (points 4 and B)

interfere at the surface of the dye cell. When

the dye cell is shifted (4y), different parts of
the beam interfere (at point C).

was determined by measuring the change
in the wavelength and the corresponding
shift of the grating. The wavelength tuning
was measured by a Fabry—Perot inter-
ferometer (FSR=0.42 A F=20). The value
of | was calculated from the setting of
the above mentioned telescope. The
positive and negative values of / corres-
pond to the divergent and convergent
pump beams, respectively. In Fig. 2 the
solid line is the theoretical curve, the
points are the measured values. It can be
seen that the agreement is very good.

Estimation of the tuning range

From equation (5), we obtain for the
tuning range (44) that

A
42 = lcosﬂA'v’ ©)
where Ay is the possible maximum shift of
the active medium.

Let us look for those physical effects
which determine the maximum value of 4y
and the minimum value of /. The pumping
arrangement described in [7] has the
advantage that, if the geometrical relation

Y (d)zl
x 7 \Q)

P

)

holds (d is the grating constant), then two
beams coming from the same part of
the pump beam (see points 4 and B in
Fig. 3) will interfere at the surface of the
dye cell. Therefore there are no strict
requirements for the spatial coherence of
the pump beam. When the dye cell is
shifted along axis y, the more distant
parts of the pump beam produce inter-
ference (point C in Fig. 3). In this case,
the visibility of the interference pattern
decreases because of the finite spatial
coherence of the N, laser beam. This effect
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limits the maximum value of A4y. Ay can be obtained by using the threshold
characteristics of DFDL. The measured threshold of DFDL versus the shift of the
grating is shown in Fig. 4. Parameter M is the magnification of the telescope placed
between the DFDL and the N, laser system. In this experiment, the telescope was
focussed to infinite. The intensity of pumping was varied by a variable liquid filter.
In Fig. 4. it can be seen that by increasing Ay the threshold is also increased. Further-
more, the spatial coherence of pumping is proportional to the magnification of the
telescope, because the curves can be transformed into each other by a magnification

1 . . . .
of i along axis x. Earlier investigations have shown that, for pump pulse duration

of 1.5 ns, the DFDL generates a single pulse only when the pump intensity does not
exceed by more than 1.3 times the threshold pump intensity. This pump energy range
of the single pulse generation was regarded as the maximum movement of the grating
or different values of magnification M (see Fig. 4).

It was mentioned before that the periodic structure of the DFDL was not strictly
equidistant for a finite value of /, i.e. in the middle of the excited volume was different
from that at the ends (see (2) and (3)). Let us calculate the minimum value of / de-
termined by the allowable maximum non-periodicity of the DFDL structure. Let
the difference in A caused by the above-mentioned effect be denoted by AA. Where:

Em,
{rel. unit]
L4
M=
065 M=1
M=153
+3
12 !
13
A [F7¢
; 1 i~ Single pulse generation
: i range
1 L ] E 1 1 L
~200 -100 0 100 200 Ay[um]

Fig. 4. The measured threshold pump energy versus the shift

of the grating. Parameter M is the magnification of the

telescope placed between the DFDL and the pumping N,

laser system. All of the three curves are normalized at x=0
to unit.
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A, is the quasi period belonging to n=0. Using equations (2) and (3), we get

2 2
A _ V1+ L 8)

A, 42 cos* fsin® f—n1,

Using the A=dsin B relation, and introducing the (p=# notation Eq. (8)

A, @tcos f
A V“m- @

becomes simpler:

Notice that ¢ is the half angle of the pump beam illuminating the DFDL consist-
ing of 2n periods. Using the proportionality between A and A from equation (7) and
(8) for small values of ¢, we can obtain

42 (Pz :
1 " 8costf’ (10)
where AL is the passive bandwidth caused by the non- pCl‘lOdlClty of the DFDL
structure. 42 is supposed not to exceed
the expected bandwidth of the DFDL
(42*). A DFDL operating under our
experimental conditions (pump pulse
4 © duration is 1.6 ns) is expected to
generate 40 ps long pulses, as described
in {11]. The bandwidth corresponding
to this pulse duration for transform
limited pulses is approximately 0.1 A.
Using this value for 44, one can get for
of {=0.5m. With this value of /, and
the highest magnification (M =1.53) of
the telescope (see Fig. 4), a tunmg
range of 5 A was achieved experimen-
tally, as seen in Fig. 5. Fig. 5 shows
U the tuned DFDL output monitored by

a Fabry-Perot interferometer (FSR=
J =0.84 A, F=20). The curve was
obtained from a signal of a Laser
Fig. 5. The experimental tuning curve of the Photometer (Molectron LP 20), which
DFDL. Tuning was measured by a Fabry-Perot formed.the ratio of the power of the
interferometer (FSR=0.84 A, F=20) and a Laser beam light having passed through the
Photometer (Molectron LP 20). Fabry—Perot interferometer to the
power of the beam entering the inter-

ferometer as the reference.
The tuning method described above is based on dependence of A on y. Since
the size of the active volume in this direction is in the order of hundreths of microns,
the change in A can be considerable so as to lead to the broadening of the linewidth.
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This effect can be avoided, if

@ < (j’yl - , )

* ) *

. is the dependence of 1 on y inside the excited volume a —ﬁﬂi
dy dy dy cosa n
(see Appendix 3), and 4 is the penetration depth of pumping. Condition (11) can be
fulfilled by increasing the concentration of the dye solution, but this is limited by
diffraction losses. Under our experimental conditions the the 6-1072 M Rhoda-
mine 6G solution provided the best performance. It should be mentioned that by
increasing the value of ¢ not only the bandwidth of the DFDL is increased, but also
the divergence of the DFDL. This effect is caused dy the non-parallelism of the inter-
ference lines. The value of the divergence can be estimated knowing the rise of the
tangents of the hyperbolas and taking into con51derat10n the law of their refraction
(Appendlx 3).

We have observed an increase in the dlvergence of the DFDL experimentally,
as well.

where

Conclusion

We have described theoretically and studied experimentally a tuning method
based on pumping the DFDL by divergent beams. The method is capable of a tuning
of a few A, and can be applied also when the pump arrangement incorporating a
quartz parallelepiped is used [4, 6]. It is very likely that the reason for the tuning
effect observed in [7] is the same as described above.

Appendix

1. From the grating equation, we can obtain:
cos e doe = cos B df, (A1)

where: « is the angle of incidence, (in our case «=0), and B is the angle of diffraction.
It can be read from Fig. 1 that

da = T : _(A2)
and
dp = dx—Z?Sﬁ, ‘ ' @y
Therefore starting from (Al)—(A3) ' A
u =lcostp (A9)

It can easily be calculated by simple geometrical considerations that
u=u+XxX2+Y2, - (AS)
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2. Let point P be an arbitrary point of the excited volume belonging to the optical
path difference of n4, (Fig. 5). It is well known from geometry that the tangent of the
hyperbolic curve at*P is the bisector of PP, and PP,. Applying the sine-formula for
the triangle of P, P, P, we get for a small value of df that

u+ﬂg
sin(y+df) _ 2 (A6)
sin(y—dB) ~  nd,’
u——=
2
In our experiments E%’-«u. In this case, (A6) is simplified to
_nl,ctgB
dp = 228, | (AT)
It can be read from Fig. 5 that
_ OP _onk,
dp = v 2vsinf’ (A%)
Comparing (A7) and (A8) we can obtain: .
= —1Icos B (A9)
Yy A )

Since v is independent of n, it means that all the tangents of a hyperbola intersect at
the same point C.

3. Let us look for the refraction law of the maximum intensity curves of the
interference pattern formed by two beams intersecting at an angle of 28, when they

L1 R s.;
nAg Hyperbolas
vl
Active
1 medam

Fig. 6. Geometry for the calculation of tangents of the hyperbolas and their law of refraction.



DISTRIBUTED FEEDBACK DYE LASER TUNING 25

are at the surface of a medium with a refractive index of n. Let df be the angle be-

tween the tangent of the maximum intensity curve (PC) and the normal of the surface
(indicated by a broken line in Fig. 6). In terms of the Snell’s law we can obtain:

da = %{aré sinw —arc sin an;‘ﬂgl}

Assuming a low value for df:

cosf 1
~cosa y

B

which can be regarded as the refraction law of the interference fringes.
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INEPECTPAMIBAHHME POC JIA3EPOB, BO3BYXXKIEHHEIX PACXOAAIINM
IIYYKOM

K. bop, II. Cammapu, I'. Cabo u b. Pay

Omrcan cnoco6 mpocroro nepecrpawBanusa no mruxe sonrx POC jazepoB, BO30YXICHHBIX
PACXOASIIMM Ty4koM. TeopeTHdecKd M3yueH CHocol nepecTpauBanus. PacueTHble H IKCIEPH-
MEHTA/IbHBIE JAHHBIE XapaKTEPHCTHKH IepPecTpauBaHUsA M MAKCHMAanbHOH O6IacTH NepecTpamsa-
HHS HAXOIATCA B XOPOILUCH COOTBETCTBMM. DKCHEPHMEHTAILHO NPOIEMOHCTPUPOBAHO HEOPEPHIB-
HO€ nepecTpanBaHue B 00/1aCTH 5 aHrCTPIMOB.






FLUORESCENCE NONLINEARITY OF WATER DISSOLVED
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The nonlinear dependence of the fluorescence of water dissolved fluorescein on a high power
density of laser radiation (@) with a dye concentration of 10~4—10~° M has been investigated by a
pulsed laser microfluorimeter. When measuring the saturation factor I as a function of (&), one of
the methods employed is the determination of true fluorescence intensity (Z,) from the intensity mea-
sured (Z,) by a microfluorimeter, and another method is proposed for calculating the excited state
lifetime from the function I,(®).

Introduction

Although lasers of high power and their application in the field of nonlinear
optics is well known, the aim of these applications (high resolution laser spectroscopy,
SHG, induced Raman scattering, efc.) have been first and foremost to investigate
atoms and simple molecules and not complicated compounds.

The combined organic compounds (e.g. dyes, with broad and strong absorption
bands in the visible region — ¢,=1071% cm? — and having the short lifetime of the
excited state in solution — t=2-—6ns), require very high photon flux density (&)
for fluorescence nonlinearity, a phenomenon mentioned in the theory of saturation
of the excited electronic state of a fast three-level system, where the saturation photon
irradiance (&;) is defined as [1, 2]:

1

N

The putting of dye lasers pumped by solid state or gas lasers (e.g second or
third harmonic of Nd and Rb lasers, or N, and excimer lasers) to practical use has
not .stimulated as yet the investigation into the nonlinear behaviour of the fluores-
cence of dyes depending on photon irradiance, because ¢ of the pumping lasers is
quite near the saturation limit, at every exciting wavelength.

But recently fluorescence microscopy in biology and medicine (i.e. laser micros-
copy — laser micro fluorimetry [3, 4]) has used tunable pulsed dye lasers as pumping
sources. In these experimental cases, when dyes are using several biological macro-
molecules for labelling, the power density exciting these dyes can change from
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10 MW/cm?to 1 GW/cm? — i.e. 1023—10%7 photon/cm sl. (E.g. if the power of the
pulse is not more than 5 kW, and the laser beam divergence is | mrad, when using
a lens of 100 mm focal length (f;), the diameter of the beam waist (d;) is 100 pm
and the power density (&,) is 50 MW/cm?, but when using a f,=10 mm lens, d,=
=10 um and ¢,=5 GW/cm?).

Investigation into the nonlinear behaviour of the fluorescence of combined orga-
nic molecules as a function of high power density has not made great headway yet
far-reaching, either theoretically or experimentally [5, 6]. For this reason, we aimed
at studying the fluorescence nonlinearity of water dissolved fluorescein using a
pulsed laser microfluorimeter, when the power density of the exciting laser light was
about o,.

Material and methods

For the object of investigation fluorescein dye (pH=12) dissolved in water was
decided upon. Our choice fell on this dye because the fluorescein had been investigated
with conventional methods many times and even by a pulsed laser fluorimeter [7]
a few times, and this dye is one of the most popular labelling dyes in biological and
medical microscopic investigation [8].

Fluorescein was purified by chromatography, and the solvent was deionized
water. The watering was made from a concentration of 10=* M drawn on the tenth
part in every case, and the concentrations used were 107 10~7, 1078, 107°® M.
We applied these low concentrations, because the optical density of the solutions
(OD) was very low, and so the power density showed a negligible change through a
pathlength of 1 cm. In terms of the Beer—Lambert law a less than 10 p. c. absorp-
tivity is after 1-cm pathlength, if the concentration (c¢) with fluorescein at exciting
wavelength of 480 mm (2,) is:

_logl.l

C—-—W=10_6M (2)

oD = 1og%=e(xe)-c.d —logl.1,

The experimental set-up

The main parts of the pulsed laser microfluorimeter are shown in Fig. 1.:
Nitrogen laser (NL) (built in our institute) with triggering pulse generator, dye laser
(DL) (also built in our institute), delaying pulse generator (D), sample holder (S),
monochromator (M) with stepping motor, photomultiplier (Ph) with high voltage
supply, multichannel analyser (MA), computer (Comp.) x—y plotter (x—y), F;, F,
neutral optical density filters and L,, L, lenses.

The advantages of this apparatus comes from the use of the pulse measurement
technique. The pulse generator of NL triggers everything. This pulse switches the
discharge of NL, makes step through D, the stepping motor of M (i.e. tunes the
monochromator), and opens an electric gate its time-duration is 100-—500 ns. The
amplitude/digital converter A/D of MA integrates the photocurrent receiving it
under measure time, and converting it into a digital signal, which will be accumulated
in one of the 1024 channels. MA, after this process makes step on M and is ready to
receive the following data, and the first channel follows the last one. So this apparatus
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STEPPING
D
MA
oL NL 1
Comp
1 1
I X-y
R L
Fig. 1. Pulsed laser microfluorimeter design. NL — nitrogen laser,

DL — dye laser, D — delaying pulsed generator, S — sample holder,

M — monochromator, Ph — photomultiplier, MA — multichannel

analyser, Comp. — computer, x—y — x—y plotter, F;, F; — neutral
optical density filters, L,, L, — lenses.

— according to the programme — can measure many times the total spectrum
(340 nm—640 nm), and therefore the signal to noise (S/N) ratio gets better. There
is still a possibility to integrate the various parts of the full spectrum and to subtract

the background signal from the total.

In the dye laser a 4-diethylamino-7-methylcoumarine dye was used. The energy
and the duration of the pulses were 15 uJ and 3 ns, respectively, when the repetition
rate was 25 Hz and the wavelength was 480 nm. The beam divergence was 1 mrad
and the polarization degree on the horizontal plane was 0.99.

We determined the transmission funct-
ion of the monochromator (Czerny—
Turner construction), containing a grate
of 600/mm and two concave mirrors of
25 cm, and of the photomultiplier (typed
FEU—100), so we got corrected spectra
by the x —y plotter.

The linearity of the Ph was studied
with respect to the full spectrum of the
fluorescein. There was such a concentrat-
ion (~10~7 M) in the cuvette as it give a
strong signal. We filtered the fluorescence
signal by filters F, and we measured
photocurrent (I) (I means the digital
signal, the bit of the current), concerning
unit gain one running. This caracteristic
can be seen in Fig. 2. in logarithmic scale
(OD is the optical density of the filters F,).

2._
01
£
) Ja
2 I
—
r o
43
L 1
2 1—0D 0

Fig. 2. The dependence of the measured
photocurrent of the pohotomutltiplier (Ig I)
and the signal to noise ratio (g S/N) on the

total fluorescence light intensity (OD).
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It can be seen in Fig. 2. that if I is 10* bit, then undisturbance spectrum can be
measured, and the S/N ratio is about 30.

The stereoscopic set-up of the sample holder is shown in Fig. 3.

We have decided on 140 mm for the focal length of lens L,. The product of this

length and the beam divergence are 140 um, i.e. the diameter of the beam waist.

In this case, the power density is 25 MW /cm? (5 - 10?° photon/cm? st), since the average

power of the laser pulse is 5 kW, and this

c value @ is about 50 times higher, than the

&, producing saturation of the excited
state (@#,=0.5 MW/cm?).

The exciting, focused laser beam
passes through prism (P) and goes verti-
cally to the lower part of cuvette (C).

. The excited volume in the solution is a
cylindrical shape, it is parallel to the slit
3 of monochromator (SL), and it is -pro-
i/ jected in a ratio 1:1 by lens L, on to S.
P The width of the slit was 0.2 mm, so the
E spectral resolution of M was 2 nm. Vector
E is the electric polarization vector of the
1 laser beam, and its direction is unchanged
Fig. 3. The stereoscopic set-up of the sample T a8 compared to the direction ,Of def(ea'
holder. L, — lens of 140 mm, P — prism, 1ion — to the set-ups of other investigat-
: C —cuvette. ions concerning the Raman scattering of
' water [8, 9]. The point, where the beam
goes to the cuvette, is not projected on to SL, so the scattered light on quartz is not
disturbed.

We made choice of an exciting wavelength of 480 nm, because the fluorescein
is highly absorbent at this wavelength, but the other organic traces in the water were
less excited. This wavelength, as scattered light, has not disturbed the measurement
of the fluorescence spectrum of fluorescein, and the band of the Raman scattering
of water (~3400 cm™?) arises at 745—750 nm, when 1,=480 nm.

So the Raman band of the water and the maximum of the fluorescence of the
fluorescein are at separated wavelength and the Raman scattering as a solvent
blank is not much disturbed only at low concentrations, we measured the total
spectra from 340 nm to 640 nm at every concentration and at every power density,
five times. The blank signal from the total was subtracted and corrected with the
transmission function of the apparatus. Then we calculated the integral of the
corrected fluorescence spectra (I).

In every case we started the mesurement of function 7,(®) without filters F,
and we put before the monochromator filters F, of such optical density that the
photomultiplier could get a light intensity corresponding to 10* bit. Then increasing
the OD of F, we decreased the OD of F;, at the same time.

m

Y-

L
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Results

Fig. 4. shows the corrected
spectra- with the transmission func-
tion of the detector of 0.01 N water-
dissolved fluorescein of 107*M
(4.=480 nm and the observation
of the radiation was perpendicular
to the laser beam and as well as to
E vector). The power density of the
exciting laser light was filtered at
various spectra what is shown in the
Table L.

We can see from Fig. 4., when
that we filter the power density, the
maximum intensity of the Raman
band of water is changing simul-
taneously with &, but the floures-
cence intensity is not, and when the
@ is only 2—3% of the beginning
power density ie. ~10%
photon/cm?s! — the fluorescence
intensity compared to the intensity
of Raman band shows no change.

As a second step, we also
measured the dependence of the
total fluorescence intensity (/) on
the power density of the exciting
light with other concentrations
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Fig. 4. The spectra of the total scattered light fluores-
cence, Raman scattering of the 10~* M fluorescein
.in water (pH=12) as a function of the several
exciting power density &. 1—25 MW/cm?, 2—12.5
MW/cm?, 3—4.16 MW/cm?, 4—1.25 MW/cm?,
5—0.8 MW/cm®.

(10-8, 1077, 10—¢ M). This connection is shown in Fig. 5 in log-log scale.

In Fig. 5 small cirdes are the symbols of the experimental results. / depends linearly
on @, if the photon flux density is lower than 10** cm™ ?s 1. So to most of the measured
points at a 10~% M concentration a straight line at angles up to 45° — expressive of
the linear connection — can be fitted, and we lengthened this line to the vertical axis.
We have drawn three further theoretical lines at 10~7, 1078, 10=® M parallel to the
line concerning 10~® M. These lines were shifted with one, two and three decades.
One part of the measured points concerning 10~7 M was perfectly congruent with the

Table I
Curve number 1 2 3 4 5

OD of filters 0 0.3 0.8 1.3 1.5
Filtering (%) 100 50 16.6 5 3.3
Power density ’

(MW/cm?) 25 12.5 42 1.25 0.84
Photon flux density

(photon/cm?s!') 5.10% 2.5.19% 8-10% 2.5-10% 1.6-10%
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theoretical line, while the linear part, at lower concentrations could not be measured
because of a significant decrease in the fluorescence detected.

The measured points concerning an @ higher, than 10 cm~2s~! can be found
on the log-log scale, also along a straight line (broken line). The slope of these lines
significantly deviates from the line angles to 45° and the tangent of this angle is
equal to 0.55, i.e. about 0.5. Such a kind of line on the log-log scale is a parabola
on the linear-linear scale:

I, ~V®, if 3-10**cm~%s7! < & < 50-10**cm =251 ?3)
" " MMW/cml) \
0 10 ) 10
107 N 102 L——‘ 10% ?,,.(cm 8 o .

T T

o

o Rl

4 3 2 —0D 1 0

Fig. 5. The dependence of the fluorescence intensity (/) of
the water dissolved fluorescein on the power density of the
exciting light pulses @ with 107° M (1), 1078 M (2),
- 1077 M (3), 107* M (4) concentrations. Exciting wave-
length A,=480 nm. Continuous line — linear part,
broken line -— non- linear part.

We can draw some important conclusions from Fig. 5: The broken lines intersect
the lines of 45° at the same @’ (~ 10%* cm~2s~%), their slope is also the same and they
are equidistant (this separation is exactly 1.0). The nonlinear behaviour of the
fluorescence of fluorescein in water solution at every concentration occurs at the
same @’ value, i. e. @ depends only on the molecular parameters corresponding to
Eq. (1), so that this phenomenon is the saturation of the excited state.

But the approximation given in Eq. (3) does not show saturation. Equal to the
former effect is that factor I' (I" is the ratio of I° — the number of fluorescent photons,
which would have been detected in the abscence of saturation, the value of the linear
angles to 45°, — and of I, — the measured number of fluorescent photons — at
the same excitation) as the function/of & is not linear.
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Conclusions

Experimental results shown in Fig. 5 can be used in many respects: to several
purposes.

1. One of the possibilities is the calculation of the true fluorescence intensity 7°
at a @ value, from the measured intensity with the help of I, i.e. the measured fluores-
cence intensity is needed for corrections made in terms of the saturation factor. For
the purposes of correction measuring function 7,(®) at an optional concentration is
quite sufficient. (It is best to carry out at the concentration limited by Eq. (2), because
the longest linear part of function 1,(®) can be observed in this case). E.g. in our
measurements the photon flux density without filtering is 5-10%® cm~25~! and the
lg I'=0.8. It means that if is with the I, produced with 6.3 that we obtain the true
fluorescence intensity. It is an important factor which has to be taken into account,
if we want quantitative analysis from fluorescence measurement under microscope.

2. The other possibility is the determination of the lifetime of the excited state
at very low concentrations 10~°—10~2 M. This determination is based upon the ob-
servation that two straight lines, which are fitted to the measured points, intersect in
the log-log scale about 10%* cm~2s~1 with accuracy +0.1. Using this value together
with the value of the absorption cross-section at 480 nm ¢,=2.2- 1072 cm? we can
calculate from Eq. (1) 7, which is given as 4.5+ 1.0 ns. It is in good agreement with
the results obtained by other methods at low concentrations [10—12].

3. The third possibility is the calculation of the absorption cross-section from
Eq. (1), if we use a tunable dye laser, and if its power density is known at every wave-
length, and if the lifetime of the excited state of the molecule studied is measured by
an other method at low concentrations 10~%—10-% M.
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®JIVOPECHEHTHAS HEJIMHEMHOCTD ®JIIVOPECUEWHA, PACTBOPEHHOI' O
B BOJE, ITPU BO3BYXAEHUM NMITYJILCAMHK JIASEPHOI'O U3JIVUYEHUS
INPYU BBICOKOM IUIOTHOCTU MOIHOCTU

5. Hemem, H. Hlauma u JI. Ko3zma

Henmuelinasa 3aBHCHMOCTH (priyopecueHImH (ayopecliedHHa, paCTBOPEHHOIO B BOJE, HCCNENO-
BaHA MMIIYJBCHBIM JIAa36pHBIM MHKPOG(AYOPHMETPOM NPH BBLICOKOH MAOTHOCTH MOIIHOCTH jla3ep-
HOTO H3nyuenys (D), NPH MajibiX KOHUEHTpaIMax xpacutens 10~°—10-° mons. Ha ocHOBaHMH A3-
MepeHMs 3aBHCHMOCTH ¢akTopa Hacbmienus ¢nyopecuenim () or @D, pa3paboTaH MeTOX oA
pacyéTa MCTHHHOK MHTEHCHBHOCTH ¢nyopecucHiM (/) M3 W3MepeHHOH MUKPO(IyOpPUMETPOM HH-
TeHCUBHOCTH ([;), 4TO ABNACTCH HPEIOKEHMEM HOBOTO METOAA I ONpPEAEACHAA BPEMEHHA KH3HA
BO30Y)OEHHOTO coCTOSHHAA A3 GyHKUnw I, (D).
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The kinetics of decomposition of 2,2-azobispropane was studied in the presence of excess mole-
cular hydrogen at temperatures from 473 to 559 K. The initial rates of formation of the products
were determined. The results are explamed in"terms of the proposed mechanism by evaluation of
k, for the reaction:

lSG-Cs H7 +Hz —’Cs H3+H . . (4)

Introduction

Hydropyrolysis is an industrial method in which hydrocarbons are pyrolyzed
in the presence-of molecular hydrogen. This method can be applied to modify the
composmon of the products in the pyrolysis of hydrocarbons The basis of the
influence of molecular hydrogen in the hydropyrolysis is .a competition between two
elementary reactions [1]: the abstraction of hydrogen by alkyl radicals from hydro-
carbons, and the abstraction of hydrogen by alkyl radicals from molecular hydrogen.

In this work the aim was to provide kinetic parameters for the reaction of iso-
propyl radical with molecular hydrogen. For this reaction experimental and estimated
kinetic data are available. BALDWIN and coworkers [2] suggested the rate constant
shown below, obtained from results on the oxidation of isobutyraldehyde:

log (ky/dm® mol 1 s 1) = 9.5—66.5 kJmol~%/2.3RT

For the actlvatlon energy of the title reaction Le Roy suggested 52.3 kJ¥mol—1 [3] :
Arrhenius parameters were estimated by means of thermochemical calculations,
the following data being taken from the literature:- .
a, The thermochemical data shown in Table 1.
b, : :

log (k—y/dm® mol~*s %) = 10.8+£0.4~32.6+3.3 kJmol /23 RT

suggested by BALDWIN [4] for the reverse reaction.
The following equations were used [5]:

A AS8°
.ln ‘4_44 =T and E4 E_.4=AH0

3‘
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Table 1

Thermochemical data [4, 6] for the reaction iso-CsH, +H, -—_‘i‘—= C;Hg+H

| soc, | H, | CoHs H
4H°
Tmol-T 73.6 0 -103.8 218
se
TK-Tmol-* 279 130.5 269.9 114.6
m

where A4 and E are the Arrhenius A4 factor and activation energy, respectively; 4S°
and 4H?" are the standard entropy and enthalpy change of the reaction, respectively.
The result of the estimation can be given as follows:

log (ky/dm® mol~1's1) = 9.5~73.2kmol~1/2.3RT

As there are some differences between the calculated and estimated data, it seemed
worth redetermining the Arrhenius parameters of the title reaction in a new system.

Experimental

The isopropyl radical was produced by thermal decomposition of 2,2-azobispro-
pane (hereafter AIP) in the presence of excess molecular hydrogen. The ratio of the
concentration of H, to the concentration of AIP was varied between 50 and 200 at
473—559 K. Experiments were carried out in a conventional static vacuum apparatus
equipped with greaseless taps. Reactions were performed in a 108 cm® cylindrical
Pyrex vessel installed in an electric furnace. The reactions were started by measuring
the pressure of the reactant in a 72 cm?® closed part of the vacuum line, thereafter
shared with the reaction vessel. Reactions were quenched by admitting the products
into an evacuated sampling bulb connected to the vacuum line by a high-vacuum
joint. Products were analyzed by G. C. on a Perkin—Elmer F 11 gas chromatograph
equipped with FID. Analyses were performed on the following columns: a 3 m co-
lumn filled with 20 w9% didecyl phthalate on Chromosorb PS at 343K, and a 2m
column filled with 40/100 mesh alumina at programmed temperatures. Leads and
analytical system, where necessary, were heated to 320 K by heating tape to avoid
condensation and adsorption.

Reactions were performed under atmospheric pressure. Measurable reactions
occurred only at high [H,]/[AIP] ratios. To ensure high [H,)/[AIP] ratios, the con-
centration of AIP in the reaction mixture was kept low. To increase the accuracy of
the analyses of the products, an internal standard was used. Perfluoromethylcyclo-
hexane (PFMCH) was selected as internal standard, as the peak of this compound
did not interfere with those of the products of the reaction or the starting material.
PFMCH proved to be stable under the conditions applied. In the experiments the
concentration of AIP was seven times higher than that of PFMCH.
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Results and Discussion

With regard to our earlier results [7, 8] the following reactions seemed worthy
of consideration in this system:

(1) AIP —~ N,+2is0-C;H,

(2) 2iso-C3H; — 2,3-dimethylbutane

(3) 2iso-C;H; - C;H+C,H,

4) iso-C;H,;+H,; -~ C;Hs+H -

(5) iso-CsH,+AIP - C;Hg+C3Hg .- N..- N-iso-C;H,

In this short-form mechanism reaction (1) shows the formation of isopropyl radical,
and reactions (2) and (3) its combination and disproportionation. Reaction (4) is the
subject of our studies, and reaction (5) is another hydrogen-abstraction reaction in
this system. Propane can be formed in reactions (4) and (5) as well as in reaction.(3).
From this mechanism it is to be expected that in the presence of H, the rate of forma-
tion of propane increases. Experiments have proved this expectation.

Kinetic data were derived from the initial rate of formation of propane by taking
into account the roles of reactions (3) and (5). The concentration of isopropyl radical
was calculated from the initial rate of formation of 2,3-dimethylbutane (DMB) and
from the rate constant of reaction (2) taken from the literature [9].

In a closed system such as this, the rate of change of a2 compound (W:%)
formed, transformed or decomposed by different elementary reactions can be given
by vector equation I:

| W =DIR ®
where v is the stoichiometric number and R is the rate of the elementary reaction. On
the basis of Eqn I, the rate of formation of any compound (W)) can be given by

W, = 2 Vi, i R; an
J
where v; ; is the stoichiometric number of component i in reaction j.

The elements of the matrix for all of the substances i=1...9 and for all of the
unidirectional reactions j=1...5 in this system are given in Table II.

Table I1
Tréansformed elements of Iy:, ;) matrix for substances i = 1...9 and for reactions j = 1...5

N 1 2 3 4 5 6 7 8 9
AN AIP N. | &u* | DMB | ¢H, | CiH, H Res H,
1 -1 | 2] o 0 0 0 0 0
2 0 0 -2 1 0 0 0 0 0
3 0 0 -2 0 1 1 0 0 0
4 0 0 —1 0 1 0 1 0 -1
5 -1 0 -1 0 1 0 0 1 0

* C,H; = iso-C3H,
R** = C3Hg o N N-iso-C, H,
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In the experiments the initial rates of formation W, and W; were determined, i.e.
the initial rates of formation of DMB and C,H,, respectively. These are given below
on the basis of the stoichiometric numbers of Table II.

d[DMB 5 -
W4 _[7—]‘ Z 4, J = V4‘2R2 =1. k2[’SO‘C3H7]2 (III)
d[C,H 5
Ws = [;t o _ ZVHR = v5 g Ry+v; s Ry +

+v5,5R5 = 1 . R3+1 . R4+1 . R5 = k3[i$0'C3H7]2+
+ k4 [iso-CyH, [Ho) + k;[iso-C3 H,1 [AIP] : av)
R, can be given from the ratio Ry/R,:

k d[DMB]

_ LRl =2 \
Taking R, from Eqn ¥ and [iso-C3H7]=(W4/k2)1/2 from Eqgn III, we obtain:
) )
(re—ow) oro-e = 2 AP+ 12 1) v

In Eqn VI. besides the measured quantities and literature data for k,, kg and k;,
the only unknown is the value of k,. For the determination of k,, the left side of
Eqn VI was plotted as a function of [Hy]. A straight line was found, from the slope
of which k,/k}? was determined at seven different temperatures. Results are shown
in Table III. Taking k,=10%%dm3 mol~1s~? from the results of Golden and cowor-
kers [9], values of k, were calculated.

The Arrhenius parameters of reaction (4) were determined in the usual ~way

Table 111

Experimental data for determination of the Arrhenius parameters of reaction (4)

K 102k, /k1/2e 10"k ' logk, 10°K/T
.473 0.398 5.05 2.70 2.11
493 10.972 5.46 2.74 2.03
523 4.75 26.7 3.43 1.91
543 10.5 59.0 3.77 1.84
559 10.1 56.8 3.75 1.79
563 11.0 62.0 3.79 1.78
573 13.9 78.1 3.89 1.75

'k,,/k},“* = ko fkY2dm®/2mol ~/25-1/2
k** = ky/dm*mol-1s~?
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from the temperature-dependence of k4. The graph of log k, versus 1/T is shown in
Figure 1.
From the slope and intercept of Fig. 1, the rate constant of reaction [4] is

log (k,/dm3 mol 1 s=1) = (10 340.7) — (69.4+6.7 kJmol~1)/2.3 RT _

where the errors in brackets are the standard deviations.
To check these data, Arrhenius parameters for the reverse reaction were calcula-
ted by means of thermochemical calculations, the results of which gave:

log (k_s/dm3mol~1s71) = (11.6+0.7)—(28.8 6.7 kmol ~1)/2.3RT

This expression is similar to that obtained experimentally [4].
The Arrhenius parameters of reaction [4] were compared with those of similar

v

® 19 20 21 '
1037

Figure 1. Temperature-dependence of k.

Table 1V

Arrhenius paraineters of the reaction
; R+H;~RH+H
(from Reference [10])

¢ l-dg k*
Reaction - log A* Es

700K 1000 K
CH;+H,—-CH,+H 9.2 47.3 5.7 6.7
CyH;+H,-C,H;+H 9.6 58.6 5.2 6.5
1-C;H,+H,—-C;H, + H . 9.2 64.4 4.4 5.8
2-C;H,+H,—~C;Hs+H 10.34£0.7 69.41+6.7 5.1 6.7
2-C4,H,+H,;~C,H,,+H 9.7 71.9 4.3 5.9

og A*=log A/dm®mol-1s~*; E*=E/kJmol !
og k*=log k/dm®*mol~1s~?
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A reactions, compiled in Table IV
together with rate constants at the
usual temperature of hydropyrolysis.
It can be seen from Table IV that
the activation energies increase with
increasing carbon number of the
reacting radicals, and secondary
radicals have higher activation
energies than primary radicals. Such
an increase in activation energies is
in accordance with the Polanyi rule,
. . ' » as can be seen from Figure 2, where
330 400 410 420 430 40 activation energies (E) are shown
DH% kJmol’ versus the bond-dissociation energies

o . (DH®) of the R-H bond. A com-
Figure 2. Application of Polanyi’s rule for the

reaction R- +H,—~RH-+H. E=activation energy, parison of the rate ‘constants n
DHo= bond-dissociation energy. Table IV proves that different hydro-

carbon radicals behave similarly in

their reactions with molecular hyd-
rogen, especially at higher temperatures. This means that in the hydropyrolysis
of hydrocarbons all of the radicals present need consideration.

E/kJmol
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APPEHMYCOBCKHE TTAPAMETPEI IJ11 PEAKIIUU n30-C;H,+H;—»C;H;+H
JI. Cuposuya
Usygena xuHeTHKa pacmaza 2,2-a300HC-MpomaHa B OPHCYCTBAM H3OBITKA MOIEKYISPHOTO
BOAOPOAA B HHTepBane remmepatryp oT 343 mo 559 K. Onpenenesnl Ha9ambHbie CKOPOCTH 00pa3o-
BaHusl TMPOAYKTOR. IlomydeHHbIE Pe3ynbTaThl OOCYXKACHBI ¢ TOYKA 3PEHAA NPEAJIOKECHHOTO Mexa-
HH3Ma C PacCYeTOM K JUIA PEaKLHu: ’

#30-CsH, + Hy~ CsH, + H






THERMAL DECOMPOSITION OF PROPANE IN A RECIRCULATION
SYSTEM II. INVESTIGATIONS IN THE PRESENCE
OF OLEFIN-ABSORBER
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The pyrolysis of propane was carried out in a circulation system, in the presence of olefin-
absorber, at temperatures in the range 450—545 °C, at propane pressures of 30—470 Torr, in a
wide conversion range (0.1-—72%). Under the given experimental conditions the ratio of methane to
hydrogen (&) does not change with conversion; « increases slightly with temperature. The dependence
of « on the propane concentration is a function of temperature. A simple reaction mechanism was
derived on the basis of data found in the literature and from the present experimental results. The
a values calculated in accordance with this mechanism are in agreement with the experimental values.

We have previously reported [1] results on the thermal decomposition of propane
in a recirculation system, using a stirred flow reactor. Under these circumstances the
mechanism of thermal decomposition of propane is rather complicated. The complica-
tion (the self-inhibition character of the reaction) is caused by the reactions of the
product olefins. In this work we investigate the thermal decomposition of propane
under olefin-free circumstances, the product olefins being removed continuously
from the recirculation system with an absorber. It is to be expected that a simple
mechanism is valid under olefin-free circumstances and in this way an opportunity
arises to determine more exact and rehable kinetic characteristics for the thermal
decomposition of propane.

Experimental

The mercury perchlorate — perchloric acid system (MP—PA) showed the best
olefin- absorption capacity, and was used in our experiments. The compound was
absorbed in a g.c. support, which was filled into a glass U-tube. The absorber was
used at room temperature (see [1]).

The apparatus, the experimental methods and the chemicals used were described
in detail in [1, 2].

The experiments were conducted at 6 different temperatures (450, 475, 495, 515,
535 and 545°C), ata total pressure of 1 atm, the partial pressure of propane varying

1 Institute of General and Physical Chemistry, Attila Jozsef University, Szeged, Hungary.
* Central Research Institute for Chemistry of the Hungarian Academy of Sciences, Budapest,
Hungary. .
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/ between 30 and 470 Torr. As diluent,
p Torr 4 carefully purified (deoxygenated)
nitrogen was used. The circulation
rate in every case was 12 dm?/hour.
The conversion varied in the range
o 0.1—72%; it was calculated from the
——— measured concentrations of pro-
A ducts. Under the above experi-
B mer:jtal conditionds, usua(lily only ltlhre:e
V22 products were detected: methane,
15///8/ ' ethane and ethylene.
o/ At 515°C and lower tempera-
. ! : . tures the kinetics of the decomposi-
0 100 130 tmr - tion of propane was studied under

Fig. 1. PrOFiuGclt 13; Iimg Piot:s lat 515°C, ata l;mpi;w practicaliy olefin-free circumstances.
pressure O orr. Symbols: open triangles H,, t ol : : . :
open circles CH, - (using olefin-absarben), filled Tlﬁ‘.shS‘t“a“.O" ‘SthShownﬂ;“ Fig. 1&
triangles H,, filled circles CH, (without olefin- WHIC depicts € methane an
absorber). hydrogen  product distribution

curves at 515°C and at a propane
pressure of 61 Torr. In the experiments in which absorber was used, the product
vs. time plots give practically straight lines. As can be seen in Fig. 1, in absorber-
free experiments the product vs. time plots exhibit curvature; this originates from
the inhibiting effect of the product olefins. '
We have earlier discussed [1] that, owing to the: olefin-absorber used in the
experiments, self-inhibition-free pyrolysis conditions were achieved only at 515°C
and lower temperatures, at low (<5%) conversions. At higher temperatures 535—
545 °C) ethylene and propylene were detected in small amounts among the products.
This was a consequence of the unsatisfactory functioning of our absorber. In the
experiments conducted at temperatures higher than 515 °C, there is a definite residual
olefin level; this level decreases slightly with conversion. In Fig. 2 we show the residual
olefin level as a function of conversion at two temperatures. The decreasing tendency
is readily observable. It is easy to explain the decrease in the concentration of olefins.
The absorption of olefins in the absorber is relatively slow. For this reason, at low
conversions, where as a consequence of the greater concentration of propane the rate
of formation of olefins is higher, a higher stationary residual olefin level results. This
level will decrease, the lower the rate of formation of olefins.

///

o

CoH,

Y
ot

P torr »102
(-]

~

P torr«102

0 20 30 40 S0 60 10 20 30 40 S0 60
conversion %, conversion %

Fig. 2. Variation of residual olefin .level with conversion



DECOMPOSITION OF PROPANE IN A RECIRCULATION SYSTEM, III. 43

At 545 °C (the highest temperature in our study) it can easily be seen from the
product distribution data that the amount of residual ethylene is about 0.1—1%
of the methane formed, which corresponds to the concentrations formed at con-
versions of about 0.02—0.2% propane. In our experience, at such low conversions
under our experimental conditions, self-inhibition is not yet significant. This is
verified by the experimental finding that the shapes of the product formation curves
for methane and hydrogen at 535 and 545 °C are similar to those obtained at lower
temperatures (515, 495 °C) where there is practically no self-inhibition.

A significant difference was obtained in the ethane vs. conversion curves. In the
olefin-absorber-free experiments; the concentration of ethane increases steeply with
conversion, while in the experiments in which absorber was used, the amount of
ethane changes only slightly in wide conversion and temperature ranges. At the same
initial concentration of propane, more ethane is formed in the absorber-free experi-
ments than in the presence of the absorber, and the difference increases with conver-
sion (see Table I). This shows that in the experiments in the absence of absorber, an
important ethane-producing process is the addition of an H atom to ethylene and,
following this, the H atom abstraction reaction between ethyl radical and propane

H+C2H4 - C2H5’ f
C,H;+C,H, ~ C,H, + CH;CHCH, (3s)
~ CyHg+CH,CH,CH, (3p)

Further, in the presence of olefin-absorber the nature of the chain rupture step prob-
ably changes too.

Table I

Partial pressure of ethane, measured during the
N ) pyrolysis of propane
t =535°C p,= 61Torr

conversion ethane
’ % - Tofr

experiments with olefin-absorber .

189 . 3.40 0.0305
222 3.97 . © 0.0113
190. 6.09 : 0.0154
217 . 9.50 0.0144
191 . 9.70 0.0212
192 17.19° 0.0289
193 25.25 0.0504
196 37.23 ©0.0333
olefin-absorber-free experiments
194 3.20 . 0.0452
221 . ’ 3.22 ’ 0.0216
186 - .5.92 L 0.0535
186 - 74 . 0.0780
187 . 10.61 0.1625

197 11 0.3582
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Temperature-dependence of the main products -

There is a.slight temperature-dependence of the formation of methane and
hydrogen in the presence of olefin-absorber, as can be seen in Fig. 3, where the
pressures of CH, and H, are plotted against conversion at four different temperatures
and at a propane pressure of 61 Torr. The experimental values fit a straight line, even
at high conversions.

3 B
3.0j ) / H2
- A
< .
a ) CH,
207 /
o .
A
a” a515°C
1.0 j‘/ .l
/‘ e/e 0al75°C
L 4
~ N
ﬁf:/y
2 4 6 g 10

conversion %,

Fig. 3. Plots of hydrogen and methane yields against conversion
at different temperatures (using olefin-absorber).

The ratio of methane to hydrogen

Plots of the methane pressure against the hydrogen pressure in experiments at
five different temperatures and various conversions (0.01—77%) and at a propane
concentration of 61 Torr yielded straight lines of slope 0.7301+0.0095 (Fig. 4). To
simplify comparison, the same Figure gives the methane vs. hydrogen values obtained
in olefin-absorber-free experiments under the same experimental conditions. It can
be seen from Fig. 4 that at lower conversions (<10%) the two graphs coincide, but
at higher conversions (=>10%) the points for the absorber-free experiments deviate
from linearity, the curve inclining towards the methane axis. This behaviour can be
explained by the hydrogen consumption taking place as a consequence of self-
inhibition. In the absorber-free experiments, the initial slope of the curve is 0.796.
This value is in accordance with the slope in the presence of olefin-absorber.

The ratio of methane to hydrogen (a) shows no significant dependence on
conversion, in contrast with the results of the absorber-free experiments. This can be
seen in Fig. 5, where the a values obtained at 535 °C at a propane pressure of 61 Torr
are plotted vs. conversion. For comparison, the a values obtained in absorber-free
experiments are also plotted in the same Figure. It is important to note that values
extrapolated to zero conversion (from experiments using olefin-absorber) are in good
agreement with the « values determined directly by experiment.
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. Interesting behaviour was found in the dependence of « on the initial pressure
of propane (see Table II and Fig. 6). In Fig. 6 the « values obtained in the presence
of olefin-absorber are plotted as a function of propane pressure at 450 and 515 °C.
There is a slight increase in « at 515 °C, while at 450 °C « increases significantly with
increasing propane concentration. This behaviour is in agreement with literature
experience [3]. For the concentration-dependence of «, the following simple expression

8 -
. 7
7
P
rd
/ o

b -7
e 0 e
b ///
S .

4 - -

- ° &
© -,
v
’/
2 %O//
e
Q/d.
2 4 6 10
PH, torr

Fig. 4. Plots of methane yield against hydrogen yield in the

pyrolysis of propane, at an initial pressure of 62 Torr and

temperatures between 475 and 545 °C (the highest point was

measured at 33.4% conversion) @ absorber-free experiments,
O using olefin-absorber.

o 4
. @ [o) [c]

0.5

10 2 30 4
conversion %

Fig. 5. Dependence of « on conversion, at an initial propane
pressure of 61 Torr, at 535 °C. Open circles: using olefin-
absorber, filled triangles: without olefin-absorber.
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Table 11

Dependence of a on the propane pressure in the
presence of olefin-absorber

t=515°C
propane conversion

No. Torr % *

228 30.72 2.77 0.681
226 30.79 4.32 0.669
227 30.65 7.95 0.714
177 61.14 1.09 0.563
178 61.05 2.35 0.665
179 60.44 3.41 0.658
220 60.63 3.20 0.701
240 61.10 345, 0.687
180 61.05 6.87 0.660
223 122.54 1.86 0.788
238 121.81 1.30 0.744
224 121.25 4.96 0.803
225 121.63 7.52 0.820
229 184.66 1.54 0.824
230 182.34 3.03 0.831
231 182.88 4.57 0.791
232 462.42 1.42 0.928
233 464.18 2.83 0.929
234 461.31 4.28 0.915

100 200 300 wo  s00
P torr

Fig. 6. Dependence of « on propane pressure at diﬂ'ereﬁt
temperatures. Filled circles: t=1515 °C, open circles: =450 °C.
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was described by LEATHARD and PURNELL [3]:
- =a+bp;

where a and b are constants and p; the initial pressure of propane.
From our experimental data it was possible to calculate the a and b values, which
are as follows:

= 450°C t = 515°C
a = 0.539+0.020 a =0.683+0.029
b = 0.0016+0.0001 b = 0.0006+0.0001

These parameters are in approximate agreement with literature data [3].

The trend of the temperature-dependence of o is the same in the absorber-free
experiments and in the experiments in the presence.of olefin-absorber, viz. there is a
slight increase in « as the temperature increases (see Table III). From our experimental

Table LI

Temperature-dependence of & in the presence of olefin-absorber
p=061 Torr propane

450

475

495

515

535

545

2]

0.631

0.619
0.578

0.657
0.618

0.671
0.688

0.720
0.711

0.728
0.716

#=mean value of all « values measured in a system containing olefin-absorber
op =0 values extrapolated to zero conversion using the a vs. conversion plots

results, the temperature-dependence of x (at a propane pressure of 61 Torr) can be
described by the following expression:

o = 10250138 exp (—2029 +412/RT)

For comparison, PURNELL and LEATHARD [3] report that in the ranges 510—560 °C
and 25—260 Torr propane the temperature-dependence of a can be described by the
following expression:

o =10%67£013 expp (—2890/RT)

The order of reaction

From the log w, vs. log p, plots (where w, is the initial rate calculated from expe-
riments in the presence of olefin-absorber, and p, is the initial pressure of propane),
it was possible to determine the orders of formation of methane and hydrogen. As
can be seen from Figs. 7a, 7b and 7c, similarly as for the results of LAIDLER ET AL.
[4] and ZAvLoTAI, BERCES and MARTA [5],.these plots do not give straight lines. At
515 °C the inflexion point can be found at a propane pressure of 120 Torr. The ini-
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tial order of methane formation in the pressure range 120—460 Torr is 0.94, while
is the range 30—120 Torr the order is 1.21. According to LAIDLER and his coworkers,
first-order kinetics hold for the decomposition of propane above the inflexion point,
while below the inflexion point the order is 1.5. Roughly the same order values were
obtained for hydrogen formation. At 450 °C the log w, vs. log p, plots give practically
straight lines and the initial order for methane formation is 1.21 in this case.

1\
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(=]
e |
-1.51 (o]
-20; a
-25]
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o .
o |
s ]
- .0-
° 301 o
. -35 c
o -40
5 20 25 30 15 20 25 J
log R . log p,

Fig. 7. Log wo vs. log po plots for methane and hydrogen at different temperatures. (@) t=3515°C,
CH,, (b) t=450 °C, CH,, (c) =515 °C, hydrogen.
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Energy of activation

From the temperature-dependence of the initial rate of formation of methane
and hydrogen, the activation energy for the decomposition of propane can be deter-
mined (Fig. 8). From the log w, vs. 1/T plots (using the experimental data calculated
from the experiments in the presence of absorber), the following Arrhenius parame-
ters were calculated:

E, = 68.9+2.6 keal/mo! log 4 = 17.240.7 (CH,)
E, = 68.64+0.9 keal/mol log 4 = 16.74+0.2 (Hy)

These values are in good agreement with data in the literature (68.0 kcal/mol in the
pressure range 50—200 Torr).

p
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Fig. 8. Log wq vs. 1/T plots for hydrogen (A) and methane (O)

Discussion

In a preceding paper [2] a mechanism was set down which was able to describe
the decomposition of propane to a good approximation in a recirculation system.
When an olefin-absorber is used, the mechanism of the decomposition will be essen-
tially simpler; with the continuous absorption of olefins formed during the decompo-
sition, the reactions involving olefin participation are negligible. It is important to
note that the absorption of olefins is practically complete at lower conversions and
at temperatures below 535 °C.

From our experimental results when an olefin-absorber was used and from data
to be found in the literature, the following simple mechanism can be given for the

4
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thermal decomposition of propane

C3Hg —~ CH,+C,H; D
H+C,H, -~ H,+CH,CH,CH, - (1p)

- H,+CH,CHCH, (1s)

CH,+C,H, -~ CH,+CH,CH,CH, (2p)
- CH,+CH,CHCH, (2s)

CH,CH,CH, ~ H+C,H, (pH)
—~ CH;+C,H, (PMe)

CH,CHCH, —~ CH;+C,H, (sMe)
-~ H+C;H, : (sH)

C,H,+C,Hg — C,H,+ CH,CH,CH, (3p)
— C,Hg+CH,;CHCH, (3s)

CH3+CH3 - Csz
From this mechanism, the following expression can be given‘ for the ratio
[CH}/[H,]):
[CH,] _ k, [CH]

HJ — k [H]
where
ke _ kaptks o [CHJ _ ka1
kl k1+k1s [H] ’ k2 ﬁ
ﬂ — ksH+a’ka a/ — ksH+ksM'e
ksMc + ot’kpMe ka + kpMe
Hence
[CH) 1
o= =— I

This expression indicates that « is independent of the initial concentration of
propane. This is in contradiction with our experimental results (see Fig. 6 and Table
II). The difference probably originates from the insufficiency of the mechanism
described. LEATHARD and PURNELL {3, 6] also observed the dependence of « on the
propane concentration and conclude that this can be explained by the following bi-
molecular isomerization step

"CH,CHCHj, + C;H, ~ CyH,+CH;CH,CH,

On the basis of our experimental results it is reasonable to suppose that the
dependence of « on the propane concentration under self-inhibition-free conditions
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is a consequence of the competition between the above bimolecular isomerization and
the (sH) decomposition of s-propyl radicals. This assumption is supported by the
observation that the extent of the concentration-dependence of « decreases with
increasing temperature (see Fig. 4). With increasing temperature the decomposition
reaction (sH), which has a higher activation energy, becomes of relatively greater
importance, whereas the isomerization plays an ever smaller part and finally the
competition of these two reactions gradually comes to an end.

Table 1V

Experimental and calculated o values at propane pressure
p=061 Torr (in the presence of olefin-absorber )

i a a- -1
°C No. conv;rs on experia:nental c(aZl%lrlitff %;]g;slftﬁ;l calal:i;i)te'd
450 236 0.0498 0.705 . 1.440 . — —
: 237 . 0.0869 0.642 1440 |  — —
238 0.1530 0.560 - 1.440 — =
239 0.2061 0.615 1.440 . — —
475 - 208 0.211! 0.633 1.466 e © 0.619
. 204 < 0.3185 10.648 1.466 L= . 0.620".
205 0.7550 0.611 1.466 — 0.623 .
207 1.3320 0.631 1.466 .- . 0.624
209 2.1010 0.678 1.466 — 0.637
495 174 0.5154 0.696 1.368 — 0.668
172 1.1945 0.614 - 1.368 — - 0.675 |
176 1.2114 0.612 1.368- .= f0.674 0
173 2.3867 0.637 1.368 .. — ] -0.686 -
175 4.1128 0.739 | 1368 — 0.744
515 . 177 1.0997 0.563 1.623 | . 1.623 0.682
178 - | 2.3538 0.665 .| 1623 1.623. 0.689 .
220 3.1989 0.701 1.623 ’ 1.622 - 0.694 -~
179 3.4133 0.658 1.623 1.623 0.699
180 6.8679 0.660 1.623 1.624 0.725
535 189 3.40 0.715 1.643 . 1.664 0.704
222 3.97 0.773 1.643 1.664 0.707
190 6.093 0.683 . 1.643 1.669 0.732
191 9.70 0.708 1.643 1.717 -0.766
217 9.50 0.714 1.643 1.645 0.795
192 17.19 0.674 1.643 1.645 0.861
193 25.25 0.732" 1.643 1.646 0.952
196 37.23 0.747 1.643 1.644 1.143
545 218 14.08 0.721 1.653 1.669 —
’ 216 14.25 0.653 1.653 1.680 =
202 15.09 0.752 1.653 1.647 —
203 29.20 0.777 1.653 1.673 ) C—
193 47.31 0.772 1.653 -1.665 - - —
200 56.01 0.673 1.653 1.645 —
201 61.17 0.752 1.653 1.643 —

(ZBM 1) calculated vig expression (II), see text
(ZBM 1I)-calculated via expression in Ref. {12]
(LP) calculated via expression (III), see Ref. [6]

4*
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Table V
Kinetic parameters used in the calculations
Reaction ¢ dm’llr?gll“ 15-1y K caf/‘;n ol References
H+C;H; -H,+P 11.1 9.7 71
-H,+S 10.8 1.1 7N
CH,;+CyH;—~CH,+P 9 11.5 (8]
—-CH,+S 8.8 10.5 [7}
P—-H+C3H, 13.2 38.6 ]
—+CH;+C,H, 13.1 32.5 [7
S—+H+ CsH, 13.9 40.4 [7]
—-CH, + C,H, 14.6 44 [9]
H+C;H,—~P 9.9 2.9 {10}

By means of expression (IT), « values were calculated from the result, obtained in
the presence of absorber; these data are collected in column 5 of Table IV. The expe-
rimentally determined « values can be found in column 4. The Arrhenius parameters
used in these calculations are shown in Table V. Table IV reveals that « values calcula-
ted via expression (II) differ from the experimental « values by a factor of 2, similarly
as in the absorber-free experiments (see [2]). This difference between the two sets
of data may originate from the inacurracy of the Arrhenius parameters used in the
calculations.

If a more complicated expression (involving the concentrations of propane and
olefins) is used for the calculation of « (see [2]), the « values in column 6 of Table IV
are obtained. These values are in good agreement with the values calculated with
expression (II).

According to LEATHARD and PURNELL [6], at low conversions (< 2%) the foliow-
ing simple expression can be given for the ratio of methane to hydrogen

C[CHJ _ 1tkylk (o kponlH]
STH] 1Tk, (1+ 2kls[}<':3Ho]] -

where k,_y is the rate constant for the reaction
H+C,H, ~ CH;CH,CH,

The « values calculated using expression (III) are given in column 7 of Table IV.
As can be seen from the data and from Figs. 9 and 10, in the temperature range
475—515°C, at low conversions (< 5%), similarly as in the absorber-free experiments
there is a good agreement between the experimental and calculated o values. At
535 and 545 °C and at higher conversions (=5%), a significant positive error appears,
and in addition the calculated o values increase significantly with the conversion
(Fig. 10).

The results discussed above indicate that with the use of an olefin-absorber the
self-inhibition taking place during the thermal decomposition of propane can easily
be decreased or stopped completely, and consequently the kinetics of decomposition
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Fig. 9. Dependence of a on conversion (propane pressure,
Po=61 Torr, 1=515 °C). experimental (abs): experimental points
(using olefin-absorber), calculated (LP): points calculated via
the expression of Leathard and Purnell, experimental (no abs.):
experimental points (without olefin-absorber), calculated
(ZBM1I): points calculated via the expression of Zalotai, Bérces

and Marta
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Fig. 10. Dependence of a on conversion (propane pressure,
Po=61 Torr, r=3535°C). experimental (abs.): experimental
points (using olefin-absorber), calculated (LP): points calculated
via the expression of Léathard and Purnell, calculated (ZBMI):
points calculated via the expression of Zalotai, Bérces and Marta
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will be significantly simpler. The mechanism described for the kinetics of decompo-
sition is in accord with the experimental results. It is necessary, however, to comple-
ment this mechanism, with the bimolecular isomerization step proposed first, by
LEATHARD and PURNELL. ’
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TEPMUYECKUIM PACIIAJ ITPOITAHA B PELIMPKYJIIHIMOHHOW CUCTEME III.
UCCIIEAOBAHME B IIPUCYTCTBUM AJCOPBEHTA OJIEOHHOB

H. Bapou u T. Bepyew

TIpoBenen IMpOJIM3 NPONAHA B PEUUPKYIAUMOHHON CHCTEME B MPHCYTCTBHMH aacopOexra
oneduHOB NpH TeMmnepaTypax B o6nacrm 450—545 °C, masnewuu mponana 30—470 Topp, B -
poxoM xuanazone KousepcHy (0,1—72%). B NPHHATHIX 3KCNEPHMEHTAJILHEIX YCIIOBANX OTHOLLIEHUE
METAHA K BOAOPOAY (&) HE H3MEHSETCH C H3IMEHEHUEM KOHBEDCHH, & HECKONBKO MEHSETCH C TeMIIe-
paTypoif. 3aBUCHMOCTb ® OT ‘KOHLEHTPAUWH Nponana sBiserca ¢yHximedt temnepatypsl. Ilpen-
JIOXEH IPOCTOH MEXaHW3M DEakiMM HA OCHOBAHWM JIMTEPATYPHBIX IAHHBIX M [ONYYEHHBIX 3KCIIe-
PHMEHTANBHBIX PE3YJIbTATOB. 3HaY€HWE BEMYHH ®, PACCYATAHHBIX HA OCHOBAHHH IIPEXIOKCHHOIO
MeXaHU3Ma, HAXOUATCA B XOPOINEM COTMACHH C JKCOCPMMEHTABHO HANZEHHBIMM 3HAYCHWSMH.



IKCIIPECC METOA JJI1 OIMPEJAEJIEHUA COAEPXAHUA
I/I3OHPOHAHOJIA B CYCIIEH3UAX KEPOCHHO-CYJIb®OHATA

n. HIEPEHI, M. BEPKEII, u T'. A4
Kadenpa HEOPraHIYeCKOH XMMUM YHHBEPCHTETA HM. ATTHNEL Hoxeda Cerex

(ITocmynuno ¢ pedaxyuro 20 okmabps 1982 2.)

Ommcana METOAUKA ONPEAENICHUA COAEPXAHUS M30MPONAHOJIAa B BOOHBIX KEPOCHHO-CYJIb(O-
HATHBIX CYCIEH3HSX, MPUMEHSAEMBIX NPH TPETHYHOM NOGbIYe HeTH. AHANH3 NPOBOAUTCH HEMOC-
PEACTBEHHEIM BBeAeHUeM pa30aBjieHHOM TpoObI Ha KOJiOHKy ¢ HocureneM «Chromosorb 102»,
C MCIONb30BAHWEM B XaueCTBE BHYTPEHHETO CTaHZAPTA 3TAHONA M (HJIM) H-TPONAHONA IpPH ILIA-
MEHHO-HOHH3AMOHHOM J€TeKTHpOBaHiH. TOYHOCTh MeToNa Jydlie, yeM + 5%.

B mpoueccax TpernuHo#l AOOBIYM HedTH B OOJBLUINX KOJHYECTBAX HCIIOJb3Y-
IOTCA BOJHBIE CYCHICH3MM KEPOCHHO-CYIb(hOHATa, B KOTOPBIX OBICTpOe M TOYHOE
OnpeJieJIeHHe COAEPKAHUS U30NPOIAHOJIa SBISETCS BeCbMa BaXKHOH 3amaveii. )

s onpeaeneHus cofepiKaHMs JETYYNX OPraHMYeCKHX COeIWHEHHI B BOIHBIX
pacTBopax 0ObIMHO NMPUMEHSIIOT METOAUKY, KOTOpas OCHOBaHA HA NPHHIKIE AECTHII-
JIAUMOHHOTO MJIH 3KCTPAKLMOHHOTO BbIJEJIEHNS OIIPEEIAEMOIO COSAUHEHMS MITH €T0
NPOU3BOJHOIO, C TIOCJIEAYIOIMM KOJIMYECTBEHHBIM aHAJH30M KaKHM-HHOYIb GU3H-
4ecKUM MeTogoM. OBGBIYHO [JIS OIpejesieHus: H30MPoNaHoa B BOAHBIX PacTBOpax
Takxe NPUMEHSAIOT Pa3/IMYHBIEC IKCTpareHTsl [1].

B nocnenuee Bpemst Kyo ¢ coTpyanukamu [2] mpoBenu AeTajibHOE H3y4YEHHE
ra3o-XpoMaTorpaduyeckoro omnpeieseHHs IONAPHEIX BOAOCPACTBOPUMEIX OpraHu-
YECKMX COC[MHCHWH BHIJEJICHHBIX BHINADUBAHMEM C IIOCIeAyrouleH abcopbumeit
U TepMHUYECKOH mecopOuueii.

OTH Xe aBTOpH B ApPYyrou cBoeil paboTe [3] OMHCHIBAIOT AECTHILIAIMOHHBL
raso-xpomMatorpadmudecKkuii METOJT ONpPeACIIEHUs. COAEPKAHMS H30MPONAHOJA C TOY-
HOCTbIO IN6. XapaKTepHbIM IPUMEPOM Ui ONpPEJeSieHUS M3ONMPONAHOJA B BHE
€ro MPOU3BOAHOIO MOKET CJlyXHThb CIOCO6 onucanHbiil B paboTe [4].

Hamu paspaGoTan MeTO/ HEMOCPENCTBEHHOTO Ta30-XpOMAaTOrpadHuecKoro
OTpe/I¢ IeHHs! CONEPKAHUS M3ONPONAHONA B JOCTATOYHO Pa3GaBIeHHbIX KEPOCHHO-
CYNb(DOHATHBIX CYCTIEH3MAX, C OPHMEHEHHEM B KAYECTBE BHYTPEHHETO CTAHJAPTA
3TapoNa H (WiM) H-pomaHona. [ a3o-xpoMaTorpaduyeckuil aHAaIM3 NPOBOMUIH
B CTEKJIAHHOHN KOJIOHKE JJINHON 1,2 M ¥ BHYTPEHHHM OMAMETPOM 2 MM C HOCHTEJIEM
mapku «CHROMOSORB 102», obnapmaronmM JuaMeTpoOM YacTHL[ ‘B IpeAesax
80—100 Memr. Hamu npumensuicst xpomarorpag tana «CHROM 41» ¢ mnaMenHo-
MOHM3AIMOHHBIM AeTeKTopoM. KosioHka TepMocTaTupoBaiacs Ha 120 °C, a netek-
TOp M MecTo BBeJeHHs npo6 conepxanuch npu 150 °C. CkopocTH 1MOTOKa rasos
6vum crnepyrommmu: asor — 30 cm®/MuH, Bomopox — 25 cMP/MMH, BO3AYX.
— 0,5 s1/™MuH. . T -
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Onucanue nposedenua anaausa Ojisl KOHNEHTPHPOBAaHHBIX CyCIeH3Hit (comepxka-
HHe u3onponanoaa 10—20%).

B MepHyro xon6y Ha 100 cm® BBoAAT 50 cM? MMCTHLIMPOBaHHOM BOABI M 3aTeM
B3BELUMBAIOT HAa aHaNUTHYeCKHX Becax. [Ipumepno 1 cmM® ananu3upyeMoi cycnes-
3uH [o0aBnfIOT B XKOJOY M CHOBa B3BELUHBAIOT M HAXOAAT TO4HYHO haBecky (QG).
O6beM cMecn pomoyHAT go 100 cM? pucTuinmpoBaHHO#f BOAOH, 3aKpPLIBAKOT
IUIOTHO MPO6KOIt U BCTPAXHBAHHEM NPOBOJAT roMorenu3annio (pactaop I).

B MepHyio xonby Ha 50 cM® ¢ mMOMOUIBIO NMENETHL BBOIAT 5 cM3 CTAHAAPTHOIO
pacrBopa, comepxaiuero I r/l00mn sranona u 2r/100 Mn H-mponaHosna, 3aTeM
o0bveM momoasaT po Merku pactBopoM I. Ilocne romoreHmsanum cMecu mo 4 mi
BCOPBICKMBAXOT B NPHEMHHUK xpomaTorpada (HeoGxoNWMO TMpOBEACHHE TPeX MNa-
PansieIbHBIX u3Mepenuit). . OTcUMTHBAIOT WHTETPaJIbHBIC 3HAUCHHUS, COOTBETCTBYIO-
mye IIoWAANM, HAXOAAIKMCS o NHKaMH XpOMaTOIpaMM.

PacyeT npounsBogutcs no popmMynam:

»

- - I Vs Cs:100 - A
% "W300ponaHoja = ——————— = R—
Isf 45 G G
100
I |, VsCs10*
R=7 4= f45
roel — HHTérpaanoe 3HAYeHHeE COOTBETCBYIOLIlEE COACPXAHHIO H30MPONaHOoa.
Is — pHTerpanbHOE 3HAaYeHHe CTAHJApPTA.
Vs — ob6BeM crangapTHoro pacresopa (5 cM®).
Cs — KOHLEHTpalus CTaHIAPTHOrO pacTBopa (r. cM?)..
G  — HaBecka cyJibdoHaTHOI cycmen3uu B 100 cm2 (r).
f  — daxrop xpomatorpadupoBanus (B ciy4yae staHosa 1,11, nponanosa 0,93).

Onucanue nposedenun anasusa (LA CyCIEH3UM ¢ KOHIEHTpaLMeH H30NPONaHOIA
0,05—0,2%). ' ,

W3MepeHre TMPOBOJAAT aHAJOTHYHO BHILEOMUCAHHOMY, TOJBLKO CTAHAApPTHBINA
pactBop ZonojnsioT g0 50 cM® He pactBopoM I, a HemocpeaCTBEHHO aHAJIH3H-
PYEMBIM PacTBOPOM. '

" PacyeT upou3BOJHUTCS 0 GOpPMyJIaM:
Vs Cs 100
= 1 1 27 Y
% u3onpomnanona = RA' A 745

O06o3HaYeHNs COXPAaHEHB! IPeXHUE. TOYHOCTh ONpeeNieHHs Jyyie 5%-0B.

3ameuanus

HpK TNIPATOTOBJICHHHA M HCIOJIB30BAHWH DPACTBOPOB, CTAHAAPTHBIX PAcCTBOpPOB
H np06, HCOGXOAHMO cobronarn YCJIOBUA HAUMECHBLLIECTO KOHTAKTHPOBAHMA € BO3-
OYXOM, B CBA3HW C BO3MOXHBIMH OJOBOJIbHO 3HAYHUTCJIBHBIMH IOTEPAMH, B ocoben-
HOCTH IIpHA 60see BRHICOKHX TEMIIEpaTypax 3TaHoJjia ¥ HaXe H-NMPOMNaHoJa. . )
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[Ipyr BHICOKMX KOHIEHTPAUUAX CYCIEH3MH KEPOCHHO-CYIb(OHATA, MOCIE roMo-
reHu3anuM, npoby HeobxoouMo OTOOpaTh MO BO3MOXHOCTH OBICTPO, YTOOBI M3-
6exaTh OLIMOKHM, BO3HMKAIOL(ME BCIEACTBHE HEONHOPOOHOCTH pacHpeicieHus.

[IpoGEI BBOAUINCH B XpoMaTorpad ¢ mIOMOILBIO IUNPUIA C UIJIOH JOCTATOYHOM
JUIMHB] I TOTO, YTOOBI CMeCh HEMOCPEJCTBEHHO IOMNajia B KOJOHKY HJIHM 3aKphl-
BAIOILUYIO €€ CHJIOHH3UPOBAHHYIO CTEKJIAHHYIO BaTy. (ITocie MHOroxpaTHOro aHa-
Jn3a HeoOXOAMMO IMPOU3BECTH CMEHY CTEKJISHHOM BATHL UJIM HOCHTENS B KOJIOHKE
Ha raybuHy 1—2 cm).

O6p14HO BBOAUIMCH NPOOL 06BEMOM B 4 MJI, HO MOXKHO BapLHPOBaTb 06peM
npob B npexenax 4—10 M1 ¢ NeABI0 MOJyYeHU Hauboee yONOOHEIX BEJIMYHH MMKOB
xpomarorpamMM. Heo6xomuMo OTMETHTD, YTO IIPH HU3KHMX KOHUEHTpanusax ¢axrop
xpoMaTtorpadupoBaHuss B HEKOTOPOH Mepe 3aBHCHT OT KOHLECHTPAlUH, MO3ITOMY
He PEeKOMEHIyeTCs H3MCHATh Te IapaMeTphl (00beM IpoOBI, TeMIepaTypa, CKO-
POCTb ra3a HOCHTENS, HyBCTBHTEJLHOCTh IPHOOpa) NMpH KOTOPEIX OIPEOEIICS
dakTop xpomarorpapuposanus. Jlyyie BappupoBaTh KOHUEHTPAUMIO Npo6 TakuM
o6pa3oM, 4ToOBl OTHODICHHE MIOIAAcH IOA NMHKaMH M30NpONaHOja M CTaHAapTa
6xut0 B npepenax 0,1—10, Ho ynobuee Bcero 6au3sko k 1. PacueTs! 66114 npoBeaCHE!
OTHOCHTEIBHO 00OMX CTAHAAPTOB M B3ATHL CPEAHHE 3HAYEHUA.

B cepun u3MeHEHHMH peKOMEHIyeTcs MPHIOTOBUTh OTHOCHTENBHO 6oJbiloe
KOJIMYECTBO CTAHIAPTHOTO pacTBopa (1 JI), KOTOpHI HeOoOXOOUMO COXPaHATH HA
xonoay. nst paGoThl OTOMpaNM TOJBKO TO KOJMYECTBO CTAHAAPTHOIO pacTBOpa,
KOTOPOE U3PACXOYeTCs 3a JEHb.

Ilpy IPUIOTOBJIEHMH HOBOTO CTAHAAPTHOIO PacTBOpa HeoGxoaumo BO H3be-
Kauue OMIMGOK (HampuMep, u3-3a abcopOuUMM BOABI PACTBOPAMHM CIHPTOB) NPOH3-
BECTH MPOBEPKY GaKTopa xpoMaTorpadHpoBaHHs.

Pa6ora Oblia BBIMOJIHEHA WO 3aka3y M (UHAHCHpOBaHMM I ocyaapcTBeHHOM
Kopropanuy Hed)TH U rasa.
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RAPID METHOD FOR DETERMINATION OF -PROPANOL
IN PETROLEUM SULPHONATE SUSPENSIONS

1. Seres, M. Berkes and G. Aes

N .

A gas chromatographic method for the determination of i-propanol in water-petroleum sulpho-
nate suspensions used in tertiary petroleum producing is described. After dilution with water the
samples were injected directly onto the column (Chromosorb 102). Ethanol or/and propanol as
internal standard(s) and a flame ionisation detector were used. The accuracy is better than +5%.
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2-Phenyl-1,3-dioxan-2-ylium hexachloroantimonates (5—8) can be prepared in good yield
from 1,3-diols (1—4) with the use of benzoyl chloride and antimony pentachloride (Scheme 1).
Conclusions may be drawn with regard to the mechanism of the process.

' < Introduction

MEERWEIN et al. [1] were the first to prepare a 1,3-dioxan-2-ylium cation as
its tetrafluoroborate or hexachloroantimonate, well-defined crystalline compounds,
by the cleavage of the ethoxy anion.of a cyclic orthoester. The existence of this cation
was confirmed by other .authors, in studies of the Prins reaction [2,3] the solvolysis
of 1,3-dioxane derivatives [4] and the reactions of 1,3-diols and acid chlorides [5].
The existence of the 1,3-dioxan-2-ylium cation'in the reaction between acetyl chloride
and 1,3-butanediol could be confirmed by comparison of the rotations of the optically
active starting 1,3-butanediol and the chloroacetate end-product [5].

Examples of the preparative separation of the 1,3-dioxan-2-ylium cation are
syntheses starting from the esters of 1,3-diols [6, 7] or other 1,3-diol derivatives
[8—11], in the course of which the cation can be separated in the form of its hexa-
chloroantimonate, perchlorate or tetrafluoroborate. The synthesis and propertles of
salts of this type have been reviewed [12]. '

In the literature examples of the syntheSIS of 1,3-dioxan-2- yljum salts the corre-
sponding diol derivative was prepared in every case in a separate reaction step, and the
salts were then precipitated [2, 6—11]

* Part XXVII: Acta Phys. et Chem. Szeged 28, 225 (1982).
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Results and discussion

In the method we propose, a 1:2:1 mixture in chloroform or dichloromethane
of antimony pentachloride, benzoyl chloride (BzCl) and 1,3-diols containing hydroxy .
groups of different orders (1—4) is allowed to stand or is boiled, when 2-phenyl-1,3-
-dioxan-2-ylium hexachloroantimonates (5—8) can be separated in crystalline form -
in one step after cooling of the mixture and its treatment with ether (Scheme 1).

1,5 R!',RZ R3=H ,
2,6 R' R%H;R3=Me | /R2 B2Cl » SbClg R?
3,7 R'=H, R, R3=Me A I AN CH,Ct, or R -
4,8 R',RZ R3=Me On CHCl4 %70 " SbCle
: Ph
1-4 - 5-8
Scheme 1

The yields of the 1,3-dioxan-2-ylium salts (5—8) and the reaction rates are
influenced appreciably by the reaction conditions, e.g. the ratio of the components,
the structure of the diol, and the temperature and duration of the reaction. In synthe-
ses starting from 1,3-diols, a two-fold quantity of benzoyl chloride i In all cases resulted
in an increased yleld of the salt. A few characteristic experimental results are to be
seen in the following Table:

The yields of the salts (5—8) increase with increase of the order of the carbon
atom bearing one of the hydroxy groups in the 1,3-diols (1—4). A higher temperature
results in higher yields of the salts (5, 6), even with a shorter reaction time. In the
syntheses starting from the corresponding primary monobenzoates as intermediates, -
the yields of the salts (5,-6) are comparable to those with the 1,3-diols (1, 2) as starting
materials.

Table 1
) Yield of 2-phenyl-1,3-dioxan-2-ylium salt,
Methods ) Ratio of reagénts . (reactiz;r time)
H 6 -7 8
1 1,3-diol: BzCl1:SbCl; 12 70 80 95
1:2:1 (40 h) (40h) (15 min) (15 min)
2 1,3-diol: BzCl:SbCl, 30 72 —_ —_
1:2:1 (1 h) (3 min) — —
3 1,3-diol-monobenzoate: BzCl: SbCl, 10 .19 — —_
1:1:1 (1h) (3 min)
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On the basis of the experimental data, the formation of the 2-phenyl-1,3-dioxan-
-2-ylium hexachloroantimonates (5—8) can be interpreted by the reaction sequence
given is Scheme 2.

Bz%SbClg  (A)

R rRZ R

BzCl+ SbCis

. Bz
H H+ B2 +SbClg \§>\)<0H.Sbclg
H
(B)

Rl RZ R3

Bz
R o OH, +SbCIG

R2

R3 -
. i * SbCl
0\ 70 6

- GHp + SbClg Ph

-

Scheme 2

The reaction begins with the interaction of the 1,3-diol and the acylating agent
(A), when the faster acylation of the primary hydroxy group is to be expected [2,13].
In acylation with BzCl this is all the more characteristic [14], and the migrational
ability of the Bz group is lower too [15]. The salt formation takes place with water
elimination via the protonated forms of the monobenzoates (B); depending on the
order of the second hydroxy group of the 1,3-diol, this can be interpreted as proceed-
ing via a carbonium ion (route “a”) in the case of 2, 3 and 4, or by a slower cyclization
with an Syi mechanism in the case of the primary hydroxy group (1) (route “b”).
This reaction pathway is supported by the experiments with 1,3-diol monobenzoates
(Table I, line 3).

Thus, the larger yields and rates of formation of the salts (6—8) originating
from the higher 1,3-diols (2, 4) also containing a hydroxy group can be brought into
correlation with the favoured water elimination preceding the ring closure (Scheme
2, route ““a”).

The 1,3-dioxan-2-ylium salts (6) can be obtained in a yield of 50% from 1-
-benzoyloxybutanol-3 in the presence of an equimolar quantity of antimony penta-
chloride. On this basis a general scheme can be proposed to interpret the synthesis
shown in row 3 of Table I (Scheme 3).
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mﬁR ('\I_R sbels (\'_R  SbCl,4(0H)

—— s — <+

Bz0 OH Bz0O +0—H  BzCl 020 _ or -
| ¢ e sbelg BzOH

+
SbCl5 SbCl5 h

Scheme 3

The formation of the 2-phenyl-1,3-dioxan-2-ylium hexachloroantimonates from
the corresponding 1,3-diols can be explained by the water-elimination ring-closure
reaction of the intermediate monobenzoates.

Experimental

General observations. The 1,3-diols 1, 2 and 4 were products of Fluka. 3 was
prepared according to [16], and 1-benzoyloxy-propanol-3 and 1-benzoyl-oxybutanol-3
according to [17]; they were identified by chromatographic, analytical and spectros-
copic methods.

The 2-phenyl-1,3-dioxan-2-ylium salts were recrystallized from CH,Cl,. Melting
points (m.p.) of salts are not corrected. 'H NMR spectra (CD¢N;O, if not otherwise
stated): JEOL C—60 HL NMR spectrometer. Chemical shifts are given in ppm;
abbreviations: s singlet, d doublet, dd doublet of doublets, t triplet, m multiplet;
J spin-spin couphng constant in MHz. IR spectra (KBr) Unicam SP 200 IR spectro-
meter; v,,,, in cm™

Synthesis methods

1. 2.30 ml (0.02 mol) benzoyl chloride and 0.01 mol of the appropriate 1,3-diol
(1, 2, 3, 4) are added at 0 °C to a solution of 1.28 ml (0.01 mol) antimony pentachlo-
ride in 5 ml chloroform, and the mixture is left to stand at room temperature. After
40h in the case of 1 and 2, or after 15 min in the case of 3, and 4, 30 ml ether is
added to the mixture, and the resulting crystals are filtered off and washed with a
cold 1:2 mixture of ethyl acetate and ether, and then with ether. Yields calculated
for the starting diol: 5: 0.59 g (12%); 6: 3.58 g (70%) 7: 4.2 g (80%); 8: 5.12 g (95%).

2. A solution of 0.01 mol of the appropriate 1,3-diol (1, 2), in 5 ml chloroform
is added to a mixture of 1.28 ml (0.01 mol) antimony pentachloride and 2.30 mi
(0.02 mol) benzoyl chloride. The mixture is boiled for 60 min or for 3—5 min in the
case of 1 and 2, respectively After cooling, 30 ml ether is added, the salt separating
out is filtered off and it is washed with cold ethyl acetate, ‘and then with ether.
Yields: 5: 1.49 g (30%); 6: 3.68 g (72%).- '

3. A solution of 1.94 g (0.01 mol) l-benzyloxybutanol-3 1. 28 ml (0.01 mol)
antimony pentachloride and 1.15 ml (0.01 mol) benzoyl chloride in 10 ml chioroform
is boiled for 3 min, then cooled and diluted with 30 ml ether. The work-up is the
same as in 2. Yield: 6: 4 g (79%) (2.55 g (50%) if thé reaction is carried out without
benzoyl chloride). In an analogous way, 5 can be obtained from 1-benzoyloxypropa-
nol-3 if the reaction mixture is boiled for 60 min. Yield: 5: 0.5 g (10%). .
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5: m.p.: 180°; *H NMR: 3.05 (m): 5 CH,; 5.6 (m): 4 and 6 CH,; 7.66—8.46 (m):
aromatic protons; IR (cm-1): 1600, 1590, 1550, 1510, 1450, 1440, 1380, 1290;
C,0H,,0; SbClg (497.66), Calc.: C 24.13 H 2.23, Found: C 23.70 H 2.28.

6: m.p.: 140° ,)H NMR: 1.9 (d): 4 CH,; 2.83 (m): 5 CH,; 5.83 (m): 6 CH,; 5.92 (m):
4 CH; 7.5—8.2 (m): aromatic protons; IR (cm~*): 1600, 1590, 1540, 1510,
1470, 1450, 1390, 1350, 1280; C,;H,;0, SbCl; (511.70), Calc.: C 25.82 H 2.56,
Found: C 25.75 H 2.59.

7: m.p.: 108°; *H NMR: 2.00 (s): 4 (CH,),; 2.96 (t): 5 CH,; 5.4(t): 6 CH,; 7.5—
8.3 (m): aromatic protons; IR (cm~%): 1600, 1540, 1510, 1470, 1440, 1430, 1340,
C,,H,;0, SbCl, (525.70), Calc.: C 27.40 H 2.87, Found: C 26.45 H 3.09.

8: m.p.: 111°; 1H NMR (CD,Cl,): 1.9 (s): 4 (CH,),; 1.83(d): 6 CH,; 2.75(dd):
5CH,; 5.8(m): 5CH,; 7.7—8.4(m): aromatic protons; IR (cm~%): 1600,
1540, 1510, 1450, 1430, 1400, 1300; C,3H,,0, SbCl6 (539.70), Calc.: C 28.93
H 3.14, Found: C 28.54 H 3.23.

The authors express their thanks to their colleagues in the Department of Orga-
nic Chemistry in Szeged: to Dr. Gizella Bozoki-Barték for the elemental analyses,
to Dr. Gyérgy Dombi for recording the H NMR spectra, and to Dr. Janos Kiss
for the infrared spectra.
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XUMUA 1,3-BUOYHKIMOHAJIBHEIX CUCTEM, XXVIIIL
HOBBIN HEIMOCPEACTBEHHLIVI CUHTES 1,3-IOKCAH-2-NWJIVMEBBIX
COJIEM 13 1,3-JMOJIOB

T. IT. Kocyauna, B. I'. Kyavnesuu, H. Aniiox u M. Bapmox

Texcaxnopo CBHHLIOBBIE coi 2-hermi-1,3-mguokcan-2-mwms (5—8) Moryr ObITH HpPHTOTOB-
JIEHBI ¢ XOPOIIMM BBIXOZOM H3 1,3-muonos (1—4) npy HCIONb30BaHUM GEH30WIXIOPHIA H OATH-
xnopucroro cunia (cxema I). Cremanbl 3aKMOYEHHs OTHOCHTENILHO MEXAHM3MAa NPOHCXONAIIAX
OpOLIECCOB.






PEAKIIMOHHASL CIIOCOBHOCTL ‘
NOJIMMETHJI-1,3- TUOKCALIMKJIAHOB B PEAKIIAM C O30HOM

3. M. KYPAMIIUH, JI. T. KYJIAK, C. C. 3JIOTCKUM, I. JI. PAXMAHKYVJIOB
Vdumckuit HepTaHOR HHCTATYT, I. YVda

. IIOMEBOMI, M. I_SAPTOK
Kadenpa opraumteckoil XHMHK YHEBEpCHTETA HM. ATTHNE Moxeda, Ceren,

(docmynuao e |pe()am/mo 6 dexatpa 1982 2.)

Ilpy M3yYeHMHM KMHETMKH DEaKUHH INTH- U MIECTH3BEHHBIX ¢opmaneil, aueraneii U kxeranei
€ 030HOM YCTAaHOBJEHO, uTO 3aMecTuTenmm mpd C*, C8, C® - aToMax IMKIa NPaKTHYECKH HEBIH-
SIFOT Ha aKTHBHOCTh (opMajicil, yBeTHYMBAIOT PEAKLIMOHHYIO CIIOCOOHOCTD aueTaneli Ha ~ 30—70%,
a xeraneii — B 6—10 pa3. Bo Becex cnydasax MakcHuManbHblil 3¢dekT Habmonaercs ans 1,3-muox-
canoB. HaiimeHno, 4TO B NATH3BEHHBIX KeTajisfX aKTHBHOCTb TpeTH4HO#M cBasn C—H Haxopsmmiics
B ®-[IOJIOXEHUM K aTOMy KMCiopona Gojiee 4eM HA nopAmox Hike Takosod ans C—H, cMmexHoH
C ABYMS I€T€POATOMAMH. ’ ’ '

W3BecTHO, YTO UMKIHYeCKME aleTald TOJ IOEHCTBHCM O30HA NPEBPAILAIOTCH
B COOTBETCTBYIOLIHE MOHOI(MPBI TIHKOJEH C KOJHYECTBEHHBIM BhIXozoM (1, 2].
IIpenmomnaraeTcsi, YTO O30HONM3 aneTajtei MPOTEKAET IO MeXaHu3My 1,3-aumoJisip-
HOTO BHEIPEHUsI MOJIEKYJIBI 030Ha no auertanpHolt C—H cBs3u ¢ oOpa3oBaHHeEM
nabunbHoro ruapoTpuoxcuaa [1, 3, 4], nocneayroninit pacnag KOTOPOTO NPHBOMMT
K 06pa30BaHKIO MpOLYKTOB peaknum [5]:

o
H OCH, HO;  OCH, i
N N — N —— R-COCH;(CH,);-CH,0H
CH,). + C (CH2) — 2/n
oo T R ooy 0
n=0|1|2

Panee HaMH HOAPOGHO M3y4YeHO BIMsIHHME NPHpPOIBI 3aMecTHTede npu Ci-
aTOME LMK Ha PeakIUOHHYIO CIOCOOHOCTD aneTaned [6]. HaiigeHo, Yto 3ajexTpo-
HOJIOHOPHBIE TPYNNbI YBEJIHYUBAIOT CKOPOCTH peakuuu [4, 7], a anekTpoHoakIei-
TOpHBIE TPYIABI NPUBOAAT K ee cHMXeHuto [1, 4]. Ilpogonkas 3TH HCCaeXOBAaHHSA
MBI M3Y4HIIH BIMsiHHE 3aMecTuTesielt npu C?, C%, C® — aTtoMax mykna Ha PeaKkumoH-
HYIO CTIOCOOHOCTD 1,3-IHOKCAalMKIIaHOB.

5



66 2. M. KYPAMIIUH 1 corpymumxn

3Kcnepu/ueumanbnaﬂ yacmp

Cunre3 u3yvyennbix coepuHenuit (I—XV) ocyllecTBasuin nmo H3BeCTHOH MeTO-
nuxe [8], B3aumogmeitcTBeM mapadopmanbaernga (iub6o auetanbieryaa, aueToHa)
¢ 3TW/IEH-, NIPOIMUJIEHIJIAKONEM M MX NPOW3BOAHBIMU. DHINKO-XMMHMYECKHE KOHC-
TaHTHL CHHTEe3UpOBaHHBIX coeauHeHHil ([—XV) cOOTBEeTCTBOBaJNH JIMTEPATYPHLIM
3HaYeHusM [9]. )

KuneTuky 030HOAM3a 1,3-AHOKCAIMKIIAHOB H3Yy4YajM B CTaTHYECKUX YCJOBUAX
cnekTpopoTOMETpHYECKH HO pacxofoBaHKI0 o30Ha B pacrBope CCl, mpu 18°
OnbITEl OPOBOAMIIM B KBApUEBOH TEPMOCTATHPYEMOH sd4eiike, NOMEILIECHHON B KiO-
BEeTHYIO XaMepy criekrpodoromerpa «Beckman—5260». ConepxaHue aneTais B HC-
XoAHo# peakuuonHoit cMecH [AH], namensiin ot 0,2 1072 mo 0,1 Monb/n, Hayanb-
HyI0 KOHIEHTpaimio o3oHa [Ogl, ot 0,4-107% go 16,6 10~* Mons/n. PacTBopsI:
(O;—CCly) u (anerans-CCl,) roTosunu pasnensHo. ITocne TepMOCTATHPOBAHHM 3TH
pacTBOpHI CMEIUMBANIA B suelike M ClAeOUIM 3a pacxogoBanweM Qg npH A=
=270—280 uM. PerucTpalyss H3MEHCHHA ONTHYECKOH IUJIOTHOCTH BO BPEMEHH
OCYUIECTBIIAIACH ABTOMATHYECKH.

BuU10 yCTaHOBJIEHO, YTO KMHETHYECKHE KPUBBIE JIJIS BCEX HMCCIENOBAHHBIX CO-
emuaennit (I—XV) uMeroT oJHHAKOBBLII BAX ¥ CHPAMIAIOTCS B KOODAWHATAX:
In ([O;)4/[O3]) — Bpema (Puc. 1). B 31HX yCOBHSIX O30H PacXOAyercs ICEBAOMOHO-
MOJIEKYJISIPHO C KOHCTAHTOM CKOpocTH k" =V [[Os)o. C yBenuuenreM KOHIEHTPAMH
aneTasnsd B pacTBOpe KOHCTaHTa CKOPOCTH Kk’ muHeiiHo Bospactaer (Puc. 2). Caeno-
BaTeJIbHO, HaYaJibHast CKOPOCTh PACXOJOBaHUA O30HA Vo, ONYHHSACTCS yPaBHEHHIO
BTOPOIO NOPSIKA::

Vo, = k [AH][Of]

KoHcTaHuTH cCKOpOCTH peakiiuu o030HA ¢ 1,3-guokcanuknanamu (I-—XV) npuseneHb!
B Tabumne 1.

4.
WM
{-J

e | ==
g K
L
2
B . N 3 .
- 20 ) &0 20 ko 60
'L-‘ [ ‘t)c

Puc. 1. Tunw4nble KPABBIE PACXOJOBAHAS 030HA B PEaKklMM C aueTansMa (a)
M nx nonynorapudn Mudeckue anamopgossl (6), 18 °C, CCl,:
1 — 2,2,4-rpumerin-1,3-muoxconau (1,010 2 Moan/);
2 —4,4,5,5-rerpamerun-1,3-muoxconan (2,5-1072 mons/n);
3 — 2,4,4,5,5-uenramerdn-1,3-mioxconas (1,0-10~% mosn/n);
4 — 2,4,4-TpumMeTrn-1,3-guoxconax (5,0-10-4 mMons/i).
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Pezyaomamsl u o6cyncoenue L
» [AHI:40°, ™
‘Pa3zjinauss B AKTHBHOCTH IMKJIHYeC- : i 8 2
KHX ameTajied 110 OTHOLICHHI0 K O30HY 12F Y T -G .
(Tabn. I) cBs3sHBI C pa3MepoM KoJIbLA.
Hsrussennsie hopmanu (I, IT), u aueranm
(III—X) B 6—10 pa3 akTUBHee LIECTHU3-
BeHHbIx aHayoros (IX, X) u (XI—XIII).
HabaronaeMoe MOXeT OBITh OOBICHEHO
6obLIEH HATIPSHKEHHOCTBIO MATH3BEHHOTO
xonbua [10]. 3amecTuTenn npu atomax C*
C’ 1,3-AMOKCAllMKIaHOBOIO UHMKJIA HE
OKa3bIBaXOT 3aMETHOTO BJIMSHUA Ha KOHC-
TAaHTY CKOPOCTH 030HUpOBaHUA opMaeit
(II, X). D10 0OBACHAETCS TEM, YTO ITH
TPYIIH BCISACTBUE YIAJIEHHOCTH OT peak- [AH]-10 3
IMOHHOrO IEHTPa HE OMNPEJENAIOT MpoY- - ’
HootH cBssel C*—H [11]. IIpoU3BOAHBIE  Pyc. 2. 3aBHCHMOCT NICEBHOMOHOMOJEKYSD-
ykcycnoro anbgeruza III, V u XI, XIII B HOift XOHCTAHTH CKOPOCTM OT Ha4a/IbHOH

-peaKuyy ¢ O30HOM 3HAYUTEJILHO aKTHBHEE koHuentpauuu auerans (CCl,, 18 °C):
i (I, II 1 — 2,2,4-TpumeTHn-1,3-mM0oKCONAH;
COOTBETCTBYIOLIHMX / (bopMa'HeH ’ ) n 2 —4,45,5-teTpaMeTr-1,3-IHOKCONAH
(IX, X) (km/kl 22,6, kv/kn = 3,5; le/le = 3—2,4,4,5,5,-neaTameTnn-1,3-IHOKCONAH;
=4,3, kxnfkx=6), HabmomaeMslii sddexT - 4 — 2,4,4-TpumeTi-1,3-HHOKCONAH.

MakcuManeH mus 1,3-mmokcanos. B pa-

6otax [1, 12] 66110 OKa3aHO, YTO MPH O30HOJN3E 1,3-THOKCAUHKIIAHOB B nepexon—
HOM COCTOSIHMM H4 alleTaJbHOM YIJIEpOJe BOSHUKAET JEHHUIUT 3MEKTPOHHOM TUIOT-
HOCTH, [pH4YeM CTaOUIM3aIHsA NPOMEXYTOYHOM KATHOHOMITHON YACTHLBI OCYILECT-
BJISIETCS. KAK HENOJCJIEHHBIMH 3JICKTPOHHBIMH TAapaMH aTOMOB KHCJIOpPOAd, TakK
. ¥ aJKUJIbHBIMH 3aMECTUTEIISIMHE, IIPHYeM CTaOHIM3UpYIOllee eiCTBHE ANKUABHOTO
3aMECTHTEISI MakCUMaJIbHO B cny4ae 1,3-nmokcanoB. ClieOBATENbHO, YBEIUYCHHE
pPeaKIMOHHOM CIIOCOOHOCTH IpH 3aMELeHUH aTOMa BOJOPOJA Y aleTaIbHOrO YIire-
POJia HA METHJILHYIO TPYIITY CBS3aHO C yBenmeHueM CTabuIM3aIMK NPOMEKYTOY-
HOH YaCTHLIBL.

B psny 2-metmn-1,3-nuokconanos (III—V) mossienre METHIBHBIX 3aMECTH:
Teseit npu atoMax C* u C® LMkna NPHBOAMT K YBEJMYEHHIO AKTHBHOCTH MOJIEKYJI
Ha 20—30%. ITpu BBeneHHM 3aMECTHTEJieH B YETBEPTOE M IMATOE MOJIOXKEHHE 1MKNA
B 2-MeTui-1,3-nuoxcanax (XI—XIII) yBenuvenue peakLHOHHON CIIOCOOHOCTH IOC-
taraeT ~ 70%. HabaromaeMoe MOXKeT GbITh OOBACHEHO KOHQOPMAIUOHHBIMH OCO-
OeHHOCTSIMH paccMaTpHBaeMbIXx Mojiekysl. B pabote [1] mokxa3saHo, 4To peakuust
030HA C aleTaIIMM HMeeT MeCTO TOJIbKO TIPH aHTHNEPHUILIAHAPHOM PACITOJIONKEHHH
atakyeMoit C—H cBsI3u K HENOJENEHHBIM NTapaM 2JIEKTPOHOB ¢-aTOMOB KHCIIOPOJA
nukna. BeegeHue 3aMecTuTeNe B 2-MeTHI-1,3-AMOKCAH MPUBOOUT K 3aKPEIICHUIO
xoHpopmMalmu kpecna [13] TakuMm o6pasom, uto arakyeMass C—H cBsi3b HaXoaUTCA
B OnarompHsATHOH s peakuuu kondopmanuu (1], IlaTH4neHHBIH DMK He ©MeeT
CTOJIb SIPKO BBIPaXXEHHOTO KombopMaunom{oro MHHEMYMa [14], mosTOMY BBeOCHME
aJIbKWJIBHBIX 3aMECTHTENEH JIHMIIb yBENHIMBACT BpeMs NpeObIBAaHUA MOJIEKYJIBI

B GaronpusaTHOH KoH(popManuy.
ITonHoe 3amelleHHE aTOMOB BOAOPOAZ B MoJekyne 1 ,3-IMOKCOIaHA Ha

5.



Tabauya 1

3 M. KYPAMIIVH 1 coTpynanga
ayemaaamu (IHI—V, XI—XIII), kemasamu (VI—VIII, XIV—XV), (k) npu 18 °C

Koncmanmpst ckopocmu peakyuu 030Ha ¢ yuxaudeckumu gopmaaamu (I—II, 1IX—X),
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Ta6auya 1 npodoaxcenue yrezem
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CH,-rpynmet (V1) mpuBoaAT K pe3koMy (Ha ~ 3 MOpsAka) CHHKEHHIO PEaKLHOHHOM
cnocobnoctr 1,3-muokcanuxnana (ky/k,=10"%) U KOHCTaHTa CKOPOCTH O3OHHMPO-
BaHMS CTAHOBHTCA OJIM3Ka K TakoBOH AN anugaTHYeCKHX YrJeBOoAOpOaoB (mis
nuKIorexcana, npu 22°, K = 1- 1072 y/Moib - ¢ [15]). DTo cBA3aHO C OTCYTCTBHEM
B coeaunenun VII C—H cBszeil, akTHBUPOBAHHBIX aTOMaMH KHCJIOpOAA B &-HOJIO-
KEHAH.

PeaxnuoHHas cnocoGHocTh uukauyeckux ketaneit (VII, VIIT) u (XIV, XV) 3na-
YUTENbHO yCTynaet takoBoil ansa dopmaneit (I, IX) u auerasneit (111, XI) u npubau-
xaeTceqa K cuptam (C.H;OH, £=0,35, 25°C [16]). OTHOILEHUS KOHCTAHT CKOPOCTH
030HMPOBAHUA KeTayweH H QopManell AHOKCONAHOBOH H JHOKCAHOBOH CTPYKTYpBI
COOTBETCTBEHHO COCTaBAMOT: Kkvyy/k;=0,01, kxr/kix=0,30, a ketajeit u auera-
set — kyy/kin=0,004, kxiv/kx1=0,06 (Ge3 yveTa 4Mcia aKTHBHBIX aTOMOB BOJAO-
pona B Mosiexyie). M3 sToro crefiyet, 4To B KeTassiX 030H NPEAMYIICCTBEHHO aTa-
KYeT YIJIEPOZIBO/IOPOAHBIE CBA3M, CMEXHBIE C OHUM ATOMOM KHCJIOPOJIA. Hocxonbxy
MPOYHOCTH ITMX CBsA3ell 3HAYMTENBHO NPEBOCXOAUT NMpPOdHOCTH cBsish C*—H, 3rto
ABJIACTCS NPUMHHOM TIOHWXEHUs PEAKUIMOHHON CcOocOOHOCTH KeTaJsel.

BBeneHHe METHILHOTO 3aMECTHUTE/IS B MeTBEPTOE HOJIOKEHHE LMKIA 3HAYM-
TeJIbHO NoBhiIaeT aktuBHOCThL ketasieit (VIII, XV) no cpaBHeHMIO ¢ He3aMelleH-
upiMH  ananoramm  (VII, XVID) (kyuilkvu=96, kxv/kxiy=10). Omnako mo cpas-
HeHuto ¢ 2-Metun-1,3-guokconanom (III) momo6uas xerans (VIII) 3mauuTensHO
meHee akTuBHA (kym/kp=0,026), crenoBaTeIbHO B NMATH3BEHHBIX KeTaJigX peak-
LMOHHAA CHocobHOCTh TpeTuuHOM cBsi3u C—H, Haxomsuelica B a-MOJOXEHUH
K aToMy Kucyiopona, B ~ 40 pa3 Huxe TakoBoit mig C—H cMmexHolt ¢ nByms ato-
MaMH KUCJIOpOJA.

B To BpeM4 KaK OpW mepexoie oT uectusBeHHoro auetans (XI) k kerano XV
TMOHMXEHKHE PEaKIWOHHON CMocOOHOCTH KpaitHe He3HAuuTeNbHO (kxv/kx;=0,64).
Ha6aromaemslit 3¢ddexT sBiIseTCA HEOXKUIAAHHBIM, INOCKOJIbKY -auetansHas C—H
CBfA3b, KaK NpaBWJIO, HAa MOPAAOK H 6oJiee akTUBHEE Jr060H cBA3M B 1,3-mHOKca-
LHKJIaHe.
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REACTIVITY OF POLYMETHYL-1,3-DIOXACYCLOALKANES TOWARDS OZONE
E. M. Kuramshin, L. G. Kulak, S. S. Zlotskii, D. L. Rakhmankulov, J. Czombos and M. Barték

In the reactions of five- and six-membered formals, acetals and ketals with ozone it was found
that the substitution of the C(4), C(5) and C(6) atoms had practically no influence on the activity
of the formals, whereas the reactivity of the acetals was increased by 30—70%, and that of the
ketals by a factor of 6—10. In every case the maximum effect was obtained for the 1,3-dioxanes.
It was found that in the case of the five-membered ketals]the activity of the tert-C—H bond in the «
position to the O atom was more than one order lower than that of the C—H bond between the two
hetero-atoms.






VICCJIEJOBAHHE KOMILIEKCOOBPA3OBAHUSA
1,3-IUTETEPOAHAJIOTOB LIUKJIOAJTKAHOB
' METOAOM IIMP-CITEKTPOCKOIIVN

@..H. JIATBITIOBA, B. B. 30PUH, I1. A. KPACYLIKUI
Hedrsauoi muctutyr, Yda

H. A. KAPAXAHOBA
Kadenpa xamumr He T ¥ OPraHIMYECKOro KaTamea yruBepcuTera uM. M. B. Jlomonocosa, Mocksa

. ATIBOK, M. BAPTOK
Kadenpa opramecxou XAMHM YHUBEPCHTETA MM. Ar'mnm WMoxeda, Ceren

(ITocmynuao 6 pedaxyuro 6 dexabpa 1982 2.)

H3zyueno KOMnneKCOOGpasoBarme Eu (AIIM); ¢ 1 3-nnre'repomﬂcnoanxanam M OnpeneneHa
CBSI3b CTPOCHUSA C XapakTepoM KOMILIEKCOO0 pa30oBaHuUs.

KomnekcoobpaszoBanue 1,3-nurerepoanasnoroB IUKJIOAJKaHOB paHee H3yva-
nock MetonamMu HK- -CTIEKTPOCKOHHI' {1, 2], uTo MO3BONMNO YCTAHOBHTH CTPOCHHE
H-koMniexcoB MpoCTeHIUIMX UMKIMYECKHX aneTanei. Onnako onHo3HavHas MHGOP-
Malys O XapakTepe KOMILIeKcooOpa3oBaHUsl CTE€PeOH30MEPHBIX 1,3-IMOKcauMK-
JIaHOB U 1,3-0KCa30MMANHOB NoJyYeHa He ObLia.

B Hacrosweit paboTe HaMil MCCIIEAOBANIOCh KOMIUIEKCOOOpa3oBaHUE HHAMBH-
NyaJbHBIX LHC- B TPAHC-M30MEPOB 2-MeTHJI-5-TpeT-OyTri-1,3-nnokcanos (Iu u It)
u 3-6ytun-1,3-oxcazonuauna (I1) meronom INIMP-cnekTpockomnuu ¢ HCTIOJIb30Ba-
HHEM B KavecTBe aekTpodunbHoro pearenra Eu(JIIM); [3].

Coenunenns I u IT Opute TOMTyuYeHB! B Pa3lENeHB! METOAAMH, OMHCAHHBIMHK
B paGore [4], ¥ TIOJI0XeHHS METAJIBHOH U TPET-0yTHIILHOM IPYIII.OBII0 YCTAHOBIEHO
no crextpaM IIMP B COOTBeTCTBHH € aHaJIM30M; JaHHHIM B pabote [5).

CiCHy;

”ﬂéoj Hﬁ%o:f e Q/N-%CH:CHzCHa

m L

"‘4

_ Bewectso II 6ni0 ToNydeHO KOHZEHCalHed N-6miI-/¥-0Kcn3TMJI-aMHHa
¢ mapadopmoM [6].
W3 IIMP-cnektpos aueTanen In u It, 3aperucrpupoBanusix B CCl, B an-
cyrcreun  Eu(AITM),, cnenyer, YTO C YBEJHYECHUEM KOHUEHTPALMHM IIOCIEAHEIO
HMEET MECTO CMEILieHMEe BCEX CHTHAJIOB IPOTOHOB B cnaboe mone (Puc. 1, 2) u na-
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T'
B, H o ]
_ WC(CH:J: B

HA 5
Im

L ‘ )\ .

T

7 6 5 4 3 2 1 0

Puc. 1. 1. IMP-cniexTp TpaHc-2-MeTHI-5-T. OyTunamnokcana-1,3 (CCly)
II. IIMP-ciexTp TpaHc-2-MeTuin-5-1. 6yrmnmuokcana-1,3 B npucyrcrsau Eu (JITIM);.
[Eu (0113 M)3]
CoorHomege ————— = 0,15
[cyBcrpaT]

6 5

Puc. 2.1. IMP-cnextp muc-2-mMeTii-5-1. 6yTrnauokcana-1,3 (CCly)
. TIMP-cuexTp wnc-2-MeTua-5-T. OyTHnmoxcana-1,3 B npucytcreuu Eu(AIIM),.
[Bu(UTM)] _ |

Cooraomesps ————— = 0,15
- [cy6erpaT]
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Tabauya I
J;IHC, 48, M. 1.
CoenvHeHEA
2H , 3Hp 6H,
h)
CICH3),
B 0 H .
Hac\;o 23,3 13,4 3,0
" /
H wuc-~-Ty
. . H o
B
; CICH,),
Hs%éoj _ 11,3 10,7 1,3
gA
TpaHe -Im

GiroaeTcA JIMHelMHas 3aBACHMOCTb XUMHYeckoro casura (5, M. A.) OT COOTHO-

onny TERCITIM),]
[cybeTpat] '
(JIUC), . mony4YeHHBIX 3KCTpanojsuuei
JIMHEHHBIX YYaCTKOB 3aBHCHMOCTEH § =
= w IO  COOTHOILEHHA
[cybeTpar] -
[Eu(ATIM);]
[oyborpat] = 1 BHOHO, YTO TPOTOHBI

nucuzoMepa (1) HCBITHIBAIOT OOJIBILMI
JIVC, 4eM aHAJOTHYHBIC TPYNIBI B H30-
Mepe It. Hns MeTuHoBBIX rpynn (Au u
AT) 1 MeTuNBHHIX Ipymn (Bom Br) JIMC
MakcuManied (rabma. I), Torma xak ans
MPOTOHOB TPET-OyTHIBLHOTO (parmMeHTa
(du u A1) JIAC 3Ha4YKMTEIbHO MEHBIIE.

Paszuumia B JIUC gns npoToHOB A #
D B usomepax Iy 1 IT BecbMa 3HaYNTENb-

Ha, Torga kak JIUC st rpynn Bo u Bt °

MPaKTHYECKH OAMHAKOBBL. ITH De3yJib-
TaThl CBHACTEILCTBYIOT O TOM, YTO IpH
koopavnauun Eu([AIIM); ¢ aromamu
KuMcIopoa, TpeT-OyTuibHas rpynma B
CB-aKCHAJIBHOM TIOJIOXKEHHM COEIMHEHHUS
Iu waxomuTcsl 3HAYMTENBHO OJiMXe K
3JEKTPOQUIBHOMY UEHTPY, YeM IKBATO-
puanbHas TpeT-0yTHJIbHAS IPymNa B M30-
mepe It. CyluecTBeHHOE yBelIH4YeHHE Be-
npuaael JIUC rpynmet Ang ot AT, mo-
BHIMMOMY, CBSI3aHO C YIUIOLUeHHeM ¢par-

WA

'

(puc. 3). 3 Benu4MH JAHTAHOUTHBIX HHIYIUPOBAHHEIX COABHIOB

Sive

A A
10 Y T

/

/! s,

AN

, /

D

) [/l&
——

, A/o/\ ______-Dr

0 0t 0,2 03 0.4 05

Puc. 3. 3aBUCHMOCTb XHMHYECKUX CABUTOB
IPOTOHOB LKC- ¥ TPaHC-2-MeTAN-5-T.
6y THnauoxcana-1,3

{Eu(ATIM),]

(oM. 1.) OT COOTHOMIEHH ———————————
[cy6erpaT]
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merTa O-C2-0° B o6pasyromemcs kommiekce Eu(AIIM), — mmc-H30MeEp 3a CIET
BBITECHEHUS 37EeKTPOPUILHOrO HeHTpa 00BeMHOH TpeT-OyTHILHOH rpymmoi B
HanpapnieHun k C®-atomy muxia. Takum obpasom, senuuunst JIMC nosponstoT
ONHO3HAYHO CYAMTb O TeOMETPUH 3aMmecTHTesell npH CS-aToMe [HOKCaHOBOrO
LHKJIA ¥ TIOJIE3HBI TIPH W3YYEHHH CTEPEOXUMHUH 2,5-1H3aMeILeHHbIX 1,3-AH0KCaHOB.,

8 7 6 5 % 3 2 1 0.
Puc. 4. 1. IMP-coekrp 3-6yTan-1,3-okcasomuxnonenrana (CCl,);

II. IMP-cniekTp 3-6yTHN-1,3-0KcasaumknonenTaHa B apucytcTBun Eu(AIIM;);
[En(AIM);]

C— : CooTHOIIEHHE =0,
[cyberpat)

" MBI uccneoBajiv IpHposY KOOPAHHAIMOHHOTO LIEHTPA, B KAYeCTBE KOTOPOTO
MOTYT BBICTYNAaTh 4TOMBl KHC/IODOAA MJIM a30Ta, Ha npuMepe coeawnenns II. W3
ananusa JIMP-creKTPOB KOMILIEKCOB BHAHO, YTO C YBEJIMYCHHEM KOHIEHTPALMHU
Eu(J1TM), HabmioaaeTcst CMelLleHHE BCEX CHTHAJIOB IPOTOHOB B cliaboe mone (puc. 4)
H Xopoluas AMHeHHas 3aBHCHMOCTb XHMHYECKOro cBUra (6, M. 1) OT COOTHOUICHHS
—[E—U—(H—HM IO BEJIMYMHBI 3TOTO COOTHOLEeHUsA ~0,6 (puc. 5). Beauuannr JIUC

[cy6eTpar] .
AMEIOT HaWOoNbIINe 3HAYeHHs s IPOTOHOB METWIEHOBBIX rpymn A u B, a s

i

Tabauya I1

JINC, 43, m. a.
Coennnenne (1)

2H, | 2Hg | 2H | 2Hp | 2H, | 2Hp | 3Hg

B [of
0D E F G
O N~-CHCH,CH,CH 438 42,3 | 31,5 |269 | 131 ] 69 | 3,5
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&g,

OCTAJILHBIX TNPOTOHOB YOBBAKOT B PALY A

C>D=E=F=G (ta6bn II). 310 cBu- /

JETEJLCTBYET O TOM, YTO KOOPANHAIVOH- 12

HbM HeHtpoMm s Eu(AIIM); B coenn- /

Henuu 11 sBnsieTcst aToM kuciaopona. Eciu / ¢

OBl KOOpAMHAUWS IPOXOOUIA Takke IO 10 5

aToMy a30Ta, 3TO NPOABHJIOCH OB B : /

cyliectBennoM ysesmuenun JIMC npoto- o /)

HOB IPYINH A B CpaBHEHHH C B.

3KcnepuMeHma/1bHaﬂ yacnib

Hcnonb3oBanHass MeTOJMKA TIOJIyYe-
Hus coenuuenwit (In u IT) 3akirovanace
B auneranu3amuu 2-tper-6yrmi-1,3-mpo- 2
MAaHANOJIA YKCYCHBIM aJIbJAETHAOM B [IpH-
CYTCTBHH  TIapa-TOJYOJCYJb(POKHUCIOTHL
npu 80—90 °C ¢ a3eoTpOIHBIM yaalieH- 0 o1 02 03 04 05
ueM peakiuonHo#t Bogwl. Coenunenue I1
Ob10 nojydeHo [6] B3auMozeHCTBHEM

—1 | ¢

NN
NN
\

Puc. 5. 3aBECHMOCTb XMMUYECKHX CIBATOB
NnpoToHOB 3-0yTun-1,3-0kca3omunHa

tdopmanbmeruga ¢ N-GyTun-f-oKCHITH- (m.1.) ot

namunoM. Crnektpel [IMP 3amuceiBanu CooTHOmeMHS [Eu (ATIM):]

Ha npubope «Teslar—BS—489. [cy6cTpaT]
JlaTeparypa
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EPR STUDY OF EUROPIUM COMPLEX FORMATION OF 1,3-DIHETERO
ANALOGUES OF CYCLOALKANES
F. N. Latypova, V. V. Zorin, P. A. Krasutskii, N. A. Karakhanova, J. Apjok and M. Bartdk

Complex formation between Eu(DPM); and 1,3-diheterocycloalkanes was investigated and
the connection of the structure with the complex-formation characteristics was established.






CHUHTE3, CTPYKTYPA U CBOMCTBA KAPBOKCWJIATOB METAJLIOB, 1.
BJIWSHUE YCJIOBUN CUHTE3A BUC-2-OTUJI-TEKCAHOATA)
HUKEJIA (II) HA UTHOPPAKPACHBIE CIIEKTPBI ITPOAYKTA

O. BEPKEIIN u U. A. AHOOP
Kadeapa obwiei 1 GpH3HYECKOA XHMHH YHUBEPCHTETa M. ATTHIH Moxeda, Ceren

(Mocmynuno 6 pedaxwuio 5 okmabps 1982 2.)

IpuroTosnensl coyn Ouc-(2-3Tmi-rekcanoarta) Huxens (II) mpy pa3’HBLIX MOJHEBIX COOTHOIIE-
HHSAX HCXOMHBIX COeMHEHMI M pa3uuiX pH cpensl, peaxuueit aeoitHoro obmexa. Ilokasansl u 06-
CyXIIeHBI MpoHCXxoAsiye uaMeHenusi B UK coéxrpax mIpoayKTOB, BbLIEIEHHBIX KCTPaKLUMER XII0po-
dbopMoM, B 0651ACTH HACTOT KAPOOHMALHBIX H KAPOOKCHNATHLIX BAEHTHBIX KONeOanuit.

Uutepec nccefoBaTesell K U3YUEHHIO BONPOCOB CBSI3SHHBIX CO CTPYKTYPOI
W CBOMicTBaMHE KapOOKCHIATHBIX COEMHEHHMI B IOCEIHHE TOABI Bce H0Jiee pacIliup-
sieTcst. DTO MOXKeT OOBICHATRCS, B IEPBYIO OYepelb, BO3POCTAIOIMM BHHMAaHHEM
K COeIMHEHUAM METAaJIJIOB ¢ OHOJIOTHYECKH aKTHBHBIMHA BelecTBaMu [1—5], a Takxke
NOBBILIEHHEM PO 3KCTPAaKIHOHHBIX IMPOLECCOB B NPOMBIILIEHHOCTH IPH Bble-
JICHUH pARA BaXKHBIX 3J€MEHTOB H3 pa36aBieHHBIX pacTBOPOB [6—9]. B cBs3H ¢ 3THM,
TEOPeTHYECKMMH BOIIPOCAMH CTPYKTYPBI KapOOKCHIIATOB U MX 3KCIIEPHMEHTAIbHBIM
H3yYeHHEM 3aHMMaeTcd LIMPOKMA Kpyr uccienoBateseil [10—17}. HdetanbHoe u3-
JIoXkefide OCHOBHBIX IOJIOKEHHH O CTEPEOXMMHH KapOOKCHIIATOB IePeXOIHbBIX Me-
TaJuloB HaxoauM B 003opHoil ctathe Tlopait-Kowmiy [18].

K u3yyeHuio cTpyKTypsl KapOOKCHIIATOB OYEHb ILIMPOKO NPHBJIEKACTCS METOX
HK crekrpockomu [19]. O630p paboT, OMUCHIBAIOLIMX IEPBOHAYAJIbHBIE NAaHHBIE
o cmekTpaM kapbokcuiaaToB HaxoduM B cratbe IlleBuenko [20]. Bonpocer cBsizm
crpyktypsl 1 MK cnekrpoB kap6okcuiaToB NoapoOHO PaccMOTPEHBI B MOHOTpa-
¢usx Hakamoro [21, 22]. OnHako, 10 HACTOAILEr0 BPEMEHH OCHOBHBIE KOPDEIISINH
MeXy CTpyKTypoi, cocraBoM u MK crekTpamu xapOOKCHIaTOB pasiHYHBIX Me-
Ta/uIoB stBAstoTcst CrOpHBEME [23]). OCHOBHON NpHYMHOM pa3HOTNAcHil SABISETCS
BECbMAa CHJIbHBIA pa30poc HaHHBIX Pa3HbIX ABTOPOB IO OCHOBHBIM XapaKTEPHCTH-
YeCKHM KoJileGaHnsaM XxapGOKCHIATOB A OOHHX M TeX XK€ COeIOWHEHHif, B CBS3H
C YeM BO3HHMKaeT COMHEHHE OTHOCHTENbHO HMJCHTHYHOCTH HCCIENOBAHHBIX 0obOpas-
1oB. [TpuyuHOit JIHTEPATYPHBIX Pa3HOIJIACHH MOXET CNYXUTh TaKXe pa3Has WHTep-
MpeTanus CIeKTPOB M OLEHKA XapaKTePUCTUYECKMX YacTOT IPU HAJNHYMH, KaK 3TO
B GOJILLUMHCTBE Cily4yaeB HaOJIOAaeTCSA B CHEKTPax, PacIUEIUIEHMS TMOJIOC U TOSB-
JIEHWS IleY Ha ToJjiocaX. Panee HaMH OBUIO OTMe4YeHO, 4To nornoinenue 8 UK
ciextpe B o6mactr 1620—1500 cm™!, Haliienuoe 1St JlaypaTa KajbLUs, AOJDKHO
paccMaTpUBATLCS HE TOJIBKO KaK COOTBETCTBYIOLIee aCUMMETPHYHBIM BaJIeHTHbIM
KonebanusaM kapookcunaTHo# rpynusl (v,;COy ), HO Kax cepHs IOJIOC, XapaKTepHas
IUISA CTPYKTYpHI KapOoxcuiaToB MeTasuioB [24]. IIpoBeneHHOe HaMHU paHee H3y4YeHHe
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9eCTBO NpHbaBiseMoil 1UeJIoYH yBeNnumId 1o Bemagenns ocagka Ni(OH),. Pacxon
5,0-1072M pactBopa NaOH coctasisur 6 cm® Ha 10 cm® McXoRHOM cMecH (mociie
IKCTPAKIUK TosTydeH npoaykr — C).

K mpHMroTroBieHHO# aHAJIOTHYHO NpeAbIAYINEMY HCXOOHOH CMeCH H0oOaBMIIM
0,1'cm® 25%-noro pacrBopa NH,OH. Ilpm 3TOM TONBKO HE3HAYMTEJIbHAS YaCTh
Ni(OH), nepeniia B aMMHAYHBIA KOMITIeKC, HECMOTpPS Ha BEICOKWH PH cpenpr,
JOCTHTraloLiero 3HaveHus 13 (BbIAeJEHHBIH 3KcTpakiuei mpoaykt — D).

3k CnepumMenmaibrHble danHble

ITockonbky MK criekTpht CHEMAaNK Ha JABYXJIyYeBOM HpuGope (B KIOBeTe Cpas-
HEHUS TIOMEIIANICS XJIOPO(OpM), OCHOBHEIE, IMPEACTCABISIOIINE [Js HAlIMX Ienei
uHTepec, obaactn crmekrpa (4000—2500 1 1800—1200 cm™!) 6BIAM TPHrOAHBI AJIA
MpOBeAEHUS UCCheoBaHus [26].

Ha puc. 1, njst yToYHeHHs] OTHECEHHS TOJIOC HOTJIOIIEHHs!, npeacTasienbl MK
CHEKTPHI 2-3THJI-TeKCAHOBOH KHCJIOTHI H €€ HanerBon COJH
B obaactu BosHOBHIX ymcell 1800—1200 cm~'. Kak BumHO
W3 PUCYHKA, B JAHHOHM 00JacTH BOMHOBEIX YHCEJl B CIIEKTPE H*
HOKt B pacTBope xjiopodopMa, BBIAENSETCS XapaKTepuc-
THYeckas mojoca mpu 1715cm™, cooTBercTByIOMIAs
BaJICHTHOMY Kosiebanmio xapbomuna (v C=0) B mnme-
pU30BaHHBIX KapBoHOBBIX kuciaoTaXx. OOHapyxuBaeTcs
Takxke cnabasi ruOpraHAs mojioca AehOPMAIMOHHOTO KOJIe-
OGaHuUs TUOPOKCHIA W BaJleHTHOro konebaHust ces3u C—O B
ACCOUMMPOBAHHBIX KHCnoTax mpu 1415cm™!. Ocranbuble
TIOJIOCHI COOTBETCTBYIOT KOJIeDaHUAM METHIIBHBIX H METHJIE-
HOBBIX I'PYIIIL.

IIpu ob6paszoBanmm NaOQOkt coBepiIeHHO 4Y€TKO IIpO-
ABsOTCA (B XNMOpodOPMOBEIX pacTBopax) BMecTo Kapbo-
HIUIBHOM IIOJIOCH{ [BE HOBBIE, COOTBETCTBYIOLME v, ,CO;
npr 1555 cm™! ¥ CUMMETPHYHBIM BaJIEHTHBIM KOJeGaHuAM
kapbokcuiatHol rpynmsl (v, CO;) mpu 1425 cm™t. Kax l
puHO, B ciekTpe NaOkt He 0OHapyXHUBalOTCS NPH3HAKH 0
IpUMecH CBOOONHOH KUCIOTHL. XapaKTepHble il KapOox- . .
cHJIaTa TOJIOCH! SBISHOTCS CHIbHBIMH, OCTPBIMHU M HEpAcy- B0 1500 1200
JIEHEHHBIMH. *em!

Ha‘ puc. 2 IpeACTaBJIEHB! CHEKTPHI NPOIYKTOB, ITONY- Puc. 1. UK crexrpst
YEHHBIX B CCPHM JUISL BBISCHEHHS BJIMSHMS MOJBHBIX COOT- o oryn roxcanoBolt Kuc-
nomenuid peareHToB NiSO, u NaOkt. Ilpn sTtoM, ectecT-  jporer(H*) u ee narpue-
BEHHO, 3aKOHOMepHO wu3MeHsuics pH cpenbl, MOCKOJNBKY Boit com (Na*).
ucxomusnt 0,1 M pacrBop NiSO, umern pH 598, a 0,2 M
pacteop NaOkt umen pH 7,35. M3 mpencTaBieHHBIX JaHHBIX cnenye'r YTO TIpH
N3MEHEHNUH MOJIbHBIX COOTHOLUEHHMH, B CIEKTPax NPOAYKTOB HabGMIOmAloTCA Takke
3aKOHOMepHbIe u3MeHenus. IIpu GonasmoM u3briTke NiSO, (OTHOCHTEILHO HH3KHH
pH, xpusas V) nabnromaeTcst HauboJiee CIOXHBLA CrekTp: Iieyo mpu 1750 cm—?!
Ha T0JIOCE, COOTBETCTBYIOMIi KoneGanusam v C—0 pumepos kuciaoT (1715 cm™1),
MOXeT OBIT olleHeHO Kak v C=0 11 MOHOMEPOB KapOOHOBBIX KMCJIOT. CO CTOPOHBI
MEHBIIKX BOJHOBBIX YHCEJI TAKXe HMeeTCs Ieyo npy 1690 cm 1.
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NMPOAYKTOB B3aUMOJIEHCTBHAS BOAHbIX PACTBOPOB XJIOPHAA OepHiHsA M KaJHeBbIX
MBUT HaCHILIEHHBIX JKUPHBIX KUCJIOT npM pasHbix pH cpeant nokasasno Ha Heobxoau-
MOCTb JI€TaJIbHOTO PACCMOTPEHHS U YTOUHEeHUst oTHeceHus mojioc UK crnekTpoB Bo
Bceil o6JacTd 4acTOT MOSIBIEHHS KojieOaHuH KapOOHMJIBHBLIX H KapOOKCHJIATHBIX
rpynn [25).

3amaveit manHo# paGoThl ABASIOCH NoJiyyeHHe conu Nit ¢ 2-3Tui-rekcaHoBoi
KHCJIOTO# MeTOAOM peaKLUHH 3aMELUCHUs] B HATPUEBOH COJNM 2-3THJ-TeKCAaHOATa,
TIPH Pa3JIHYHBIX MOJIbHBIX COOTHOLIEHHAX UCXOAHBIX peareHTOB U pH cpeasr; cusiTHe
UK cnekTpoB NpoAyKTOB H NPOBEAEHUE MONBITKH OOBSACHEHUS NPHYMH BO3IHUKHO-
BEHHS Pa3JIMYHil B ClEKTpax cojieil B 00J1acTH MOSABJIEHUS TIONIOC BAaJIEHTHHIX KOJIe-
6anuit KapOOHMIBHOM U XKapOOKCUIIATHOM TPYyIHI.

Ob6vexmbl 4 Memoobl UCCACOO8AHUA

2-3THN-TekcaHoByro kucnoTy (HOkt) npumensnu ¢upMbr Merck co cremeHbio
YUCTOTHL «zur Synthese», ocranbHble peakTuBhl Oblnv ¢upMbl Reanal amanuru-
YeCKOM CTeHeHH YHCTOTHI.

MK cnexTphl cHUMaNH Ha cnekTpoMetpe Tana MOM—2000, B pactBopax xJjio-
podopma, B kroBetax NaCl npr Tomumnax cinoa 0,1 u 0,055 mm. UyscTBuTESNDH-
HOCTb M oLuMbKa U3MepeHHMil cocrasiisia He GoJiee +5cm™! B onpelesieHuH BOJ-
HOBEBIX YHCEJ MAKCUMYMOB [0JIOC NOTJIOILIEHHS.

Hatpuesyio conb 2-stuin-rexcanoata (NaOkt) roroswim HeATpaiwsauuei
pas6apnenHoro soaHoro pactsopa NaOH u36siTkoM kuciotsl. Iocne 3aBepiuenus
peakUHM OocHOBHAsf Macca u30OmiTouHO¥M kuciaoTrel HOkt oTcimamBaercs, KoTopyio
OTHENSNM B JENUTENIbHOW BOpOHKe. OCTaTKM KHCJIOTHI H3BJEKaNH 3KCTpaKLHeR
xJIopoOpMOM M3 BOJHOTO pacTBopa coJii. Pa3baBiieHHBI pacTBOpP HATPHEBOIA
COJI¥ KOHIIEHTPUPOBAJIH BEIMAPUBAHHEM U OCTATOK CYLIHJIA B BakyyMme mpu 363—373
K B Teuenme 25 yacos. IIpoayKT Xpanuin B 3kcukaTope Haj P,O;.

Conr  nukenb(II)-6uc-(2-3Tin-rekcanoata) (NiOkt,) TOTOBHIM CIHBAHHEM
0,1 M pacrBopos NiSO, (unm Ni(NOy),) u 0,2 M pacropos NaOkt npu MOJBHBIX
COOTHOLIEHUSIX PEareHToB, COOTBeTCTBeHHO: 1:6 — I, 3:10 — I, 1:2 — III, 10:3
—1V, 6:1 — V. [Tocsie 3aBeplIeHA peaklMU CMECh OCTanach roMoreHHoit. IleneBoit
TPOJYKT H3BJIEKaJICA TPeXKpaTHOH 3kcTpaknuei XjJopohopMoM.

ITockonbky B MpoBeAeHHOH cepuH cuHTe30B pH cpenbl Obwiu B ciaaboxucioi
obgacT, HaMH ObLIM HPHUHATHI ycJioBus cuHTe3a NiOkt,, COOTBETCTBYIOINHE HEM-
TpaibHBM H OoJiee BhicokoM pH cpenbl.

Turposanu 0,1 M pacreop NiSO, 5,0 -10~2 M pactBopom NaOH z0 nosenenus
ocanxa Ni(OH),, pacxon pactBopa wenoyd Ha 10 cm® mcxonmHoro pacrBopa coc-
cTaBJisin 2,6 cm3. [Tonydyennslit TakuM o6pa3oM pactsop NiSQ, cMellMBanu ¢ 3KBH-
BaJleHTHBIM koJindecTBoM 0,2 M pactBopa NaOkt, 3aTeM IPOU3BONAIH SKCTPAKIHIO
xJiopohopMoM (IPOAYKT — A).

CmemmBainu paBHble 06beMbl HCXomHbIXx pactBopoB NiSO, (0,1 M) n NaOkt
(0,2 M) u 2ateM TuTpoBanu 5,0. 1072 M pacrBopom NaOH 1no nosBieHus ocagxa
Ni(OH),, pacxon menoun coctasnsin 4 cm® Ha 10 cm® cMmecn. Tlocne nepemerun-
BaHUsA, Y€pe3 HEKOTOPOE BpeMs, IPOU3BEIH IKCTPAKHHIO KaK B IpebIAYLIEM caydae
(mpoaykt — B).

AHaJOTHYHO NPHTOTOBJNICHHIO NpPOAyKTa B roToBUNM CMeCh, TOINBKO KOJIH-
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IMonoca v,,CO; paciuemnena, IpA 3TOM HHTEHCHBHOCTB NOJ0C B Ay0neTe mouTH
OJHMHAKOBAasA C MHHHMAJBHLIM npeobiaafannmeM Mojockl npdH 1590 cm™! mpotus
nosioce! npu 1615 cm~L

VMmenbiuenne n3bnirka NiSO, (kpuBble 1V w III) NpyBOAHT K HCYe3HOBEHMIO
MOJIOC ¢ HauBoJiee BHICOKHMH BOIHOBLIMH uucnaaMu (1750 u 1715 cm™?), ocraeTtcs
eIMHCTBEHHAS XOPOILO BHIpaxeHHas Tojoca npy 1690 cm™!. OTHOCHTeNbHuA MH-
TEHCHBHOCTBH 60Jiee BLICOKOJACTOTHON cocTaBnsroeil ayéaera v,, CO; nocreneHHo
yMeHbiuaetcs. ITpu n3bbitke NaOkt B peakunonnoit cmec (kpusbie II 1 I) obGna-
PYXHBAEeTCH IUIEY0 Ha moJioce v,, CO; oxono 1560 cm~!. CriekTpajibHas 1oJjoca,
cootseTcTByoWwas v CO; npu 1420 cm~! Bo Bceit cepun ocTaerca Ge3 0cobbix H3-
MEHEHMH. :

Pe3ynsTaThl NpOBEACHHOM aHAMOTHYHOW CEPUH OMBITOB C npuMeHeHneM 0,1 M
pactBopa Ni(NO,), ¢ pH 6,17 sMecto NiSO,, npeacrasnens! Ha puc. 3. Kak Brauo
M3 CHEKTPOB MOJIyYCHHBIX HpPOAYKTOB, ABJIEHUS, OOHApYXKHUBAIOLIMECS NPH YBENH-
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Puc. 2. UK coextpsl NiOkt,,
IOJIyMEHHBIX MNPH  Pa3HBIX
MOJIbHBIX COOTHOLICHHAX HC-
xoOHbIX peareHToB NiSO,
NaOkt cooTBeTcTBeHHO: 1:6
—1I, 3:10 —1II, 1:2 —1II,
10:3 —1V,6:1—V,

Puc. 3. UK cnexrpe1 NiOkt,,
MOMYYEHHBIX MpH  pa3HbIX
MOJTBHBIX COOTHOIIEHMSAX HC-
XoAaHbIX pearenToB Ni(NO;),
u NaOkt CcOOTBETCTBEHHO:
1:6 — 1, 3:10 — 2, 1:2 —
3,10:3 —4,6:1 —5.
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veHnd 104 Ni(NO;), B peakIMOHHOM CMeCH, MOXa3bIBAIOT TAKYIO XK€ 3aKOHOMEp-
HOCTB, Kakas HabJirofianach B npeapIoyInei cepur ¢ ysesuvenueM aoau NiSO, mo
9KBHBAJICHTHBIX COOTHOWEHWH peareHToB (cM. puc. 2, kpuBas III). 310 obcTos-
TeJILCTBO YKa3bIBaeT HA OMNpefesiouryto pois pH peakunoHHOW cpelbl Ha cOCTaB -
¥ CTPYKTYPY.IpOIyKToB oTpaxaronmuxcsa B UK cnekrpax, He3aBUCHMO OT CTPYKTYpBI
aHHOHA UCXOJTHOM CONM MeTaja.

Crektp NiOkt,, mosy4yeHHOH TocIie NpeABapUTebHOro noBbllieHus: pH cpenpl
pactropa NiSO, mo 3nayenus 7,3, He OTJIHYAETCA NPHHIMINAIBLHO OT cneKTpOB
MPEACTABJIEHHBIX HA puc. 2, COXpaHIeTCs aXe IUIeYO, HaXOAALIeeCsH npn 1715 em™
(puc. 4, xpuBas A).

Cneprm nponyktoB B u C, cooTBeTcTBYIOIIME MOBBILLIEHHIO PH peaknnoHHOH
cpebl Tocie CMEMICHUS PeareHToB 10 7,6 U 9,9 COOTBETCTBEHHO, MOJHOCTHIO COB-
IaJAroT W OTJMYAlOTCA OT aHaJIOTHYHOTO cniekTpa (puc. 2, xpusas II) TospK0 B 06-
JIACTH BOJIHOBBIX uKcest Boiuie 3100 cm™.

TIpHHEHTHANLHO OTJIMYAIOLIMICA CIEKTP
HMeeT NMpoaykT D, mosy4eHHbIH B MPUCYTCT- T
sun NH,OH, nossrcuBuiero pH cpensr 1o A
3HaveHus 13. [lonockl COOTBETCTBYIOIIHE
KapOOHMJILHBIM KoJieGaHMsSM, OuYeHb Cnabble
(puc. 4, xpusas D). ITonoca v, CO; crano-
BUTCA IIMPOKOH ©€3 OCTPHIX MaKCHMYyMOB.,
ITosBAsieTcsT XOpPOLIO BBIPAXKEHHOE IOTJIO-
wenne 1pn 3300 cm™!, cooTBeTCTBYyIOUIEE
BaJIEHTHBIM KoJiebarusm OH rpymmst.

C 1eNbI0 YCTAHOBJICHHS BIAUSHUS 1LET0Y-
HOM OTMBIBKH IpoaykToB Ha ux UK criexTpst
6bL1a MpoBeeHa TaKXKe CepHUs OTTLITOB. DKCT-
ParupoBaHHBIA XJIOPOGOPMOM MPOAYKT, HO-
JIy4eHHBI CMEIICHHEM IKBHBAJIEHTHBIX KOJIH-
HECTB UCXOJHBIX PACTBOPOB, OTMBIBAJICSI paB-
HBIMH 00BEMaMH BOIHBIX pacTBopoB NaOH
¢ koHueHTpanue# or 0,1 mo 1,0 M. CriexTpht
OTMBITBIX PIIOAYKTOB IPEICTABJIEHEI HA puc.
5. CoBepUIEHHO SCHO BH/IHO U3 JAHHBIX PH- -
CYHK4, 4YTO HHTEHCHBHOCTH TIOJIOCH IIpH
1690 cm ™! mocTeneHHO yMeHbLIAETCH. YMEHD-
maeTcs TaKXe OTHOCHTEJbHAS MHTEHCHB-
HOCTb 00Jiee BBICOKOYACTOTHOM COCTABJIAIO- 00 PR IR =20
weit nyénera v,, COy npu 1615 cm~'. 06- Vet
ML BEL, TT0JI0CHI CTAHOBUTCS MEHEE OCTPhIM, :

MaKCHMYM DpaclUMpeHHBIM. B ofGnactn mo-- Puc. 4. VIK crexrpsl NiOkt,, momy4eHHbIX
raolueHnit Bhie 3000 cm™ no xomueHTpa- ;'I:;:f;“;"H %%2;1?“’%"_5 X?K—C,Tg ’__m;;‘,
UMM OTMBIBaloUIlero pacrsopa NaOH pas- 89 —C,13—D

Hoit 0,6 M He MPOH30LILIM HUKAKHE H3MEHe- _

uus. [Tpu Gosee BeIcOKMX KoHUeHTpauusx NaOH (0,7—1,0 M) ¢ Bospacraromieit
HHTEHCUBHOCTBIO NOsBasgeTca auddysnas noioca mpu 3300 cm L.~

Ha puc. 6. npenctaBieHsl CEKTPBI IKCTpakTa, kK KOTOPOMY HOOAaBJIEHBI pas3-
nuyHble KoymmeecTBa HOkt.
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Puc. 5. IK cnextpbt NiOkt, Puc. 6. UK cnexrpsl NiOkt,
oocne OTMEIBaHHA Xjopodop- npyn npubaBAeHHA Pa3HEBIX
MOBBIX PACTBOPOB BOIRBIMH xommiects HOkt. Iludper
pactsopamu NaOH. Hudpst Ha Ha KDHBBIX COOTBETCTBYIOT ,
KPHMBLIX COOTBETCTBYIOT KOH- KOHIICHTPAIMsIM KHCJIOTHI B
uearpampsy NaOH B mol/dmé®. mol/dm?. .

O6cyoncdeniie noayUeHHbIX IKCREPUMEHMAABHBIX Pe3Y 1bmMamoe

TIpencrasnennsii Ha puc. I cnektp HOkt xapakTepH3yeTcs AKHTEHCHBHOM OCTpOif
noJyiocoit nérnowenus v C=0 (B mpkje JUMEPH30BAaHHBIX KapGOKCHJIOB) HA KO-
TOPOH MOXHO 0OHAPYXUTH {BAa HEPE3KO BbIPaXKeHHbIX ILIeya Apu 1750 u 1660 cm™1.
IlepBoe W3 HMX, Ipu CHATHH CHOEKTPOB B pacTBOpax Xjopodopma NpH YMEHBIIE-
rouruxcd xonnenTpanuax HOkt oraenseTcs caMOCTOATENbHOM NOJIOCOH, COOTBET-
cryrouieii v C=0 MOHOMepHEIX KapOGoKcuibHBIX Tpynm. I[Tnewo nmpu 1660 cm—!
0o6ycloBIABaETCA, MO-BUAMMOMY, HAJIMYMEM BJIATH B KHCIOTe (HeIOpMAalfOHHEIE
kosebanus rpynnsr OH).

IMpuroToBaeHHas onmucanHbIM MeTofoM NaOkt pactopsiachk B xjopodopme
d B ee cnekTpe (puc. 1) oTCYyTCTBYIOT KapOOHUIbHbIE MOJIOCH. JIOMEHHpYIOILEH SIB-
JIAETCs MOJioca NOTJOIUEHHs, COOTBETCTBYIoWAn v,; CO; mpu 1555 cm™, ocrpas
HMHTEHCHBHAs ¥ HepacuiewenHasd. B cnmektpe NaOkt vy CO; Taxxke sBisieTCs Xapa-
TEPHOIA, OCKOJILKY 110 CPaBHEHHIO € NoJiocoi 1415 cm ™! cooTBeTCTBYIOMIEH KONIE6a-
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HHSM KHCJIOT, SIBJISIETCS 3HAYHUTEJILHO MHTEHCHBHEH C OCTPHIM MaKCMMYMOM TIpH
1525 cm™!. Heo6X04MMO OTMETHTB, YTO NMPH NMOMBITKE 3kcTpaxkumd NaOkt u3 Boa-
HOTO pacTBOpa XJIOPOoPOPMOM, B CIIEKTPE IKCTPAKT2 He OOHAPYKMBAIOTCA TOJIOCH
xapaktepHsie s rpynnsl CO; , HO mosiBisercs monoca vC=0, DT1o gpyieHne 66BsC-
HSeTCS BBICOKMM 3HaueHReM koaddumuenrta pacnpeneneuns NaOkt B Boje mo or-
HOLIEHHIO K xnopodopmy u ruaponnsom NaOkt B pa3baBiIeHHBIX BOIHEIX PACTBO-
pax, BCIEACTBHE KOTOPOro IKCTparupyeTcs obpasyrowasicas HOkt, uro n o6Hapyxu-
BAETCsI B CIIEKTPeE.

IIpuroroBnennas npu GompliuoM u36kTKe NiSO, (CooTBeTCTBEHHO ¢ HAUGOJIEE
HU3KHUM PH peakuroOHHOM Cpefbl) SKCTparupoBannas xaopodopmoM NiOkt, umeeT,
KaK OTMEYaJIoCh yXe Bbllle, HauboJsee CIOXHBIA crekTp (puc. 2, kpusasg V). Kax
6BLI0 MoKa3aHO BHIILE H HalilcHO paHee U APYIMMH aBTOpamu [27], nOsABJIeHKE Kap-
GommbHON moJiockt npu 1715 cm™! cinemoBano oxuaath. VIHTepecHBIM ABASETCS
obHapyxmuBaroleecss mwiewo Opu 1750 cm™! u GoJiee HMHTEHCHMBHOE IUIEYO TPH
1690 cm~. IIpu yBenuueHun noau NaOkt B peakUMOHHOH CMECH, 9TO CONPOBOX-
JAaeTcsA IIOCTENeHHBIM MNoBbllieHHeM DH cpenpbl, Mcue3aeT He TOJNBKO IUIEHO IpH
1750 cm™, HO IPOUCXOOUT CMEHA MHTEHCHBHOCTEH Ioyioc mpu 1715 u 1690 cm™!
(puc. 2, xpusble IV—I). DT0 MOXeT CBUAETEILCTBOBATL O TOM, YTO KapOOHHMIEI
KHCJIOTHI MOTYT HAXOOMTCA B 6oJiee cHIIbHOM cBA3n ¢ NiOkt,, yeM B IukiIax kapGok-
cusioB. ITpoaykTel I—V, a Takxe A, B n C He XpUCTaJUIM30BAJIKUCh U HE YHAAIOCH HX
BBIAEINTL M3 pacTBopoB. Ilpu 3arymesun o6pa3yroT BA3KHE PACTBOPLI, KOTOpHIE
IIOCJI€ BBICBIXAHHA MPEACTABIAIOT COOOH CTEKJIOBHAHBLOI MPO3PAYHBIL MPOLYKT
3€JIEHOTO IIBeTa.

ITosbmenne pH peaKHHOHHOH Cpeanl, NPH SKBUBAJICHTHBIX COOTHOILEHHIX
peareHToB, YMeHbIIAeT HHTEHCUBHOCTH MoJ1ockl ip# 1690 cm™? (puc. 4). Bosee Toro,
€CJIH IIPOBECTH OTMBIBKY XJIOpPOGOPMOBOIro pacTBOpa NPOAYKTA PaBHBIMH 00 beMaMH
BOIOHBIX PAcCTBOPOB IIEJIOYH BO3PACTAOLIEH KOHUEHTPALVM, TAKXKe IOJIYYEHE]
CIIEKTPHI ¢ MOHMXAIOILEHCS WHTCGHCHBHOCTHIO NMO0J0CkL 1690 cm~? (puc. 5), uro cBu-
JEeTENbCTBYET O HEMPOYHOI CBs3M KapOoHmmbHBIX rpymn ¢ NiOkt,.

IponykTel, moay4eHHble JIHOO OTMBIBAHHEM PacTBOPOM ILEJIOYM, JIUOO NpH
BbIcOkOM pH cpenmbl (mpogykT D) HMEIOT OTJIMYAIOLIMICA CIEKTP OT OCTAJILHBIX
o6pasnos B obyactu 3500—3100 cm™! (puc. 4, xpusas D), koraa mpu 3300 cm™!
C 3aMETHOM WHTEHCHBHOCTBIO IIOSBASETCA IIOJIOCA BAJICHTHBIX KojeOanwit OH
rpynnsl. [10JHOCTBIO OTMBITHIA OT KHCJIOTSHI, HJIA TOJy4eHHAss P BhICOKOM pH
cpenbl NiOkt, BHIENIsieTCS M3 pacTBOPa B BHIE 0canka. Pe3ybTaThl aHAIN33a OCAAKA
KOMILJIEKCOHOMETPUYECKAM TUTpoBaHHEM ¢ EDTA, Mo3BONIAIOT NPEeIJIOKHTE COCTAB
TAKaro npoJyKra, CooTBETCTBYOIKH popmysre Ni(OH)OKkt c oTHOCHTENbHOM OIIH6G-
KOM Bcero 2%.

C apyroii ctoponsl, fo6aBneHye Bo3pacTaromux kommyecrs HOkt k akcrpaxry,
paHee IOJHOCTBIO OTMBITOTO OT KHCJIOTBl PACTBOPOM ILENOYM (IO MCYE3HOBHMS
KapOOHMJIBHBIX HOJIOC B CIEKTPE), NPUBOMUT CHa4daja K IOABJEHHIO IIOJOCHI MIPH
1690 cm™, a 3atem mnoJstoc mpu 1715 u 1750 cm™! (puc. 6).

Hapsiny ¢ u3sMeHeHHsIMH B CTIEKTpax B obsact okoso 1700 cm™2, Takue xe xa-
paxTepHbIC H3MEHEHHUS HAOJIIONAIOTCS B BHAE MOJIGCHL, COOTBETCTBYIONIEH v, CO; .
Ha puc. I Buano, uro NaOkt xapakTepusyercs nojuocoit v,,CO; , UMeroLwei ocTprit
MakcHMyM mpH 1555 cm™L Inz NiOkt, xapaktepeH XybneT ¢ MAKCHMyMaMH IIpH
1615 1 1590 cm™, oTHOCHTE/IbHAS] UHTEHCHBHOCTD 60JIee BHICOKOYACTOTHOM COCTAB-
JAIOIMEH KOTOPOrO YBCJIMUMBAETCH C MOBHIIIEHHEM MOJILHOTO COOTHOLUEHUS
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NiSO,:NaOkt (puc. 2), um Ni(NO,), :NaOkt (puc. 3). 3aMevaTeabHO, 9TO 106aB-
JieHue KACHOTH! K Npoaykty ¢ coTaBoM Ni(OH)Okt mpHBOOHT K 3TOMY e pPe3yJib-
TaTy. BMeCTe ¢ TeM, 4TO B CieKTpax OTMBITOH OT OcTaTkoB KHCI0Thl NiOkt, (puc. 5)
¥ nonydenHoi npr BeicokoM pH cpenwt (puc. 4, nponyxr D) nonoca v,,CO; sBisi-
eTCsl LIMPOKOi 6€3 0CTporo MakcMMyMa, JaeT OCHOBAaHHE YTBEPXKJICHHIO, TO pac-
LIETIeHHE TTOJIOCHI, OY¢BUAHO, HE SBJISETCS MPOCTHIM Pe3yJbTaTOM MeXaHHYECKOTrO
pe3oHaHCa KapOOKCHJIATHBIX TPYNN, NPUCOCAUHEHHBIX K LEHTPAJILHOMY 4TOMY
MeTajUla, 4 OTpaXkaeT pa3Hble COCTOSHUS KapOOKCUNMATHBIX IPYNIL

INoseaenne OH rpynnel B KOOpAMHAUMOHHOM cepe MeTajUla, MO-BUAUMOMY,
Pa3ynopamouMBaeT PACHOIOKEHHE U COCTOAHAE KapbOKCHIATHBIX Ipymm. Beenenue
H30BITOYHOM Ke KHUCIOTHI CIOCOGCTRYET, OYeBHIHO, 0Opa3oBaHuio 60Jiee CIIOXKHBIX,
HO 3HEPreTHYECKH U CTEPHYECKH CTPOXKE ONPEIeIEHHBIX COCTOSHHUH.

ToT ¢akT, 410 3aMeHa cyibdaTa Ha HUTpAT HEKens MeHstieT Bun MK cnextpos
TOJILKC B TOH Mepe, HaCKONbKO n3Mensercs pH peaxuyonHo¥ cpeas! (puc. 3), cBu-
IETENbCTBYET OO0 OOLIEM 3HAMEHHH HAWICHHBIX 33KOHOMEPHOCTEM H3IMEHCHMIA
B CIIEKTPax B 3aBUCUMOCTH OT yciioBui nmpurotoienus NiOkt,.

HeobxonuMo OTMeTHTb, YTO BHJ H TIOJIOXEHHE IOJIOCHI COOTBETCTBYIOLIECH
vsC02 NpH BCEX NPHHATHIX HAMH YCJOBHAX, OCTajcA 6e3 CYIIeCTBEHHBIX H3Me-
HEHMHA € OCTPBIM MaxcuMyMoM mipd 1420 cm~!. D710 06CTOATENLCTBO, COBMECTHO
C HaUJICHHBIM MOCTOSIHCTBOM HHTEHCHBHOCTH H IOJIOXEHUS HOJIOCH npk 1590 cm 1,
MOXeT ObITh OLIEHEHO KaK IOJATBEPX/IEHHE NPABOMEPHOCTH OTHECEHHS IOCJeHHEN
moJIoch! K konedanmaM v, CO;y .

M3 paccMOTpeHHs NIpUBEACHHBIX JAHHBIX CIEAYeT TakXe, YTO B CAy4ae CHHTE3a
NiOkt, peaxnoueil nBoiiHoro o6MeHa, B 3aBHCHMOCTH OT YCJIOBHH TNPUTOTOBJICHHS
H OYHCTKH NPOAYKTOB, He 00pa3yeTcs HHANBHAYAILHOE BEIECTBO, & MOT'YT 06paso-
BaThCA coemdHenus pasnoro cocrtasa: Ni(OH)Okt, NiOkt, u NiOkt, - xHOkt, nin
HX CMECH C Pa3HBIM COOTHOILUEHHEM YKa3aHHBIX COSJWHEHHI B npojykTe. B pe3ynb-
TaTe 3TOTO CHEKTPHI HMEIOT P/l OCIIOXHEHWH, KOTOPhIE MOTYT 3aTPYAHUTh TOYHOE
OTHECEHAE TOJIOC TOTNOLLUEHHS K XapaKTEPHUCTHYECKAM YacTOTAM M MOTYT OBITH
IPHYAHOM Pa3sHOPEYHBHIX OLEHOK IOJIOXKEHUSI MAKCHMYMOB II0JIOC B CIEKTpax B 06-
JIaCTH YacTOT BANEHTHBIX KojeOaHui KapOOHWJIBHBIX M KapOOKCUNATHBIX IPYIIL
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SYNTHESIS, STRUCTURE AND PROPERTIES OF METAL CARBOXYLATES, I.
EFFECTS OF EXPERIMENTAL CONDITIONS ON THE IR SPECTRA OF COMPOUNDS
FORMED IN Ni(II)-bis (-2-ethylhexanoate) PRODUCTION

O. Berkesi and J. A. Andor

Ni(II)-bis-(2-ethylhexanoate) was prepared by methathesis, from different mole ratios of the
tarting materials and at different pH values. The changes in the IR spectra of the products (obtained
yy CHCl, extraction) in the range of carbonyl and carboxylate stretching vibrations were established
nd are discussed.
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The influence of anionic [polyacrylic (PAA), polymethacrylic (PMAA) acids] and cationic
hydrochlorides of poly-2-methyl-5-vinilpyridine (PMVP) and copolymer of 2-methyl-5-vinilpyridine
ith buthylmethacrylate (MVP-BMA)] polyelectrolytes (PE), and also their mixtures with cationic
cetyltrimethylammonium bromide (CTAB)) and anionic (sodium dodecylsulphate (DDS)) surface-
ctive substances (SAS) on surface properties of quartz was investigated. The greatest modification
f PE and their mixtures with SAS is displayed when they are preliminary deposit on quartz surface
rom aqueous solutions and dryed. The modification act of PE and SAS is displayed in exchanges
f the contact angle of wetting with water and electrokinetic potential of quartz.

The current stage in the development of colloid chemistry is characterized by the
se of high-molecular surface-active substances (HMSAS) in the processes of wetting,
tabilization and flocculation of dispersed systems, i.e. in processes connected with
heir surface characteristics [1—5]. The influence of HMSAS on dispersed systems is
onnected with their adsorption on interphase boundaries [6], which results in changes
in the surface state of the system particles, and the structure of the double electric
ayer (DEL) in particular. A value that is easily measured practically and characterizes
he parameters of the DEL, is the electrokinetic {-potential. The value of the (-
otential is used by some research workers to characterize the binding strength
etween macromolecules and mineral particles [1] and to find the mechanism of
heir interaction [7].

On the other hand, the contact angle (0), which is a measure of the wetting
ccurring in three-phase systems, is determined by the correlation of the interfacial
ension (o) of the contacting phases. A change in surface tension in the presence of
HMSAS on any phase boundary will influence the value of 0. By studying the wett-
ing of solid surfaces with various liquids, we can get information about the state of
he solid surface in the presence of polymers.

In our opinion, a complex study of wetting and electrokinetic characteristics
f solids will make it possible to find out more peculiarities pertaining to the forma-
ion of adsorption layers of diphilic macromolecules, which determine the stabilizing
nd flocculating actions of the latter. Further, a study of the possibilities of regulating
etting processes with the help of HMSAS, including diphilic polyelectrolytes, is in
itself of practical importance.
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This paper presents the results of a systematic study of the influence of the nature
molecular mass and degree of diphil character of HMSAS on the water wetting anc
the {-potential of one of the hidrophilic minerals most widely spread in nature
quartz. The simple composition and low solubility make this the most convenien
substance to study.

We have used the following cation-active HMSAS: hydrochlorides of poly-2
-methyl-5-vinylpyridine (PMVP) with an average molecular mass (M,) 1.9X10
and 3.4Xx10°% and of copolymers of 2-methyl-5-vinylpyridine (MVP) w1th buty
methacrylate (BMA) in initial molar ratios 9:1 (copolymer 1) and 7:3 (copolymer 2)
PMVP and its copolymers were obtained by free-radical polymerization in the block
at 70 °C in the presence of the dinitrile of azo-bis-isobutyric acid (DAA) in a quantit;
of 0.2% of the polymer weight [8]. After fractionation in the hexane-petroleum ethes
system, we determined the average molecular masses viscosimetrically [9]. The cons
tants required for the calculation of M, were taken from [8].

Anion-active polymers were polyacryhc acid (PAA) with M, 1.7X10% 5.7x10*
9.9 10% 1.8 10° and 2.7X 10°, and polymethacrylic acid (PMAA) with M 1.8 X10°
2.7X10° and 5.6 10°. We prepared PAA by radical polymerization in 30% dioxane
solution in the presence of benzoyl peroxide [10]. PMAA was also obtained by radica
polymerization in a benzoyl peroxide solution. The initiator was DAA.

The molecular masses of PAA and PMAA fractionated in the dioxane-petro:
leum ether [11] methanol-ethyl acetate systems: acetic acid (9:1), respectively [11]
were determined viscosimetrically with the help of the equation constants of Mark—
Hauwink—Kuhn given in [12].

The contact angles (0) of wetting of a polished plate (polishing class 14) of op:
tical quartz glass K—8 made by the Lytkarinsk Optical Glass Works were measurec
help of a horizontal microscope with a goniometric attachment and a special movable
stage [13]. The value of 0 was found by the tangent method, the measurement
error being +0.5°. At the same time the value of 6 was calculated according to the
main parameters of the adherent drop [14]. The measurement error here was not mor
than +0.25°. The discrepancies in the values of 6 determined by the above twc
methods did not exceed +0.5°.

The values of 0 were read five minutes after the drop was applied to the surface
of the quartz plate. During this time 6 diminished by 3—5° and then in the course
of five hours it remained constant. Check measurements were taken every 30 minute:
during five hours. Before each measurement the plates were treated with a newly:
prepared chromic acid mixture, then thoroughly washed with distilled water anc
dried in a vacuum exsiccator over phosphorus pentoxide.

The {-potential was determined by the flow potential method, with the surface
conductivity taken into account [15]. To make the measurement we used crysta
powder ground to a particle size of 17 to 20 mcm. The quartz powder was prelimina:
rily washed free of Fe®* ions with sulphuric acid while being heated, and was ther
washed with distilled water and dried at 105—11 °C. Owing to the high resistance o
the quartz powder diaphragm, the HMSAS solutions were prepared using a 10~ M
solution of KCIl. Before each measurement of the {-potential, HMSAS solution o
appropriate concentration was let through the quartz diaphragm until the electrica:
conductivity of the outflowing solution was equal to that of the initial solution.
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1. Effects of polyelectrolytes on water wetting
and electrokinetic potential of quartz

The contact angles of quartz wetted with aqueous solutions of the above-mentio-
ned polyelectrolytes (8=4—6°), in spite of their marked surface activity on the
liquid-gas boundary [16], differ little from those of quartz wetted with pure water
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Fig. 1. Contact angles of quartz wetted with water modified
by HMSAS solutions:
la) PMVP hydrochlorides with M,(190.000 (1) and 340.000
(2), copolymers MVP:BMA=9:1 (3) and 7:3(4); and PMVP
equivalent electric conductivity with M, =190.000 (5);
1b) PAA with M,,=17.300 (1), 180.000 (2), 270.000 (3),
513.000 (4), and PMAA with M,,=180.000 (5).
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Fig. 2. Electrokinetic potential of quartz in aqueous solutions of HMSAS:
2a) PMVP hydrochlorides with M, =190.000 (1) and 340.000 (2),
copolymers MVP:BMA=9:1 (3)and 7:3 (4);
2p) PAA with M, =17.300 (1), 57.000 (2), 99.000 (3), 180.000 (4) and 513.000 (5);
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2¢) PMAA with M, =180.000 (1) and 560.000 (2).
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[17], except for copolymers which give a slight (8—10°) increase of 8 at high concent-
rations. This insignificant change in 6 may be explained by the fact that the process
of drop spreading on the quartz surface occurs faster than the adsorption of HMSAS.
Thus, for instance, the adsorption equilibrium on the HMSAS aqueous solution air
boundary becomes stable in the course of 12—24 hours owing to the low rate of
diffusion of macromolecules to the interface [16]. This small increase in § in the
the case of copolymers is apparently connected with their greater surface activity.

The preliminary treatment, i.e. keeping the quartz plates in aqueous solutions
of HMSAS for 6 hours, brings about quite a different regularity. In this instance,
even if the concentration of the HMSAS solutions is very low (Ca10-3%), 6 noti-
ceably changes; it rises with concentration increase, reaching its maximum at C=
~10-2% (Fig. 1). , :

The increase of @ along with the rise of the concentration during such a long-
term contact of the quartz with HMSAS solutions may be explained by the formation
of an adsorption layer of HMSAS on the quartz plate surface. The identical type of
the concentration-dependence of 6 for both cationic (Fig. 1a) and anionic (Fig. 1b)
HMSAS suggests that in both instances the macromolecules are oriented in the
adsorption layer according to the classical mechanism “similar to similar”, which is
accompanied by hydrophobization of the quartz surface.

The measurement of the {-potential of quartz in aqueous solutions of the
HMSAS under study confirms the quartz adsorption of HMSAS (Figs 2,4). Thus,
solutions of PMVP and its copolymers give typical S-shaped curves with a change
in the surface charge sign at a specific polymer concentration for each molecular
mass. The change in the {-potential sign is due to the superequivalent adsorption
of macrocation on the quartz surface. This kind of dependence is observed in the
presence of multivalent ions, in solutions of potential-determining ions, surface-
active substances when the charges of the dispersed phase particle and of the ion
introduced into the solution have opposite signs [18—21].



94 K. B. MUSABEKOV, K. I. OMAROVA and A. L. IZIMOV

The probable cause of adsorption of PAA and PMAA macromolecules is the
formation of hydrogen bonds between the carboxylic groups of the polyelectrolyte
and the silanol groups of quartz [1, 2]. However, it was found that the total surface
charge of quartz is composed of the charge of the active centres, which differ in value
and sign [22, 23]. Therefore, the possibility of adsorption of the HMSAS polyion on
the oppositely charged centres of the quartz surface is not excluded [20]. Quartz
adsorption of the PAA and PMAA polyions is accompanied by an increase in the
negative charge, and therefore in the negative {-potential of the latter (Fig. 2) at low
concentrations of polyelectrolyte. An increase in the negative values of the {-potential
in PAA and PMAA solutions is observed in suspensions of clay minerals, too [24].

It is noteworthy that the maximum values of 6 of water-wetted quartz prelimina-
rily treated with HMSAS aqueous solutions are observed in the concentration range
in which there is a break in the conductometric titration curve {25] (Fig. 1a, curve 5).
It is known that high-molecular compounds, and polyelectrolytes in particular, are
capable of considerable conformational transformations on ionization, these being
especially noticeable in aqueous solutions [11, 26]. Hence, a concentration which
brings about a break in a curve showing the dependence of different physicochemical
properties on the polymer concentration is called by us a concentration of the con-
formational transition (CCT), on the analogy of the critical concentration of micelle
formation (CCM) of hemicolloid SAS. Proceeding from this, the extremal depen-
dence 0 v.s log C can be explained, with the different characters of the polymer ad-
sorption layer formation on the quartz surface above and below the CCT taken into
account. At concentrations of HMSAS lower than the CCT, when the intermolecular
hydrophobic interactions are comparatively weak, the macromolecules are of less
compact conformation. It may be admitted that such macromolecules, when moving
to the adsorbent surface, are able to develop due to the adsorption forces. (The pos-
sibility of macromolecular coil deformation in the adsorption layers is discussed in
the literature [27].) As a result of this, a proportion of the hydrophobic groups become
“uncovered”, which leads to hydrophobization of the quartz surface, manifested in
an increase in 6.

In the concentration range higher than the CCT the adsorption layer is formed
of more compacted macromolecule coils. Apparently, the great compactness of the
macromolecule segments in the adsorption layer makes it difficult for the segments to
differentiate according to the polarity, as a result of which the HMSAS adsorption
layer on the quartz surface remains hydrophilic.

Further, when the concentration of the HMSAS under study increases, the
- pH of their solutions falls and approaches 2 in the concentration range ~10—1—1 %,
which corresponds to the isoelectric point (IEP) of quartz [28]. It is known that at the
IEP of quartz the wettability of solids becomes worse (for quartz at the IEP 0=40°)
[28-—30]. However, despite the fact that the pH approaches the IEP of quartz, as
Fig. 1 shows, concentrations higher than 10~2% give an abrupt decrease in 8, which
is confirmation of the possible adsorption of macromolecules in the form of compact
coils.

It is interesting to compare the influence of the above-mentioned polyelectrolytes
on the quartz surface properties with the action of polyethylenimine (PEI), which is
known [31] to be characterized by insignificant intermolecular interactions and weakly
expressed conformational transitions. The interest in PEI is due to the wide range of
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its practical uses. In the case of PEI* the concentration-dependence of the contact
angle is of an extremal kind (Fig. 3). A change in the value of 6 as the concentration
grows is linked with the quartz surface adsorption of PEIL. Quartz adsorption of
PELI is insignificant (0.2—3.5 mmole/g), which is apparently connected with the small
specific surface of quartz (0.12 m?/g). The adsorption was determined by the spect-
rophotometric method and confirmed by IR-spectrometry. Thus, the IR-spectra of
quartz samples kept in PEI solu-
tions of various concentrations, in
comparison with the spectra of pure
- 0, quartz, show bands corresponding
gra d to the valency and deformational

* fluctuations of bonds in the CH- of
130 CH,-groups (2930, 2830, 1460, 1290,

-X
x;:’”\ 1180 em-).
o Unlike PMVP, PAA and
,‘% . 20

o\ | PMAA, PEI does not show abrupt
2 x%" decreases in 0 to those of pure
1° 10 quartz 6. When the concentrations

of PEI arehigher than 1073%, 0
decreases. In this instance the

- 1 L ! L 1 0 y 3
o _ ~ —5 . quantity of adsorbed polymer prac
@(C,/o) -5 4 3 2 1 tically does not depend on the

Fig. 3. Contact angles of quartz wetted with water concentration ,(C>,10—?%)' There-

modified by PEI solutions with M, =30.000 (1) fore, the reduction in 8 is apparently

and 100.000 (2). connected with an additional nega-

tive charge which appears on the

quartz surface owing to the dissociation of silanol groups when the pH of the PEI

solution increases with the growth of the concentration (to pH=10.2). With the

increases of the solidphase surface charge, the expected rise in polymer adsorption is

probably compensated by a fall in the degree of PEI dissociation as the pH of the
solution increases. . )

Thus, the resuits obtained show that the conformational state of the macromole-
cules in the solution considerably influences their hydrophobizing action.

The results of measurements of the {-potential and 6 of water-wetted quartz
confirm the well-known regularity about the increase in the adsorption of the polymer
along with the growth of its molecular mass [32). Thus, with an increase in M, the
maximum in the { vs. log C curves for anionic HMSAS (Fig. 2b, ¢) and a change in
the charge sign of the quartz surface in PMVP solutions (Fig. 2a) are observed for
lower concentrations. A noticeable influence of the polymer molecular mass reveals
itself in the lower-molecular region (M,<1.10°). For example, the difference in the
maximum values of the {-potential for PAA with M,=1.7X10* and 9.9Xx10* is
~60 mV (Fig. 2b), while the difference in the values of -8 is 15° (Fig. 1b). The values
of 6 for HMSAS with a molecular mass higher than 1X 10° do not differ considerably.
The value of the quartz {-potential decreases as both M, and the concentration of
the HMSAS solutions increase.

* Polyethylenimine was synthesized at the A. V. Topchiev Institute of Petrochemical Analysis
(Moscow) by Dr. P. A. Gembitsky.
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The fall in the {-potential as the concentration of HMSAS increases is apparenttly
linked with a reduction of the ionization degree of the polyelectrolytes under study,
the sliding surface shift into the liquid phase, an increase in the solution viscosity and,
hence, a reduction in the mobility of the double layer antiions. (In calculations of the
{-potential, the viscosity of the solution was considered to be equal to that of water.)

The effects of an increase in the solution viscosity and the shift of the sliding
surface into the liquid phase are probably the more significant, the greater the HMSAS
molecular mass. Therefore, the {-potential values for the PAA with high M, (Fig.
2b, curves 4, 5) are lower than those for polymers of smaller molecular masses. A sim-
ilar relation was found for PMAA, too (Fig. 2c). It must also be taken into account
that not only the solution viscosity but also the dielectric penetrability changes near
the solid surface. All the above factors will lead to a decrease in the {-potential when
the polymer concentration in the solution increases [33].

The hydrophilic surface adsorption of polymer macromolecules may lead to
their hydrophobization. It is known that hydrophobization intensifies as the diphil-
character of macromolecules increases. The hydrophobicity (m) of macromolecules
of the polyelectrolytes studied, which was estimated as the number of hydrophobic
(—CH,, =CH,, =CH—, =C=) groups per functional (hydrophilic) group, increases
from PAA to PMAA and in the sequence PMVP—I~PMVP—II—copolymer I -~
copolymer II. For PAA and PMAA m is equal to 2 and 3, respectively, while for
PMVP and its copolymers 6 is within the range 8—11. In the sequence mentioned
above, on account of the greater hydrophobization of the quartz particles, a greater
fall in the {-potential value and a rise in 0 are to be expected, the concentration and
molecular mass of the polymer being the same. This is the regularity for anionic
HMSAS; the dependent curves { vs. log C (8 vs. log C) for PMAA are located lower
(higher) than the similar curves for PAA (Fig. 2b, curves 4, 5; Fig. 2c, curves 1, 2).
In the case of PMVP and its copolymers the influence of diphil character is of a lesser
extent (Fig. 2a). It follows from this that the influence of the diphil character is mani-
fested noticeably at low values of hydrophobicity.

Thus, the investigations carried out show that it is possible to modify the surface
of dispersed particles with both cationic and anionic polyelectrolytes.

2. Influence of polyelectrolyte mixtures with low-molecular surface-active
substances on quartz surface electric properties

At present great attention is being paid to the interactions of macromolecules
of different natures. The majority of the studies of this kind have been carried out
on albumens. A study of cooperative reactions involving polyelectrolytes is of
theoretical and practical interest, as the products of these reactions (intermolecular
complexes) possess a number of specific features not found in the original components.
The most convenient subjects providing an understanding of the specificity of inter-
macromolecular reactions are polyelectrolytes. Studies of the interactions of poly-
electrolytes with surface-active substances (SAS) have begun in the past few years
{34, 35]. The polyelectrolyte-SAS interaction is an insufficiently well known type
of macromolecular reaction; the products of such reactions can be used to regulate
various colloid-chemical phase boundary processes.

We have studied the influence of mixtures of PMVP and sodium dodecyl
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sulphate (NaDDS), PAA (PMAA) and cetyltrimethylammonium bromide (CTMAbr)
on the wetting ability and the {-potential of quartz.

Each time 8 and the {-potential were measured, the quartz plates and the powder
were treated with a mixture of polyelectrolyte and SAS at a different molar ratio

[SAS]
"= THMSAS] _
volume of HMSAS being kept constant. The initial concentrations of HMSAS and
SAS were equal. ’

As pointed out in the first part of the paper, the macromolecular conformation
depends on the concentration of the polyelectrolyte solution. The measurement of
PMVP viscosity shows that the sharpest change in #,.4., and therefore that in the
coil conformation, takes place when the concentration of the PMVP solution is of
the order of 0.01 %. It is to be expected that, depending on the polyelectrolyte solution
concentrations, its interaction with the SAS and the influence of their mixtures on the
quartz wetting 8 will be different.

The relation 8 vs. n for all the polyelectrolytes studied is maximum at a definite
value of n, which depends on the nature of the polyelectrolyte (Figs. 4, 5). The addi-
tion of SAS to the polyelectrolyte intensifies the hydrophobizing action of the latter.
However, the results obtained for the mixture of PMVP and NaDDS reflect the
dependence of the degree of quartz surface hydrophobization on the initial concent-
ration of the polyelectrolyte. The sharpest increase in 8 is observed when the concent-

The value n was regulated by changing the quantity of SAS, the
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Fig. 4. Dependence of contact angles of Fig. 5. Dependence of contact angles of quartz wetted
quartz wetted with water upon the with water upon the relative concentration of
relative concentration of DDS in a CTMABFr in a mixture with PAA with M,=17.300 (1)
mixture with PMVP with M,,=340.000, and 1,000.000 (2), PMAA with M,=1,000.000 (3),
Cemve=001% (1), 0.155% (2) and Coaa=0.072%, Copan=0.086%.

0.465% (3).
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ration of PMVP is 0.155% (curve 2, Fig. 4) and is noticeably weaker when the con-
centration is 0.465% (curve 3, Fig. 4, 8,,,, =~ 8—10°).

The intensification of the hydrophobizing action of the polyelectrolyte in the
presence of NaDDS is connected with the formation of a polyelectrolyte complex and
its adsorption on the quartz surface. As a result of the interaction of PMVP and
NaDDS according to the 1on-exchange mechanism [35, 36], some of the ionized poly-
electrolyte groups appear to be blocked by DDS ™~ ions, and this results in the hydro-
phobization of the polymer chains. In this case the macromolecules roll into coils
compacted by hydrophobic interactions of non-polar radicals of NaDDS. This
effect reveals itself most vividly in the n=1 region. With other values of n the compac-
tization of coils of PMVP macromolecules is less clearly expressed. Proceeding from
this, the change in the hydrophobizing action of PMVP with the change in its con-
centration in the solution (when the values of n are the same) may be explained by a
change in the degree of NaDDS binding by the polyelectrolyte.

The greatest hydrophobization of the quartz surface is observed when the con-
centration of PMVP solutions is 0.01%. At such a concentration the PMVP macro-
molecules are in a more developed conformation and can therefore bind a greater
amount of NaDDS, which leads to a greater hydrophobization of the polyelectrolyte
chains. The quartz surface adsorption of such hydrophobized coils results in higher
f values. From this point of view the extremal dependence 6(n) is explained by the
greatest compactization of coils of PMVP macromolecules, as they interact with
NaDDS in the n=: 1 region [35].

The possibility of adsorption of DDS ™~ ions on the macromolecule coil surface

s confirmed by the results of measurement of the quartz {-potential in aqueous solu-
ions of NaDDS and PMVP mixtures (Fig. 6, curves 1, 2). It is seen from the Figure
that in a 0.155% solution of PMVP the quartz surface has a positive charge, probably
conditioned by the superequivalent adsorption of the polyelectrolyte macrocation.
However, when NaDDS is added, first we see a further increase in the positive values
of the quartz {-potential, which is probably connected with the quartz surface ad-
sorption of compacted PMVP and NaDDS complexes and a rise in the density of
the positive charge. When the value of n is approximately 0.3—0.4, the {-potential
falls and reaches the zero value when n equals 1. The fall in the {-potential is accom-
panied by a rise in the value of the quartz 6. Such a change in 8 may result from the
effects of two factors: a decrease in the quartz surface charge [37], and the hydropho-
bization of PE micelles by SAS anions. A comparison of the figures shows that the
greatest value of 6 corresponds to the zero value of the {-potential. The result obtain-
ed conforms to literature information about the maximum values of 8 at the quartz
IEP [28—30). A further increase in n (n=>1) shows a change in the quartz surface
charge, the negative values of the {-potential (~70 mV) exceeding those of quartz
ina 1xX10~* M solution of KCl ( ~ 56—60 mV) without PE and SAS. This may be exp-
lained proceeding from the assumption that if the mixture contains a greater amount
of NaDDS, the ions of the latter are adsorbed by the PMVP coils, orienting their
polar groups into the aqueous phase [34]. The compound complex formed will have
an overall negative charge because of the superequivalently adsorbed DDS ™ ions,
and its quartz surface adsorption causes a decrease in 8.

Inversion of the {-potential sign and a decrease in @ are also observed in mixtu-
res PAA and PMAA with CTMABTr (Fig. 6, curves 3—5). In this instance the inter-
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Fig. 6. Dependence of quartz electrokinetic potential
upon the relative concentration of SAS in a mixture
with polyelectrolytes: !
PMVP with M, =190.000+NaDDS Cemve=0.155%.
PMVP with M, =340.000+NaDDS Cepve=0.155%.
. PAA with M,=17.300+CTMABr Cpaa=0.072%.
. PAA with M,=1,000.000+ CTMABr Cpaa=0.072%.
. PMAA with M, =1,000.000+CTMABr Cenaa=0.086%.
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action also occurs according to the ion-exchange mechanism and the maximum
degree of SAS binding by the polyelectrolyte takes place when the concentration of
the latter is ~0.01 M and n=0.1—0.2 [36]. :

When the concentrations of PMVP and NaDDS are high (0.465%), the polyelect-
rolyte macromolecules are extremely compact, and the SAS is in the form of micelles.
The interaction of compact coils of the polyelectrolyte and SAS micelles apparently
leads to the formation of hydrophilic complexes, whose quartz surface adsorption
does not result in the hydrophobization of the latter (Fig. 4, curve 3).

Thus, the obtained information shows the possibility of widening the ways of
regulating physicochemical properties of solid surfaces with the help of polyelectrolyte
complexes of SAS.
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MOIU®ULIMPOBAHME IMOBEPXHOCTU KBAPLIA BOJHLIMU PACTBOPAMU
ITOJIUDJIEKTPOJIMTOB U IMTOBEPXHOCTHO-AKTUBHbBIX BEHNIECTB

K. 5. Mycabexos, K. H. Omaposa, A. H. H3umos

Hayueno iusnne asmonnbIX [nommaxkpmnosas (ITAK)), nmommmeraxpunosas (ITMAK) kmc-
JIOTHI] ¥ KATHOHHBIX [THAPOXJIOPHIABI OOJMU-2-METHI-5-BUHUMIIMMPHAMHA U CONOJMMeEpa — 2-METHIT-
-S-BunmmmpuauHa ¢ Oyrunmerakpunatom (MBII-BMA)] momuanekrpomuros (I19), a Takxke HX
cMecelf ¢ kaTHOHHBIM [ueTHnTpuMeTHiIaMMonuid Opomucrhii (LITAB) H aHMOHHBIM (OAELMII-
cyappar HarpEa (JJC) moBepXHOCTOHO-axTHBHBIMH BewecrBaMud (ITAB)] Ha NOBEPXHOCTHBIE
cBofictBa ksapiia. HambGonsmee Momiaduimpyrowee meiicteue I1D m ux cmeceit ¢ [IAB nposBis-
€TCsi TOTJa, KOTJa OHH NpPEIBapHTEILHO HAHOCATCS HAa OOBEPXHOCTh KBaplia M3 BOJHOI'O pacTBOpa
¥ cymarcs. Momaduimpyromntee neficreue I1O u I1IAB npossnserca B U3MEHEHHsX KPAEBOro yria
CMa4eBaHUA BOJOMK M 9MEKTPOKHHETUYECKOrO NOTECHUMANA KBapLa.
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