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EMISSION SPECTRA OF FLUORESCENT MOLECULES
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Institute of Theoretical Physics, Jozsef Attila University, Szeged

{ Received December 20, 1964)

1

Considering qualitatively the correlation between the electrons and atomic vibrations of
fluorescent molecules, it is supposed that in the case of the light absorption one part of the absorbed
energy hi(w —wo) and in the case of a radiative transition between the excited and the ground state
of the molecules the resting energy %i(w—wo) may be converted into heat, fiwo being the energy
difference between the pure electronic states and fiw the energy of the photon playing part in the
processes mentioned. In this way the temperature of the molecules rises against the temperature
of the thermal equilibrium at the beginning of the absorption and emission processes. Owing to
this natural supposition, BLOKHINTSEV’s theory. of absorption and emission spectra can be
improved by taking into account the correlation-fluctuations during the transitions and obtained
an analytical expression for the absorption and emission spectra previously experimentally
found by Dowmsi er af [1]. Based on the spectra derived, the LEvsHIN’s relation of mirror symmetry
and the generalized STEPANOV’s radiation law can be obtained. Finally, the vibrational specific
heat as well as the relaxation time of the thermal interaction process between the fluorescent and
the solvent molecules are calculated in good agreement with previous estimations.

§ 1. ‘Introduction

The relation between the absorption spectrum x(w) and the emission spectrum
g(w) of fluorescent molecules have recently been investigated by several authors
from experimental as well as from theoretical point of view. The present investi-
gation was inspired by a more recent investigation of J. Domsi, I. KETSKEMETY
and L. Kozma [1], who observed that considering LEVSHIN’s relation of the mirror
symmetry of the absorption and emission spectra as well as the generalized StEe-
PANOV’s law [2, 3] /

' £(0)/ta (0) = d(B)n? (w) w? exp {—hw/6*} (1,1)
ith :
" Uyer(0) =a(@)* (@), 0% =kT* and O0=KT, (1,2)

the active absorption spectrum o, ,(w) and the emission spectrum can analytfcally

be written in the following from:

| 0 (@) =ton (@) e ch~ {4 (w — w,)} S L3
d
o e(w) = ggn*(w)w?e~ 5 ch~ 1 {A(w — wy)}. (1,9

Here d(6) is a constant independent of the frequency w =2nv, but it depends on



4 J. 1. HORVATH

the temperature 6 (in energy units!); n*(w) and n(w) are the relative quantum
yield and referactive index of the solution, respectively; 2nfi =h and k are PLANCK’s
and BOLTZMANN’s constants, finally oy, &, 4 and B are constants depending on
the temperature which should be experimentally determined. The formulae repro-
duce excellently the contour of the spectra mentioned if 8* is a sligthly higher tem-
perature than 8 being the temperature of the solution. Due to Eq. (1,1) one can
see that B =}/20* and based on an elementary dimensional reasoning one obtains
immediately that A =7%/0". However, it was, indeed, a fascinating problem to explain
the meaning of 6*, 8" and to derive the formulae (1,3) and (1,4).

It will be presented in the following that based on obvious suppositions, con-
sidering some time-correlation and fluctuation effects in the course of the radiative
processes, the formulae (1,3) and (1,4) can easily be obtained by a straightforward
generalization of BLOKHINTSEV’s method [4] used for the derivation of LEVSHIN’s
relation of mirror symmetry of absorption and emission spectra, furthermore it
will be proved that §” =260 and 6* may be interpreted as the vibrational temperature
of the molecules at the moment of absorption and emission, respectively. Finally,
if 8% is experimentally determined (based, e. g. on the experiments of DomsI et
al. [1]) the vibrational specific heat of the molecules and (based on the knowledge
of the mean life time of the excited state) the relaxation time of the interaction
process between the fluorescent molecules and the solvent can be calculated in
very good agreement with earlier results.

$ 2. General remarks to the theory of absorption and emmission spectra
and fundamental assumptions on the structure of fluorescent molecules

As it is well known, the emission and absorption of light by an atom or mole-
cule can easily be understood by referring to the theory of perturbation. A molecule
and the radiation field from two quantum mechanical systems with an interaction
energy

Hip = — — (0-20). @.1)

This interaction, regarded as a perturbation, will cause transitions of the unper-
turbed system (molecule + radiation field) in general consisting of a transition
of the molecule from one quantum state to another and of an absorption or emission
of photon. Here e and m are the charge and mass of the electrons of the molecule,
p means the velocity of the electron responsible for the radiative transition, finally
9 represents the vector potential of the radiation field.

Based on the very common method [5], if the transition proceeds between two
non-degenerate quantum states (E, < E,;) of the molecule and the induced emission
of radiation can be neglected, in the case of dipole radiation one obtains for the
absorption and emission spectra [4]:

#(©) = Nn() ¥ wla D 825 (E, ~ E,~ ho) )

4 3
and 2(0) = 3 13(0) 75 KalDIBY? 6 (B, —E, + hov), 2,3)
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where (a|®|b) =e(alr|b) represents the matrix element of the transition dipole
moment for the transition b —~a and N is the number of absorbing molecules per
unit volume.

Considering the absorption and emission spectra:of fluorescent molecules one
meets rather complicated situation than in the special case mentioned above. The
mean point of the difficulties emerged are not reduced to the facts that

(i) the quantum states of such molecules are strongly degenerated, owing
to which the principle of correspondence cannot be rigorously applied
(or at least the results of the argumentations based on the classical quan-
tum theory of radiation may be very questionable),
(ii) considerable interactions exist between the fluorescent and solvent molecules,
but it is due to the complexity of the structure of the fluorescent molecules as well.

An exact or at least an approximately acceptable theory of fluorescent mole-
cules based on the common methods of quantum chemistry seems to be even now-
days hopeless in this case. Nevertheless, owing to the very abundant experimental
material in this field [6, 7], just the complexity of the fluorescent molecules makes
possible to formulate some natural assumptions about the structure and the enrgy
spectrum of these molecules, based thereon the general features of the absorption
and emission spectra as well as the validity of this reasoning can be obtained.

Of course, the Hamiltonian of the molecules can be formally written in the
form: _

He = HP + HY” + Hiy, 24

where HY” and H{ represent the parts of the Hamiltonian corresponding to the

electrons and atomic vibrations of the molecules, respectively, and Hi(;"t) is the
interaction between them. This is just the usual decomposition of the Hamiltonian.

Considering the general feature of the absorption and emission spectra it
seems — as it has been suggested by several authors — that the fluorescent mole-
cules differ from the simple two- and simple many-atomic molecules especially

in the structure of H{™. In the latter case the harmonic approximation is an ade-
quate description for the atomic vibrations. This means that the vibrational field
can be regarded as a system of non-interacting normal vibrations. However, in
the case of fluorescent molecules the harmonic approximation breaks down and
it has to be assumed that strong interaction among the normal vibrations takes
place, so far that the energy absorbed by one of the normal vibrations, dissipates
very quickly among the vibrational degrees of freedom. Owing to this reasoning
it may be assumed that the energy distribution on the vibrational levels is approxi-
mately independent of the electronic states, at least in the case of the two lowest
electronic quantum states, important in the processes of fluorescence. Bearing in
mind the chemical structure of the fluorescent molecules, the quasi-continuity of
the vibrational energy spectrum, due to the very closely placed vibrational levels,
as a further natural assumption can be regarded.

The interaction part of the Hamiltonian between the electrons and molecular
vibrations depends on the strength of the coupling between these two essentially
different degrees of freedom.

Even should we not try to suggest an explicit expression for HY, it can be
supposed that one part — say %w, (being the energy difference between the two
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electronic states treated) — of the energy /i absorbed excites the system of electrons
and the remaining part of the absorbed energy k(w —w,) dissipates on the vibra-
tional degrees of freedom. Namely, the magmtude of the energy dissipated depends

on the coupling constant contained by H{ being a characteristic quannty of the
fluorescent molecules. Due to the inertia of the atomic vibrations in comparison
with the excitations of the electrons, it can be assumed that (at least in the Sto-
kesian domain of the spectrum) k(0w — w,) < hw,. However, we have to emphasize
that the expectation value of the energy dissipated on the vibrational levels depends
last of all on the energy state of the molecules and actually it makes a slight fluc-
tuation, if the time-evolution of the system is taken into account. Indeed, in the
following we shall observe that the consideration of this fluctuation will be very
important if one treats the derivation of the absorption spectrum (1,3) found
experimentally by DomBi and co-workers.

In the case of emission of the light (of an energy Aw) by fluorescent molecules,
one part of the emitted energy (say hw,) originates again from the transition bet-
ween two quantum states of the system of electrons and the remaining second part
fi{w —w,) 1s added to the first one by changing the vibrational state. The fluctua-
tional effect in this case has to be considered, too.

At this point it seems worthwile to mention a well known analogy with the
absorption and emission processes of the atoms. If the motion of atoms interacting
with the radiation field is taken into account, a part of the absorbed and emitted
energy is, respectively, consumed and increased by the kinetic energy of the atoms.
Such a dissipation or gaining of the radiation energy on or from the translational
”mechanical degrees of freedom”, respectively, appears in the case of considerable
#iw in the broadening of the line width as well as in the separation of the maxima
of the absorption and emission spectra and causes a mirror symmetry between them.
Such effect in the case of the heavy fluorescent molecules can completely be neg-
lected, but the mirror symmetry of the absorption and emission spectra observed,
if the dissipated or the gained energy is attributed to the vibrational mechanical
degrees of freedom, can be understood in a very similar way.

For the sake of simplicity we consider radiative transitions of the ﬂuorescent
molecules only between the two lowest electronic states (being in a distance hwg)
and we suppose that these electronic levels are not degenerated. It is well known
that such a reasoning has previously been very common in the theory of fluores-
cence, too. This means, however, that the degeneration of the corresponding quan-
tum states of the molecules is only due to the energy of vibrations. Let us denote
the lowest electronic energy state by E,, the corresponding energy of the molecule
by E,, and the energy of the upper quantum state of the molecule by E,, then we
have

E,=FE,+W, and E, = Ey+hw,+ W,, 2,5)

where W, and W, mean the energy of the vibrational levels, respectively. Owing
to the energy conservation, a transition a —b can be induced by the absorption of
a photon of energy hw fulfilling the relation:

Eb_Ea == hw (2:6)
and it is immediately seen, that

W,— W, = hoy, = k(o —ao,). (2,7)



CONTRIBUTIONS TO THE THEORY OfF ABSORPTION AND EMISSON SPECTRA 7

The corresponding ket vectors fulfilling the time-independent SCHRODINGER equations
H|a) =E,{a) and H™|b) = E,|b), 2,8)

respectively, depend on the co-ordinates of the electrons (r;) and on the normal
co-ordinates (g,) of the atomic vibrations. We have to emphasize that — due to
the considerable interaction between the electrons and vibrations — the two kinds
of co-ordinates cannot be separated, i. e., the kets cannot be decomposed into
the product of two kets depending only on the electronic and vibrational co-ordi-
nates, respectively. In this respect we cannot agree with B. J. STEPANOV, who in
his excellent monography [7], e. g., on the occasion of a simplified deduction of
the mirror symmetry introduced such a separation.

As a matter of fact, under real experimental circumtances we have to inves-
tigate a system of fluorescent molecules embedded into a system of another sort
of molecules alike in the vapour, fluid and solid state of the system. Let us suppose
for simplicity that only thermal intractions between the fluorescent and. the extra-
neous molecules must be taken into account. At the first instant is perhaps sur-
prising, but it seems that just the dilute solutions of the fluorescent molecules would
represent the simplest systems from theoretical point of view. Its reason can be
given by the argumentation that in dilute solutions — at least in the case when the
radiationless energy transfer among the fluorescent molecules is sufficient to be
considered — the direct (even thermal) interaction among them can be neglected.
Namely, as the number of fluorescent molecules is negligible against the number
of the solvent molecules, collisions among the fluorescent molecules practicaily
do not take place. This means, however, that the system of the fluorescent mole-
cules — as a component-system of the solution — from statistical point of view
can be regarded as a perfect gas in the heat-bath of the solvent molecules, because
the very lack of direct interactions is the mean point of the definition of a perfect
gas. As a matter of fact, the system of the fluorescent molecules may satisfactorily
be repredensed by a Gibbsian ensemble and the number of molecules having the
quantum state E, is proportional to exp {(¥,—E,)/8}, where ¥, represents the
free energy of the electrons at the temperature 6, furthermore the interaction bet-
ween the system of fluorescent molecules and the solvent molecules may be des-
cribed with the phenomenological method of heat conduction. In the case of vapours
as a consequence of the more considerable diffusion and in solid state due to the
phonon excitation rather complicated effects may occur, too.

Having in mind the theoretical foundation of the experimental spectra, in the
form as they can actually be observed, one has — e. g., in the case of the absorption
spectrum — to average formula (2,1) over all vibrational levels of the initial and
of the excited electronic states as well; finally, one has to multiply with the number
of fluorescent molecules in the different vibrational states having the energies
E, = Ey+ W,. If we suppose that the molecules in the initial state are in thermal
equilibrium with their surroundings (i. e., with the solvent molecules) at a tempera-
ture 8, this means — as it was otherwise discussed, e. g., by BLOKHINTSEV [6] in
details — that we have to average over the statistical ensemble, too, and one has
to calculate the expression
> ; exp {(¥1—L)/0:}g(E)g(E)KalIb)? =

a

= [aw, [ aw,exp (¥, — E)I6} g(E)g(E) F(E,. Ep, 2.8)
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where ¥, denotes the free energy of the molecules in the initial state; g(E,)dW,
and g(E,)dW, are the number of vibrational levels in the energy intervals
(Eg+W,, Eq+W,+dW,) and (Ey+hwo+ W,, Ey+hw,+ W,+dW,), respec-
tively; finaly, F(E,, E,) = F(E,, E,+#kw) is an abbreviation of the square of the
transition matrix element for the transition a --b. Owing to the densiteness, i. e.,
quasi-continuity of the vibrational levels, the summations over the vibrational
states are approximated by integrals.

It is well known that this method, being very common in spectroscopy, gives
excellent results for the absorption and emission spectra in the case of atoms and
simple manyatomic molecules as well. Furthermore, BLOKHINTSEV showed that
also the mirror symmetry of the absorption and emission spectra can be obtained
in this way. Nevertheless, it seems that in the case of fluorescent molecules one
would have slightly to modify the way of thinking. Namely, due to the lack of the

explicit knowledge of the operators H{® and H™ containing the interaction rules
of the electronic motions with the molecular vibrations and among the vibrational
modes as well, it is so far undetermined that in the case of the absorption of a photon
with energy hw how large is the energy %i(w — w,) exciting the molecular vibrations
and in which way is it distributed between the vibrational degrees of freedom?
Therefore, as matters stand, we have to formulate a reasonable supposition to
overcome this difficulty. Since the energy exciting the molecular vibrations can
reach the vibrational modes in different phases, consequently the vibrations can
be both increased and damped, it may be concluded that one has every reason to
suppose that from a definite initial state F, every excited states E, can be reached
with equal probability. Of course, the number of the excited molecules cannot
depend on this indefiniteness, therefore one has to average also in the states b over
the statistical ensemble; this means, however, that before the summation over
b we have to multiply by a factor exp {(¥,— E,)/0,}, where ¥, denotes the free
energy of the molecules in the excited states. Instead of the temperature 8, we have
written here any temperature €,, because the molecules due to the excitation of
their vibrational degrees of freedom warm up” and they will be in thermal equili-
brium at any temperature 6, =8, . If this reasoning can be accepted, BLOKHINTSEV’S
formula (2,8) has to be replaced by

X 3 exp{(¥a—EIO} exp (¥, — E)/0,} g(E) g (Ep) | alD|bY|? =

= [aw, [ dW,exp (¥, — E)I0,} exp (¥ — EI0,} g (E)g(Ep) F(E,, Ey). (2,9)

Finally, we have to find the relations between the fictive temperatures 8, and
0, as well as the temperature 6 of the solution (measured experimentally) and the
temperature 6* of excited molecules (predicted by the supposition that one part
of the energy absorbed by the mechanical degrees of freedom is converted into the
heat of the ensemble of the excited molecules). One can qualitatively argue as
follows: We considered in the Hamiltonian (2,3) — as it is usual — only the energies
due to the electronic motions and molecular vibrations, but neglected the transla-
tional energy of the molecules. This means, however, that the energy E, (in-the
exponent of the Gibbsian weight factor) is smaller than the real energy of the
molecules in the initial state; therefore in the quotient E, /6, the temperature 0,
yes to be also smaller than the real temperature of the solution in order that the
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value of the ratio may not undergo a change. Conversely, in the case of excited.
states we have ,distributed” (in our approximation) the energy reached the mecha-
nical degrees of freedom only between the vibrational -degrees of freedom (due to-
the neglection of the translational motion again); this means, however, that in
this way “more energy has reached” the vibrational degrees of freedom than it.
happens in reality, therefore W, and E,, respectively, are higher than the real
energy of the excited states. In order that the value of the ratio £,/8, may not change,
0, has to be higher than the real temperature 6* of the excited molecules. Conse--
quently, it can be concluded that 8, < <8* <6,. This is, of course, only a quali-
tative relation, but — based on a reasonable semi-empirical way — it can be con-
verted into a quantitative one as it is obtained in the next paragraph [Eq. (3,12)].

It seems that the heuristic argumentation detailed above can be replaced by
a more rigorous method based on the BORN’s approximation, if one adopts the
perturbational procedure being well known in the theory of rearrangement col-
lisions. This method will be exposed in a next paper.

Finally, due to the fluctuations in the interaction between the system of elec-
trons and the atomic vibrations of the fluorescent molecules, on calculating (2,9),
it has to be considered the time-correlation effect in course of the time-evolution.
" of the system, too, as it will be discussed in the next paragraph.

$§ 3. Mean square of the fluctuating dipole moment

In order to calculate the mean square of the fluctuating dipole moment, let
us consider its matrix elements in HEINSENBERG-picture:

{a|D(1)|b) = {alexp {{IH™ tfh}D exp {— iH™ t/1}|b) ’
= (a|D|b)exp {i(E,— E)t/h} ={a|D|b)exp {i(w45— wo)t} 3, 1)

and their Fourigr-amplitudes

1 . .
{(a|D(w)| by = P / @|D(t)|byeterdt =

+ oo
= Zin_ / {a|D|bYei@—worom i = (q|D|b}d (w0 — W + W), (3.2)

respectively. The operators D(z) and D(¢") for different instants of time donot,.
in general, commute, therefore the corresponding time-correlation function must.
be defined [8] as

O —1) = %{@(r)%(z’”@(z’)‘b(:)}, (3.,3)

where the bar denotes averaging by means of the quantummechanical probabili--
ties. Owing to the inversion theorem of the Fourier transformation

() = [ doD(@)e-, ‘ 3.4y
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-one obtains
+ oo

o —1) = f do j do [D(@) D) + D@)B@)] e-i@+om. (3,5

"The integral on the right-hand side will be a function of the difference (t’—t) only
if the integrand contains a é-function of w+«’. This requires that the spectral
-density of the mean square fluctuation of the dipole moment has to be defined as

L B@T@) +5@)0@)] = D5( +w). (3.6)

‘It is well known that, in particular, ¢(0) is just the mean square of the fluctuating
-quantity itself, therefore we have to calculate ®2. Since

5 B@S@)+30)3@) -

;’ %’ {{nID(@)|m){(m|D(w)|ny+{n|T ()| m){m|D(w)|n)} =

N —

1
=52 2 [Kn|D|m)2 X
X {6((‘0 — Wy + CO",")(S(O)’ + Wy + wmn) + 5(0),_ Wy + (D,,,,,)(S((D + Wy + wmn)} =
1
= 5 Z Z l(nl‘E[m)P{é(a)—wo+cu,,,,,)+5(w—wo+wmn)}5(w+w’),

‘we have, in general,

= 5 3 SKnBm (S —wo+ o) + 5@ ton)) ()

Now, beside the quantum-mechanical average, we have to calculate the en-
-semble-average, too. As a matter of fact, one obtains

lZEexp &._—Ea exp _‘1/2___ }<a|g|b>ll
2 a b 91 92

X{5(w_w0+wab)+5(w_w0+wbu)} =

-3 3o fer [t eronomlz g

X Ka|DIb)? 6 (0 — wo + ) =

= exp {— /h((gg_l wO)} ch { /h((; wO)} 2 Z' exp{ 10_1 E, } exp{ ng: E, }X

X Kal®| b2, (3.8)

l\’l
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with
Y 6,—0,
v =t (3.9)
‘This means, however, that Eq. (2,10) has to be replaced by
v,—E|  |¥,~E
2 2 exp {——19——} €xp {‘%—L}g(fa)g(Eb)Kal@lez =
a b 1 2 .
_ ¥, TZ Vh(co—cuo)} _y ) #h(0w— o)
= exp { 5 "o, T 20, |~
x [aw, | dee—Eaﬂ’le-Eb/"Zg(E,,)g(E,,)F( AN (3,10

Tnserting the last relation in Eq. (2,2) instead of l(al‘D]b}l2 for the absorptlon

spectrum
B{o—wyg) } ch-1 { Bi(o—wp)

aaa(q)):aan(w)wexp{ = - }Ia(w—wo) 3,10

can be obtained with the abbreviations (1,2) and

0% = 0,/3%—2), 0 =0,/%= (3x—2)0%/n (,12)
L(@—wp) = f dW,exp {i’ﬁéz)—@}g<Eo+ W) X

X g(Eg+ koo + W, + k(0w —wo)F(Eg+ W, Eo+ha)o+h(w—a)o)) (3,13)

‘The constant ¢ introduced in (3,11) is independent of @ and contains all the further
factors originatig from Egs. (2,2) and (3 10).
Similarly, the results for the emission spectrum is

e(w) = gon3(w)w? exp {—i%—g*—wi} ch—1 {—h(—w—;o—a—)i}la(w~w0) (3,14)

with

L(@—o) = f AWy exp {(i%%}gww W, b (0 — o) X
1

Xg(EO +hw0+ Wb)F(Eo+ha)o + Wb, E0+ Wb+h(0)—w0)). (3,15)

In order to compare the formulae (1,3) and (3,11) as well as (1,4) and (3,14),
'we have to study the properties of the integrals I,(w — w,) and I (w — wy), respec-
tively.

$ 4. General relations between the absorption and emission spectra

Bearing in mind the absorption and emission spectra determined in the last
paragraph, one obtains the important relation

#(w) & fi(@— wo)| I.(0—w,)
aact(w) =% nZ(w)wz cxp {— 0% i }]a(w—wZ)

4,1
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being a new generalization of STEPANOV’s radiation law (1,1). Unifortunately this
relation is only an implicit one, betause the solution of the SCHRODINGER-equa-
tions (2,8) and simultaneously F(FE,, E,) as well as the functions g(E,) and g(E,)
are unknown, so the integrals cannot be explicitly evaluated.

One observes, however, on the one hand that

(@) ot (00) = 5 1 (00) 03 “2

and on the other that with the abbreviations
o = &g exp {—hw/20%} (0 — w¢) ~ g5 exp {—hw[20%} 1,(0), 4,3y
g = tg eXp {+ hwo/20%} [, (0 — @¢) ~ afexp {+ hwo/20*} ,(0),

Eq. (4,1) is the same as the generalized STEPANOV’s radiation law (1,1) which has.
been experimentally proved by KETSKEMETY ef @l. [3] for a small, but practically
considerable frequency interval (wy —w, @y + @). SO BLOKHINTSEV’s assumption [4],
can be accepted whereby — whenever Ai{w —w,) is negligible against E, — both
integrands are slowly varying functions of w, so far that more precisely

L@F ) ~ L(@taoy), if klo—wl|<EQE) .4

being £(20) the mean value of the energy of the molecules at the temperature 20.
This frequency interval approximately agrees with the domain, where the absorption
and emission spectra are overlapped.

Owing to the relation (4,4), we have

[t (@)1 (D) DLy 5., = CONSE ()1 (D)D), 2 - 4.5y

As to the experimental evidence in the frequency interval considered #(w) = const.,
the relation (4,5) is essentially just the analytical from of LEvsHIN’s law of mirror
symmetry.

$ 5. Concluding remarks

One observes that in the suggested theory the assumption was very important
that in the case of absorption one part of the energy absorbed and in the case of
" emission the remaining energy, respectively, rises the vibrational energy of the
molecule. However, our reasoning — owing to Eq. (3,12) — can only be accepted,
if x>%, namely, the sign of the temperature cannot be changed. Using the experi-
mental values given by DoMBI et a/ [1], the temperatures calculated by Egs. (3,12)
and (3,9) are summarized in Table 1. It has to be mentioned that DoMBr et al.
looking for the parameters 4 and B have used a fixed value for B and determined
the best value for A. In fact, we have, however, understood above, that the para-
meter A contains the temperature 6 being the temperature of the solution which
means that the parameter 4 must be fixed. Therefore, we recalculated their curves.
varying the parameter B in good agrement with their results. Table I contains the
temperatures of our calculations.
It is, however, a real problem whether the temperature 8* introduced would
have an experimental evidence? Of course, 6* cannot be directly checked experi-
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mentally. However, if the preceding arguments may be accepted, the energy % (o — @)
is converted into heat, and the relation

* _T — @L")N

T*—-T = T ;.DH
could be obtained (where N = 6,02486-1023 (g-mol)-!, y = 4,184-10-3 cal/erg;
M and C denote the molar weight and vibrational specific heat of the solute ,,gas”,
respectively) and the unknown specific heat can be determined. Indeed, having
used the parameters determined by DowmBI et al. [1], we calculated T# — charac-
teristic of the coupling between the electrons and atomic vibrations of the mole-
cules treated — and the specific heat. The results are summarized in Table I being
in good agreement with the data given by N. A. BorissevicH [9] and with the
estimations of L. Kozma, L. SzaLAy and J. HEevest [10].

Table 1
T T* C z ! Tj T*
K K cal 10-9s K 10-9s
degree.g .
Fluorescein 298,1 377,7 0,323 5,05 331 8,55
Rhodamine B 298,1 407,2 0,033 5,6 332,6 6,89
Trypaflavine 298,1 396,2 0,186 4,0 325,6 4,70

As a further checking the following consideration may be useful. Since the
system of excited molecules as a component-system of temperature 6* is in thermal
interaction with the component-system of the solvent molecules of temperature
8 <0*, applying DE GROOT’s considerations [11] we have

d 1
. - = T* _
AT = —— AT (AT =T*-T) (5,2)

7* being the relaxation time of the interaction process. This means that
(5,3) AT(t) = AT(0) exp { —1/7*},

where AT(0) and AT (t) denote the temperature difference of the component-system
t =71 (i. e. at the moment of emission), respectively. We have calculated T* at the
moment of absorption, so AT(0) is a known difference of temperature, therefore
using the fluorimetrically measured [12] values of 7 and AT(x) = T#—7T, the
relaxation time can be calculated. The results summarized in Table I. are in good
agreement both with the dielectric relaxation time and the estimations of Kozma
et al [10]. The similar order of magnitude of the dielectric relaxation time and that
of introduced in Eq. (5,3) seems to be very probable, since both processes are
governed by weak thermal interaction.

%k
* *
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I am very much indebted to Dr. I. KETSKEMETY, who called my attention to
this problem as well as to.Dr. L. SzArLAY, Dr. J. DoMBI and _Dr. L. KozMmA for
several valuable discussions, furthermore for communicating their experimental
results prior to publication.
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INPUMEYAHHKA K TEOPUU CIIEKTPOB ABCOPBLIMKU WM IMHCCUU
OJIYOPECUEHTHbBIX MOJIEKVYJ1

H. H. Xopsam

KauecTBeHHO ‘MMes1 B BUAY KOPPEJSILMIO 3JIEKTPOHOB M aTOMHBIX KoOjedaHuit ¢iyopec-
LEHTHBIX MOJIEKYJI IIPEATIoiaraeTcsi, Yo B ciayyae adcopOuMM cBeTa YacTb adCOpPOHPOBAHHOM
3HepruH, h(w—wo), W B ClIyuyae JIYUEBOro [epexoia MeXIAY OCHOBHBIM H BO3GY KIEHHBIM
TM0JIOXKEHHEM, OCTATOUHAsT BHEPTHSl, A{w —wo), MpeBpalaeTcst B TCHJIO, TaK KaK HAwo sIBIsI-
ercst pas3Hulieil 3HEPrHM MEXAY YHCTLIMH 3JIEKTPOHHBIMH TONOXKEHHAMH 1 HAw SBIsIeTCS
aHeprue#t ()OTOHa, Urpaiouiero pojb B npouecce adbcopOUMH K 3mMuccHH. Takum 006pa3om
TeMIEpPaTypa MOJIeKYsbl YBEJIHYHBAETCS] OTHOCHTENBLHO TOH TemnepaTypol, KoTopasi CHOpMH-
poBanach B TEPMHYECKOM PaBHOBECHM B Hauasne mnpouecca abcopOuum v smuccuu. Ha ocHose
ITOr0 €CTECTBEHHOr0 MPEAIOJI0XKEHHST MOXKHO 0000HTL TEOpHio Baoxuryesa, OTHOCSIIIYIOCS |
K crexTpam aGcopOLIMK 1 3MHUCCHH, H3 pacyeTa KOppeasiHOHHON (QiyKTyaluuH BO Bpemsl nepe-
X044, H BBIBECTH UIst CrieKTpa a0CcopOUMH W 9MHCCHI aHANHTHUYECKOEe Bhipa)keHue [1], aKkcrepu-
MEHTanLHO orpedeieHHoe [fombu W ero coTpyaHHKam. Ha OCHOBe BBIBEJIGHHHIX CIEKTPOB
M0J1y4aeTcsl 3aKOH 3epKajibHoil cummeTpuu no Jlesuwuny W 0COOIWIEHHBIA J1yueBOi 3aKOH MO
Cmenanogy. HaKkoHell, BEIYHCISAETCS YAeAbHAsl TeMj0Ta KOJedaHHH, a TAaK)Ke M penakcalHoH-
HOE BpPEMSs T€PMHYECKOr0 B3aMMOAEHCTBHSI, TPOHCXOASIILEr0 MeXAY (BAyopecileHTHBIMHA MOJe-
KyJIJaMH K MOJIEKYJIAMH DaCTBODHTEJIsI, NPUUYEM TONyyaeTCst XOPOLoe COOTBETCTBUE C IIPEX-
HHMH OLCHKAMH.



EFFECT OF SOLVENT ON THE ABSORPTION AND FLUORESCENCE.
SPECTRA OF ALCOHOLIC SOLUTIONS OF TRYPAFLAVINE

By I. KETSKEMETY, L. SZALAY and Z. VARKONYI
Institute of Experimental Physics, Jozsef Attila University, Szeged

( Received 10, January, 1965)

The validity of StEPaNOv-relation concerning the connection of absorption and emission:
spectra has been proved for solutions of trypaflavine in different alcohols of the homologous.
series.

1. An equation connecting the absorption spectrum g(v) and the emission.
energy spectrum f,(v) has been derived by STEpANOV [1]

fe(v)

ler/ — dy3 — . ] .

0 v3 exp (— hv/kT), ¢))
where v and T denote the frequency and the temperature of the solution, respecti-
« vely; £ and k are PLANCK’s and BOLTZMANN’s constants, d is a constant independent
of frequency.. KETSKEMETY and co-workers [2] have pointed out, that instead of”
eq. (1) a modified form of it can be considered more reliable:

L8 — i* ()2 0)v*exp (= o), @
where #*(v) and n(v) denote the relative yield of fluorescence and the refractive
index of .the solution, respectively. In case of #* (v) =const and »n(v) =const (practi-:
cally in a smaller spectral region) eq. (2) is identical with eq. (1). Eq. (1) may be
rewritten in terms of the wavelength, A: F(A) = logf(})+4logi—loge(d) =
= —hc/2,30kTA +const; f(1) is the emission quantum spectrum as a function of”
the wavelength A. If eq. (1) is valid F(A) is a linear function of A and the slope of”
the straight is determined by the temperature T of the solution. The temperature
T* obtained from the slope of the straight was found to be T* =T is most cases.

STEPANOV [3], ALENTSEV [4], ALENTSEV and PAHOMITCHEVA [5], KRAVTSOV
and RuBmNov [6], KETSKEMETY and co-workers [2], HEVEST and KozmaA [7], RHAZA-
Nova and co-workers [8], further BorissevicH and Gruzinskil [9] and GRUZINSKI
and BorissevicH [10] carried out experiments in order to control the validity of
STEPANOV’s equation in luminescent solid, liquid and vapour systems. In all the
investigated systems eq. (1) — in a given spectral region where #*(v) and n(v) are
approximatly constant — has been found to be valid, and temperatures of T* =T
were obtained.
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There is no doubt temperatures of 7* > T may be derived from the slope of
‘the STEPANOV’s straights.in many cases, however, the nature of this higher tempera-
ture is not clear enough. Though the excess of the exciting energy — the source
-of the increase of temperature — could easily be degraded in condensed (solid
-and liquid) systems on account of the strong interaction of solute and solvent, 7*
“was found to be higher than T even in many of these systems. In order to clear up
the nature of this interaction the effect exerted by the solvent on the same solute
ought to be known. The aim of the present paper is to contribute to a better under-
:standing of the phenomena in liquid systems.

In order to explain some phenomena found in the polarization of fluorescence
-of solutions, JABLONSKI [11] suggested a mechanism for degradation of the excess
-of exciting energy. According to this mechanism a part of the excess-energy is
-converted into the energy of elastic waves by an “initial shock™ and the other part
is converted into heat ("’slow effect”) in the neighbourhood of the excited particles

10 —\_\H
’ N

05

solyvent
—— methanol

——— 2-pentanol

oL :
430 450 470 490 510
Almu) ——
Fig. 1

‘thus causing a depolarization of fluorescence. JABLONSKI's investigations seem to
furnish further reasons to carry out experiments referring to the problem of T*,

2. Trypaflavine purified by repeated crystallization was dissolved in different
monohydric alcohols (see Table 1) of spectroscopic purity! in a concentration of
¢y = 3-10~%* mole/l. The absorption and emission spectra have been determined

1 Authors are indebted to dr. J. Hires for making available some purified solvents.
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by means of a spectrophotometer (Optica Milano CF4) at a temperature of
T = 293-42° K. Fig. 1 exhibits two examples of these spectra, the main characte-
ristics of absorption and emission for all solutions investigated are shown in Table
I (k(Dmax = 2,3026-Cpr(Dmax)-

Table I
i 2 | 3 4 5 6
absorption emission T* obtained from spectra
corrected to
Solvent
lmax (my) k(i)max )-max (’ﬂll) reabsorption |'secondary fluor.

methanol 457,6 14,40 496,9 3523 3240
ethanol 462,0 19,35 493,8 356,8 326,6
1-propanol 462,8 15,05 495,0 375,0 336,7
2-propanol 463,0 12,99 495,4 380,1 338,1
1-butanol 463,2 14,14 4954 390,5 345,2
2-pentanol 463,8 13,62 498,6 4459 373,9

The excitation was carried out at a wavelength of 436 mu. with a high pressure
mercury lamp. The directions of excitation and observation were approximately
parallel. The layer thickness of solutions was /=0,1 cm. The spectral influence of
reabsorption (a) of primary fluorescence and the spectral influence of secondary
fluorescence (b) on emission spectra were eliminated according to a method given
by Bubp6 and KETSKEMETY [12]. Both the emission spectra corrected taking into
account of effect (a) and those corrected taking the effect (b) into consideration
were used for the determination of 7* in all solutions; the results are shown in
Table 1. Some examples of the fulfilment of eq. (1) is to be seen in Fig. 2. (The
straight lines were constructed by the method of ’least squares™.)

As for the experimental results, the following remarks should be made. The
elimination of influence (b) (of secondary fluorescence) seems to be very important,
because the temperatures 7* obtained from the emission spectra corrected taking
into account reabsorption (i. e. influence (a)) only are much greater than those
obtained from spectra corrected taking the effect (b) into consideration (see Table 1,
columns 5 and 6)2. The temperature T* increases when we go over to a higher
alcohol. This phenomenon is similar to that found by HEVESI and Kozma [7] in
case of fluorescein dissolved in glycerol-water mixtures. In both systems T* increa-
ses with the viscosity.

3. A rather rough model — as an alternative of that given in [13] — can be
constructed for an illustration of the processes taking place after excitation —
provided there exists a microregion of a temperature 7% >T. The excess of the

2 Ketskeméty and co-workers give a value of T*=321° K for an ethanolic solution of try-
pafiavine in a good accordance with the present value of 326,6° K obtained from an emission
spectrum corrected to secondary fluorescence. According to Alentsev and Pahomitcheva [4] effect
(b) should cause an increase of T*. As a matter of fact, the spectral influence of secondary fluores-
cence depends on the conditions of excitation and observation and on the exciting wavelength as
well and may change (either increase or decrease) the value T*.
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exciting energy is converted into heat during the process of excitation and is distri-
buted in a sphere of radius r’ and it causes a local temperature of Tg > T. The

temperature difference may be estimated as follows:

3K’ h("a - Ve max) (3)

E X—T — s
0 4nr’3 oc

where kK’ = 2,39-10-8 calferg, h(v, — V. max) = 5,4-10~13 erg (the excess of the excit-
ing energy estimated from the frequencies of excitation and emission maximum),

F{A)»const.

12

11 T
solvent

O methanol

® 1- propanol
® 2-pentanol
10 +
9
470 480 490 500
Almy) ——
Fig. 2

oc~0,5 (¢ and c are the density in g/cm? and the spécific heat in cal/g grad of the
alcohols, respectively. On assuming a value of r'=3 A, T¥ —T = 250°. Making
use of the data in Tab. 1 eq. (3) yields a series of values of the order of 5 A for r
(5,8 A in methanol and 4,3 A in 2-pentanol). This seems to be a reliable value
because the avarage distance of the neigbouring excited solute particles is obviously

‘much greater.
*

* *

Authors are indebted to I. BEck and S. CsAki for their valuable help in carry-
ing out the experiments and calculations.
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BJIMAHHWUE PACTBOPUTEJISI HA CIIEKTPAX NOIJIOIMEHWS W JIOMUHECLIEH-
LMK CITMPOBbLIX PACTBOPOB TPUITA®JIABMHA

H. Keuxememu, JI. Canau, 3. Bapkonu

B Cjiyuae  Pa3HbIX CHPHUTOBBLIX PACTBOPOB Tpnna(bnamma HCCJIEA0BAI0Ch BbLITMIOJIHEHHE
COOTHOUIEHME CTEﬂaHOBa, OMHCBHIBAIOLHAE CBSA3b MEKAY CICKTpaMH NOTJIOINEHHST U IIOMHUHEC-
UEHUHH.
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SELF-DEPOLARIZATION AND SELF-QUENCHING IN
FLUORESCENT SOLUTIONS

By L. SZALAY, B. SARKANY and E. TOMBACZ
Institute of Experimental Physics, Jozsef Attila University, Szeged

(Received January 4, 1965)

The validity of JaBLoNsk1's theory of self-depolarization has been studied for solutions of
fluorescein in water-glycerol mixtures of different viscosity. A phenomenon of rotational repola-
rization has been found and explained in solutions of extreme high concentration.

1. Self-depolarization has already been treated theoretically by many authors [1].
A simple sphere-model was given by JABLONSKI [2]: the primarily excited lumines-
cent particle A* is surrounded by an “active sphere”. If an unexcited particle of
the same kind A exists within the sphere, the probability of radiative deactivation
of A* is equal to the probability of radiationless transfer of exciting energy to A,
independently on the distance between A* and A. In terms of emission anisotropy
[5] the calculations led to the result

<yt k
2

k=1 'Y+Wk+Wf
o Ve ! 1 + k—1

~
(=]

, (M

~ &t

where the notations are as follows: r — emission anisotropy of fluorescence; 7y,
W,, W, and u — the probability of emission, self-quenching, inner quenching
+ foreign quenching and radiationless transition, respectively; v — the number
of luminescent particles in the active sphere of a volume v (v = 6,02:102%¢cy,;; cp
is the concentration of the solution in mole/l1); r, — the limiting value of emission
anisotropy (r —rq, if ¢y —0).

For W,=W,=0 (i. e., no self-quenching and foreign quenching exist) and

y =g, the relation
o _
r 2(v—1+e") )

is obtained and found to be valid in the range of small concentrations, where the
assumption W, =0 is reliable. Under special assumptions a formula for higher



22 L. SZALAY, B. SARKANY AND E. TOMBACZ
concentrations has been derived from eq. (1) by Borarskr [3].

5> ¥
_ v S-I-—lgS(V) (3)
v—1+e ‘—__gs( )]

nd

o
r

where s=u/Wi>1, i. e., the probability of inner quenching (W,) is much smaller,
than that of radiationless energy transfer (u), and g,(v) = F,(l,s+2, —v), a
given value of the confluent hypergeometric series [20). Though for small v and
large s g,(v) is rapidly convergent, in cases of the most important highest concentra-
tions the convergency is very slow.

A refinement of the sphere-model (introducing shells of the same volume and
a dependence of the radiationless transfer of energy on the distance of the particles)
given by Bosarsk1 [4] yields a more complex expression even for the case of W, =0:

H kl
ro 1+-k=_21' ﬁ
7 = H (4)

vkl—l z ‘,k(
e~ D -
llt-llz (kl - 1)' =z k,'

where z denotes the number of shells considered. Though the cases when z=4 may
be practically neglected, the calculations with eq. (4) are tedious and the results
are not in good agreement with the experiments for higher concentrations.

2. An approximation for high concentrations may be given as follows. Let
eq. (1) be rewritten with the notations W = y+ W, + W, and M=pu/W:

j M+1
‘ kg
I _ M+1 . )
ro yk— lk
&k
= gk—1
Since Z" k=ev",
k=1 k'
. = k-1 1
- = (M+1e P *k—D! kM11° ©)

Supposing there is no forelgn quenching (W;=0) M = u/(y+ W,). For u=y
(as before in eq. (2)) and using the relations p=1/7y and y+ W, = 1/t (where
7o and 7 denote the fluorescence in unquenched and quenched solutions) M =1/t,.
Substituting this value of M into eq. (6), the relation

el
"o

Mx

(k—l)' L Q)

To
holds.
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A simple lower limit may be given for r/r,. Apparently

¥ , o vkl 1 o V1 1
Lo =y oY _
5= & N R M
Dy s
v k-1
M
— e Zw' M+1) — eV, IFMIMFD) — g-My/(1+2M)
& F—1D)! ,.
1. e.
r oMo
— = 1+ 2119 . ) (8)
o

Instead of inequality (8) — as it will be seen — eq. (7) may be more satisfactorily
approximated by the equation

r tftg+1 vijtg—l4e~"

= 9
T )
or, if 1/to=n/n, (the relative quantum yield)
ro_ e+l vn/ng—lier (10)

ro  (n/no)? v?

For unquenched solutions (t/to =n/ny=1) eqs. (9) and (10) become identical with
eq. (2).

3. Fluorescein solutions containing glycerol and water in different proportions
and 2 per cent NaOH were studied. The concentration of dye was varied between
1,0-10-5—5,0-10-2 mole/1. The photoelectric apparatus used for measuring the
degree of polarization is described in [6]. The wavelength of the exciting light was
510 mp, the temperature of the samples was maintained at a value of 30,0+0,1
centigrade by means of a Hoppler ultrathermostat. The viscosity was measured
at the same temperature by a Hoppler viscosimeter. The degree of polarization
of fluorescence obtained experimentally was corrected for secondary fluorescence
according to an equation and method given in [7]. For this correction the absorption
and emission spectra were measured by a photoelectric spectrophotometer Optica
Milano CF-4. The absolute quantum yield of fluorescence was determined by a
method given in [8].

Fig. 1 exhibits the depolarization curves for solutions of different viscosities.
As it i1s to be seen a considerable repolarization occurs in the concentration range
of 1,0:10-2 —5.10-2 mole/l. The repolarization increases with decreasing visco-
sity. An opposite behaviour would be expected because of the enhanced rotational
possibility of particles in solutions of small viscosity. If, however, the self-quench-
ing curves shown in Fig. 2 for glycerol and (after [8]) for water solvent are conside-
red, it may be concluded that in water a shorter mean life time of the excited state
should "prevail than in glycerol, consequently — in spite of the high rotational
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mobility of fluorescent particles — is solutions of small viscosity a higher repolari-
zation may appear than in solutions of higher viscosity.

As for the quantitative agreement of eq. (10) and the experiment Fig. 3 shows
the self-depolarization curve for the whole range of concentration and in the case
of the solution of highest viscosity. The empirical parameter v, the volume of the
active sphere, was determined by fitting the experimental values of r to eq. (10)in
the range of small concentrations. The radius of the active sphere was found to
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be R;=72,0 A (a value near to 70,8 A given in [9] and 79 A given in [10] for
the same system). The broken line, dotted line and the solid line were calculated
by eq. (2), (8) and (10), respectively. The best agreement of experiment and theory
is given by eq. (10). Fig. 4. represents the theoretical curves of self-depolarization
-calculated by eq. (2) (broken line) and by eq. (10) (solid lines) for the concentration
range of 1,0-10-3—5-10-2 mole/l. The relative yield values were taken from the
-data in Fig. 2. The upper and lower depolarization curves (solid lines) in Fig. 4.
belong to water and glycerol solutions, respectively. The experimental points lie
near to these curves which can account — at least partly — for the repolarization
as well.

In case of trypaflavine dissolved in a mixture of glycerol-ethanol and contain-
ing 2 per cent acetic acid the data for self-depolarization and self-quenching have
.already been published [11]. Fig. 5 shows how egs. (2), (8) and (10) are fulfilled for
this system. The radius of active sphere was found to be R, =428 A (in [10] R, =
=40 A), with this parameter and with #/n, =0,90, 0,25 and 0,16 for the three highest
concentrations we obtain the broken, dotted and solid line by egs. (2), (8) and
(10), respectively. According to [11] these quantum yields are too high, probably,
-€q. (7) should give a better agreement, because usually t/14 <n/y, for higher con-
-centrations. Because of lack of experimental t/74-values it was not possible to
<heck eq. (7).

Trypaflavine

'/,; 05

~1 0 1

v ——

Fig. 5

The recent measurements referring to the fluorescein solutions of different
1, viscosities corroborate the statements given in [14] about the independence of
the processes determining the rotational depolarization and the self-depolarization.
As Fig. 6 shows the self-depolarization curves belonging to different concentrations
_get nearer to each other, if the viscosity is decreased, since in the competition
-of the two processes of depolarization the role of rotational depolarization becomes
prevailing. However, in solutions of very high concentration this regularity is no
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longer to be found. The increase of degree of polarization of fluorescence with the
decrease of the viscosity of solution (shown by broken line for a concentration
of 5102 mole/l in Fig. 6) — some kind of rotational repolarization — is not in
contradiction with the well-known PERRIN—LEVSHIN equation (see e. g. in [15]).
Namely, according to this equation the increase of the degree of polarization of
fluorescence — ceteris paribus — is expected, when 1/n, is decreased and this quantity
may decrease — due to the dependence of self-quenching on the viscosity shown
in Fig. 2 — even if 5, decreases.
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The independence of the two mentioned depolarization processes led to the
reasoning that PERRIN—LEVSHIN equation must no be applied to self-depolari-
zation [14]. In [16], however, a formula was derived from this equation for the
self-depolarization. This formula implies a mean life time of the excited state
obtained by a relation for self-quenching and yield an increase of the degree of
polarization of fluorescence with the increase of concentration in the range of low
concentrations, a result inconsistent with the experimental results obtained hitherto.
{The alone case mentioned in [17], except that in [16], could not be corroborated
in [18].) Consequently, our results referring to the independence of rotational depola-
rization and self-depolarization show that the formula given in [16] may not be
considered as reliable in principle. The experimentally obtained rise of the degree
of polarization of fluorescence at small concentrations should be carefully control-
led for the systems mentioned in [16].

ok
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KOHLEHTPAIUMOHHASA OETOJIAPU3ALIMA U KOHUEHTPALIMOHHOE TYLIEHUE.
DIJIYOPECLIEHLIMP VIOUIMX PACTBOPOB

JI. Canau, B. Hlapxanw, 3. Tombay

HccenegoBasnoch BbINOJHEHHE KOHUEHTPALIMOHHOH [enosisipH30BaHHOH Teopun $IGJOHC-
KOr0 Ha pasHbIX BSI3KHX IUIMIIEDHHHO- BOAHBIX pacTBopax duiyopeclieHHa. B cayyae 00JbHX.
KOHIIEHTPAIIMOHHBIX PACTBOPOB OOHAPY)KHMBAETCST SIBJIEHHE BPALIATENILHOH DerloisipU3alivim .



K BOINPOCY COOTHOILEHWSI MEXXAY CNEKTPAMM IOIJIOLUEHUSA
U JJIOMUMHECLIEHUUM YPAHMWJIOBbIX COEJMHEHHMNA

JI. KO3MA
Kaeapa sxcriepumenTansHoil Gpraikn YHusepeurera nvenn Hoskeda A, . Cerex

( Mocmynuao 6 pedaxytito 22-020 dexabpa 1964 e.)

PeaynbTathl HACTOsILEH padoThi MOKa3bIBAIOT, YTO COOTHOLICHME, OMHCHIBAIOLIEE CBS3b
MEXAY CHEKTPaMM TIOTJIOMeHHS W JTIOMHHECLEHIIHH, BBLIMONHSIETCST H B Clyyae >KHAKHX H
TBEPALIX PACTBOPOB YPAHHMIIOBBIX COeMHCHMI. B HCCReTOBAaHHBIX Ciyvasix Temieparypa
OMNbITa M BLIYUCJICHHAS TemMeparTypa H3 COOTHOwWeHHs1 (1) coBmaaaior.

CooTHoOlLeHe

I % = Dv3p(v)e~ KT 1)

BhiBeeHHOe Keuremernu M ero coTpyaHukamu [1], KoTopoe ONUCBIBAeT CBSI3b
My CMEeKTPaMu TOTJoWeHHs [k(v)] u momuHecueHuun [f(v)] npu Temmnepa-
Type T, WIM HpeyKaHee COOTHowenue CmenaHosa [2], U3 KOTOPOTO MOAM(UUK-
poBaho moayyusu (1), MHOTHe aBTOPbI NPOBEPSJIM W NOATBEPIKIAAIM HA OCHOBE
JKCIIEPMMEHTANILHBIX JJAHHBIX B CJlyyae pacTBOpoB  mnapos [3—9]. 3aecs hu k
nocrosiiuble [Taanka v Boaymaxa, D —— NMOCTOSIHHBIN, NMPaKTHYeCKU He3aBHCS-
Mt OT YacTOTEI, 7(v) — KBAaHTOBHl BBIXOJ, 3aBMCSILMH OT YaCcTOTBI BO30Y K /a-
roulero ceera. Wcciie/ioBanusi NOKa3bIBAIOT, UTO TemrnepaTypa T*, BeIUHCIIEHHAS
U3 HaKJOHA NPSMBIX

h
kT

FO) = Inf,(v)—Ink®—Inp(v)=3Inv = v+te )

B GoJblUMHCTBe chiyyaeB Oosbwe yem T. Pasuuny 4T = T*—T cBsisanu c
vacToToi Bo3Gy Kpatolero ceera [1, 3, 7], TyweHuem nomMuHecUeHLuu [8], crpo-
eHueM JIIOMHHECHEHLMPYIOIEero LeHTpa U Xoxom ¢yHruuu n(v) [6, 9]

Tak Kak 0 CUX MOp B TePBYIO OUepefib MCCIEN0BalM >KHAKHE M Tas30Bble
CUCTEMBI, COCTOSILIIME U3 CIIOXMKHBIX OPraHMYeCKUX JIOMUHECLIEHLMPYIOLUX MOJIe-
KYJI, Mbl CUMTANM Lejecoo0pasHbIM MCCIIeJ0BaTh M CUCTEMBI, KOTOPbIE COCTOST
U3 NPOCTHIX HEOPTAHHUUYECKU X JIIOMHHECLIeHUMPYIOLLNX MOJIEKYJ. MOYKHO 0)KHAATD,
uYTO M B ciyyae GONbIIMX BPeMeH >KHU3HM NPUMEHMMO COOTHOwWeHHe (1), mae
U B TOM CJlyyae KOTra BSISKOCTb CPeJibl MHOr0 pa3 6oJibllie, UeM B paHHee HCCJie-
JOBAHHBIX CNydYasix. B HacTOAWMX HCCIeOBAHUAX TMpeAMeTaMU CAY)XXMIM ypa-
HOBOE CTeKJIO M BOJHBIE pacTBOPH ypaHuicyJibdara. CpaBHUBAST ¢ BELIECTBAMM,
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MCCIIeI0BAHHBIMM  PAHbINE C TOYKHM 3PEHHST BbilIOJIHeHust cooTHoweHust (1),
BpeMs 3aTyXaHusi pryopecuenuun uona UOF *(t~10-%s-!) bonblue Ha HECKONb-
KHX NOPSIKOB.

IMpu Temneparypax 263, 298, 318, 338, 363 °K cnexkTp mMOrjolleHHsT U3-
mepusin Ha cnekrpogopomerpe Cd—4 Onruka MwunaHo (pelueTkoit), cnexrp
JIIOMMHECUEHU MK ¢ MeTOAoM paspaboTanHbiM B [10], u n(v) onucaHHBIM METOAOM

F) ‘
o
%} Yparoboe crekao
th
12r
1T= 263°K
for 27+ 298°K
3T=H8°K
4T«338°K
5T-363°K
i [ .
8 19 24

-y 2'
S- 10 {cn") —_—
Puc. 7

B [11]. (¥ pactBOpa ypanuncynbpata ANHHHOBOJLHOBYI0 4acTb QYHKUHMH 7(V)
He M3MEepHUNM M3-3a TPYAHOCTEH, BBICTYNAIOWMX BCJEACTBME MaJIor0 BBLIXOAA M
CHIIBHOTO TeMIepaTypHOro TyileHus.) CeKTphl IOrJIOIEHUSt U JIIOMHHECLEHLIU K
MaJjlo MepeceKaloTCsi, HO BCE-TAKM Mbl AOJKHBI ObLIM CUMTATb BIIMSIHME BTapHy-



COOTHOINEHHST MC/KAV CNEKTPAMH MOFJOUWIEHHS f JIOMHHECLICHILHI 3t

HOM JIOMUHeCLIeHIMH, pa3pobOTaHHBIM MeTOfoM B [12] Ha 0CHOBE COOTHOLICHHUS
(37), TaKk KaK u3-3a MaJioll MHTEHCHMBHOCTH JHOMUHECUEHLIMH, TOJICTHIE CIIOH
MCCieioBann. X0/ CNEKTPOBR MOIJIOWEHUS M HU3JIYUYCHHS, MONYYEHHBIX HaMH, W
MX H3MeHeHMe € TeMHepaTypodl COBMAAAOT ¢ Pe3yjibTaTaMM, INOJYYEHHLIMH B.
[13, 14]. ,

Ha pucyHke 1 yepHbIMM KpYy)KKami u300parkasu 3HaueHus F(v) ypaHHJoro:
CTeKJ1a, BhlUMCeHHble U3 (fopmyiinl (2), a2 KpeCcTUKU NPEACTABISAIT Te 3HAUCHHUS,.
KOTOpble TMOJYYMAH U3 CcooTHOLleHust CmenaHosq. PucyHka 2 mnpejcraBiisier
3HaueHUst F(v) pacTBOpa ypaHuicyabdara, nojayuenHsle n3 Gopmysiel Cmenatosa,

5
Fiv) t‘ i
Yparu scyredar
x X
“’J: \X\x\x
~ \
x\x \
N
A+ x\)‘\x\ x‘\“x\)‘
x f
x \x \x\x
2 \X\ \3\1\
x\x
\ \x
“r N \x
1.7-298% \"\ * \(\
2T-318°K \
3T=338°K N
4 T=363°K ~
fo [~ {x\x
~
9 1 1
20 205 24
I () ——
Puc. 2

KOTOpast He cofep KuT QyHruuio n(v). M3 puc. 1 BuaHo, uto cootHowenue (1y
BBHINOJIHACTCS B LUIMPOKOI YAaCTOTHOM 00macTH, COAeprKatled yacTOTy 3JIeKTPOH-
HOTo nepexoja, JUUIsi CIIEKTPOB IOTJIOIIEHUS] M H3JyYeHHs] YPaHUIIOr0 CTeKJa,
B TO Ke Bpemsi cooTHolweHue CrmenaHosa NpHUMeHsIeTCs] TOJbKO B fojee y3KOM
nonoce.
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M3 HakioHa NpsiMbIX PUCYHKOB 1 M 2 BLIYMCIIMIIM 3HAUEHUS] TeMIEPATyphl
T*, u npejcraBuiiM UX B Tabauue 1, rae B nepBOM psjle NpUBELEHHbl Temre-
paTypel ONbiTa, BO BTOPOM W TpeTbeM DPSAaX BblYMCJIeHHble 3HYeHHst T*. U3
JaHHOH TabnuUbl BUHO, YTO TAK ¥ Majio BA3KOr0 BOAHOI'0 PacTBOPA yPaHHIICYib-
(ata, Kak U y OO0JBLIOTO BSI3KOTO YpaHMJIOBOTO CTeKja, MNpH KaKaoi Hamu
uccaeoBanHoil Temnepatype T*~T. IT0 03HauacT, YTO N0 AKTa UCMYCKaHUs
u30bITOK BO30y>KAaloweit dHeprun h(vy—v)=5,8-10-13 3pr (v; = 6,88.1014 s-1
yacToTa BO30Y)KAAIOLIEr0 CBeTa, ¥ — CPeJHAs YACTCTa MEpBOi NMONGCH NIOMU-
HeCLEHLMH) MOJHOCTBIO MepefaeTcst cpeje, B He3aBUCUMOCTH OT BASKOCTH Cpefibl,
U 0T KosebaTesIbHOH SHEPIuu MOJEKYJI.

Tabauua 1.

T (°K)
263 298 318 338 363
BeuectBo

ypj‘:}::;']%‘;oe 275 | 302 | 321 | 347 | 366
Y pauuncynbhart - 305 322 349 365

Hawn pesynbrathi NokasbiBaeT, yTo COOTHOWEHHe (1) BHITOJNHSETCS M B
‘clyyae JKMJAKMX W TBePAbIX PACTBOPOB YPAHMJIOBBIX COEAMHEHUH, COCTOsLLME
U3 MAaJIOUHCIIEHHBIX aTOMOB, KOTOPblE XapaKTepHU3YIOTCS CTPYKTYPHBIMU CIIEKT:
pamu. CBA3b MY DACUMTAHHBIMK Temmepatypamu T* W XapaKTepUCTUKaAMH
JIOMHHeCLeHLUDYIOIMX CHcTeM (BpeMsi BO3OYI)KAEHHOI'O COCTOSIHHSL, BSA3KOCTh
M TemIlepaTypa cpeibl W T. J.) MOJIyUYeHHblE B CJIy4ae YPAHWIIOBBIX COeJMHEHHI,
TIOATBEP>KAAIT (0Jiee paHHble OMBITHI, KOTOPble OTHOCATCS K CJIOXKHBIM MOJIEKY-

Jiam.,

&
% *

ABTOp BBIpa)KaeT CBOKW OJarofapHocTb axaieMuKy A. Bydo nupextopy
MHcTHTyTa 3KCIIepUMEHTANBbHOM (Guanku U pouentam JI. Caqau u H. Keukememu
‘3@ TNOCTOSIHHBIE BHHMaHHMe M II0JIe3HBlE COBETBI BO BpeMsl PaBoThl.
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NOTE ON THE CONNECTION BETWEEN THE ABSORPTION AND LUMINESCENCE
SPECTRA OF URANIUM COMPOUNDS

By L. Kozma

A formula concerning the absorption and luminescence spectra was found to be valid for
liquid and rigid solutions of uran compounds. The temperature of measurement and that of calcul-
ated from the formula exhibited a good agreement.
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U3YUEHUE XUMHWYECKMX NPEBPALIEHUI AM0JIOB
WUOPIAHUYECKUX OKMCEHN. IX

Peakumsi ABynepBUUYHbIX 1,3-JHONIOB C aANETHIXJIOPHAOM

M. BAPTOK, B. KO3MA u A. 1l U9
Kadenpa opraHnueckoit xumnn YHusepcuteta umenu Moxxeda Artuas, r. Ceren

(ITocmynuao 6 pedaryuio 1-20 mas, 1964 2.)

B Hacrosimieil padoTe M3yualoTCsi peakuUHH NponaHauoia-1,3, 2-merun-, 2-3Tui-, 2-H.
NpomMa-, 2-4. Nponun-, 2-d. 0yTui-, 2-T. OyTui-, 2-1. rekcun-, 2-gesun-, 2-6eH3un-, 2,2-qume-
TUT-, 2,2-QUITHIT-, 2-MeTHI-2-H. IPONHII- U 2-3TH-2-H. SyTHANponanauona-1,3 non BosneiicTeruem
aueTyiixJopuaa. Ipespauesyst NPHBOAST K COOTBETCTBYIOWMM 1,3-X10poalleTaTam ¢ BBIXOOM
60—80%;. Mmest B BULY MPOCTOTY METOAA M XOPOLIMI BbIXOL, 3TH peaxiiy MOryT GbITh YHO-
TpedieHbl JJIsI BHIFOJAHOrO NMPOM3BOACTBA NPOH3BOAHBIX 2-MOHO- M 2,2-By3aMEIIEHHBIX IpPOo-
nasa. B pesyneTaTe padoTel Haj CHHTE30M OMMCBLIBAETCS MPOCTOi MeTod TMpOM3BOACTBA A
TAK)KE CTPYKTYpa M (U3HUeCKHe KOHCTAHThl [IBEHAJUATH 10 CHX MOP B JHTEPATYPE Heo-
NHCAHHLIX COelMnHenni.

M3yuass XuMHUeCKHe peakUuM AWOJIOB Mbl K3yyaeM WX MpeBpalleHHusi ¢
aUuAranoufamy, B pesysbTaTe KOTOPOro ¥ auMJibHasi FPynna v aHuoH rajiouia
BCTYNAIOT B MOJIEKYJIb AMo0Jia. B BeleHMM OLHOM M3 HAlIMX NpeibiAylux pabor
Mbl 00cyaunu 0030p, 3HaUeHHUe JAJIA [IPENapaTUBHOH U TeOPETHYECKOH OpraHu-
4ecKOH XUMHM peakuuit JiMonoB noj Aeifcreuem auetunxnopupa [1]. B nurepa-
Type Mano pabor HaiifieHO O TaKOM Tufle HApeBpalleHuit JUOJIO0B.

Hacrosituast padora 3aHUmMaeTcst pesyabTaTaMy NperiapaTHBHOr0 OCyHiecTBIIe-
HHS1 NIpeBpaleHUs CJIEAYIOLIero THna:

R R’ R R’
AN C/ AN C/
/0
CH, CH,+CH,—C —~ CH, CH,
| | |
OH OH Cl Cl  OAC

rie R R’: CH; H, C,H; H, u. C;H; H, u. C;H, H, H. CH, H,
. C,Hy H, C4H;, H, CsHs H, C,H;, H, CH; CH,
C,H; C,H;, CH; H. C;H,, C,H; H. C/H,.

BeiBonbl npeabinyieit padotst [1] cTOAT M A5 MeXaHU3Ma 9THUX IMpeBpallie-
HUl. OJKcllepUMeHTaNbHOe ONpaBJbIBAHME 3THUX OXKUAAETCS TIYTEM H3YYeHUst
COeNUHEHHUH acCUMeTPUUECKOH CTPYKTYPLL.

3*
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2-MOH 03aMellleHHble TIPOM3BOJIHBIE NpONaHauosa-1,3 OblIM NPUrOTOBIIEHbE
UCXOAA M3 AUITUIOBOrO 3gupa mMajiiOHOBOH Kuc:0Thl. Tloj peiicTBuem ankuira-
TIOMAOB M3 AHMITHJIOBOrO 3pHpa MajOHOBOH KHMCJIOTHI ajKuji3amelleHHble Maslo-
HOBble 3Qupbl ObLIY NoNyueHsbl ¢ XOpOWHWM BbIxoaom (~ 80%). Iuatunobubii
3pUp (peHUNMAIIOHOBOH KUCAOTBl ObIN MOJYYEH M3 3THIOBOrO aupa (eHus-
YKCYCHOH KHCJIOTBI RyTeM KOHAEHCALMM AMITUJIOBBLIM 3QUPOM IlaBesieBOH Kuc-
JIOTHI, METOJIOM y>Ke paHee ONMUCAHHBIM [2]. Pearkiuueit ManoHOBBIX 3pupOB rHApH-
JOM TIUTHA aJIIOMHUHMSI COOTBETCTBYIOLKE AU0NbI [3] 6bIAK npHroToBaeHst. [uapu-
pOBaHHE MOYKeT ObITb OCYIUECTBJIEHO COOTBETCTBEHHO AokuHc u Buauka [4]
MpOCTO M XOpOWHM BHX040M (80%) B aBTOK/IaBe THAPUPOBAHHUEM HA MEAHOXPO-
MOBOM KaTaju3artope.

Pearuust MOHO- M JABYy3aMelleHHBIX TPOM3BOAHBIX mNponaHakona-1,3 nop
HeHcTBHeM XJODMCTOro aueTusa Oblla M3yyeHa METOROM oNucaHHbIM bozepm u
Caoxys [5] B sanasHHOH TpyOke. Pearkuus mo)keT ObiTb ocyluecTBjieHa M 0e3
nasiieHus [6]. Tlpu AM0NI0B ¢ MeHbLUMM MOJIEKYISIPHBLIM BecOM BJMSIHUE AaBJieHUs
HA HamrpaBleHHsl DeaKLMH M Ha BbIXOJ COBCeM He3HauMTesbHO. A B ciyuae
AMOJIOB € 0OJILWINM MOJIEKYISAPHBIM BECOM JaBieHUE YBeIUUNBACT BBIXOHN XJOPO-
auetata. IasneHue ycxopsier peakuuio OH-—-Cl Takum 00pas3omM uTo YBeJHUM-
Baercs1 KoHueHTpauusi HCl. CKopocTb peakuuu YMeHbLUAETCS ¢ MOBBILLIEHMEH
moJyiekynapHoro Beca. Cama coboi padymeeTcsi, NpHMeHeHMe JaBJIeHMSI He
BpeHO M Y AMOJIOB ¢ MEHBLIMM MOJIEKYJSIDHBIM BeCcOM, HO B 9TOM cjiy4ae BbIXOJ
XJ0poauerara MoXKer ObiThb 0k0J0 80 mpoueHToB M 0e3 maBnenus. Hactonwas
paboTa He MbiTaeT YCTAHOBUTL ONTHMalbHble MMapameTpsl peakuuu odopMIIeHHS
xJnopoaueraTa. B arom cmpiciie ganHble 0 BeIxone B Tabnuille V He OKOHYATeJSIbHbIE
TaK KaK TOJbKO OJHO MCCJIeJOBAaHME ObUIO OCYLUECTBIIEHO € OJHMM AKMOJIOM B
NPUOJIM3UTENBHO AHANOTHYHBIX YCIIOBHUSIX.

Taxum psiioM 3KCTIEPUMEHTOB MBI XOTeJIM [0Ka3aTb UTO Y ABYIEPBHUHBIX
1,3-110J10B peakuUus XJ0poaLeTUNMPOBAHUS MMEET MECTO M B TO e Bpems
NPOCTOH M JCIUEBBIA CHHTE3 HECKOJIbKUX HCXOAHBIX BeUleCTB, IIPUMEHSIEMBIX
B MeJMUMHCKOH MHAycTpuM ocyulectBien (Boixof 60—80%). B Oyayuiee Mmbl
HamepeHbl U3yyaTb XUMUYECKHE MpeBpalleHUst XJIOPOALEeTaToB.

TosyueHHble NPOAYKTHL ObLIM MPOAHANU3UPOBAHBL METOMOM a30>KMAKOCT-
HO#M xpomarorpaduu. M3 aTux pesysibTaTOB U M3 MUKpOaHaJM3a BHIHO 4YTO HpH
peakuusax JAUOJIMOHOALleTaT nojyyaercsi. IlosiBleHUe MOC/IeAHero HaXOAUTCSt B
COOTBETCBHM C HALIMM MpEJCTaBJleHHEM O MeXaHHM3Me Mpouecca XAopoaleTHIu-
posaHus [1].

B nanHo# palote paioTcst B TabaMuax nuTepaTypHble AaHHbIE 0 MPUIOTOB-
JIeHUM U (PU3UYECKUX KOHCTAHTAX COOTBETCTBYIOIIMX MaJIOHOBHIX 3pupos, I,3-
AHOI0B, [-xmop-2,2-gumerun-3-aneroxkcunponana (Tabimua I) v TaroKe npuse-
JeHbl 3KCMepUMeHTallbHele JaHHble HacToswed paborel (Tabnuupl II, I 1 1V).

IKcnepuMeHMAabHAs Hacims

AaKUAbHblE- 1 apuAbHble MAAOHO8bIE 3(PUpsl TIPUTOTOBISAAUCH TIO METOAAM
ONUCAHHBIM B JUTEPATYPE U3 AUITUIIOBOrO 3pUpa MajsoHOBOH KUCHOTbL. Jiu-
metuncynbspar [29], 6pomuctrlit u. nponu [30], 6pomuctslii a1ua [30], xI0pHCTHIH
H. nponu [30], 6pomucteiit H. 6yTun [30], xnopuerslit T. 6yTHa, [15], GpomucTbiit
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JlaHHBIC B JMTEPATYPE O TIPHUIOTOBJIEHHH H (M3MYECKMX KOHCTAHTAX 3DUPOB MAJIOHOBOMH
KHCAOTBI, 1,3-AHOJI0B M 1,3-XJIOPUCTBIX AlETATOB OMUCAHHLIX B 3KCHEPHMEHTANbHON vacTH

- Beixoa | Temmeparypa KH- ° Jlure-
Ne Hassanue o/ nennsi C° (pr. MM.) d r/cm? np (t °C) parypa
AMITUII0BBIT 2(up 1,013132
1. | MeTHIMaI0HOBOH 132 (77(33 > 1,4126 (20) ;
KHCTIOTLI 1,02252°
AM3THIIOBLIA 2Hp o 08 (12) 1,005 3° 14171 '(20) 9
2. | 3THIIMaJI0OHOBOH ’
e 109 (24) 1,00472° 1,4166 (20) 8
AMITHIIOBLIA adup 0.9914%°
3. | H. IPONHJIMAN0HO- %%%5 gg% 1,4197 (20) lg
BOH KHCO0TH > 0,98732°
JHATHIOBLIA 3Qup _
4. | u. npomHaManoHo-| 29 ]l(l)(3)ﬁ'112 88 0,985023 1,4190 (25) };’7
BOH KHUCIOTHI
AUSTHI0BLIL 9pHp 132 a7 o | 14218 @25 | 13
5.| H. uoyTHnmanono- 91 127 (23) 0.9764; 14229 (20) 14
BOIl KUCJIOTL
JUSTHIIOBLHT 3hHD
6. | T. OYTHIMAJIOHO- 110 an 0,98282%% | 11,4200 (28,5 15
BOH KHCJIOTHI
AMITHIOBHIT 3D _ ' '
7. | 1. rekcHAManoOHO- 44 lég_g E‘g 1,02282° }’2‘;;3 gg 12
BOI1 KHCIOTBI :
w 20
, é‘;ﬁ;‘;ﬁ?ﬁ(‘)‘l‘{gggf o5 155—160 (18) | 1:0950s 1,4977 (20) 2,17
aa ‘ 142 22) 20 1,4913  (20) 14
KHCITOTBI 1,0959;
AMOTHIOBEIE 9up 163 (1) 1.07502° 14872 (20) 18
9. qcnsmmanonomn 176 @21 ’o 14871 (20) 14
KHCIO0ThI 1,0749,
2-MeTHJIIPOTIAH- . 83,5—4 3) 4
10| “hion-1,3 80 1235 (20) 14430 (25) | g9
2-3THANpPONaH- 71 124—17 (16) 20 3
11. amoi-1,3 ~ 80 83—6 (1--2) 0,9970 1,4480 (20) 4
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Tabauua I

- Boixon | Temmeparypa KH- c JlnTe-
Ne Hassanne o nenits °C (pT. MM.) d rfcm? np (¢ °C) patypa
2-0ponuAnNponad- | _ 25
12. AHOT-1,3 80 96—8 3) 0,9636 1,4480 (25) 4
2-H. NPOMHINPO- _ _ -
13. nanxHos-13 65 70. 130—5 (18) 20
2-H. GyTHAMPONAH- 25
14. a0 1,3 ~80 98—100 (2) 0,9461 1,4492 (25) 4
2-1. OyTHANpPONaH-
15. on-1,3 T. M. 59—61 21
16 2-1. TeKCUITMpPOo-
| maHpHon-1,3
130—2 () i
2-peHnAnponaH- _ _ 20 1,5863 (20) 22
17. on-13 50—56 T'11[1328 57~49 ) 1,11612 15348 (25) 123
18 2-6eH3HJITPOTnaH- ~3 155—6 3) 4
| muon-1,3 0 | rmes8 24
) .. 126—8
2,2-AUMEeTHANPO- T.n 19,25
19. naHjguo-1,3 T 130?06 (760) 26
20. | 2:2-AM3THIpO- 58_3 (76((5); 27
*| mauguon-1,3 ML 60.5 26
2-MeTHJT- * T. 1. 62—3 27
21.| 2-npomnu- 234 (760) 26
nponaxauon-1,3 T. 1. 56,6
) 110 2)
2-31HA-2-0y THA- 4
22. nponatHon-1,3 i 5633 g (760) 1,4587 (25) 26
1-xn0po-2,2-aime-
23.| THa-3-aneToKcH- 83 68 (10) 1,4325 (20) 28

nponax




Tabnuna 1T

. , o
DUBHUCCKHE KOHCTAHTbI R-3aMCUEHHBIX AHU3THIOBBLIX S(DHPOB MAaJIGHOBOY KHUCJIOTL!

~ .
S Monekyn- . 2 MR C l HY,
Ne R 22X dopmyna, SIPHBII OCT(' 1‘_‘”;\:'“ ) ‘?(:4::3 ngy J—
4] BEC PT. MM. /e Haitl. | LY. | Hallj. | Bbiu, 'Hai’m. BhLIY,
1. MCTHI 75 CsH .0, 174,19 76--7 4) 1,023 1,4126 | 4242 | 42,45} §5,28 | 55,161 7,98 | 8,10
2.0 orTHi 76 CoH 60, 188,22 88—90 (10) 1,005 1,4172 | 47,12} 47,07 | 57,56 { 57,43 | 8,51 | 8,57
3. 11POTIIHI 82 CioH 1504 202,24 114—16 (25) 0,989 1,4195 51,69 | 51,74 | 59,22 1 59,38 | 9.03 8,97
4. M. 1IPOTHII 83 CioH 150, 202,24 86—88 (4) 0,988 1,4196 51,80 | 51,74 | 59,26 | 59,38 | 9,02 | 8,97
5. Dy THA 80 C1H1,004 216,27 110—12  (4) 0,976 1,4230 56,43 | 56,35 | 61,25 | 61,08 9,36 | 9,32
6. T. OyTHa 12 Ci1H,00, 216,27 88—90 (8) 0,978 1,4232 56,32 ] 56,35 | 60,86} 61,08 9,24 | 9,32
7. L. 'CKCHIT 52 Ci3H220, 242,31 122-—-4 (4) 1,026 1,4497 63,44 | 63,38 | 64,45 | 64,44 9,28 | 9,15
8. (e 74 CiaH 1604 236,26 134—6 “4) 1,096 1,4936 62,77 | 62,64 | 66,23 | 66,09 | 6,95 | 6,83
9. Genaun 70 CiaH 1504 250,28 | 140—2  (10) 1,075 1,4872 | 6698 | 67,28 1 67.32 | 67,18 | 7,22 | 7,25
Tadnnna 14
DUIHUCCKHE KOHCTAHTLI 2-MOHO3aMCHIEHHBIX NponanjHoaos-1,3
R
cuz—(I:H—Ckrz
OH (l)H
=
5 Monerysi- - MR (O HY;
Ne R NS dopmyna SIPHBIT OCT(' ,l,‘l'l;v:'l ) ?‘2‘0, ngy
fas) BEC pr. mat. rem HAML | Bbiy, | Halif, | Bulu, | Hai. | Bbiv,
I. MCTHI 73 C.iH 1002 90,12 86—7 4) 1,009 1,4450 23,76 | 23,72 | 53,18 | 53,30 11,22 11,18
2.1 3THn 63 CsH 0, 104,15 85—6 (2) 0,982 1,4482 28,41 | 28,34 | 57,54 | 57,66 | 11,68 | 11,62
3. 11POTHIL 82 CsH 140, 118,17 100—2 4) 0,960 1,4494 33,02 32,96 1 61,04 | 60,98 | 12,05 11,94
4, 1. TPOTIHA 75 CeH 140, 118,17 114—16 (6) 0,961 1,4495 33,00 | 32,96 | 61,06 | 60,98 | 12,08 | 11,94
5. Ovrtun 72 C:H 602 132,20 148 —-50 (8) 0,950 1,4514 | 37,51 | 37,58 | 63,46 | 63,60 | 12,35} 12,20
6. 1. 0yTH 76 CiH 1602 132,20 T. 1. 61 — - — 37,58 | 63,59 | 63,60 | 12,24 | 12,20
7.1 1. PeKCHI 81 CoH 50, 158,23 T. L. 94 - — - 44,61 | 68,35 68,31 | 11,38 11,47
8. | ¢eHmn 56 CoH >0, 152,19 138—40 () 1,132 1,56 43,46 | 43,21 | 71,08 71,03 7,81 7,95
T. J1. 49
9.1 OeH3Hn 64 CioH 140, 166,21 T, 1. 68 — - — 47,83 | 72,35) 72,26 8,33 | 849

auHeJdo B goronY pHHomedaady XIMOORHWHX JMHIhALL]

XI "HIJMMO XIMOh

. 6¢



Du3HUCCKHE KOHCTan Tl 1-xi10p-2,2-R,R’-3-anerokciiponason

Taonua 1V

Mouie- - MR CY HY, Ccly
’ T. &t d3v 20 o d o
Ne R R dopmyna  {kynsap- |o ) . Ny |— —
HbIFT BCC C (pr. mm.)y| rjem Haiizl. | sl | Haiu. | o, | naiin | v, | waitn. | sn.
1. |H. H CsHoClO: 136,72 | 68—70 (20) | 1,112 | 1,4327| 31,90 | 31,81 | 44,02 | 43,97 | 6,61 | 6,64 | 25,84 | 25,96
2. ImeTHn H CesH . ClO, 150,76 | 85--86 (22)| 1,080 { 1,4329| 36,28 | 36,43 | 47,92 | 4785| 732 | 7,36 | 23,41 | 23,54
3. jamua H C;H,.;C10; 164,63 | 80—82 (6)| 1,048 { 1,4338| 40,91 | 41,05 | 51,24 | 51,07 | 8,02 | 8,02 | 21,42 21,53
4. [iipona H CsH . sCIO: 178,66 | 87—88 (6)| 1,038 | 1,4420| 45,53 | 45,66 | 53,88 | 53,79 | 8,41 | 8,46 | 19,74 | 19,85
5. {u. upora| H CysH15ClO: 178,66 | 110—2 (22)| 1,033 | 1,4400} 45,59 | 45,66 | 53,85 | 53,79 | 8,33 | 8,46 | 19,62 | 19,85
6. [ayTin H CsH 17 CIO: 142,68 | 120—2 (22)| 1,014 | 1,4406] 50,14 | 50,28 | 56,28 | 56,10 8,93 | 8,89 | 18,15 | 18,40
7.1 oy | H CyH 7ClO: 192,68 { 116—7 (22) | 1,016 | 1,4422{ 50,21 | 50,28 | 56,02 { 56,10 8751 8,89 | 18,28 | 18,40
8. {. rekeus | H Ci(H.,ClO; 218,72 | 124—5 (3)| 1,074 | 1,4744| 57,26 | 57,32 | 60,64 | 60,41 | 8,83 | 875 | 1641 | 16,18
9. ldpenu H Ci1H,;ClO0; 212,54 1 156—8 (18)| 1,153 | 1,5180] 55,85 | 55,92 | 62,36 | 62,12 624 | 6,16 | 16,34 | 16,68
10. |DeH3HI H C.:H,5ClO; 226,56 | 160—2  (5)| 1,129 | 1,5140| 60,41 | 60,53 | 63,74:| 63,60| 6,61 ! 6,67 | 1538 15,65
1. [meTrn merHit | C7H,:ClO: 164,63 | 72—3  (9)| 1,045 | 1,4335| 40,98 | 41,05 51,27 | 51,07 7,90 | 8,00 { 21,35 | 21,53
12, {MeTHn npomi) CoH 7 ClO, 192,68 } 89—90 (8)] 1,013 1,4403) 50,16 | 50,28 | 56,38 | 56,10 | 8,76 | 8,89 | 18,28 | 18,40
13. larrn ATHIL CyH,-ClO: 192,68 | 96—8 (7)| 1,023 ] 1,4457| 50,22 | 50,28 {1 56,44 | 56,10 | 8,74 | 8,89 | 18,34 | 18,41
14, |artn oyt | CH, CO, 220,73 | 127—8 (15)] 0,995 | 1,4483! 59,45 59,52 | 59,76 | 59,85 9,65 | 9,59 | 15,83 | 16,06
Taonua vV
Venosust peakiktit 1,3-M0008 € XAOPHCTHIM Al ETHIOM
R R’
N
ICH:—C—CH:
OH OH
oA Bpemst | Bul- S Bpemst | Bui-
No R R’ !.L,M'q"“[,’é peakig | Xoi Ne R R’ !;_L‘\ ‘[:Llo)é' peaKiyin | Xoj
rypa B uacax | ¥ ypa B wacax | Y
1. MCTH N H 100 8 84 8. enti H 160 24 64
2. ITHII H 100 8 79 9. OCH3IHII H 160 24 54
3. NPoni H 110 - 10 74 10. MeTH METHJI 120 12 80
4. H-11POTTHII H 110 10 82 1. METHJ Npornui1 140 20 80
5. OyTHN H 120 12 78 12, ITHUA ITHA 140 20 32
6. T-0yTHII H 120 12 72 13. ITHII Oyt 150 24 66
7. - CIKCH I H 140 14 70 ,

(114
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M3vueHre XOMHUCCKHX TpespamieHii AH0A0B M OPraHHuYeCKHX OkuHcell. IX 4y

LIMKJIOTEKCHIT K XJIOPUCTBIA LUKIoreKkcua |31], OpoMUCTbIH (eHUN [2] U XJIOPUCTBIH:
fensun [32] Obuln ynoTpedsieHBl MO0 MeTOAaM ONUCAHHBIM B amTepartype. [lomy--
yelHble MajJOHOBble 3)UPHI ObIAM OUMLIEHBI HA KOJIOHKE PeKTH(QHMKALUK HAIoJI--
HEeHHOM cTekaHbIMK criupanamd (15 TeOpeTHuecKUX TAPEIOK) a NMOTOM CTeneHb.
YUCTOTH  NpOBepeHa ObUla  Ta30)KMAKOCTHOH  Xpomatorpaduedl  (KOJIOHHA:
TepMonuT copepyramit 209 cunuioHoBoe Macio). TIpoLeHTHBIH BRIXOL MOJY--
YeHHBIX MPOAYKTOB, TJlaBHble (U3MYECKHE KOHCTAHTHI M JdHHbIE MMKDOAHaJIu3a.
npusejienst B Tabnune 1L

[ToayueHue 2-MOHOQAKUABHBIX U GPUAbHBIX NPOU3BOOHbIX 1ponaHouoaa-1,3.
HasawHble A107bl 6bIIM NIPUTOTOBAEHB! PeyKUMeHd THAPDUAOM JINTHST AJTHOMUHUS
13 COOTBETCTBYIOLIMX MAOHOBBIX 3PUpOB credyloim merogom. 500 ma abc..
apupublil pacteop 2M manoHoBoro apupa npubasngercst 1o Kanaam K 2500 mn
abc. apupHomy pactBopy 2M (76r) rumpuga JUTHST aNOMUHMS B TeueHue
2 yaca Ipu OXJaKIeHUH JIbAOM W NepemelnyBaHuu. [locne aToro cmecbh mepe--
MelIMBAETCS MPU KOMHATHOM TemnepaType B TeueHne yaca. ITpoayKT Oblt 0XJIa--
JleH MU NOMOLHM CMeCH Jibjla ¢ COJIbI0 M Jajiee NepeMelinBaHKe MPOLOIHKAETCS ..
1500 ma 20% coistHOM KUCIOTHl OblI0 NMpUGaBJIeHO MO KamjisM ¢ LeJblo pasia--
rauus. Ilocie oTaeneHus] OpPraHWYecKoro NPOAYKTA, BOJMUCTAasi 4YacTb Obina
9KCTparupoBaHa apUpoM B MPOTOUHOH! cucTeMe B TeueHHe NMONYTOPaABYX IHeH.
IMocne cyuieHHst CcOEAMHEHHBIX JPUPHBIX uactell NPOKaNeHHBIM KapBoHaToOM
HaTpusl 3pup mneperoHsd. COOTBETCTBYIOIME JMOJbl Obld TOJIYYEHbl TIOCTE
(GpaKUUOHHOM TeperoHKK 0CTaTOK Npu Xopollem Bakyyme (1—5 pr. mm.) (Brixog
60-—80%). TTpoueHTHBIA BBIXON AMOJI0B, MX TJaBHble (HU3MUECKHE KOHCTAHTBI
M JaHHble MHKpPOaHaiu3a rnpuBefensl B Tabauue 111. MudpakpacHbiM CEKTPOM.
An00B 3aHumanca [aedep [33].

2,2-0uaAKuAZaMeLgeHHble  11POU3B0OHble 1 PONAHON04a-1,3 ObIIH NOyUYeHb 0T
Chemische Werke Hiils 32 uTo Mbl Bbipa)kaem fnarogapHocTb. Camble BarKHblE:
(M3HYECKHe KOHCTAHTbl Ha3BAHHBIX AUOJIOB rnpusejeHbl B Tabanue I.

Pearya  2-moHo- u 2,2-08y3aMeljeHHbIX NpPou36o0HsIX 1 ponanouoaa-1,3 ¢
ayemuaxaopudon. Tipespaulenus Gbuli U3yueHbl B 3anasiHHoil Tpybke. B sanasH-
Hoit Tpybke oxosno 100 mn ofbéma, 30—40 T guosia Gbul 3amelleH, OXJAXKAEH
BMecTe ¢ TpYOKOH cMechio aleToHa ¥ cyXoro jibia 40 —50 °C ¥ npu oXna)kaeHun
auetunxyaopug (temneparypa —70 °C) 0bl1 npudaBieH B U3BECTHOM KOJIMUECTBE-
yepe3 pacTpybouHoe OTBepCTBUE 3anassHHOR TPYOKHU. B 0XNa>KaeHHOH COCTOSITHUM
cocy OblJ1 3aKpBIT, CTOSI CrepBa B JIeAsHOH BOJe a IIOTOM MNpY KOMHATHOH
Temreparype uepe3 2—3 uaca. B 3aBUCMMOCTH OT MOJIEKYJISAPHOR BeCH HCXOJHOTO
AMO0JIA BELLECTBO NOJOKUIIM B TMeuky MpM pazjMuHbIX TemIlepaTypax B TeueHue
pasHoro  BpemeHu (Tabnuua V).

[Mocne HarpeBaHUsi B MeyKe 4epe3 HY)KHOE BpeMsl COCYA Obii GCTOPOYKHO-
OTKPBIT U CLIPOH NMpoAYKT nometeH Ha 50—60 r abja. [tocne oraenesusi opraHu--
YeCKOM YaCTH BOJMCTAs 4AaCTh Oblld AKCTpArupoBaHa ABaykabl 20—20 MJ1 9pUpom..
CoesMHeHHBle opraHuyeckue (a3bl MPOMBIBAJIM PacTBOPOM KapOoHaTa HATPUS,
CyIAJIK NPOKaJeHHbIM KapGoHAaTOM HATPHA a TMOTOM MeperoHsny B GpaKkuuOHK-
pylolleif KOAOHKE AOMOJIHEHHOR cTerasiHoil criupansio. Boixop: 60—80%.
YUCTOTA MOy UeHHBIX TPORYKTOBR NPOBepsilach Fa30yKUAKOCTHOR XpomaTorpapuen
(xomoHHa: 20% CHIAMKOHOBOE Macjo — TepMoJIUT). [NaBHble GU3HyecKue KOHC--
TAHTb! ¥ JAAHHBle MHUKpOAHalM3a MOAYYeHHBIX XJOP0ALeTATOB OINMCHIBAIOTCS B:
Tabauue 1V.
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B unenom xoge pabdoter Willy Giede GCHF 18/2 rasxpomarorpad 6sui
ynoTpedsieH.
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STUDY OF DIOLS AND CYCLIC ETHERS. IX
The Reaction of Diprimary 1,3-Diols with Acetylchlorid

M. Bartok, B. Kozma and A. S. Gilde

The paper deals with the reaction of propanediol-1,3, 2-methyl-, 2-ethyl-, 2-n-propyl-, 2-i-
propyl-, 2-n-butyl-, 2-t-butyl-, 2-c-hexyl-, 2-phenyl-, 2-benzyl-, 2,2-dimethyl-, 2,2-diethyl-, 2-methyl-
2-n-propyl- and 2-ethyl-2-n-butylpropanediol-1,.3 on the effect of acetylchloride. The transforma-
‘tions result with a yield of 60—80 per cenr in the formation of corresponding 1,3-chloroacetates.
Regarding the simple method and the very good yield, the reactions can be used for abundant
production derivatives of 2-mono- and 2,2-disubstituted propandlol 1,3. As a result of the work
on synthesis, a simple method of preparation, structure and main physncal constants of 12, so far
:in the literature uncescribed compounds are given.



NEUE NITRO-KALKONE, VIII

Von -
GY. SIPOS und T. SZELL
Institut fiir Angewandte Chemie der Jozsef Attila Universitit, Szeged

(Eingegangen am 15. December 1964)

Es wurde eine Reihe der Reaktionsfahigkeit der Substituenten im Falle basenkatalisierte
Kalkonbildungsreaktione der Nitro-hydroxy-acetophenone und Benzaldehyde festgestellt und
einige neue Kalkone dargestellt.

In der vorliegenden Mitteilung wurden bei Nitro-hydroxy-acetophenonen und
mit verschiedenen gearteten Substituenten verschenen Benzaldehyden auf die Wirkung
von Natronlauge als Katalysator eintretende Kalkonbildungsreaktionen vollzogen,
um in den Besitz neuerer Daten bzgl. der reaktionsbeeinflussenden Rolle der Ben-
zaldehydsubstituenten zu gelangen.

Tabelle 1 zeigt, dafl unter den angewandten, gleichen Reaktionsbedingungen
das mit elektronenanziehenden Substituenten versehene p-Nitro-benzaldehyd mit
allen Ketonen reagierte, wihrend das Anisaldehyd nur mit zwei Ketonen nicht
in Reaktion trat, und das 4-Hydroxy-benzaldehyd mit keinem einzigen Keton das’
entsprechende Kalkon lieferte. Das 4-Hydroxy-benzaldehyd kondensierte unseren
friheren Erfahrungen zufolge auch unter den abwechslungsvollsten Reaktions-
bedingungen nur mit einem einzigen Keton zu Kalkon [I, 2].

Das hinsichtlich der Kalkonbildung theoretisch relativ giinstige 3-Hydroxy-
benzaldehyd reagierte unter den obigen Umstdnden mit drei Ketonen. Auf Grund
dieser experimentellen Tatsachen wird also bei Anwesenheit von Natronlauge als
Katalysator durch die untersuchten Substituenten der Benzaldehydkomponente
die Kalkonbildung in der theoretisch zu erwartenden folgenden Reihenfolge be-
glinstigt:

4 NO,>4-OCH, und 3-OH =>4-OH,

bzw. im Falle der Hydroxy-benzaldehyde sind wegen des alkalischen Milieus in
der Tat Phenolat-Anionen zugegen.

Im Laufe der mit Benzaldehyd angestellten vergleichenden Kalkonbildungs-
versuche entstand mit jedem Keton das entsprechende Kalkon, doch war die Aus-
beute — von einer Ausnahme abgesehen — niedriger als im Falle des 4-Nitroben-
zaldehyds.

Auch die Untersuchung der Rolle der Acetophenonkomponente 148t feststel-
len, daB die theoretisch zu erwartenden Ergebnisse resultierten, indem das iiber
zwei in meta-Stellung befindliche Nitrogruppen verfiigende Keton nur mit schwacher
Ausbeute, oder iiberhaupt nicht reagierte, wihrend die beste Ausbeute die



Tabelle |

aktions akti + Lit. isch. | Aus- N-Gehalt
Nr ~ kalkon Katalysutor Re‘lzk;il:ms- ::2‘;;;3{‘; Scbg\p. schmp. x}amp. br:ﬂ:c Summenforme N\‘\ﬂ%‘? —_— -
°C °C % Ber. Gel'
i 2’-Nitro-3'-hydroxy ) 24Y%, s Zimmer
NaOH Stunde temp. 135° | 135° | 135° 52 CisH i O4N 269 5,2 -
2 | 3’-Nitro-4’-hydroxy ’ - ’ 162° | 160° | 161° 24 CisH. 04N 269 5,2 -
3 | 4’-Nitro-2’-hydroxy ’ . ' 190° | 190° | 190° 33 CisH.1: 04N 269 5,2 -
4 | 4'-Nitro-3'-hydroxy . ' " 135° ] 135° | 135° 58 CisH . O4N 269 5.2 -
5 | 5’-Nitro-2’-hydroxy ' ' ” 181° | 180° | 180° 29 CisHi 1 O4N 269 5,2 -
6 6'-Nitro-3'-hydroxy . . ' 186° | 186° | 186° 48 CisH1 104N 269 5,2 -
7 2’, 4-Dinitro-3'-hydroxy ' - ' 212° | 217° | 213° 38 CisH1004N: 314 8,9 —
8 3,, 4-_Dinitro-4’-hydroxy ’s ”» ,, 214° 216° 215° 49 C|5H 1005N2 314 8,9 -
9 4’, 4-Dinitro-2'-hydroxy . ' yy 210° | 211° | 210° 47 CisH1004N: 314 8,9 -
10 | 4, 4-Dinitro-3"-hydroxy ’ » ' 207° | 208° | 207° 6 CisH 006N 314 8,9 -
H 5, 4-Dinitro-2'-hydroxy ’ . . 226° | 230° | 227° 58 CisH1004N; 314 8,9 -
12 6, 4-Dinitro-3’-hydroxy . ' sy 205° | 202° | 204° 57 Ci5H:006N; 314 8,9 -
13 | 2’-Nitro-3’-hydroxy-4-
metoxy N ' ” 137° 1 135° | {36° 38 CieH130sN 299 4,6 -
14 3’-nitro-4’-hydroxy-4-
metoxy . . I bnd 151° —_ —_ C)(,HxsogN 299 4,6 —
15 | 4’-Nitro-2’-hydroxy-4-
metoxy ' . » 198°( 202° { 200° 5 CisH 305N 299 4.6 -
16* | 4’-Nitro-3’-hydroxy-4- .
metoxy " . ' 160° | — - 27 CioH1:305N 299 4.6 48 -
17 5’-Nitro-2’-hydroxy-4-
metoxy " v " - 165° - - CieH 130N 299 4.6 -
18 6’-Nitro-3’-hydroxy-4-
metoxy »” » " 95° | 107° | — 14 CioH (20N 299 | 46 4.5
18* | 2’-Nitro-3’, 3-dihydroxy » ’ » 199° — — 30 CisH.(OsN 285 | 49 4,8
20 3’-Nitro-4’, 3-dyhydroxy » ’ » - 214° — — CisH(OsN 285 49 -
21 | 4’-Nitro-2’, 3-dyhydroxy » » » — 198° | — — CisH1OsN 285 | 49 -
22% | 4'-Nitro-3’, 3-dyhydroxy ” » ” 192° ) — — 36 CisH (105N 285 | 49 5,0
23 | 5-Nitro-2, 3-dyhydroxy ” » ” — | 187° ' - — CisH1OsN 285 | 49 -
24 | 6’-Nitro-3’, 3-dyhydroxy ” ’ ' 170° | 179° — 7 CisH1OsN 285 | 4,9 5,1

* Siehe: Gy. Sipos, T. Széll: Acta Phys. et Chem. Univ. Szeged,

Univ. Szeged, 6, 109 (1959), Gy. Sipos, I. Dobo, B. Czukor:

* Neue Verbindungen

5, 70 (1959), Gy. Sipos, T. Széll, I. Virnai: Acta Phys, et Chem,
Acta Phys. et Chem, Univ. Szeged, 8, 160 (1962).
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NEUE NITRO-KALKONE. VI

Ketone mit in meta-Stellung befind-
licher Hydroxylgruppe und ortho- oder
para-Stellung Nitrogruppe lieferten.
Die besseren Produktionsergebnisse
‘wurden auch hier bei der orthogestell-
-ten Nitrogruppe erhalten.

Die mit Acetophenon durchge-
fithrten, vergleichenden Kalkonbil-
dungsversuche waren nur im Falle
des 4-Nitro-benzaldehyds erfolgreich,
die iibrigen Aldehyde reagierten nicht.
Dieses Ergebnis beweist die reaktions-
fordernde, entscheidende Rolle sowohl
der Keton-, als auch der Aldehyd-
Nitrogruppe [3].

Es wurden auch einige Kalkone
hergestellt, deren Acetophenonkompo-
nente auBer der Nitro- und Hydroxyl-
gruppe auch Bromsubstituenten enthélt
(s. Tabelle II). ’

Experimenteller Teil

Die Ketone und Aldehyde wur-
den in 2,5 ml Aethanol gelost — in
einigen Fillen mittels Erwdrmung —
und dann, nach Abkiihlen auf Raum-
temperatur mit 4 ml 49,-iger NaOH-
-Lésung versetzt, !/, Stunde bei Raum-
temperatur stehen gelassen. Nun wurde
mit konz. HCI angesduert und die Lo-
sungen mit dest. Wasser auf etwa das
Vierfache verdiinnt. Uber Nacht stehen
gelassen wurde am nichsten Tage die
ausscheidende Substanz filtriert, mit
dest. Wasser sdurefrei gewaschen, ge-
trocknet und aus ¢inem Aceton-
Wassergemisch 1:1 oder 1:4 umkris-
tallisiert. Das 2’-nitro-3’-Hydroxy-4-
-methoxy-kalkon wurde aus Aethanol-
-Wasser (1:1), und das 4’-Nitro-2"-hyd-
roxy-4-methoxy-kalkon aus Aethanol-
-Aethylacetat (1:1) umkristallisiert.
Bei den Brom-Nitro-Hydroxy-Kalko-
nen (s. Tabelle IT) erfolgte die Umkris-
tallisierung aus einem Aethanol-Aethyl-
acetat-Chloroformgemisch (1:1:1).
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PREPARATION OF NITROHYDROXY KETONES BY FRIEDEL-CRAFTS
REACTIONS

By T. SZELL, E. HAJAS and S. SIPOS
Department for Applied Chemistry, Jozsef Attila University, Szeged

( Received July 8, 1964 )

Some nitrohydroxy ketones were prepared by FRIEDEL —CRAFTS synthesis from nitrophenols..
These processes are compared with the FrIgs reaction of the corresponding nitrophenolesters.

1. Introduction

Though nitrohydroxy ketones are synthesized since long by classical methods,
the preparation of these compounds by the FRIEDEL—CRAFTS reaction of nitrophe-
nols and acid chlorides is rare. This is doubtlessly due to the retarding effect of
the nitro group of the phenyl ring which results in poor yields.

The reaction between phenols and acyl chlorides was studied by ROSEMUND-
and SCHNURR [1] who found that acylation primarily takes place, instead of the
nucleus, actually on the oxygen atom. Similar observations were published later
also by other authors {2, 3]. BROwN was the first who succeeded in preparing
3-nitro-4-hydroxy-acetophenone and its homologues in satisfactory yields [33 to
419%] by the FRIEDEL— CRAFTS reaction of the appropriate phenol with acid chloride
in the presence of aluminium chloride [4]. Similarly, 5-nitro-2-hydroxy-acetophe-
none was prepared by the teams of JosHr [5] and of CHHAYA [6].

As we succeeded earlier [7] in carrying out the FRIES rearrangement of some

nitrophenylesters into nitrohydroxy ketones, it appeared to be of interest to compare:
these FRiEs reactions with the corresponding FRIEDEL —CRAFTS reactions.

2. Results and discussion

The reactions between 3-nitrophenol and acetyl chloride, phenyl acetyl chlo-
ride, benzoyl chloride, 3-nitrobenzoyl chloride, propionyl chloride, further bet-
ween 4-nitrophenol and acetyl chloride, 2-nitrophenol and acetyl chloride, respecti-
vely, were carried out. The resuits may be summarized as follows.

The FRrRIEDEL—CRAFTS and the FRIES reactions yielded in all cases identical
products, in accordance with the observations of CULLINANE [8] made with other
models. The products were already described earlier by us [7].
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At relatively lower temperatures when no substantial FRrIES reaction can be
-observed, the main product of the reaction is nitrophenolester. This temperature
limit depends on the nature of the ester, e. g. the FRIEDEL—CRAFTS reaction is
getting predominant over 80° in the case of 2-nitrophenol and acetyl chloride and
over 140° in that of 3-nitrophenol and benzoyl chloride. FRIEDEL—CRAFTS reactions
take place at the temperature of the corresponding FRIES reaction, of nitrophenol-
-esters

In the case of 2-hydroxy keiones, the yields of the FRIEDEL—CRAFTS reaction
.are but slight lower than those of the Fries reactions, while in the case of the
4-hydroxy ketone studied the former are appreciably higher. This observation is
not in contrast fo the presumption that the mechanism of the FRIEDEL—CRAFTS
‘reaction of phenols is in essence similar to the mechanism of the FRIES reaction in
‘the course of which, subsequent to the equilibral splitting of esters, the products
of cleavage react with each other giving hydroxy ketones (and esters again) [3].
The favourable yield of 4-hydroxy ketones, in turn, can be explained by the obser-
vation of GERECS according to which the para rearrangement is promoted by the
‘presence of hydrogen chloride {2]. This can probably be ascribed to the effect of
hydrogen chloride on the equilibral splitting of the ester [3]. Obviously in the
FrIEDEL—CRAFTS reaction hydrogen chloride is formed as a by-product of the
-equilibral formation of the ester.

In FRIEDEL— CRAFTS reactions it is necessary to apply at least as many moles
-of aluminium chloride as the moles of acid chloride used. Of the latter, it is advisable
‘to use 1,5 moles per mole of phenol.

The FRIEDEL—CRAFTS reactions take place in nitrobenzene. However, the
use of a solvent is not indispensable because the reactions can be also carried out
:in melt. Still, the temperature in this latter case should not attain the decomposition
temperature of the corresponding nitrophenols in the presence of aluminium
-chloride [9].

3. Experimental

As examples characteristic of FRIEDEL—CRAFTS reactions, the preparation of
-4-nitro-2-hydroxy acetophenone, 4-nitro-2-hydroxy benzophenone and of 4,3'-
-dinitro-2-hydroxy benzophenone will be described here.

-4-nitro-2-hydroxy acetophenone

14,3 ml (15,8 g; 200 mmoles) of acetyl chloride were added to the mixture of
13,9 g (100 mmoles) of 3-nitrophenol and 13,4 g (100 mmoles) of aluminium chloride.
The system was kept 3 hours in an oil bath of 125°. On cooling, the complexes
‘were decomposed by a mixture of 30 ml of water and 10 ml of concentrated hydro-
-chloric acid, the obtained turbid aqueous system extracted with 4X 25 ml of carbon
tetrachloride and 2X25 ml of benzene. The combined organic phases were then
subjected to distillation in order to remove the solvents, and the residue made up
‘to 35 ml with methanol. On adding 40 ml of an ethanolic solution of sodium methy!-
ate containing 10% of sodium, the system was kept in an ice box when 1,1 g of
-4-nitro-2-hydroxy "acetophenone sodium precipitated in red brick-coloured crystals
(yield 5,5%). Prior to adding sodium ethylate, 9 g of unchanged 3-nitrophenol
acetate could be detected in the solution (409, yield).
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On altering the reaction period to 8 hours, the temperature to 130°, and the
mole ratios of phenol-aluminium chloride-acetyl chloride to 1:1,5:1,5, the yield
increased consecutively to 16,5—18,0%.! The free ketone could be liberated from
its sodium salt by shaking at 60—70° with a 1,0N solution of sulphuric acid. M. p.
of the product: 63°, on recrystallization from ethanol: m. p. 67°.

4-nitro-2-hydroxy benzophenone

23 ml (28,1 g=200 mmoles) of benzoyl chloride was added to a mixture of
13,9 g (100 mmoles) of 3-nitrophenol and 13,4 g (100 mmoles) of aluminium chlo-
ride, the system kept 2 hours in a 170° oil bath. On cooling, the melt was decompo-
sed with a mixture of 15 ml of concentrated hydrochloric acid and 100 g of ice,
affording a brownish aqueous emulsion and a dark sticky paste. On decanting the
aqueous emulsion, it was shaken with 2 X30 ml of carbon tetrachloride. The paste
residual on the bottom of the flask was treated with 40 ml of ethanol, and the sol-
vent removed by distillation in order to obtain waterfree residue. The combined
organic phases obtained from the above described extraction were dried (Na,SO,),
poured on the anhydrous paste, and the system refluxed for 12 hours, and extracted
with 4 X40 ml of a 4%, solution of sodium hydroxide in order to separate the
phenols from the ester. The combined alkaline extracts were acidified with con-
centrated hydrochlorid acid, shaken with 4 x40 ml of carbon tetrachloride, the
combined extracts dried (Na,SO,), and the solvent removed. On cooling, the
residue solidified to a brown mass which was extracted with 6 X10 mi of boiling
petroleum ether. Removal of petroleum ether gave 5,3 g of a yellow substance
which was recristallized from ethanol to give 2,4 g of crude ketone (9,99 yield)?
which melted at 90—104°. On recrystallization from ethanol and ligroin m. p.
was 108°. The product was identical with that prepared from 4-nitrosalicylic chloride
and benzene [10].

When the mole ratio was altered to 1:1,5:1,5 for phenol- aluminium chloride-
acyl haloid, the reaction period to 3 hours and the temperature to 125—130°, the
amount of crude 3-nitrophenol benzoate crystallizing after decomposition ranged
22,4 g (929 yield) m. p. 80=93° and no ketonic product could be obtained.

When the mole ratio of the last experiment was maintained, and the system
was heated 2 hours at 170°, the yield referred to crude ketone was 7,5%.

4,3 -dinitro-2-hydroxy benzophenone

Mode of preparation as in preceding experiment with a mole ratio of 1:1,5:1,5
of 3-nitrophenol (13,9 g=100 mmoles)- aluminium chloride- 3-nitrobenzoyl chlo-
ride, at 175—180° for 2,5 hours. On cooling, a partially blistered melt was obtained.
This was treated with 170 ml of ethanol, shaken till it almost completely dissolved,
then a mixture of 20 ml of concentrated hydrochloric acid and 1000 ml of water
was poured to the system. On allowing the reaction mixture to stand overnight,
the aqueous solution was decanted and shaken with 4 %100 ml of carbon tetrachlo-

' The corresponding FRIES reaction under similar conditions gave around 209, yield [7].
2 The Fries reaction of 3-nitrophenyl benzoate in the presence of equimolar AICl: gave
119 yield of crude ketone [10].

4
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ride, and with 6 X100 ml of benzene. Subsequently 3 X50 ml of ethanol was poured
on the black tar-like mass, the solvent removed by distillation to make it water
free, and the combined mixture of tetrachloromentane and benzene previously
dried (Na,SO,) poured on the residual mass. On refluxing the system 12 hours
and filtering the .mixture hot, the filtrate was evaporated to dryness, the residue
boiled with 3 X100 ml of petroleum ether and then with 4 X15 ml of ligroin, the
combined extract evaporated, and the residual crystals recrystallized from ethanol:
yield 0,15 g, m. p. 150—152°, On recrystallization it melted at 157—158°.

%*
* %

The authors are grateful to the Hungarian Ministry of Education for the grants.
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FRIES REARRANGEMENT OF 3-NITROPHENYL-3-NITROBENZOATE

By J. EGYED!, A. FURKA? and T. SZELL
Department for Applied Chemistry, Jozsef Attila University, Szeged

( Received July 9, 1964)

On subjecting 3-nitrophenyl-3-nitrobenzoate to FRIES rearrangement, the so far unknown
3, 4-dinitro-2-hydroxy-benzophenone was cbtained in a poor yield.

In continuation of our earlier work [1, 2], the FRrIes rearrangement of 3-nitro-
phenyl-3-nitrobenzoate was carried out. On keeping the ester and an equivalent
amount of aluminium chloride for two hours in an oil bath of 175°, 3,4-dinitro-
2-hydroxybenzophenone was formed in a poor yield. The product was characteri-
zed by its phenylhydrozone and by its sodium salt.

) .
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@ II\I 0, —ACs_, \@_ﬁ—@ (CH3)2504
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I
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Though it is known that the successful course of the FRIES raction is inhibited
by the presence of a nitro group substituted in the nucleus of the phenol portion
of phenylesters [3], several cases were described [2] where nitro-phenylesters have

! Present adress: Pécs, Ujmecsekalja 101.
2 Present address: Institute of Organic Chemistry, E6tvés University, Budapest.
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undergone FRIES reaction in rather poor yields. To our knowledge, the present
work is, however, the first FRIES rearrangement involving dinitrophenylesters.
The poor yield observed may be ascribed to the presence of two nitro groups.

In order to prove the structure of the ketone, it was attempted to nitrate
4-nitro-2-hydroxy-benzophenone [4]. However, the mononitro product obtained in
this way was not identical with the ketone formed in the FRIES reaction. (Presuma-
bly the nitro group entered the phenol portion.) In order to reduce the effect of
the phenolic hydroxyl group, 4-nitro-2-hydroxy-benzophenone was first methyl-
ated, and the methyl derivative subjected to nitration. The product thus obtained
was identical with the methyl derivative of the compound formed in the FRIEs
reaction examined, proving that in fact 3, 4-dinitro-2-hydroxy-benzophenone was
formed in the FRIES rearrangement.

Experimental

Fries rearrangement of 3-nitrophenol-3-nitrobenzoate

A mixture of the ester (17,9 g; 62 mmole) and an equivalent amount (8,25 g;
62 mmole) of aluminium chloride (B. D. H.) was placed in a cold oil bath under
reflux equipped with a ground calcium chloride tube. The temperature of the oil
bath was slowly raised to 175° and kept two hours at a temperature of 173—177°.
A hard black blistered melt was obtained.

The melt was boiled 20 minutes with 60 ml of ethanol, the resulting coffee-
coloured suspension containing solid undissolved particles was then poured into
a mixture of 12 ml of concentrated hydrochloric acid and 600 ml of water, and
the mixture allowed to stand overnight. The system separated into two phases:
a sharp, slightly brownish aqueous phase and a tar-like organic phase. The aqueous
phase was shaken with 6 X50 ml of carbon tetrachloride, then with 2 X50 ml of
benzene of a temperature of 34—40°. The combined carbon tetrachloride-benzene
fractions were washed with 6 X100 ml of water (in order to remove 3-nitrobenzoic
acid), and dried with sodium sulphate. Then a suspension was made of the above
mentioned tar-like phase in 50 ml of hot ethanol mixed with the carbon tetrachle-
ride-benzene solution, and the whole system refluxed for 12 hours. After filtering
the warm suspension through cotton 200 ml of solvent were removed from the
filtrate by distillation, the phenols were extracted from the residue with 4 <40 ml
of 1N sodium hydroxide, the alkaline solution acidified with concentrated hydrochlo-
ric acid, the system allowed to stand overnight in an ice box, the separated asphalt-
like sticky substance filtered through filter paper, dried at room temperature and
ground (7,25 g). Subsequently, the product was transferred into a 250 ml round-
bottomed flask, boiled with 2 X100 ml of petroleum ether then with 4 X15 ml
of ligroin (b. p. 112—113°). The combined petroleum ether-ligroin extracts were
evaporated to a volume of 25—30 ml, and allowed to stand overnight in an ice
box to give 0,4 g of a yellow crystalline substance of m. p. 116~ 125°. On recryst-
allizing it from 509% ethanol, then from 969, ethanol the yellow keton melted at
158—159°. (Anal.: Calc.: C;;HgO¢N,=288,2, C54,17 H2,8 N9,72; Found:
C 54,06 H 3,08 N9,62.)
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On adding some phenylhydrazine base to a saturated solution of 3,4’-dinitro-
2-hydroxybenzophenone in 60% ethanol, the liquid was boiled 4—5 minutes. On
allowing the system to stand in an ice box, dark yellow needles of the phenylhydra-
zone, m. p. 240—242° separated. (Anal : Cale.: CgH,;,O;N,=378,3 N 14,81;
Found: N 14,80.)

From the solution of the ketone in benzene by adding a methanolic solution
of sodium methylate (10% in respect to sodium), the orangered sodium salt of the
hydroxy-ketone separated.

Nitration of 4-nitro-2-hydroxybenzphenone

To the analogy of the nitration of similar compound [5] [6], the nitration of
4-nitro-2-hydroxybenzophenone of authentic structure [4] was carried out as fol-
lows. The powderized ketone (1,22 g; 5 mmole) was allowed to stand 3 hours at
room temperature with 4 ml of nitric acid of sp. gr. 1,43. Then the mixture was
heated two hours at 50—55° on the water bath. The heterogeneous system turned
homogeneous, then again heterogeneous. By filtration, a substance melting at
96° while by pouring the mother liquor into 80 ml of water a substance melting
at 130 were separated. On repeatedly recrystallizing the latter substance from 609
ethanol, its m. p. rose to 144—146°. The product (C;;HzO¢N, =288,2) contained
9,72% of N proving that it was a mononitro product. Neither of the products
however, were identical with the ketone obtained by the FRIES reaction of 3-nitro-
phenyl-3-nitrobenzoate.

Methylation of 4-nitro-2-hydroxybenzophenone

The solution of 1,22 g of 4-nitro-2- hydroxybenzophenone (5 mmoles) in 2,5 ml
of 2N sodium hydrox1de was diluted with 7 ml of water. On adding 0,65 g (i. e.
0,5 ml) of dimethyl sulphate (5 mmoles) to the bordeaux red solution, its colour
gradually turned into dark red, and precipitation of crystals was observed. The
system was then strirred for one hour at 40°, its colour turned yellow. Further
0,2 g (1,5 mmoles) of dimethyl sulphiate was added to the emulsion and the system
allowed to stand overnight. The suspension {pH =2) was treated with 1,2 ml of
2 N sodium hydroxide, stirred 25 minutes at 40°, then the pH value adjusted with
one drop of 2 N sodium hydroxide to 7,5—8,0, the precipitated crystals filtered
and washed with water. Yield: 1,18 g (91,4%,) of crude methylether, m. p. 112—116°.
Recrystallization of the product once from ligroin and once from ethanol gave
0,75 g of white needles, m. p. 130—131°. (Anal.: Calc.: C,,H,,O,N=257,24
C 65,35 H4,31 N 5,44; Found: C65,05 H4,52 N 5,58)

Nitration of 4-nitro-2-methoxybenzophenone
2 ml of nitric acid of sp. gr. 1,43 was poured on 0,64 g (2,5 mmoles) of 4-nitro-

2-methoxy-benzophenone. At first much heat evolved, the substance was intstant-
aneously dissolved and the nitric acid turned brown. On allowing the mixture to
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stand an hour, it was kept for another hour on a 55° water bath, then 15 hours
at room temperature, and finally poured into 40 ml of ice water. The precipitated
product was filtered, dried at room temperature to give a crude product which
was boiled with 10 ml of ethanol and filtered hot. In an ice box, 0,25 g of a substance
of m. p. 153—158° crystallized from the filirate. By recrystallizing it from a 3:1
mixture of ethyl acetate and ethanol, white needles of m. p. 159—160° were obtained.
(Anal.: Calc.: C,,H,,OsN,=302,24 C55,63 H 3,34 N9,27; Found: C55,71
H 3,70 N 8,91.)

Methylation of 4,3'-dinitro-2-hydroxy-benzophenone

0,15 g of 4,3-dinitro-2-hydroxy-benzophenone was suspended in 0,3 ml of
2 N sodium hydroxide. The substance was only partially dissolved. Subsequently
the suspension was diluted with 0,9 mi of water, 0,1 ml of dimethyl sulphate added,
and the suspension stirred at 40° until it turned yellow. On adding 3,3 ml of sodium
hydroxide solution and 0,2 ml of dimethyl sulphate, stirring was continued for an
hour. The final pH was about 10. White crystals were separated from the yellow
solution by filtration, and recrystallized from 8 ml of a 3:1 mixture of ethanol and
ethyl acetate. M. p. 158—159°. This white substance proved to be identical with
the end product of the preceding experiment.

*

* *

Thanks are due to Mrs. K. LAKOS—LANG and Mrs. G. BARTOK—BozOKI

for the microanalyses, further to Dr. K. Koczka for his useful suggestions, and to
the Ministry of Education for the grants.
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UNTERSUCHUNG DER THERMISCHEN EIGENSCHAFTEN
KATALYTISCHER KONTAKT-REAKTOREN MIT NEUER
GEOMETRISCHER FORMGESTALTUNG
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Institut fiir Physikalische Chemie der Jozsef Attila Universitit, Szeged
und
L. MESZAROS
Institut fir Angewandte Chemie der Jozsef Attila Universitdt, Szeged

(Eingegangen am 15. Dezember, 1964)

Es wurde die analytische Bestimmung der Temperatur-Ortsfunktionen der verschiedenen
Reaktorformen, und im Besitze dieser die Feststellung der makroskopischen Ahnlichkeitskriterien
gegeben. Bei der Temperaturverteilungsberechnung wurden zwar einige vereinfachende Bedingun-
gen angewandt, die aber beim relativen Vergleich bzgl. der verschiedenen Formen weniger schwer
ins Gewicht fallen.

Die Ergebnisse dieses Vergleiches wurden bei der Auswertung der thermischen Eigenschaften
der neuen Reaktorformen verwendet.

Im Laufe unserer experimentellen Arbeiten trat die Durchfithrung der in der
stark exothermen Dampfphase ablaufenden katalytischen organischen Reaktionen
unter isothermen (oder annidhernd isothermen) Verhiltnissen in den Vordergrund.
Der Durchmesser der zu diesem Zweck allgemein gebrauchten Roéhrenreaktoren
(Fig. 1) kann wegen der Gefahr des Einbrennens nicht beliebig vergroBert werden,
doch ist eines unserer Hauptziéle die Erhdhung der Produktionskapazitit. Wir
haben daher neue geometrische Formen vorgeschlagen. Die Verbesserung der
Wairmeiibertragung und der aerodynamischen Faktoren durch Verwendung neuer,
vom Rohrenreaktor abweichender Formen ist kein neues Prob-
lem, und in dieser Richtung sind bereits zahlreiche Versuche
unternommen worden [1—3]. Die empfohlenen Lésungen sind: ﬁ:ﬁp
planparallele Form (Fig. 2) mit ebenen Platten begrenzter Stro- 5
mungsraum. Koaxiale Form (Fig. 2a), wo der Stromungsraum ist /
ein zwischen zwei Zylindern befindlicher ringférmiger Teil, so- ) %r"
wie der Scheibenreaktor [4], mit dem wir uns aber wegen den A
komplizierteren Stromungsverhiltnissen hier nicht befassen wol-
len. Die Aufgabe der vorliegenden Arbeit ist, die thermischen
Eigenschaften der Reaktorformen zu untersuchen und auf Grund A4
dessen die verschiedenen Formen miteinander zu vergleichen. Als J‘:]J
wichtigste Vergleichsbasis betrachteten wir die Voraussetzung, dafB - H
innerhalb des Reaktors die makroskopische Temperaturdifferenz Fig. 1
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zwischen der widrmsten und der kiltesten Stelle bei den verschiedenen Formen
gleich sei. Die mit dieser Bedingung gewinnbaren geometrishcen Daten liefern
gewisse Informationen zwischen die im Reaktor herrschender Wirmedifferenzen
und die spezifische Abmessung des Reaktors.

9 4

BN
i
&

!

%

%/ j‘\f
Fg. 2 Fig. 2a

Um die Temperaturdifferenzen berechnen zu konnen, benétigt die Orts-
(und Zeit-) abhéngigkeit der Temperatur bekannt sein. Die Losung des Problems
ist im allgemeinsten durch Losung der Grundgleichungen des zwangsstrdmungs-
bedingten Wéirmeaustausches erreichbar, wie BARON {5] angegeben hat. Diese
Gleichungen beriicksichtigen die kinetischen Daten und die Wirmetdnung der
Reaktion, sowie die Verteilung der Konzentration der reagierenden Stoffe; sie
enthalten die Differentialgleichungen der Kontinuitits-, Bewegungs-, Energie- und
Konzentrationsverteilung. Die Gleichungen miissen wesentlich gekiirzt werden,
um als Ergebnis nicht eine uniibersehbare, viele Verdnderliche enthaltende numerische
Integration zu erhalten [6]. Die Vereinfachungen sind folgende: es wird die ein-
fachste Losung der Kontinuitéits- und Bewegungsgleichung, der eindimensional ho-
mogene (orthogonale) Stromungsraum genommen. Dieser bedeutet bei den konk-
reten Formen die Stromung in Richtung der z-Achse. Die (Warme-) Energiegleichung
fiir die i-te reagierende Substanz ist folgende:

9(Cpat)
ot

wo ¢, die spezifische Wirme bei konstantem Druck, ¢ die Dichte, 7 die Zeit, v
den Geschwindigkeitsvektor, ¢ die Temperatur R; die Bildungs- (Verschwindens)
Geschwindigkeit der i-ten Substanz, d. h. die Reaktionsgeschwindigkeit, H,
die Reaktionswidrme der i-ten Substanz, M; das Molekiilgewicht und 2 das Wir-
meleitungsvermdgen bedeutet.

Unsere Kiirzungen sind folgende: nur stationdre Félle werden untersucht,
dann ist das erste Glied der linken Seite Null. (Offensichtlich ist die eine Folge der
das Problem richtig beschreibenden Gleichung die Erreichbarkeit oder Uner-
reichbarkeit des stationdren Zustandes, die Schwingungsfahigkeit des Systems.

+(vgrad)t+ R, H; M; = div (/ grad)t, n
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Die primire Untersuchung wiére die Untersuchung der Stabilitit. Die Praxis be-
faBt sich aber nicht mit den Wirmeschwingungen der Reaktoren, und so wire
die Untersuchung nur theoretisch interessant, so dal wir hier auf sie verzichten.)

Ziehen wir den oben beschriebenen Stromungsraum in Betracht, so wird
der im DEescarTesschen Koordinatensystem aufgeschriebene (v grad) Operator auf

~

. . . 0
ein Glied reduziert: (vzﬁ— , da v, =0v,=0.
0z

Das groBte Problem bedeutet das dritte Glied der linken Seite. Im ersten Teil
unserer Arbeit nahmen wir konstante Reaktionsgeschwindigkeit, deren Temperatur-
und Ortsunabhiingigkeit, Unabhingigkeit der Reaktionswirme von der Temperatur
und eine einzige reagierende Substanz an. Hiermit haben wir die Aufgabe radikal
vereinfacht, da wir hierdurch die von BaroON benutzte Differentialgleichung der
Konzentrationsverteilung weggelassen haben, die durch das dritte Glied représen-
tierte Wirmequellendichte ist vom Ort und Temperatur unabhingig geworden,
wir bezeichnen sie im weiteren mit .

Nehmen wir ferner an, daB die Reaktoren in entsprechend ausgezeichneten
Richtungen unendlich lang sind (Rohr: z-Achse, Planparallel: y, z; usw.), das heil}t
ein Wirmeaustausch in diesen Richtungen ausgeschlossen ist, so ist die Wéirme-
quellendichte konstant, woraus unmittelbar folgt, daB} in diesen Richtungen ein

. . . ot
Wirmegradient nicht auftreten kann, das heil3t: (5) =0, usw.

Setzen wir noch voraus, dall 4 vom Ort und Temperatur unabhéngig ist, so
ergibt sich

a

e D
7=, )]

das heiBt, das Problem ist zu einem potentialtheoretischen Problem, zur POISSON-
. schen Gleichung reduziert. Im weiteren Teil unserer Arbeit haben wir versucht,
die, Termperaturabhingigkeit der dic Warmequellendichte repridsentierenden Funkt-
tion in Betracht zu ziehen. Einerseits haben wir die Temperaturabhingigkeit von
H; und R,—entsprechend dem KirRCHHOFFschen bzw. ARRHENIUSschen Gesetz —
separat beriicksichtigt. Die gleichzeitige Beriicksichtigung fiihrt jedoch zu mathe-
matischen Schwierigkeiten. Die erste Anndherung entspricht der Voraussetzung
einer so schnellen Reaktion, daB diese in jedem Raumpunkt praktisch vollkommen
abliuft und die ganze Reaktionswérme frei wird. Im zweiten Falle wird die Geschwin-
digkeit der Wirmeentwicklung in erster Linie von der Reaktionsgeschwindigkeit
bestimmt. Ferner haben wir die Unendlichkeitsbedingungen reduziert.

Die Untersuchung der Verteilung der Temperatur und ihr Vergleich bei ver-
schiedenen Reaktorformen: '

Die zylindrischen und flichensymmetrischen Losungen der PoissoNschen
Gleichung sind sowohl innerhalb des Wéarmequellenraumes, als auch am wirme-
quellfreien Ort zu erhalten, wenn man den LapLaceschen Operator zu einer zylin-
drischen bzw. zur DEescarTEsschen Koordinaten transformiert.

Fiir R6hrenreaktoren:

1 0 ot 1 ¢2t 0%t
(‘ ] , 3)

Tar\"or) TR egr T oz

~i X
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fiir Planparallelreaktoren:
%t 3%t 3t =

et teE T ®

Wenn wir beachten, dal} — wie einleitend gesagt — in (3) ¢ nicht eine Funktion
von @ und z, und in (4) ¢ nicht eine Funktion von y und z ist, so werden die partiellen
Differentialgleichungen zu gewohnlichen Differentialgleichungen vereinfacht, die
mittels Quadratur zu Igsen sind.

Innerhalb des Wirmequellraumes sind die Aufldsungsfunktionen
fiir Rohrenreaktoren

5

1= =ity
fiir Planparallelreaktoren
- F 2
t=— 27 X +li=9>

WO t,_q, bzw. 1,_, die Kerntemperaturen sind. (Auflerhalb des Wirmequellraumes
ist der Temperaturverlauf ein logarithmischer bzw. linearer.) Die Losungen enthalten
auch die Randbedingungen.

Hieraus ist festzustellen, dal — wenn X die Halbschichtdicke des Planparal-
lelreaktors ist — der Radius jenes RGhrenreaktors, in dem die gleiche Temperatur-
differenz herrscht,

R=V2x
ist.

Bei der koaxialen Form mulB} z. B., wenn der duBere Radius das Doppelte
des Radius (R) des zylindrischen Wiarmequellraumes ist, der innere Radius des.
Wirmequellraumes die GroBe r=V3R hat, daB die Temperaturdifferenz  iiber-
einstimme. Dann betrigt die koaxiale Schichtdicke eine Wert von 0,268R, sie ist
also ziemlich diinn. (Bei dieser L3sung wurde das DirRiCHLETsche Problem auf
den Kreis angewandt).

Wir haben untersucht, ob die Verhiltnisse sich bessern, wenn nicht nur die
mittels Leitung entschwindene Wérme, sondern auch die in gewissen nahen Wéirme-
absorbent verschwundene Warme berticksichtigt wird. Bei der mit der Leitung
sich entschwindene Wirme nahmen wir nidmlich an, daf3 die Wiarmeabsorbenten in.

unendlicher Entfernung von den Wirmequellen liegen und

1 ¢ T iber die gleichen Symmetrieeigenschaften verfiigen, wie die
Quellen. Interessant ist die Untersuchung, die sich auf

™\ ™\ den Fall bezieht, wenn die Wérmeabsorbenten in unmit-
\_/ \ telbarer Nahe der Wirmequelle sind, was entspricht einer

4 Kithlung des Reaktors. Potentialtheoretisch ist die Losung

‘ . der Frage nicht problematisch, nur die Additivitit der Po-
tentiale (Temperatur) muB fiir das fragliche Problem be-
wiesen werden, und das ist nicht schwer. Eine von innen
T T gekiihlte koaxiale Form und ihre Wirmeverteilung ist an
(Fig. 3) dargestellt. Ausfiihrliche Diskussion des Problems

Fig. 3 (Maximumuntersuchung) lieB im Wirmequellraum folgen-
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den Temperaturverlauf feststellen:

%R? LW
1y = %)—ln L=

_ ’2 =y’ =
R 4)hr +C, wenn r=r'=R,

wo C = Integrationskonstante, x =die Wiirmequell_d_ichte, und »" =die Aufnehmer--

dichte, sowie der Ort des Maximums 7, = |/ — R.
et

Das Verhiltnis /%’ wurde aus der willkiirlichen Voraussetzung bestimmt, daB-
die Temperatur des inneren und &usseren Randes iibereinstimmt. Dann ist

Py 3

72 " 2m2 - %

Die Differenz der Termperatur zwischen Rand und Maximumort betrdgt, wenn.
der duBere Radius das Doppelte des inneren ist (R =2r):

%R? - 1 1.
Tnax — Trand = 25 [ln Va - ’2‘+ Zl] = ‘2‘1—0 0504
: . . . o %R2
- Ein Vergleich dieser Daten mit denen des Rohrenreaktors, wo At:—‘u e

zeigt, dall — wenn der innere Radius des koaxialen Reaktors R, der &duBere 2R,

und der des Zylinder-Reaktors ebenfalls R ist — die Temperatur der koaxialen Form

— bei dem gleichen Wirmeleitungsvermogen — viel ausgeglichenerer ist. Ahnliche:

Berechnungen wurden auch mit Bezug auf die planparallele ' Form durchgefiihrt..
In weiteren Untersuchungen sollte festgestellt werden, welche Wirkungen

auftreten, wenn der planparallele Reaktor nicht unendlich :

breit, sondern in der Richtung y endlich ist, das heilit, seine W

Grundfliche ein Rechteck bildet. Gleichzeitig damit kann

natiirlich nicht nur die Untersuchung der Temperaturvertei-

men (zur Ausschaltung der Eck- w1rkungen) erfolgen (esist zweck-
miBig, einfache Formen, z. B. cine Ellipse zu wihlen (Fig. 4)).
In diesem Falle muB die Poissonsche Gleichung fiir den

gegebenen Flichenbereich — als Wirmequelle — geldst wer-
den. Hier sind zweckmiBig zwei Fille zu unterscheiden, je
nach dem, ob die Temperatur innerhalb des Wirmequellen-
raumes, oder auBerhalb gesucht wird. Im Falle des inneren
Punktes zeigt das folgende Integrandus — dessen Integral die
Losung der Poissonschen Gleichung fiir den Fldachenbereich
bildet {7], — Singularitit:

1 . Fig. 4
y =C #(x, ) In— dé dn. g
((x, ¥) ffz(»c D dedy

In Analogie zu dem in der Potentialtheorie angewandten Verfahren [7] konnen
wir die Temperatur in jedem inneren Punkt erhalten.

4
lung in Reaktoren mit quadratischer Grundform erfolgen, son- "
dern auch die Reaktoren mit abgerundeten Rechteck-Grundfor- /
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So z. B. im Falle des Quadratbereiches nach der Integration (abgesehen von
-dem konstanten Multiplikator) erhalten wir:

.«m):2(L-mﬂnVa-4m2¥T+a(L+m)W1+nn2£74~%(y—myamtg +

1—m

1 1 1 1
+5(1+m)arctgl+—m+5arctg(lam)+§arctg(l+m),
wo m die an der Medianlinie des Quadrats gemessene Entfernung vom Mittelpunkt
ist. Im Falle eines duBeren Punktes empfiehlt sich Reihenentwicklung des Integ-
randus. Auf Grund der entsprechenden Eigenschaften der Integrandusreihe (gleich-
miBige Konvergenz) ist die Integrierung durchfithrbar, die Temperaturverteilung
wird dabei in einer Reihenentwicklung nach momentartigen Quanten erhalten.
Die auf die verschiedenen Flichen beziiglichen Momente wurden auf Quadrat,
Rechteck und Ellipse bestimmt. Die ausfiihrliche Diskussion dieser Untersuchung
ergab, dal} der Verlauf der Temperatur stets parabolischer ist (die eingehende Unter-
suchung des Eck-effektes verlangte jedoch eine groBle numerische Arbeit). Im wei-
teren haben wir die Verminderung der eingangs erwihnten Idealisierungen unter-
sucht. Wird die Temperaturabhidngigkeit von H; nach dem KIRCHHOFFschen Zu-
.sammenhang

i
AH, = AH+ | 4C,dr

beriicksichtigt und geht man in der Potentialreihe von Ac, nur bis zur ersten Annéhe-
rung vor, so ist die Wirmequelldichte

% = ®+mit,
wo m konstant ist. Die Warmetonung ist durch das Vorzeichen von m angezeigt.
Fir die Loésung ergibt sich bei Flichensymmetrie

lm| — #
FRREDY)

]/m P
t = —2C, cos yx——z; x2+C,, wenn m<0;

~bel Zylindersymmetrie

t= —2C,ch x2+C,, wenn m=0,

und

t = —CiIO[ l—’Z”rJ—— H, r2+C;, wenn m=0,
/. 2/

o

‘und L
t= —CiJp 1rf1—lr —LI'2+C§, wenn m <0,
/A 24

‘wo I, und J, die BesseLschen Funktionen darstellen, und C,, Ci, usw. die aus
Randbedingungen zu ermittelnden Konstanten sind. Aus den Losungsfunktionen
— wenn m<0 — geht hervor, daB periodische Funktionen in beiden Féllen die
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urspriinglichen nichtperiodischen Losung (x =konst) iiberlagern. In diesem Falle
sind die Systeme wahrscheinlich schwingungsfihig, die Erreichbarkeit des stationa-
ren Zustandes kénnte mittels besonderer Stabilitdtsuntersuchung entschieden wer-
den. Wenn m =0, dann liegt die Stabilitit auf der Hand. Will man die ARRHENIUS-
sche Form der Temperaturabhingigkeit der Reaktionsgeschwindigkeit beriick-
sichtigen, so kann die Losung nicht mit elementaren Funktionen in geschlossener
Form gegeben werden.

Wir haben bei der Losung graphische Methoden herangezogen, diese bediirfen
aber noch weitere Diskussionen. Die Untersuchung der Beriicksichtigung der
Temperaturabhiingigkeit von R; und H; kann nicht als abgeschlossen betrachtet

werden.

®
* *

Die Verfasser sind Herrn Dozenten Dr. F. J. GiLpEe fiir seine prinzipiellen
Ratschlige zu aufrichtigem Danke verpflichtet.
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U3YUEHUE TEPMHUUECKUX CBOMCTB KOHTAKT-KATAJIMTHMYECKMX
PEAKTOPOB HOBON "EOMETPULIECKON ®OPMbI

C. denu u JI. Mecapow

B Hacrosiieil padoTe OMUCAHbLL PE3YJIbTAThl U3YUEHHST TEPMHUYECKUX CBOHCTB KOHTaKTHO-
KaTaJIMTHYECKHX pPEaKTOPOB B HOBOIl reomerpuueckoil gopme. CaMbiM 3HAUMTENBHBIM B 3TOM
OTHOLIEHHMH SIBJISICTCSI aHAJINTUUECKOe OripefiejieHHe 3aBHCUMOCTH TeMIIEpAaTypul M MecTa.
Himest 9TH JaHHbIE KPUTEPHH MAaKpPOCKOMUYECKOH NOZOOHOCTH ONpefesieHb sl Pa3jMuHbIX
PEAKTOPOB. Pe3y/bTaTbl MOJYYEHHBIE TEOPETHYECKUM MyTeM yuoTpeSsiiorcst st IKCnepH-
MEHTOB.






HETEROGENEOUS CATALYTIC OXIDATION OF FURFURYL
ALCOHOL AND BENZYL ALCOHOL IN THE GAS PHASE IN A
REACTOR FILLED WITH LEAD OXIDE

By L. MESZAROS and P. AGOCS
Institute of Applied Chemistry, Jozsef Attila University, Szeged

( Received December 20, 1964 )

The oxidative decarboxylation reaction of furfuryl and benzyl alcohols in the presence of
Jead oxide has bean studied. It has been established that in the course of oxidative decarboxylation
of furfuryl alcohol, furane and pyrophoric lead are formed. The oxidative decarboxylation of ben-
zyl alcohol at different temperatures resulted in benzene, benzaldehyde and toluene. The increase
of temperature favours benzene formation while the amount of toluene decreases.

In our previous papers [1—4] it has been shown that lead oxide is a suitable
catalyst for realizing the oxidative decarboxylation of furfurol to furane. The
decarboxylation of benzoic acid to benzene is known [5, 6] and several authors
have dealt with the heterogeneous catalytic preparation of benzyl alcohol and
furfuryl alcohol in gas phase. SABATIER and his coworkers [7, 8] observed that on
aluminium oxide catalyst benzyl alcohol yields a resinous product, however, the
formed substances have not been studied yet. The formation of dibenzyl ether on
the former catalyst has been described as well as the decomposition of this product
into toluene and benzaldehyde by ADKINS and FOKERS [9]. According to BARTOK’s
[10, 11] investigations benzyl alcohol at lower temperatures yields dibenzyl ether,
which undergoing intramolecular dehydrohydrogenation at higher temperature
results in toluene and benzaldehyde. The decomposition of dibenzyl ether has
been first described by CanNizzaro, Lowe and Oppo [12—14]. In the course
of reaction of furfuryl alcohol and benzyl alcohol on metal catalysts, SULTANOV
and his coworkers [15] isolated aldehydes and hydrocarbons.

In the present investigation experiments were carried out to study the oxidative
decarboxylation of furfuryl alcohol and benzyl alcohol in the reactor shown in
[4]. For the experiments the reactor was filled with lead oxide catalyst and the
temperature was 300 °C. By a charging pump furfuryl alcohol was bubbled through
the foreheater — where it was vaporized — than the reactor filled with lead oxide.
On the surface of the catalyst oxidative decarboxylation occured. Isolation of the
formed products was realized partly in coolers connected with the reactor, and
partly in the absorption column and gasometer, respectively, joined to the coolers.
Separation of the condensed products was carried out by fractionation and by
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Table |
Percentage amount and physical constants of products formed during the oxidation of benzyl alcohol.

Experiments at different temperatures.

Products

o

0

cx%

B.p. Amount ¥ )11230

Reactor C°

benzene

7,52

8,54
6,18

92,02
91,00

1,4989
1,4969
1,5459
1,4985
1,4968
1,5446

30
25

90
110—115

1
4
10

320—330
320330

toluene

benzaldehyde

79,08
91,83
91,42
79,83

15
10
35

112114

320330

benzene

7,60

8,75
6,49

-90

1t1—-114

110—114

1
4
8

300—310

toluenc

300310

L.

benzaldehyde

28

300—310
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Physical Constats

7,68
8,76

923

1,5014
1,4978
1,5463

80,1
110,8
179,5

benzene

91,24
82,42

toluene

5,87

benzaldehyde

steam desorption of the absorb-
ed products steam.

Study of the oxidative decarb-
oxylation of furfuryl alcohol on
lead oxide showed that furane,
water and carbon dioxide were
formed. Water and unchanged
furfuryl alcohol were condensed
in the coolers. Furane and car-
bon dioxide moved in the ab-
sarption column and gasometer,
respectively. After steam desor-
ption the furane vapors were con-
densed at —15°C.

The first step of the reaction
is the oxidation of furfuryl alco-
hol into furfurol. Ata consider-
able rate furfurol can be isola-
ted. The formed furfurol is fur-
ther transformed according to the
known mechanism. Simultane-
ously with the oxidative decarb-
oxylation pirophorous lead is
formed.

Benzyl alcohol was oxidiz-
ed at a temperature ranging
from 300—310 and 320—330 °C.
From the separation of the con-
densed products it was establish-
ed that at both temperatures
the isolated organic phases con-
tained benzene, toluene, benzal-
dehyde and unchanged benzyl
alcohol, while water formed in
the course of the reaction in a
separate phase. It was further
experienced that on raising the
temperature the relative amount
of toluene and benzaldehyde
decreased and the quantity of
benzene increased. The supposed
mechanisth of the reaction in-
volves the formation of benzene
in a way similar to the furfuryl
alcohol — furane transformation.
This is supported by the fact
that from the reaction products
we have succeeded in isolating
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benzaldehyde which may be considered the first product of the oxidation. Che--
mical reactions are shown by the following scheme.

o 0
CgH5CH,OCH,CgHy _CoHsCH20H C6H5C< —»C6H5C< ~CgHg +CO,
| H OH
v 0
C6H5CH3+C6H5C<
- “H

Quantitative data and physical constants of products formed at different tempera--
tures are shown in Table I. It can be seen in the Table that the amount of toluene
is considerable and its formation is the main direction of the reaction at lower
temperatures. For the interpretation of the reaction mechanism it is reasonable
to suppose that lead oxide, in the first step of the reaction catalyzes the formation
of dibenzyl ether in a similar way as aluminium oxide does. On the surface of”
electrophilic lead oxide toluene and benzaldehyde are formed from dibenzyl ether,
likely by a thermal dispropoitionation of ionic mechanism. As a final result, toluene
is formed during the cleavage of an intermediate resulting from intermoleculer
anionothropy.

It may also be supposed that in the presence of pirophorous lead thereis a re--
ductive cleavage of dibenzyl ether to give toluene. This supposition has to be experi--
mentally proved, sonce it has not been studied so far whether the hydrogenolysis.
can be catalyzed by pirophorous lead under the given experimental conditions..
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FETEPOTEHHOE KATAJIMTUUECKOE OKHCJIEHHUE
®YPOYPUJIOBOI'O M BEH3UJIOBOrO AJIKOT'OJIEHA
B PEAKTOPE HAINOJIHEHHOM OKHWCbIO CBHMHUA

J1. Mecapow u I1. Azou

ABTOpamH M3YUasioCh OKHCIIMTEIbHOE JAexapOokciinpoBanne ¢ypdypuaoBoro u oOecH-
_3MJIOBOTO anKoroseit B MPHCYTCTBHM OKMCH CBHHIA. YCTAHOBJICHO, YTO B OKHCJIHMTENLHOM
_1eKapOOKCHIKPOBAHKH q)yptpypunonoro AAKOFOJs1 Oy YaIoTCst (pvpaH u MUPOQOPHBLII CBHHELI,
B OKHCIHTENbHOM lICKapﬁOhCHJalOBaHHl/l OEH3HJI0BOTO AJIKOF0/sl NPH PasiM4HbIX Temrepa-
~rypax 0eH307, anbaeruj 0€H30Ja M TOAyOoJ OblnyM HM30AHPOBaHHL. YBeJMUHBAA TEMNeparypy
sdonyyaercs 0osibuie OCH307a H MEHEUIE TOJYOJa.
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