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EINRICHTUNG ZUR MESSUNG DER ENERGIE VON LASERIMPULSEN

. -Von . _
J. DOMBI, L. GATI, 1. KETSKEMETY. 1. SZALMA und L. VIZE

Institut fiir Experimentalphysik der Attila Jézsef Universitit, Szeged
( Eingegangen am 21. August 1969)

Eine neue, thermoelektrische Methode zur Messung der Energie von Laserblitzen wird beschrie-
ben. In der vorgeschlagenen MeBeinrichtung wird die Strahling im Inneren eines kleinen Wiirfels
aus diinner Goldfolie absorbiert.. Die Einrichtung wurde mit zwei voneinander unabhidngigen
Verfahren geeicht. Experimentellen Erfahrungen zufolge konnen Lasenmpulse von 5.10~* J Energie
mit der Einrichtung noch gut gemessen werden .

§ 1. Zur Messung der Energie von Laserimpulsen sind zahlreiche MeBinstrumente
konstruiert worden. Die Analyse ihrer Wirkungsweise wird in mehreren zusammen- "
fassenden Arbeiten behandelt [1—6]. Diese Mitteilung beschreibt eine weitere, auf
mikrokalorimetrische Methoden beruhende MeBeinrichtung und das_ zugehorige
MeBverfahren.*

Der Strahlungsempfanger des MeBgerites ist ein aus einer 0,005 cm- dlcken_
Folie aus reinem Gold hergestellter Wiirfel 7, von 1,0 cm Kantenlidnge, der in einem

- zylindrischen Messinggehduse 2 von der _Plexiglasscheibe 3 gehalten wird (s. Fig. 1).
Das zu messende Laserstrahlenbiindel fallt durch eine Bohrung 4 von 1,3 cm Durch-
messer in der (abschraubbaren) Deckplatte 5 des Gehéuses, senkrecht zur vorderen
Flache des Goldwiirfels in das Gerét ein. Das Lichtbiindel wird durch eine bikon-
vexe Glaslinse 6 von 1,2 cm Durchmesser und 1,3 cm Brennweite gesammelt. Die
Linse wird durch das an beiden Enden verkittete Glasrohr 7 in der Entfernung der
Brennweite von der Vorderfliche des Wiirfels gehalten. Das gesammelte Strahlen-
biindel ‘gelangt durch eine Bohrung 8 von 0,2 cm Durchmesser in der Vorderfldche-

in das Innere des Wilrfels, wo es — nach mehrfacher Reflexion, wie in einem schwar- .

‘zen Korper — praktisch vollkommen absorbiert wird.. Zur Messung der entstehen-
den Erwarmung dienen fiinf Eisen-Konstanten-Thermoelemente 9—I13 in Reihen- -
" schaltung, die mittels. diinner, elektrisch isolierender Klebémittelschichten in der
Mitte der weiteren fiinf Flachen des Wiirfels befestigt sind. Als Bezugspunkte wer-
den die in die Plexischeibe eingebetteten Messingstdbe von relativ hoher Wirme-
kapazitit 14 beniitzt.. Die Leitungen /5 der Thermoelement-Reihe treten durch
Bohrungen der an der Hinterseite des Gehduses 2 befestigten Plexiglasscheibe 16

* Dem hier beschriebenen Kalonmeter teilweise ahnhche EnergiemeBinstrumente fiir Laser-
impulse wurden inzwischen von A.J. SCHMIDT und R. C. GREENHOW [4——5] und von A. V. KUBAREW
und Mitarbeitern [6] konstruiert.
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aus dem Messinggehduse aus. Zur Eichung der MeBeinrichtung auf Grund der
Wirmewirkung des elektrischen Stromes ist durch eine Bohrung in der Nahe einer
Ecke in den Wiirfel ein Drahtpaar eingefiihrt, an den ein einer Glithlampe ent-
nommener Wolframfaden 77 von geringen Abmessungen angeschlossen ist und
der durch die Leitungen /8 mit Strom gespeist werden kann. Die Messung des
Thermostromes erfolgte bei unserer Einrichtung durch ein Galvanometer (Kipp &
Zonen) von 10~* A/Skt Empfindlichkeit.

§ 2. Zur Eichung der MeBeinrichtung wurden zweierlei Methoden angewandt.

a) Bei der Eichung mit Lichtimpulsen wurde der Bogen einer Osram Xenon-
Hochstdrucklampe XBO 450 auf ein, in ein diinnes Weilblech gebohrtes Kreis-
diaphragma D von 0,4 cm Durchmesser abgebildet. Nach dem Passieren des Dia-
phragmas wurde das Biindel durch eine Linse von 25 cm Brennweite gesammelt
und durch einen Vorderflichenspiegel derart abgelenkt, daB es in das eine GefiB
K eines Differentialkalorimeters gelangt. Die gut isolierten Kupfergefafe des Kalori-
meters enthielten mit Tusche gefarbtes Wasser. Die Temperaturdifferenz zwischen
dem bestrahlten und dem nicht bestrahlten GefdB wurde nach einer Bestrahlung
von drei Minuten mit der tiblichen Methode mittels eines Thermoelementes ge-
messen. Zur Bestimmung der Warmemenge bzw. der Energie Q,, die dieser Tem-
peraturdifferenz entspricht, wurde eine zweite Messungsreihe mit demselben Kalori-
meter, jedoch ohne Lichtbestrahlung, mit einem eingetauchten kleinen elektrischen
Heizkorper durchgefiihrt, indem zur Eichung des Kalorimeters dem GefiaBl K ver-
schiedene bekannte Energiemengen zugefiihrt wurden.
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Nach Bestimmung des Energiestromes des von der Xenonlampe in das GefiB
K fallenden Lichtbiindels wurden die GefidBle des Kalorimeters entfernt und an der
Stelle von K die in § 1 beschriebene Einrichtung derart angebracht, daB das friiher
in K fallende Lichtbiindel durch die Linse 6 vollkommen gesammelt und durch
die Bohrung 8 in den Wiirfel I geleitet wird. Das Licht der. Xenonlampe fiel aber
nicht stindig auf den Strahlungsempfinger, sondern vor dem Diaphragma D wurde
in genau bestimmter Weise eine mit einer Offnung von bekannten Abmessungen
versehene Metallplatte-frei fallen gelassen, wodurch ein Lichtblitz von der- Dauer
4,28.1072 sec entstand. Die durch diesen kurzen Lichtblitz verursachte Erwérmung
konnte mit dem an die Thermoelemente 9—13 angeschlossenen Galvariometer ge-
messen werden. . .

b) Die Eichung des Strahlungsempfangers mit elektrischen Impulsen wurde mit
der iiblichen Methode derart durchgefiihrt, daB eine aufgeladene Kondensatoren-
batterie C durch den Gliihfaden 77 entladen wurde. Die Kapazitit der Batterie
C wurde mit einer MeBbriicke ,,Oripons” Typ TR 2101, die Aufladespannung
(5 bis 50 V). mit einem Digitalvoltmeter Typ TR 1651 gemessen. Die Spannung
des Kondensators: wurde auf verschiedene Werte emgestellt die Kapa21tat blieb
dagegen stdndig 187,0 pF.

Der zeitliche Ablauf des durch die an den Wiirfel angeschlossenen Thermo-
elemente hervorgebrachten Galvanometerausschlages war ‘bei der Eichung mit
elektrischen Impulsen dem bei der Eichung mit Lichtimpuls beobachteten ganz
dhnlich; die Dauer sowohl des Lichtblitzes als auch des elektrischen Impulses war
.viel kleiner als die Schwingungsdauer des Galvanometers, die etwa 1 sec betrug.
Bei den Messungen wurden jeweils die Max1malaussch]age abgelesen

§ 3. Die beiden Eichungen der MeBemrlchtung ergaben eine innerhalb 3%
“iibereinstimmende Empfindlichkeit. Mit Beriicksichtigung der von verschiedenen
Fehlerquellen herrithrenden Ungenauigkeiten kann der Fehler der Energiemessung.
. mit dem Wiirfel maximal zu 5% geschétzt werden. Beziiglich der Empfindlichkeit
ergab sich, dal mit dem Strahlungsempfénger von den beschriebenen Abmessungen -
die Energiemengen von Lichtblitzen bis zur GréBenordnung von 5.107¢ J gemes-
sen werden konnen; die obere Grenze der meBbaren Energie betrigt, falls eine
Erwiarmung des Wiirfels um mehr:als 1° C als unzuldssig gehalten wird, etwa 1 J.

Die MeBeinrichtung wurde bei Untersuchungen mit einem Zeiflschen Rubin-
laser Typ ZFL 750 zur Messung von Llchtblltzenerglen der GroBenordnung von

10~ 2J angewandt.
* % %

Die Verfassér wiinschen Herrn Prof. [A. BuD6 l, dem Direktor des Institutes
fiir seine reges Interesse an der Untersuchungen auch hier ihren Dank auszusprechen.
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YC'I'AHOBKA'II.’I?[ W3MEPEHUSA DHEPIUU JIAZEPHBIX VIMHSUIBCOB
H. Joméu, J1. Famu, H. Keuxememu, H. Caiva, JI. Buze

Hanucano HOBBIM TEPMOITEKTPHYECKHN METO[A H3MEPEHHS JHEPrHH JIa3ePHLIX MMIYJLCOB.
B npeaioxeHHON YCTAHOBKE Ja3epHOE W3NIYYEHHAE MOrJIOMAETCA B KyOke, CACTAHHOH M3 TOHKOM
30JI0THOM MNACTHHKH..-[ pagyMpoBKa YCTAHOBKH NPOU3BOAHAACH C [ABYMSAMH PA3HBIMH METOIAMH.
Ilo 3KCOEPAMERTAJILHHIMA ONbITAMHM HHTEHCHBHOCTb JIA3€PHBIX MMNYJILCOB € 3Hepruei 5.1074J
MOXHO TOMHO OIpPENEyUTh.



ABSORPTION AND FLUORESCENCE SPECTRA AND YIELD
OF HIGHLY DILUTED SOLUTIONS

By .
1. KETSKEMETY, L. KOZMA and E. FARKAS )
Institute of Experimental Physics, Attila Jozsef University, Szeged
" (Received August 21, 1969) C

" With a -new method, based on the use of an integrating spherical cuvette, absorption and
fluorescence spectra as well as -yield functions of different, extremally diluted solutions have been
investigated. The hypothesis used in developing the method was found to be justified by the experi-
mental results which show, among others, that the yield function breaks down in the anti-stokes
region even in case of solutions of 10-% mole/1 concentration.’

§ 1. In investigating fluorescence of solutions, it soon became clear that the
experiments should be extended to solutions of much lower concentration than
1073—107% mole/1. Namely, spectrophotometrical results [1]-showed that in solu-
tions of several dyestuffs considerable dimerization can occur, which could strongly
disturb the determination of the spectra of the monomer. Furthermore; the anti-
- stokes drop in yield has been ascribed.by some authors [2] to the circumstance
that in the spectral region of the fluorescence band the inactive absorption due to
‘the presence of dimers cannot be neglected even at concentrations lower than 10~*
mole/1. Therefore, it proved necessary to elaborate an experimental method which
-would allow to determine the fluorescence characteristics of fluorescent- solutlons '
of 10~7--10~?% mole/1 concentrations with acceptable accuracy.
' This experimental method has been described in detail in [3]; here we wish
only to recall the most important features of the method. The solution is contained
" in a sphere of glass or quartz so as to fill it completely. On the exterior reflecting coat-
ing of the sphere there are apertures to permit entrance and-exit of the light. In
measuring absorption, the spherical cuvette is filled first with the solvent, then with
the solution, and the ratio of the intensities of entering and issuing light is determined-
in both cases; the absorption coefficient.can be obtained from these data in a simple
way. The intensity and wavelength of the exciting light entering the sphere is constant
in measurements of emission spectra, the spectral distribution of the. fluorescence
light issuing through the exit aperture is determined with the usual spectrophoto-
metrical method with a monochromator and a photomultiplier. To take into account -
the effects of reabsorption, the correction described in (3] is used.. When measuring -
' the .yield function, the ‘wavelength of the exciting light is varied and a part of the
issuing fluorescence light, spectrally distant from the exciting light, is observed.
In our method the effects of secondary fluorescence are neglected but, as it is easy
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to see, this neglection cannot cause noteworth errors in the determination of the
emission spectra and the yield function.

~ In our experimental investigations to be dealt with here, prism and grating
Zeiss monochromators SPM 2 were used. as spectral filters for the entering and -
issuing light; Osram xenon and mercury lamps XBO 500 and .HBO 500 served
as exciting light sources and photomultipliers 1P 28 and EMI 9558 A as photo-
detectors. The spectra -of solutions of high concentration used for comparison
were measured with a spectrophotometer Optica (Mllano) type CF 4. The tempera-
ture was 25:+2° C during all measurements. ’

4[]0 TR

W0 w0 60 W,

Fig. 1
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<

§ 2. The data of the integrating cuvettes used were the following. G1: Jena 'molybdenum uviol:
glass, coated with magnesium oxide, radius r=3,90 cm; G2: pyrex glass, silver coating, r=4,34 cm;.
G3: Jena molybdenum glass, r=3,55 cm; G4: pyrex glass, silver coating, r=2,48 cm; GS5: pyrex
glass, silver coating, r=1,50 cm; G6: quartz glass, magnesium oxide coating, r=4,89 cm; G7: pyrex
glass, barium sulphate coating, r=4,34 cm. Finally, a cylindrical integrating cuvette G8 of V=80 cm?-
volume, made of pyrex glass and provided with silver coating was also used. o

The factor A in the evaluating formula, used for the determination of the absorption coefficient
as described in (3) has been chosen for the different cuvettes so that its value when measuring the-
absorption of an aqueous solution of cobalt ammonium sulphate of 1.10-2 and 5.10-* mole/1
concentration, containing 5% sulphuric acid; should correspond to the literature data for the molar-
decadic extinction coefficient of the solution. Because of the wavelength dependence of the reflection
coefficient of the coating and of the transmission of the wall,” 4 resulted of course more or less de--
pendent from the wavelength. . . . .

. § 3. Some results of our absorption measurements performed with the integrat--
ing cuvettes G 1 to G 8 are presented in Figs. 1 to 4. In Figs. 1a) to 1f) absorption:
spectra of different non-fluorescent solutions can be seen; the spectra of solutions.
of ‘higher concentration, measured with the usual methods, are plotted with solid
lines, the spectra measured with the integrating cuvettes are designed with little-
circles. The data pertaining to the figures are given in Table 1. It resulted from our-
~ measurements that in most cases, the absorption spectra of non-fluorescent mate--
. rials were left practically unchanged by higher dilutions (e.g.  this was the case with.
solutions of brilliant green, crystal violet, and fuchsin). In some cases, however, the: -

TableI _ _ o Table II
Integrating cuvette: G1 o : Integrating cuvette: G1
Fluorescent compound and | ¢, Fluorgscerg com- .
N° concentration : © e | ‘bound and con- Solvent
(in mole/liter) vent L cerrlrzi)a}:/(l)il:er()m ’
la. lC‘r])'(s)tji}‘viscflle(t);7 H;0 . 2a .Fluorescein. HgOv
’ ) 1.10-%; 5-10-¢ 1-10~2 mole/l
} 1 NaOH
1b *| Brilliant green _ H,0
111074 141077 :

2b Rhodamine B . - | H,O
1.10-4; 5.10-8 6% CH3C_OOH_

Ic |.Fuchsin » 'H,0
1-10-%; 1-10~7

2¢ Trypaflavine HO0
5-10-5%: 1-10-7 6% CH,COOH
1d | Auramine - H,0 - - -
.10-%- 2.10-7 .
1-107%; 2 10. 2d | Rhodamine 6G H,O
i ’ 1-10-3; 5.10-8 |,
le Potassium permanganate H,0 : -
1. 1.10-3 4.10-% . :
1-107%; 4-10 " 2e | Chlorophyll A. | CH,0H
’ ) 1-10-%; 1-10—7
1f Potassium bichromate H,0

2f - | Eosin | H,0
1-107%; 5.10=® | 1-10°2 mole/l
1 NaOH

1-10-3; 1-10-¢
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spectra show changes not interpreted hitherto (see the spectra of potassium bichro-

mate and potassium permanganate) which may be due to absorption of the solute
-on the wall of the cuvette.

Absorption spectra” of fluorescent solutions are shown in Figs. 2a) to 2f).
The corresponding data are contained in Table II. In measuring these spectra, a

L fx 2ty
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second monochromator was inserted in the light path in front of the photomultiplier
in order to minimize the disturbing effects of fluorescence light. In our figures
:sshowing the absorption spectra of fluorescent solutions the results obtained with
‘the integrating spheres are denoted by-little circles again, the absorption spectra
for higher concentrations are plotted with solid lines in all figures. In order to
illustrate the distrubing effects of fluorescence, in Fig. 2b) also a spectrum obtained
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without 1nsert1ng a second monochromator in front of the photomultlpller is shown
denoted by filled circles.

It can be seen from the Figs. 2a) to 2f) that the shape of the absorption spectra
resulting from averaging several measurements on solutions of low concentration
is practically almost identical with that obtained for high concentrations. In case
- of high dilution only a slight decrease in the half bandwidth of the absorption band
can be observed in these figures. It should be mentioned that the absorption spectrum -
of rhodamine B — not shown here — did not change beyond the limits of error in
“dilutions of 1-107% t0 2,5-107% mole/l.

To illustrate the reproductibility of _absorptlon measurements with integrating
cuvettes, ‘the results of measurements obtained with different cuvettes are shown
in Fig. 3. The absorption spectrum measured with the usual method for the solu-
tion of 1-10~* mole/l concentration is plotted with a solid line, the mean values of
the of absorption coefficients obtained with different cuvettes for solutions of 1- 10‘7
and 5-10~® mole/l concentration are marked with different signs.

§ 4. For measuring fluorescence spectra of highly diluted solutions, the 1ntegrat- '
ing cuvettes were used as described in (3). The data pertaining to the different’
spectra (Fig. 4) are to be found in Table III. It can be seen from the experimental
results that in ‘solutions of some materials, €.g. of fluorescein and trypaflavine,
high dilution does not cause remarkable changes in the emission spectra, whereas
in other cases, e.g. in solutions of rhodamine B, dilution results in a marked shift
of the emission band towards shorter wavelengths. Finally, there are some materials

10+ : o /s\a
K| g

. “x 67 : o
S f : o
§ o : .
, » /A

A(nm)
Fig. 3
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in the solution of which dilution produces a marked distortion of the emission
spectrum. So in methylalcoholic solution of chlorophyll A, it can be well observed
that the dilution from 1072 to 1077 mole/l concentration causes the weak band
in the long wavelength region of the emission spectrum to vanish almost totally.

0 4ay

L

T Tgmax

05

10

L&)

max

w0 600 550

}-\(nm) E— ' ‘ Ao
Fig. 4

(In order to cléar up the errors due to possible impurities, the emission spectra of
the diluted solutions have been measured with four different exciting wavelengths
listed in Table I1I. Changes in the excmng light, however, left the shape of the spectrum
practically unchanged.)

A relatively good accordance between emission spectra of one of the used
media, namely an aqueous eosin solution of 10~7 mole/l concentration, obtained
with different integrating cuvettes can be seen from Fig. 5.
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~Table I1I

Integrating cuvette: G1

r—y . ’
—
z

£
g

o | Fluorescent co'mpoun'cl and . . .Exciting wave-
_N | concéntration (in mole/liter) Solvent lengths (nm)
4a Fluorescein H,O

1-10-4; 5-107% 1102 mole/l NaOH 436
4b | Eosin H,O . :

. 5.10-5; 5-10—8% | 1-10~-* mole/1 NaOH - 480 .
4c | Rhodamine B H,O :

1-10-%; 5-10-° 6% CH,COOH 510
4d | Trypaflavine ' "H,O .- .436
5.107%; 1-1077 6% CH,COOH ’
4e | Chlorophyll A CH,OH 415, 435, 620, 650.
1-10-%; 1-10~° - _ )
4f | Rhodamine 6G -
"1.107%; 5-10-° H:0 480
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Table IV

Integrating cuvette: G1

}'UW OO Woooo

20
(1]

§ 5. Our results concerning
the dependence of the yield on
the wavelength of exciting light

Fluorescent compound and are shown in Fig. 6. The yield

N° - concentration Solvent function 7(1) has been deter-

(in mole/licer) mined on the base of Eq. (10)

in (3). The data pertaining to

6a | Rhodamine 6G H;0 the figures are given in Table

1-10-%; 5-10-° IV. The yield functions of highly

diluted solutions show a mar-

6b | Rhodamine B H,0 ked drop in the antistokes re-
1-107%; 2,5-107% 6% CH COOH gion.

It appears from the results
described above that the absorp-
tion and the emission spectra
of extremely .diluted solutions

* of dyestuffs generally present
only slight deviations from those
of solutions of high concentra-
tion, and the yield functions
show the antistokes drop also
in highly diluted solutions. The

[¢]

| N B - o
o
bo)

fb) °

integrating sphere itself proved

H 1 - - 1 1

500 500 550 600

to be suitable for practical appli-
Ao T

]
) : cation.

Fig. 6 *

* *

The authors are indebted to sincere thanks to Prof. | A. Bupé
the Institute for valuable help during the course of the work. i

, Director of
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O CIIEKTPAX HOf’HOLllEHHSI U ®JIYOPECUEHIIMHA
W O BBIXOJE TIPU OUEHL MAJIEHBKOW KOHLIEHTPALIMW PACTBOPOB

H. Keurememu, JI. Kosma, 3. Paprawy

C DoMOUIbIO HOBOTO METOAA, OCHOBAHHOTO HA HHTErpHUpYollyio chepy HCCIenoBanoch
CNEKTP TOTMOLeHHsl ¥ GIyOpecUeHIMH ¥ QYHKNMA BbIXOJA TIDH 4PE3BBMAHHO MAJEHLKOH KOH-
LEHTpalldd PAacTBOPOB. DKCHEPHAMEHTANLHbBIE PE3YJbTaThl HENOCTPEACTBEHHOrO NOATBEPXKAAOT
TUIOTE3Bl, NpPEMUIOKEHHBIE MPU OCHOBAHMH METONA, H B TOM YHCHE NOKa3biBalOT, YTO BBIXOI
dnyopeclieHIMH TagaeT B aHTHCTOKCOBOi 06aCTH NPH KOHUEHTPanuH. pacTBOpoB 1078 Mob/m.



" INVESTIGATION ON THE INFLUENCE OF DIFFUSE REFLECTANCE:
OF LUMINESCENT GLASS POWDERS ON THE EMISSION SPECTRA

By
B. KARVALY, F. PINTER and L. SZOLLOSY
Instltute of Expenmenta] Physncs, Attila Jozsef Umversny, Szeged
(- Recewed August 30, 1969)

-

1t could be shown by reflectance and emission measurements on uranium glass powders that
taking into account reabsorptlon the relative spectral energy . distribution of luminescence is mde-
pendent from the particle size and can be consndered as identical with that of the bulk glass wnh
good approx1matxon .

Introduction

The question how and in what extent the reflectance and emission spectra of”
luminescent uranium glass powders depend on the dispersitivity was experimentally
investigated.” The inhomogeneity in powdered disperse systems causes scattering.
of the exciting light as well as of the luminescence. The character of the scattering.
depends on the conditions of illumination, on the degree of dispersity of the particles,.
on layer thickness, etc. [1—4]. Therefore the spreading and absorption of exciting.
light and luminescence depends ‘on these parameters, too. Some of the changes.
.in directly measured emission spectrum depending on the degree of dlspersuy could
be mterpreted by takmg into account reabsorption.

Experimental method

The luminescent uranium glass (Schott filter glass GG 17) was ground in a ball and tube mill,.
then fractions of 200 u, 125 i, 90 i, 20 w, particle size were obtained by sieving with an appropriate-
set of sieves and by sedimentation in butyl-alcohol, respective]y [5]. The true absorption of the bulk
glass sample was determined in the usual way by measuring the transrmssnon in comparlson with air -,
[6).

"~ The diffuse reflectance spectra were measured with a spectrophotometer DFS-12 with an’
appropriate attachment. The influence of luminescent light on the results of measurements was
- eliminated by using -monochromatic illumination and observation. The samples -of- different par--
_ ticle size were placed in a horizontal revolving sample holder containing four different fractions. The
- geometry of the attachment for reflectance measurement secured incidence under ~45° and per-
pendicular observation. The bandwidth in the spectral range investigated was 0,5 nm. The scatte--
red light was observed and introduced into the spectrophotometer by a light-pipe, the transmission .
of which was practically constant in the spectral region investigated. Absolute diffuse reflectance
spectra of the uranium glass powder fractions were calculated with the data for reflectance of MgO
published in [7]. The layer thicknéss of the sample was about 5 mm. The reflectance spectra obtained
are to. be seen in Fig.- 1. Is to be noted that, according to our earlier investigations, the results of”
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measurements with the usual Ulbricht-sphere and with SHiBata’s disposition were in accordance.
"Thus the measurements can be performed without restriction with the attachment described (corres-
ponding to that of SHIBATA).

Luminescence spectra of uranium glass powders were measured both with a spectrophoto-
imeter Type DFS-12 provided with an emission attachment, and with our apparatus for emission

a2r

3 ‘L : o - 5 50 - 500
Fig. 1

measurements to be described below. In the first case the reflexion attachment described above was
used as emission attachment. The exciting light of 436 mm was obtained by a monochromator Type
SPM-1 from a low pressure mercury lamp Type PRK-2. Luminescent light was introduced into the
-spectrophotometer and observed as in case of reflectance measurements. Luminescence spectra were
measured with a recording instrument Type EPP-09. In the instrument for emission measurements
«<onstructed by the authors a high-pressure mercury lamp Type HBO-200 with a monochromator-
Type SPM-2 was used for excitation. The sample holder containing six samples was in a vertical
position, the samples being protected by a glass plate. The luminescence light of the samples lmpmged .
.on the sensing monochromator through a lens and was registrated photoelectrically.

- Results of measurements

Typical colour curves (nearly proportional to absorption spectra) of powder
fractions of different particle size, calculated with KUBELKA—MUNK’s theory [8],
are shown in Fig. 2. Both the diffuse reflectance spectra and absorption spectra
exhibit a marked dependence on particle size. With decreasing particle size the
structure of the spectra becomes less marked and the reflectance shows a definite
increase in the short wavelengths region, whereas in the long wavelength region,
where the absorption approaches zero, the scattering is nearly the same, for different
particle sizes and independent from wavelength. In Fig. 3 the true absorption
spectrum of the bulk glass used is also plotted. Comparison with the absorption
sspectra calculated from reflectance measurements shows that in case of powders
the structure of the spectra is less distinct as a consequence of scattering, though the
wavelengths of the maxima and minima are identical.
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Normalized luminescent spectra of powder fractions of different particle size -
as well as of bulk glass, corrected for sensitivity of the apparatus are presented
in Fig. 4a, 4b, 4c, 4d. Both arrangements described above gave identical results. -

‘In Fig. 5 the relative luminescence intensities compared with the intensity for
200 p particle size are given as a function of the particle size. As can be seen, the
intensity of luminescence strongly depends on the particle size, it decreases with
decreasing size of the particles. This is in accordance with the results obtained- in
{1], but contradicts the findings of [4]. From the formula of D. OELKRUG and G.
KorTUM [9] to determine the true luminescence spectra, taking into consideration

I
=]
T

“Fig: 3



B. KARVALY, F. PINTER AND L. SZ6LLOSY

A b dass
o comacted
o meosured

d=fip

Fig. 4b

500 350

Nom —=  Fig. 4c



INVESTIGATION ON THE INFLUENCE OF DIFFUSE REFLECTANCE OF LUMINESCENT GLASS POWDERS 19

ol

gt

i) ——
Fig. 4d

reabsorption, the normalized luminescence spectrum corrected for reabsorptlon has
been calculated as follows: ‘

B _ F@)  ARusRp)
. f(}',)ma)_( f, (l’)max A (RmA’ RmE_)max )

‘Here f’(A) is the intensity of luminescence measured at wévelength A S (l’)mx e
intensity ‘of luminescence measured at the wavelength 1’, which gives the’maximum

luminescence intensity, and

1-R%, " 1-R%p
R4 R

1+R.,

4 (-ReoA s ReeE) =

Fig. 5

2'
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where” R_,, R.; mean the absolut reflectance measured at the wavelength of the
exciting light and of the emission, respectively. In Fig. 4a, 4b, 4c, 4d the values
of f"(A)/f (A )max calculated with the above formula are also shown as functions of
A for powder fractions of different particle sizes. It can be seen that the spectra
corrected for reabsorption on the basis of [9] give a better approximation of the true
emission spectrum of powdered luminescent materials; the spectral energy distribu-
. tion is almost independent from particle size.

Further experimental and theoretical work on this problem is going on..

* % %

The authors wish to express their sincere thanks to Prof. Dr. | A. Bupo |, di-
rector of the Institute, and Prof. Dr. I. KETSKEMETY for their interest and valuable
advices during the work.
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UCCIEJOBAHUE BJIMAHUA OAPPYIHOI'O OTPAXEHWSA
HA CITIEKTPBI JIOMUHECITEHIIN
JTIFOMMHECHEHIUWPYIOIMMX CTEKJIAHHLBIX ITOPOIMKOB

b. Kapsaii, . lﬁmmep u JI. Cénréuu

Ha ocHOBe M3MepeHHs CIEKTPOB OTPaXE€HHs ¥ JIOMUHECUEHIHE Y NOPOIIKOB YPAHMIOBOTO
CTEKNa GBUIO NMOKA3aHO, YTO C Y4€TOM peabGCOpMIMH OTHOCHTEMBHOE CIeKTPaNbHOE JHEPreTH-
YeCKOe pacnpeiesicHue JIIOMUHECUEHIME He 3aBHCHT OT Pa3’Mepa NOPOIIKOB B XOPOIo Npromxa-
e€Icfd K OTHOCHTENBHOMY CHEKTPATBHOMY JHEPreTHYECKOMY. PACTIPENENCHHIO JIIOMEHECHCHLIH
MAaCCHUBHOI'O CTEKNA. .



ELECTRIC AND PHOTOELECTRIC INVESTIGATIONS
"ON GaP SINGLE CRYSTALS
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of Sciences, Szeged .

( Received November 15, 1969)

Density and actnvatron energy of local levels in GaP Cu and GaAs,P,_, (x 0.26 and 0. 48)
single crystals have been investigated by long wavelength probing of the centres and by measuring
thermally stimulated currents. The results indicate the presence of the Cu level having a broad
activation energy near 0.6 eV. Some results connected with current-voltage characteristics are summa-
rized and the condition of the onset of induced impurity breakdown oscillations has been derived.

In previous papers [1—3] we have dealt with the specific behaviour of the
photoconductivity and of the current-voltage characteristics in highly compensated
vapour-grown  GaP:Cu single crystals. Some of the results led to conclusions con-
cerning the existence of localized impurity levels above the principal (indirect) band
gap. In the present article we wish to give an account of some results, on one hand,
about further investigations of photoelectronic type (long wavelength probing of
- the impurity levels, LWP, and the measurement of thermally stimulated currents,
TSC) and, on the other hand about some recent experlments and results on current-
voltage characterrstlcs and instability phenomena

Long - Wavelength Probing of Impurlzy Levels

Samples used in these experiments were similar to those described in [1] The
experiments were performed using a slight modification of the original arrangement
described by Ryvkin [4] (Fig. 1). The light from an infrared monochromator (IR
Spectrophotometer, type MKC — 12 was chopped by a rotating disc and, by- the help
of the shuttér Sh,, it was focussed together with the light (1 <530 nm) of the lamp
L onto the surface of the sample S. The photodetector system to measure the incident
photon flux consisted of the PbSe photoresistahce D (Zeiss) and the corresponding
measuring system M.S (preamplifier, EMG-1594, and selective measuring receiver,
TELMES, type TT-1301). This system enabled us to adjust properly the photon fluxes
of both light beams. The sample holder was similar to that described by URE {5]
and made p0551ble to perform measurements at various temperatures The wavelength
interval of the measurements was from 0.6 to.16 pm, but levels having measurable
conicentration were found to have activation energy between 0.8 and 1.6 um.
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1 MKC-12

1

Fig. 1 Experimental arrangement for LWP measurements. O: oscilloscope

(Solartron, type 1400), Mo: chopper, Shy, Sh;: shutters, S: sample, B: bat-

tery, D: PbSe photoresistance (Zeiss), MS: measuring system, Fy,: Schott

filter (transparent for <440 nm) and grey wedge, F,: grey wedge, L: incan-
descent lamp, M: movable mirror, M_: concave mirror.

Fig. 2a and b show two typical examples of the filling-up and the emptying
of the 0.85um = E.—hv = 1.46¢eV (a) and the 1.2pm = E_—hv = 1.03 eV (b)
deep levels. Here E. denotes the energy of the conduction band and /v the photon

energy in electronvolts.
In order to calculate trapped electron concentrations, we had to measure the

BHrTUEDNBREE
L Bt | ]
T

Fig. 2 Time scale: 0.2 sec/div. Temperature: a) 122 °K, b) 296 °K
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response time (7,) for the rise (r) and decay (d) transients connected w1th the probing
light beam, too [4]. Using the relation

1 | S
P A

To

where Q denotes the absorbed photon flux and S the photon capture cross-section
of the centres, we could calculate .S (Table I). These values, together with the excess

Table I
2 (um) | 0.9 | 1.0 f 1.1 | 1.2
5 (cm® | 21x10°% | 9.2x107 | 2.6x10-% | 1.0x10-

carrier concentration #” (due to IR photons) in the LWP experiment, enabled us
to determine the trapped carrier concentration n, by the following formula [3]

n = nQSs.

Sample 2/ -4
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Fig. 3b o » ‘ Fig. 4b

Figs. 3a and b show typical results for two IR wavelengths, while Figs. 4a and b,
those for two different wavelengths and temperatures (these latter contain only
the filling-up of the centres). The photon flux was held constant for every wave-
length QR = 1.1 X108 photon/sec cm? (Similar results were obtained with copper
compensated GaAs, P,_, crystals, x=0.26 and 0.48.) :
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T hermally Stimulated Currents in GaP and GaAs,Py_, Crystals

" Inthese expenments we used thie same Dewar to maintain the desired temperature-
rise. The illumination at 90 °K was produced by the light of an intensive microscope
lamp. Currents were measured by a d.c. measuring amplifier (Atlas, type DC 60).
The constant rate (b) of temperature rise was ensured by the controlled heating of
the sample holder.

TSC |
(A)
50°
.4~4[_)nr - .
o 20 TCK)
Fig. 5

Fig. 5 shows results on-a compensated GaP crystal. The results of direct mea-
surements are shown by broken line, while the full line represents curves using
thermal cleaning [6]. Extrapolation was used in drawing the contours of the individual

. maxima (dotted lines).

Using the expressions connecting trap parameters with the TSC experimental
data [7], the calculated trap depth values (E,) and the densities (&,) in sample 2/ 1—1,
. are summarized in Table II. -

» Table 11
E. (V) [ 0.39 [ 0.41 | 0.64
N €m™?)| 1.1X10% | 35x104 | 2.6X10%

TSC(A)
0407
50
BG40
. HD‘" B hada TP SR
0 -- 2
0 200
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The trap having an activation energy of 0.64 ¢V may be attributed to the Cu:
centres [8], the origin of the other levels could not been identified. Samples from-
different growing cycles mainly showed the 0.64 eV maximum only. In curves.
obtained with GaAs,,4P,,, crystals the same maximum appeared prominently
(Fig. 6, N, = 1.4X101® cm‘3)

Some Effects of a High Electric Field in GaP

In previous publications [2, 3] we have described some of our results connected:
with the current density — voltage (i—V') characteristics of thin (200—500 pm) GaP-
monocrystal slices (faces perpendicular to the [111] direction), which led to the
conclusions that i) the i — V characteristics reflect the effect'of trapping on an ASHLEY
and MILNES type [9] double injection and ii) the dependence of the light induced
impurity breakdown oscillations on exciting photon energy provided evidence:
of the presence of dlscrete trapping centres well above the principal conduction.
band edge.

In the present article we present some further details of the above experlments

a) Using a. high voltage pulse generator (Fig. 7) triggered by a laboratory-
pulse generator (EMG-1154), we have measured the dependence of current density

+Uq
“(300+1800 Vv )

. 220n

output

]' —Uw (50+=150 V)
’ Fig. 7

on voltage (Fig. 8) and, using d.c. voltage, on sample thickness / (Fig. 9). The shape-.
of the curves is in accordance with the iec/~[2Te/T)+1) Jaw, where- T is the ambient:
temperature and T, is the distribution parameter of the centres having an exponential
_distribution in energy [10]. The calculated value T,/T = 1.1 X10® (using the two-
minor sample thicknesses) is in good agreement with those calculated on the basis..
of Fig. 8 [3].
b) Concerning the detailed investigation of the light induced impurity break--

down oscillations, we present some previously unpublished results.

- Figs. 10a and b show the dependence of the repetition frequency of the above
oscillations on exciting photon flux. The clearly linear relations, as well as the repeti--
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tion frequency vs field strength dependence, showing %

a saturation character (Fig. 11), are in accordance é’n

with our proposed explanation [2]. 2 _
Taking into consideration our findings on the & °

dependence of the repetition frequency on photon  Ssql /

energy, which point to the presence of centres ha- %

ving higher energy than the [100] conduction band  Z 0+ f

minimum, and using the model proposed in [2], we _

can determine the condition of the onset of these 0k : .

oscillations. To the analogy of the treatment of 0k Somnple 2/2-2

Y AMASHITA [11], the stationary state between the pro- . A-b8nm -

cesses shown in Fig. 12, can be expressed as follows: m 0%3;??01/%0071’

dny —Slvar QNc1+S1”n1°‘r Q S, Unl(N n,) =0, 0 L W0

d

where o denotes the light absorption coefficient
connected with the centres, Si; and S,; the cross

field strength (V/om)
Fig. 11

-sections of the induced and thermal transitions from traps to the 1 conduction
band minimum, v is the velocity of the electrons, S, the cross section of the recom-
bination centres for electrons, and N_; the effective density of states in the minimum

1. From this equation we obtain

ny = S0 QN4 [Sh o) Q S (N, —n)]

[000] o !

2T

[100]

I';fg.'12 Proposed level scheme. The processes denoted by arrows:.

- 1) SavefQN,, 2) S:lvnlat Q, 3) S,ony, (N.—n,)
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Then the condition of the breékdown has the following form

(r,0)7?
Sn,Q ’
where 7, is the llfetlme of the electrons. Using our present and previously published

- data [1], we obtain as an estimate S!; &~ 1072 — 10718 cm?, a value which seems to be
in accordance with our proposed model.

S‘la,Q S.(N,—n), or 8, ="~ _

* % %

The authors express their sincere gratitude to Professor | A. BUuDO | director
of the Research Group, for his steady interest and to Mrs. A. BACSO-LORINCZ for
her help in LWP measurements and evaluation of the data.

References

[1] Gyulai, J., V. K. Subashiev, G. A. Chalikyan: phys stat. sol. 17, K49 (1966); Gyulai, J.: Acta
Phys. Hung., to be published.
[2] Gyulai, J.: phys. stat. sol. 29, K85 (1968).
[3] Gyulai, J.: Acta Phys. Hung., to be published.
[4] Potexun, C. M.: ®OTOINEKTPUYECKHE ABICHUA B mojynposoanukax (U3g. ®dus. Mar. Jlur.,.
MockBa, 1963), cTp. 245 »m 283.
[5] Ure, R. W.: Rev. Sci. Instruments 28, 836 (1957).
[6] Nicholas, K. H., J. Woods: Brit. J. Appl. Phys. 15, 783 (1964).
[7]1 Bube, R. H.: Photoelectronic Analysis (Semiconductors and Semimetals, ed. R. K. Willardson,
A. C Beer, Acad. Press, New York, 1965), Vol. 3, p. 468.
81 Bowman, D. L.: J. Appl Phys 38, 568 (1967).
[9] Ashley, K. L., A. G. Milnes: J Appl Phys. 35, 369 (1964); Wzllmms, R.: J. Appl. Phys. 39, 57
(1968). :
[10] Rose, A.: Concepts in Photoconductnvxty and Allled Problems (Intersc:lence New York, 1963),
. p. 72.
[11] Yamashita, J.: J. Phys. Soc. Japan 16, 720 (1961).

3JIEKTPUYECKUE U ®OTOSJIEKTPUYECKUE HUCCIIEAOBAHU A
HA MOHOKPUCTAJIJIAX ®OCPUIA T'AJLIINA

H. Tstonau u ¥. Apau

. FnoTrOCTL M 3HEpPrusi Aokagubix cocrosHuit B GaP:Cu u GaAs,P,_, (x=0,26 u 0,48) moHo-

KpHcTajuax ObUTO MCCNENOBAaHO C MNOMOLIBLIO METOAA AIHMHHOBOJHOBBIX 30HIUPOBAHHBIX LEHTPOB
¥ U3MEPEHREM TEPMHYECKH CTHMYJIHPOBAHHBIX TOKOB. Pe3ynbTaTsl NOKa3biBalOT HATMYHE MEAHBIX
LEHTPOB C 3HEPrueil akTABaumu okoJo 0,6 5B. BhUIM ONMCAHbI PE3YIbTATEI CBA3aHbIX C BOJBT-aM-
TIEPHBIM 'XapaKTEPUCTHKAM KDHCTAINIOB M BBIMMCIEHO YCIOBHE HAYania HHAYIMPOBAHHBIX CBETOM:
xonebaunit mpumecu npoboiia.



BESTIMMUNG DER BROMDOTIERUNG IN SELENSCHICHTEN
MITTELS RADIOAKTIVER ISOTOPE

Von
J. LANG, 1. KISPETER,AF. SIROKM[\N* und L.-GOMBAY

Institut fir Experimentalphysik der Attila Jézsef-Universiiiit, Szeged
~ (Eingegangen am 14. Méf, 1969)

" Die Methode der radioaktiven Isotope wurde zum Verfolgen der Anderungen der Bromdo-
tierung von Selenschichten wihrend des Vakuumaufdampfens und der Wirmebehandlung beniitzt.
Nach den Versuchsresultaten werden in die fertigen Selenschichten nur etwa 2 bis 20% der eingetra-
genen Bromdotierung eingebaut. Der Einbau wird von dem Vakuum und der Temperatur der
Trigerplatte wahrend des Aufdampfens nur in geringem Mafle beeinfluBit.

Einleifung

Bei der Untersuchung der Halbleitereigenschaften von Selenschichten-ist es
-oft notig, auBer dem AusmaBe der Hdlogendotierung auch die verschiedener Phasen
der Herstellung der Schicht auftretenden Anderungen der Dotierung zu verfolgen.
Wihrend des Vakuumaufdampfens bzw. der darauffolgenden Wirmebehandlung
ist ndmlich erfahrungsgemiB mit bedeutenden Verlusten der Halogendotation zu
rechnen, wie es z.B. die Leltfahlgkeltsmessungen zeigen [1].

Zum Nachweis des Halogengehaltes im- Selen sind mehrere, hauptsachllch
<hemische oder spektiroskopische [2] Verfahren bekannt, die den Nachweis sehr kleiner
Halogenmengen ermoglichen, doch den Nachteil aufweisen, daB ihre Anwendung
meistens zur Zerstorung des Pridparates fiihrt. Eine sehr empfindliche und zer-
storungsfreiec Methode ist die Neutronen-Aktivierungs-Analyse [3], die aber eine
ziemlich komplizierte Versuchstechnik voraussetzt. Deshalb wendeten wir zur schnel-
len Bestimmung des Halogengehaltes in den einzelnen Phasen der Herstellung das
vielleicht weniger empfindliche, doch fiir den genannten Zweck besser entsprechende
Verfahren der radioaktiven Isotope an. :

Experimentelles

Als Ausgangsmaterial zur Herstellung der Schichten wurde mit Brom von
bekannter Konzentration dotiertes Selen gebraucht. Als Spurelement wurde dem
Brom trégerstoffreies y-strahlendes Br®? in einer.zur Erreichung der nétigen Aktivi-
tdt ndtigen Menge beigemischt. Aus Losungen des aktiven und inaktiven Broms

* Institut fiir Radiochemie der Attila Jozsef-Universitat, Szeged.
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in CCl, wurde eine Stammlésung von bekannter Aktivitdt hergestellt und zur Er-
zeugung der gewiinschten Bromdotierung beniitzt. (Die Bromkonzentration der

Stammlosung wurde auch mit anderen,

titrimetrischen Methoden kontrolliert.)

) Die Selenschichten wurden auf Al-Plattchen vom 10 mm X [0 mm X 1 mm durch
Vakuumaufdampfen aufgetragen; die Wirmebehandlung erfolgte in -einem Ofen

757
I,
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o
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. . .
\0|\_o_ol
0 .
1 0 iR 1 Morngen 10

Br -Konzentrotion

'Fig. 1. Bromverluste bei der Dotierung des Selens
in Abhingigkeit vom Dotierungsgrad
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E\rqetrugme Br Konzentration

' Fig. 2. Zusammenhang zwischen den eingetragenen und in
die Selenschicht eingebauten Brommengen

bei 110°C bzw. 210°C in Luft-
atmosphire. Die Dicke der
Selenschicht betrugetwa  50u.

Die Aktivitat des Ausgangs-
stoffes bzw. der Schichten wurde
in einem Behalter aus Blei mit
einem 7y-Scintillator, mit Hilfe
eines Ziahlers (Typ Gamma NC-
104) bestimmt,

Versuche und Ergebnisse

. Das Selen wurde mit einer
Bromdotierung von 4.10~3 bis 4
Atomgew. % versehen, indem die
entsprechende Menge der Stamm-
Iésung bei allen Konzentra-
tionen bis zum selben Volumen
mit CCl, erginzt, auf das Selen
gegossen, und dann das CCly bis
zur Gewichtsbestdndigkeit ver-
dampft wurde. Von dem dotier-
ten Selen und der zum Dotieren
gebrauchten Bromldsung wurden

_Muster genommen und ihre

spezifische Aktivitit (/ bzw. [)
gemessen. .
~ Wird die Aktivitdt der zum

Dotieren gebrauchten Bromlo-
sung -.als 100% betrachtet, so.
kann die dem eingebauten Brom
entsprechende relative Aktivitét
(I/I,) in Prozenten ausgedriickt
werden. Fig. 1 zeigt die Menge
des eingebauten Broms in Abhin-
gigkeit von der Dotierungskon-
zentration. Wie aus der Figur
ersichtlich,'bleiben bei der ange-
wandten Dotierungsmethode und
sehr kleinen XKonzentrationen

nahezu 2/3 des eingetragenen Broms im Selen gebunden, bei hoheren Konzentrationen
dagegen nur 10—15%; die Kurve néhert sich asymptotisch dem 5% entsprechenden
Wert. Es ist anzunehmen, daB die eingebaute Brommenge sich einem Sattigungswerte
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nihert, so dafl der Einbau des Broms bei kleineren Konzentrationen fast voll-
stindig ist, wihrend bei hoheren Konzentrationen nur ein kleinerer Teil des ein-

getragenen Broms eingebaut wird. Fig. 2 zeigt den Zusammenhang zwischen dem.

eingetragenen und dem wirklichen Bromgehalt in einem doppelt- -logarithmischen. .
Koordmatensystem .

| p=10"Torr; T,=70°C

Atomgew7 5407

Bromkon_zentration

Fig. 3. Bromverluste wihrend des Aufdampfens und der Wiarmebehandlungen
in Abhanglgkext vom Dotierungsgrad

Fig. 3 stellt dic Abnahme der Dotierung (bzw. der relativen Aktivitdt I ’) wihrend'
des Aufdampfens (Kurve g) bzw. wihrend der Warmebehandlung bei 110 °C und.
210 °C (Kurve b und c) auf die Aktivitit vor dem Aufdampfen (/) bezogen, in dem
Konzentrationsgebiet von 1,3-10~2 bis 2,6-107* Atomgew.% dar. Die Temperatur'
T, der Trigerplatte und der Druck (p) wihrend des Aufdampfens waren in unserem
_ Messungen bei allen Konzentrationen identisch.

Die Abnahme des Halogengehaltes ist auch wihrend des Aufdampfens be-.
deutend und wichst mit zunehmender Konzentration. Der Bromgehalt der Selen--
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schicht wird durch die Wir-
mebehandlung bei 110°C
nicht bedeutend beeinfluBit
(die Anderung betrigt im
Durchschnitt etwa 5%), in

40 \ der Nihe des Schmelzpunktes
' des Selens (210°C) ist die

: ZﬁmLA%rzlgevZBr ' _ Abnahme  durchschnittlich

' 10—12% und nimmt bei

3! : l ' kleineren Konzentrationen
N 10* 0 0 Tr ° merklich zu. Die Kurven d,

: p B e, [ zeigen .die vorerwdhn-

Fig. 4. Abhingigkeit der Bromverluste vom Vakuum ten Resultate auf I, bezo-
wihrend des Aufdampfens gen. In dem untersuchten Do-

v tierungsbereich werden also

‘von der Ausgangsdotierung bloB 2 bis 20% Brom in die aufgedampfte und ge-
temperte Selenschicht eingebaut, und zwar sind die Verluste vom Dotierungsgrad
.abhingig.

"Fig. 4 zeigt die Anderung des Bromgehaltes als Funktion des Vakuums wihrend
-des Aufdampfens bei einer gegebenen Dotxerungskonzentranon und Tempera-
.tur T,. Die Kurve hat in der Ndhe vom 103 Torr ein flaches Maximum.
In Fig. 5 ist der Bromgehalt der bei verschiedenen Tragerplattentemperaturen-
- T, aufgedampften Schichten in Prozenten des Ausgangstoffes dargestellt. Mit Zu-
nahme der Temperatur 7, nimmt auch die eingebaute Halogenmenge zu. Eine
Erklarung fiir diesen Umstand kann darin gesucht werden, dal3 die Keimbildung
bzw. die Kristallisation, und damit die Aufspaltung der geschlossenem Ketten
des amorphen Selens schon bei 50—60 °C begmnt .was den Einbau der Halogen-
.atome begiinstigt.

0% T F
bl 20 AtomgewA Br g

I'/rf' : p=4[TTOrr /

|
25 0 . B T

Fig. 5. Abhingigkeit der Bromverluste von der Temperatur
" der Tragerplatte wihrend des Aufdampfens
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Wie es durch obige Messungen gezeigt wird, ist die Methode der radioaktiven
Isotope zum Nachweis des Dotierungsgrades sowie der Anderungen des Selen-
gehaltes in verschiedenen Phasen der Herstellung der Schichten gut anwendbar.
- Die Genauigkeit der Methode entspricht — mit Beniitzung der durch die kurze
Halbwertszeit bedingten und anderer iiblichen Korrektionen — derjenigen der
in der Einleitung erwihnten anderen Methoden. Thre Empfindlichkeit ermdglicht
es, Anderungen der Bromkonzentration von 10~% Atomgew.% GroBenordnung

nachzuweisen.
. * % %

Die Verfasser sind Herrn Professor ] A. Bupo I, Direktor des Instituts, fir
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OINPE/EJIEHUE TIPUMECEl FPOMA B CJIOSIX CEJIEHA
METOJIOM MEYEHHBIX ATOMOB

H. Janz, H. Rumnemep, &. IlIupoxman u JI. Fosbau

HpHMeHHJlOCb METoA MEHEHHBIX ATOMOB Jis Haﬁmonenuﬂ U3MEHEHHS IpuMecedl 6poma
B CIOSIX CeJlleHa BO3ZHHUKAIOIIErO WCOAPEHMEM B BAKYYME M IO BIUSIHUEM TePMMYECKOH 06paboTkm.
ITo skcmepuMeHTANbHBIME JAHHBIMH B CJIOH CejleHa BCTPOWIOCH Beero JAamb 2—20% BHECEHHBIX
KoimuecTBo 6poma. Ha BcTpoeHHe Opoma B CIIOH cejieHA BakyyM H TeMnepaTypHas obpaboTka
BO BPEMS HCMNAPEHKMSA OCHOBHOM INMACTHHKH cymecrnex-mo He BIHAIH.






ON THE MECHANISM OF THE ELECTRO-OXIDATION OF n-PROPANOL
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( Received April 20, 1969)

It is concluded from the potential dependence of the non-stationary current of the electro
oxidation of n-propanol that the mechanism is changing with the potential. Further experimenta-
work is in progress.

During the investigations-carried out for studying the electrochemical oxida-
tion of alcohols, methanol, one of the most promising fuel for cells, has been used -
[1—4]. It has been shown that, on Pt electrodes in acid solution, the oxidation
takes place in two main successive steps. The first one is the process -

' CH4Osol - CH‘IOalds—’ CH4—-zOdd‘s + ZH - CHd—ands +zH* +ze - I

in which slow adsorption is followed by fast dlssomatxon and the oxidation of H
atoms. The second step

CH, 0445+ H;0~ CO, + H; z+2+(4—z+2)e ' 11

is the oxidation of adsorbed partlcles contamlng C atoms, in.which the water-
discharge reaction :

H,0 — OH+H* +e -

is regarded as the rate determining step (5). Both reactions are irreversible.

When the electrode comes into contact with methanol; step I occurs pro-
ducing a non-stationary current until the surface coverage of organic substance, @,
reaches its steady-state value. The rate of step II is increasing with @, in steady-state
the rates of steps I and II are equal.

It was found [1, 2] that the kinetics of methanol adsorptlon can be described
by the ROGINSKY—ZELDOVICH equations, which apply to an inhomogeneous adsor-
bent surface with a uniform distribution of the adsorption energies of the adsorp-
tion sites. As regards the composition of adsorbate, the opinions of various authors
differ considerably. From his adsorption measurements, BAGOTZKY came to the-
conclusion that the adsorption product is a three-site bounded COH particle [1, 2).
BIEGLER [3] claims that the adsorption product can be both two-, and three-site
bounded species and that its composition changes with the potential. BREITER [6]

3*
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assumes the possibility of the formation of species containing two carbon atoms
as well.

Recently we have began the investigation of the mechanism of adsorption
and oxidation of n-propanol and related compounds. Assumably, with n-propanol
not only the C—H but also the C—C bond will brake up similarly as in the case of
propane [7].

Preliminary measurements were carried out on a smooth Pt electrode in un- -
stirred 1 N H3PO, solutions with different propanol concentrations; the solutions
were prepared from AR grade reagents and triply distilled water and were de-

. oxigenated by CuO-purified N,. The temperature was maintaned at 60°C. The
cell used was a conventional H-type one. The potentials are referred to NHE.

After applying the potential sequence given in Fig. 1, the electrode potential .
was switched to ¢,,, bringing about a decrease in the intensity of the current due
to step L. If we plot Ig i vs. Ig f, we get a slope of ~ — 0,3 for the first ~ 100 s (Fig. 2).

1500mV- 6 times

30s .
1200mV . It
3Ds {mf}
Pox.
Op

LT U B \

-1

5 1 L

2 ts i z gt is)
Fig. 1. Potential steps applied ' Fig. 2. Current-time behaviour

at the pretreatment of electrodes at @, =const

This value conforms fo_the Kinetics of adsorption taking place on a surface with a
logarithmic distribution of the adsorption energies of the adsorption sites [8]. Accord-
ingly, the relationship between @ and the adsorption time ¢ is

1

0 = At™ ' ' (1)

where A4, n, and a are constants, a=0,5. The current is controlled by the rate of

adsorption
1
-1
z~kd70—_k’"’ , 2

and thus

lgi=1gk'+ [—I——I]Igt 3)
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For the slope we get
' L =—0,3
] no
and

' n=3,

Over ~ 100 s, the electrical charge Q, flowing through the electrode during time ¢ and
.at potential ¢ might be defined formally as .

.Q'= Bexp [%]Vt_ ,' @

if it is controlled by the diffusion. In equation (4) B represents the diffusional para-.
meters, z is the charge transfer for the overall reaction, v is the stoichiometric factor.

F — .. .
On dete'rmining the m=Bexp f_IBZT ¢ values from the Q — J/¢ diagram obtained

from the experimental data at different potentials, and plotting their logarithms
against ¢, we should get a straight »
line provided that B and z/v are cons- '
tants, from the slope of which the z/v '9™
ratio can be calculated.

: This expected line appears between ~ OF
600—800 mV with a slope of 2 (Fig. 3).
Thus

2,3zBF 2
VyRT -4t

and if §=0,5 we get

v = 18z, 2 .
. - Il 1 1 i L i i —1 -
This ratio is equal to the number of k00 600 800 1000 mV (RHE]
electrons released during the oxidation g 3 Dependence of log 7 on ey, [alc.]=0,5 M.
of one propanol molecule to CO,. The shapes of curves have been found similar at
The potential range of 600—800mV  0,25,0,1, and 0,04 propanol concentrations

is in the double- layer region, where the
whole surface is free and suitable for adsorptlon and oxidation. Assummg the
alcohol concentration gradient to be the same in the whole potential range investiga-
ted, the decline of the curve at lower potentials might be attributed to (i) the de-
crease in the ability of the surface for adsorption and oxidation, (if) the decrease
and increase in the values of z and v, respectively.- The decrease in the value of z
- might be in connection with the formation of end-products different from CO,.
Above 800 mV, the steep rise observable on the curve could, however, be brought -
about by the increase in surface area or by the decrease and increase in the values
of v-and z, respectively. Since in this potential range the ability of the surface for
adsorption decreases due to the oxygen/hydroxide adsorption, and since the z value
given above is the largest possible, the rise above 800 mV might be related to the
decrease in the value of v. If this is the case, we should assume that another reac-
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tion will play the role of the rate determining step different from than that at lower
potentials. Above 1000 mV the adsorption of organic substance greatly diminishes
due to the increase in oxygen coverage [1, 2]. '

Investigations are in progress to determine the mechamsm of adsorption and
oxydation.
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(o] MEXAHI/I3ME JJIEKTPOOKUCJIEHUA s-TTPOITAHOJIA
M. Hosar, Ul. Yamu

Ha ocHoBe 3aBHCHMOCTﬁ HCCTAHOHAPHOTrO TOKAa OT NOTCHI{HAA (333 (o} 3aK1fO4€HO, 4TO
MEXAaHA3M OKHCJICHHA H-MIPOTIAHOJNIA H3MCHSCTCA C IIOTCHLIHaHOM 3KCHCDKM€HTaHbHa${ pa60Ta
NPOAOIDKACTCA. .



XUMHA 1,3-BUOYHKIIMOHAJIBHBIX CUCTEM. XI!

Wccneqosanne npespamenuii 5,5-mnanaxni-1,3-A90KCaHoB HAa KaTa/M3aTope
P1/T ¢ npumMeneHHeM MHKPOPEAKTOPHOI TEXHHKH

n. ATIBOK, M. BAPTOK u P. A. KAPAXAHOB?

Kadenpa opranuueckoit xumun Yrusepcutera uMm. Moxeda ATTHmI,
" r. Ceren )

(Tocmynuao e pedaxyuro 30-020 noadpa, 1969 2. )‘

Hamut 6BUI0 HCCNIEAOBAHO KATANWTHYECKOE MPEBPAMIEHHE HEKOTOPHIX S-3aMEIUEHHBIX 1,3-0u-
OKCaHOB Ha KaTtaimmzaTope PT/T B mpucyrtcTeuu Bomopona mpd 200—350 °C ¢ ucmosnmw3oBaHueM
MHKPOpPEAKTOPHOH TEXHMkH. BbUIM OnpeneficHbl H3MECHEHHE CTENEHA NpPEpPAlleHWs U THaBHbIE
HATIPaBJIEHUsI peaxkluil B 3aBUCHMOCTH OT TeMIepaTyphl. PeakilHOHHasi cniocOOHOCTH 5-3aMeluéH-
HBIX IMOKCAHOB HU3MEHSACTCA B 3aBHCHMOCTH OT 3aMecTHrenei. I'MaBHBIMH HalpaBleHUsMH mpe- .
BpALUEHUS SABJSIOTCS ‘W30MEpPH3aliMsi B CJIOXKHBIC 3QGUPHI H, AIKOKCHANLOCTHALI, [MIPOTEHOJIN3
B MOHOYHPH OMOJIa W MOJHOE DACIUEN/ICHHE THOKCAHOBOIO XOMbla .

B psany paHee pacCMOTPEHHEBIX HAMH JHOKCAHOB [1—6] ObLTO U3y4eHO BIHAHHE
aJIKMJILHEIX 3aMeCTHTeNel, PACIONOKEHHBIX HEMIOCPEACTBEHHO PSIAOM C XHMHYECKOM
cBsa3pi0 C—O. PeaknyoHHas crioco6HOCTh W TJIaBHBIC HANIPABJICHAS HpPeBPAIlEHU
IHOKCaHOB OB MHTEPNPETAPOBAHB] HA OCHOBAHUHU B3aWMOAECHCTBUSA 3aMECTHTEIEH
¢ coceaubiMu cBa3aMu C—O. Hcxoas u3 CTpOeHHS MOJIEKYJI 5-aJikKui- M 5,5-muan-
Kuii-1,3-AMOKCAaHOB HE CJICAYET OXKHUAATH CYIIECTBEHHOrQ BIUSHHUS 3aMeCTUTeNeiH
Ha HampaBJieHMe IPEBPAILECHHA, T. K. 3aMECTUTENH HE YKa3BIBAIOT HEMOCPENCT-
Horo BidsiHUA Ha cBA3n C—O. OngHako MpH KOHTAKTHO KATAIHTHYECKHUX IIPeBpallle-
-HHSX, KpOME 3JIEKTPOHHbIX 3(deKkTOB 3aMecTHTENEH, CKa3bIBAETCH OTHOCHTEILHOE
MPOCTPAHCTBEHHOE PACNOJIOKEHHEe MOJIEKYJIBI M ee 3amectureniei. Takoif moaxon
K BOIIPOCY OOBACHAET NoyeMy 1,3-IHOKCAHBI pacCMaTpPUBAIOTCA OTACTBHO OT APYTHX
nuokcaHoB. ITo nuTepaTypHBIM OaHHBIM 5,5-OAankui-1,3-auokcadbl HpeBpallaroTCs
B 3,3-muanxun-f-oxkncd ¢ BuixogoM 10—309% Ha KHCIBIX KaTajM3aTOpPax B MapoBO#
¢aze, mpUYEeM BBIXOH [f-OKHMCEH 3aBHCUT OT YCJOBHH K OT CTPOCHHS. UCXOJHOrO
nuokcana [7—9]. O6pazosanme f-okucd u3'S5,5-nmMmeTHi-1,3-AHOKCAHA aBTOPHI
CBS3BIBAKOT CHMMETPHYHBIM CTPOSHHEM AUOKCaHa, mMpA4YeM oOpasyromiasics 3,3-au-
MeTHJI-B-OKHCh ABNsAeTCA GoNiee CTAGHIBLHOMN CPeNN PasiHyYHBIX SB-OKHCEH. - :

Hamu Obiiw OpoBedeHBI ONBITHI HAI KUCIBIMH KaTalnM3aTOPaMH B TNAPOBOH
dase mo noayuenuro 3,3-OHITHN-B-OKHCH U3 5,5-OM3THI-1,3-1MOKCaHa HA OOBIYHOM
nabopaTopHoil NPOTOYHOW yCTaHOBKE B NpHCYTCTBHH a3sora. Karanusaropom

1 ‘C0061LICHC X: Acta Chim. Hung. (B nesatu).
2 UOX um. H. 1. 3emunckoro AH CCCP.
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cnyxunia ¢ochopras KUCIOTa Ha allIOMOCUAMKATE W Ha Kulellbrype. B mHTepBane
280—410° He HaOmogmanu oOpa3oBaHud S-OKACH BO BCEX AMala3oHaX H3MEHCHUA
KOJIMYECTBA KaTalM3aTopa, 00bEeMHOH CKOPOCTH JWUOKCAHA M BOJBL.

Bonee moapoGHO ObIIM H3YyYeHBI NpeBpaILEHHs S-aNkui- U 5,5-auankui-1,3-au-
OKCaHOB Ha kataym3aTope PT/T® B NMpUCYTCTBMH BOAOPOAA € MOMOUIBIO MHKPO-
peakTopa BMOHTHPOBAHHOTO B Ta30Bbiii XxpoMaTorpad. B Hactoswmeil pabote Obutu
HU3YYEHBI CAEAYIOLIME COeAMHEHHA:

®opmansa: R R, rae R;=R,=CH;(); R;=R,=C,H;(Il);

0_ 0 R, =R, = C,H,(III)

N

Anetans: R Ry rae R,=R,=R;=CH;(V);
OYO . R1=CH3’ R, =R;=C,H;(V);"
R, R,=CH,;, R,=H, R;=C,Hy (VD).

Obcyacoenue pesyasmamos
Kamaaumuueckue npespawenus yuxauueckux ghopmaeti

. B cnyuyae mnpespawuenuss coenubenuit I, II, 1II B pesymprate uzomMepuzauuu
obpasytorcst popMuatel. OAHAKO, BCIECACTBUE PACHIETUIEHHs] TMOKCHOBOIO  KOJIbIA
M Pa3fMYHBIX BTOPHYHBIX IIPOLECCOB, OODPA3ylOTCA Takxe OOJbUIME KOJMYECTBA
ra3o00pa3HbIX NPOAYKTOB.

JIns cpaBHeHus peaKUHOHHOM ciocobnocth 1,3-nnokcanos, Ha puc. 1 npuseiena

" crenenb mpeBpalueHus coenuneHnit I-II1 w 1,3-auokcana?,

Kak BunHo u3 puc. 1 peaknuoHHas cnoco6HocTh yObIBaeT B paay 5-6yTui- =5,5-
OHITHII- > 5,5-numeTun-1,3-quokcan > 1,3-nuokcan. B KaTanu3aTax B BEILICONHCAH-
HOM psfly COeNMHEHHWH HaHAEHBI COOTBeTCTBy}OLU.I/Ie q)opMnaTH npu TeMnepaType
300° c-sbixomamu: 17,5; 8; 17; 6.

Kamanumuueckue npespaiyenus yukAU4eCcKux at;ema/teﬁ

HpeBpaLueme coenuHenuii IV, V, VI Gbl11 H3y4YeHbl HAMU IIPH TEX XKe YCJIOBHAX
na xatanuzatope P1/T B npucyrcTBuM Bomopona. IIpoucxoast e e caMble Ipo-
1ieccel, KOTOpble Habjromanuch B ciyvae 2-ankui-1,3-avokcanoB [1—3]. TnaBHbIM
TIPOLIECCOM SIBJISIETCS. M30MEPH3alusA B COOTBETCTBYIOWMH cioxHbrit 3¢up. Cocras
KaTaNu3aToB OblLJI ONpeJeseH C MOMOILBIO [a30BOil Xpomarorpaduu. Pe3ynbTaThl
aHaju3a B CiIyyae coeinHeH#s V mpuBeneHs B 1abu. 1 ¥ Ha puc. 2.

Kak BHAHO M3 3THX [AHHBIX, TJIABHBIM NMPOAYKTOM IpEBpAIlCHHS SBIAETCH
CJIOKHBIA 3Hp, BHIXOA KOTOPOTO HPOXOAUT 4Yepe3 MAKCHMYyM -B 3aBUCHMOCTH OT
TeMnepaTypsl. Bbixoa ra3000pa3HbIX M JETKOKHIALMX NPOAYKTOB BO3pacraeT

3 CHHTe3 M (PU3HYECKHE CBOMCTBA MCXOAHBIX coenHHeHMit cM. mo nuT. {10, 12], a nomyuenue
M CBoi¥icTBa xatammsatopa Pt/T mo awr. [11, 12}
¢ IMpesparuenne 1,3-auokcana naHo mo nut. [2].
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Tabnuua 1

IlpeBpainenne 2-meTHI-5,5-mmaTun-1,3-auokcana ua Pr/T

275

TéwiepaTypa °C 245 265 295 315 340
CreneHb mpeBpailicHus B % 8 17 24 . 56 . 79 90
2,2-AusTWmponuiaueTat % 3 9 15 38 60 55
1-Drokcu-2,2-maaTAmmponaron —3 % 2 3 3 4 1 1

3 .5 6 14 . 17 34

Jlerkokumnamue npoaykTel %

-C TOBHILIEHHEM TeMHOEPATypHl.

Ha ocHoBanuuM xpomaTtorpadudeckoro asanimsa

MpeTOKERa CIIeNYyIOas cXeMa NpeBpalleHus V:
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Crenens . npepauicuas VI u
BBIXOJIbI 00 pa3ytoiuxcst IpoayKTOB
B 3aBHCAMOCTH OT TeMIepaTypbi
TOKa3aHbl Ha puC. 4.

B Havane mnpespalleHus (npu
HU3KUX TEMIIEpaTypax) CyMMapHBIi
-0 BBIXOJ{ aJIKOKCHANBAErNaa U MOHO-
Gy o on 3¢bupa OHONa MPEBOCXOAMT BBIXOA
ALY mdieey,  CITOKHOTO 3¢upa. C HOBBILIEHHEM
37 aeesanunriius srodyems FeMIIEPATYPBI KONHYECTBO JIETKOKH-

TSUHAX MPOLYKTOB MOCTENEHHO BO3-
pacraer, . OOHaKO HE TaK pe3Ko,
4TOOBI KOMIIEHCHPOBAaThs YMEHbLLIE-

Gty

[
4= GHO-CHLH-LT,
o4
5= ,-0-CH, A -CH-0H

3

Puc. 4. aMenenne CTENEHN TpeBpaLlECHUs
M BBIXOAOB I7IaBHBIX TIPOAYKTOB {IPH NpEB-

200 250 300

pamenun VI
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#Hye BHIXOAOB aJIKOKCHAJbAErHaa U MoHo3pupa auona. B To xe BpeMs BBIXOA
-CJIOXHOrO 3(Upa 3HAYMTENBHO YBENMYMBAETCA. OTH NAHHBIE CBUAETENLCTBYIOT O
TOM, 4YTO C TMOBBILIEHHEM TEMNEPATYphl BO3pACTaeT U3OMPATENbHOCTH H3OMEPH-
3a0dd B CJAOXHBIA 3QMp 3a cYeT OPYrux HampaBJIeHWH peakUu# No cieayollei
<xeMe TpeBpaleHus VI: :

G g 0

CH-CH-0-CH-CH-0? CHy-C*

(¢%) ‘/7'\ CHs : cocﬂcf/c

. oH g _7 6'/7’ (zsr?’}

S 4l Ty 37 .

CH-CH-0-CHCH-CH-00 = 2500, c//,-afp + CH,~CH-OH

(44%) ToH N T A
G H-CH-CZ
’ 6"//3 ~H (57%)
G, Hy-CH-CH 0K

CH,
Imn Plfy; H, 200
Cmenens /;,ael,oa«{e/ﬂm. 44,2% .

Ipu cpaBHeHuH ocobeHHOCTE TIpeBpalliesi W3OMEPHBIX ‘JIHOKCAHOB VvV u VL
‘MOXHO BHMAETH, YTO CTENEHb npeBpaLueHm{ Oonbme coegunenus VI (cMm. puc. 5).
WUHpiMe crioBaMu  2-METHJI-5,5- nmmn-nuoxcaﬂ 1,3(V) sBnsietca Ooriee cra-
‘OMJILHBIM Cpedd IBYX H30-

" MepoB. Panblie HaMu ObLIO 100}
' moka3aHo [4, 5], uto ¢ poc- .
TOM -YHCJIA JIKUBHBIX 3a- 90

MeECTHUTEJIel Yy aToMa yrie-
poaa C-2 u C-4 (cocenmero .
C aToMaMHd KHCJIOpPOJa) 70
TIOBBIIIAETCS  CKJIOHHOCTh
JIMOKCaHa K PeBpallieHHIO,
T. €. CTAaOMJILHOCTh KOJIblIA
. 'YMEHbllIaeTcs. 3pxech Ha- -
obopoT, poct uMcia aj-
KHIbHBIX 3aMeCTHTENEH ITo-
BBILIAET CTAGUILHOCTH MO- 30
JIEKYJIBI. DTH pe3ynbTaThl :
aHAJOrMYHBI AAHHbIM, MO- 20
JIyYEHHBIM TP TIpeBpa-
LEeHHH ff-OKHceldl Ha KaTa- 0
mu3atope P1/T B mpucyr-
cTBUH Bogopoaa [13]. ‘ 150 - 200 250 - 7 350 C
o xacaercs np OLieH- Puc. 5. CpaBrenue U3MeHEHHE CTENEHH NpeBpalleHus 1,3-a1ox-

THOro COOTHOLUCH”’L PO~ canoB — uMKAMYECKHX aLeTanell — HA ‘P1/T B TOKE BOmOpOAA
LYKTOB IpeBpallieHUH, pac- : B 3aBHCHMOCTH OT TEMIIEPATYPhI

C a0t

6ot
50

40

A rpedpauyennoco dvoncana
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cMaTpuBaeMbIX 5-3aMellEHHBIX-1,3-AMOKCAHOB BHIHO, 4YTO B ciy4yae VI Bbixonbl
ci0XHOTO 3GhHpa, aNKOKCHaNbleTd/a U AMOAMOHO3GUpa Gosblle, yeM B ciiydae V
B AQHAJOTUYHBIX TeMIIEpaTypPHBIX YCIOBUSIX.

ConocraBnsis pe3yjbTaThl, NOJy4YeHHbIe NPH NpPEBpalleHUH psana S-3aMeléH-
HbIXx-1,3-1MOKCaHOB Ha xaTanu3atope Pr1/T B NpHCYTCTBMM BOAOPOJA, MOXKHO
clenaThb CJleAytollde BLIBOABL:

1. ANKuibHBle 3aMECTUTENIH B 5-O0M NOJOKEHUHA AHOKCAHOBOIO KOMNblA Cno-
CcOOCTBYIOT NpeBpallieHHIO KaK B Cliyyae d)opmaneﬁ TaK ¥ B cliyyae aueTajieil.

2. C pocToM MONEKYJISPHOIO Beca 3aMeCTHTeNieil Bo3pacTaeT CTeleHb Mpe-
BpALLUEHHSI.

3. IlpucyTcTBHE ABYX 3aMeECTHTEnel B 5-oM nonoxcemm MPUBOONT K YMEHb-
LUIEHHIO CKJIOHHOCTH K NPEBPALLEHHIO 110 CPABHEHHIO OJHUM 3AMECTUTENEM C OAH-
HAKOBBIM MOJIEKYJIIPHBIM BECOM.

4. T'naBupie HanpaBiIEHWs NPEBPailleHUHl COOTBETCTBYIOT HAWAEHHBIM HaMH
paHee HanpaBJICHUSIM.

5. B ciyuae anmeraneif mpeobnanaer u3oMepr3alus B CIOXHBIA 3Qup.

6. W3 HacTosIMX W MpEAbIAYWMX IKCNEePHMEHTaNbHBIX JAaHHBIX BHUAHO, YTO
B psy anKwi3aMeluEHHBIX 1,3-AMOKCaHOB BIMsiHHE 3aMECTHTENIeH B 3aBHCHMMOCTH
OT UX INOJIOXEHHS B KOJIbLIE JHOKCAaHA yObiBaeT B pany: C-2>C-4 =C-5.

* k Xk

JlurepaTypa

[11 Ansox, H., M. Bapmok, P. A. Kapaxanos, H. H. Hlyixun: 38. AH CCCP, cep. xuM. 1968,
2357.
2] Anvox, H., M. Bapmox, P. A. Kapaxanos, K. Koeuau: Acta Phys et Chem. Szeged 14, 99
(1968).

[31 Anvor, H M. Bapmok, P. A. Kapaxarnos, H. H. Ulviikun: Ycnexu Xumuau 38, 72 (1969).

[4) Bartok, M J. Apjok, R. A. Karakhanov, K. Kovdcs: Acta Chim. Hung. (8 nella'm)

[5] Ansor, H.,-M. Bapmox, P. A. Kapaxanos, K. Kosau: Acta Phys. et Chem. Szeged (s

_Teyatu).

[6] Ansox, H., M. Bapmok: Acta Chim. Hung. (B neuatun).

7 Rondestvea't Ch. S., Jr.: J. Am. Chem. Soc.; 84, 3319 (1962).

[8] Wirth, M. M.: Anrn. nart., 882 885 (1959); C, A., 56, 11 572 (1962).

9] ll[yz'u\'un,vH. H., M. bapmox, b. Kozsa: U3ss. AH CCCP cep. xum. 1967, 157.

[10] Ansor, H., M. Bapmor, P. A. Kapaxanos, H H. Wyiikun: 38. AH CCCP cep. xum. 1968,
. 352

[11] Barték, M., Sz. Fényi: Acta Phys. et Chem. Szeged 12, 157 (1966)

{12) Ansox, H.: Kaﬂnunarcxaﬂ nucceprauus, Mocksa, 1969

CHEMISTRY OF 1,3-BIFUNCTIONAL SYSTEMS. XI .
Study of transformation of 5,5-dia1kyl—1,3-diqxan-es on Ptft catalyst by microreactor technique
J. Apjok, M. Bariék, R. A. Karakhanov

- Transformation of some 5-substituted 1,3-dioxanes on Pt/T catalyst was studied in the presence
of hydrogen at 200—350 °C by microreactor technique. Change of the transformation degree and
its main trends were determined in the function of the temperature. Reactivity of the S-substituted
dioxanes changed with the substituents. The chief trends of the transformation are as follows:
isomerization into ester and alkoxyaldehyde, resp., hydrogenolysis into diol-monoether, and total
fragmentation of the dioxane ring.



THE EFFECT OF THE SUBSTITUENTS
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and
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The condensation of p-substituted acetophenones with benzaldehydes has been carried out in
abs. ethanol contaning 30% hydrogen chloride as the catalyst. On the basis of the yields of chal-
cones qualitative conclusions have been drawn regarding the influence of the substitutents on the
condensation. It has been found that the electron-releasing- substituents of benzaldehyde and the
electron—wuhdrawmg substituents of acetophenone are fayourable for the condensation.

We have reported previously that p-hidroxy- and.p-methoxybenzaldehyde with
nitro-, hydroxy- and nitro-hidroxyacetophenones in abs. ethanol containing 30%
hydrogen chloride gave better yields of corresponding chalcones than p-nitrobenz-
aldehyde [1]. On theé basis of these results the effect of the substituents on the acid-
catalyzed chalcone formation has been examined more extensively in the present
work.

The acid-catalyzed reactions of the substituted acetophenones with benzaldehydes
were carried out by allowing the equimolecular amounts of the reactants to stand
at room température in abs. etanol containing 30% hydrogen chloride. Two runs
of the condensations were effected. The reaction time of the one run was two and
that of the other five hours.

The expected chalcones obtained in these experlments are listed in Table I.

Table 1T shows the yields of the above chalcones in the two runs of the con-
densation.

It is seen that the yields are hlghest with p-hydroxy- and p- methoxy -benzal-
dehyde and lowest with p-nitrobenzaldehyde. It is striking that benzaldehyde gi--
ves lower yields with substituted acetophenones than p-chloro-bénzaldehyde with
acetophenones, and the yields are much better than with benzaldehyde. However in
the condensations of benzaldehyde there is a possibility for the addition of hydrogen
chloride [2]. As concluded from the yields p-methoxy-, p-hidroxy-p-chloro- and
p-methylbenzaldehyde have almost equivalent effects on the condensation. The



' Table 1 ,
Chalcones from the acid-catalyzed chalcone formation
A Carbon ‘Hydrogen Nitrogen Melting point °C
1 r wei
chalcone Formula Molar weight Calcd. Fog{’nd Fo;J{)nd Calcd. Fo;nd Found.| Liter.
4, 4-dinitro ...l C¢H, O;N, 298.2 60.3 | — 3.3 — 9.3 9.5 209 209
4’-nitro-4-chloro "................. C,sH; O,NCI 287.7 62.6 | — 3.5 — 4.8 5.0 165 164
4’-nitro-4-methyl ................. C,6H,;s0,N 1 267.2 71.8 1 — 49 — 5.2 5.3 166 168
4’-nitro-4-hidroxy................. C;:H,;,0,N 269.2 67.9 | — 4.2 — 53 53 202 202
4’-pitro-4-methoxy ............... C,¢H ;0N 283.2 67.8 | — 4.6 — 4.9 4.8 180 179
4’-chloro-4-nitro ................. CysH, O,NCI | 287.6 622 | —- 3.5 — 4.8 5.0 163 164
4 ,-4-dichloro .................... CsH, OCl, 277.0 65.0 | 652 | 3,6 3,7 — —_ 157 157
4-chloro-.. .. .covueeei i C,;;H;,0CI 242.6 722} 72.2 ) 4.5 4.6 — — 98 98
4’chloro-4-methyl ................ C,sH;50CI 256.7 74.8 | 74.6 | 5.1 53 — — 161 165
4’-chloro-4-hidroxy ............... C,;:H,,0,Cl 258.6 69.6 | 69.9 | 4.2 4.4 — — 178 174
4’-chloro-4-methoxy .............. C,:H;30,ClI 272.7 704 | 704 | 4,8 4,9 — — 125 128
Y13 o S P C;sH,;O,N 253.2 71.1 — .| 43 — 5.5 5.7 164 162
4-chloro ..vveveeiiiii i, C,:H,;,0Cl 242.6 722 | 724 | 45 4.8 — — 116 116
4-methyl ......... .. i C,sH,,0 222.2 86.4 | 863! 6.3 6.1 — — 85 | 90—101
4-hydroxXy ....oovvrvviinnninnnn Cy:H1:0, 224.2 80.3 | 80.4 5.2 5.4 — — 185 183
4’-methyl-4-nitro ................. C,sH30,N 267.2 71.8 | — 4.9 — 5.2 5.5 160 163
4’-methyl-4-chloro ............... C,sH1,0CI1 256.7 748 | 746 | 5.4 5.2 — 124 122
Yemethyl ..ot C,eH1,0 268.1 864 | 866 | 6.3 6.5 _ — 96 96
4',-dimethy! ..................... C,’H,,O 254.2 864 | 8.6 | 68| 67| — — | -123 129
4’-methyl-4-hidroxy .............. C,4H1,0, 252.1 80.6 | 80.7 | 5.9 5.7 — — 160 —
4’-methyl-4-methoxy .............. C,;H;,0, 238.2 76.1 | 80.6 | 6.3 6.4 — — 98 | 91—126
4’-hidroxy-4-chloro ............... C,;H;,0,Cl 272.7 755 | 69.8 | 4.2 44 — — 190 190
4-hydroxXy ««...iiiiiiiia C,:H,.0, 254.2 809 | 804 | 6.0 6.1 — —_ 176 177
4’-hidroxy-4-methyl .............. 16H140: 240.2 80.6 | 806 | 5.5 5.6 — — 193 143
4, 4-dihidroxy ......c.oeviiiaein 1sH1205 238.2 704 | 76.3 1 6.3 6.4 — _ 203 203
4’-hidroxy-4-methoxy .......... . 140y 224.2 755 | 758 | 59 5.7 — — 189 187
- 4’-methoxy-4-chloro .............. C,¢H,;0.Cl 272.7 704 { 703 48 | 49 — — 129 131
4emethoXy . vvvveneeiiinnnneens 16H140: 238.2 80.6 | 80.8 | 5.9 5.7 — — 106 108
4’-methoxy-4-methyl .............. 17H160, 257.1 - 80.9 { 80.7 6.3 6.4 —_ —_ 117 126
4’-methoxy-4-hidroxy ............. 16H1405 254.2 755 758 5.5 5.6 — —_ 184 188
4, 4-dimethOXy «..v..orieriiierss Cy7H 0, - 268,1 76017631 60 | 61 | — | — | 107 | 97—103
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likely mterpretatmn of this fact is that in the case of p-chlorobenzaldehyde the + M~
éffect is dominant in the acidic medium. A

The above facts mean that the electron-releasing substituents of benzaldehydes.
are favourable, while the electron-withdrawing substituents are disadvantegous in
the acid-catalyzed chalcone formation of substituted benzaldehydes with aceto--
~ phenones, in accordance with earlier observations [1-5]. This effect of the substi--
tuents can be interpreted on the basis of the reaction mechanism [6, 7];

@C—CH3 = —c—cH,
‘ OH+
@c—cm -H @-C:CHZ
_ 0H+ |

. '
O¢s©
I \
O
carbonium mechanism J enol mechanism
oy ® Ogovp@
' 0H+ -
) —HzO |—H+ ’ :
Otor0 Orpop©

l—H*‘ —HzO

QiD= O
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Table 11
The yields (%) of chalcones

57 1 34| 48 33 55 41 | 53| 24| 38 29
21 8 39 28 81 51 | 46110} 36 26

p-methyl ......... 13
acetophenone ... .. 12

-benzaldehyde
Reaction b
. components i - . . " enz-
|e ! P p-nitro | p-chloro | p-methoxy | p-hydroxy |p mefhyl aldehyde
21—

;5| Reactiontimehours| 5| 2| 5| 2 5 2 5 2 5102 5 2
Sip-nitro ........... 20 13 | 71 | S5 80 76 68 45 1 86| 75 60 40
§ p-chloro ......... 121 10| 67 | 33 66 50 84 83 182 |74 41 20
| p-methoxy ........] — | — |26 ] 23] 43 36 72 71 | 46 | 60§ 29 11

1 yp-hydroxy ........ — | —]140j30| 78 72 82 78 | 78 | 58 43 19

9
4

Novce supposed, that the likely explanation of the favourable effect of
'the electron-releasing methoxyl substituent may be founded upon the increase of
‘the basicity of benzaldehyde in the condensation step [8]. Because of this increase
‘the concentration of the protonic salt of aldehyde thus increase the ease of the
-condensation. Besides it is presumable that the electron-releasing substituents
‘facilitate the separation of the hidroxyl ion in the final step of the condensation.
Hence the electron-releasing substituents promote the reaction both in the condensa-
‘tion and the dehydration step.

Concerning the effect of the substituents of the acetophenone component on
ithe condensation may be similarly derived from Table II. p-Nitro- and p-chloro-
.acetophenone gave generally better yields with substituted benzaldehydes than the
.other acetophenones. From this fact it can be concluded that the-electron- with-
draving nitro and chloro substituents of the acetophenone component favour the
condensation. They promote the enolization of the ketone component in the first
reaction step and the elimination of the proton in the final step of the reaction.

Our results concerning the effect of the subtituents of the acetophenone com-
ponent are in accordance with LYLE'S observations [2].

EXPERIMENTAL

Cold abs. ethanol was saturated with gaseous hydrogen chloride and the solution was diluted
‘to the required 30 prozent. 10 ml of this catalyst solution was used to effect the condensation of the -
reactants in amounts of 1 mmole each. After the reaction had been completed, the mixture was
-diluted with cold water to 40—50 ml and neutralized with a cold solution of sodium hydroxid to
Pu 7. After allowing the mixture to stand several days at room temperature, the precnpltate was
iltered off and recrystallized from aquous’ ethanol or acetone.
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B}'[I/[HHI/IE 3AMECTHMTEJIEI! HA OBPA30OBAHUE KAJIBKOHA
KATAJIM30OBAHHOE KUCJIOTAMU

A. Hlunow, U. Yex, A. Kasvmap

Konpencamsa ¢ OenzanbiernaamMm Tapa-3aMelieHHBIX CyNTb(OHATOB Obila OCYLIECTBIIEHA
B abcomoTHoM cnEpTe cojepxaileM 30% XmopucToro BOZopoAa Kak kKarajausaTopa. Ha ocHoBe
JAHHBIX BBITYCKA BBIBOABI OBLIM CHENAHBL O BIMSHHM 3aMECTHTEEH OKa3aHHOM Ha KOHISHCALHIO,
Mony4nnocs, 4T0 3aMecTUTENN GeH3aNbICIAIA KOTOPDIE BEIIYCKAIOT M T€ aUeTO(EHOHbI KOTOPLIE
TIDETATABAIOT JIEKTPOHbBI, BHITOAHO BIHAIOT HA KOHICHCAUMIO,






UNTERSUCHUNG DER REAKTIVITAT :
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‘ . und -

- F. SIROKMAN

' Léhrstuhl fur Radiochemie der Attila Jozsef Universitéit Szeged, -

(Eingegangen am 1. ]_)ezémbef 1969)

Mit den von uns ausgearbeitetéen Zerstdubungsmethoden wurden Metallpulver aus verschie-

“denen Metallen mit bestimmter TeilchengriiBe_ hergestellt. Beim Studium ihrer Wechselwirkungen

mit Wasser zeigte sich, daB bei geringer Kornchengrofie das Al und Mg mit groBerer Geschwin- -
digkeit hydrolysiert w1rd als das Zn, Cd, Pb, Sn, Fe und Bi. Einer Hydrolyse nicht zuginglich waren

-die Metallpulver Ni, W, Cu und Co. Qualltatlv wurde die Wirkung der TeilchengroBse auf die

Hydrolyse untersuclit. Gepruft wurde die chemische Aktivitdt der Metallpulver im Falle von Haloi-

den; auf Grund. der Ergebnlsse wiinschen wir die Anwendung der hochaktiven und hochreinen

Metallpulver mit winziger TellchengroBe auf chemlsche, in ‘erster Linie auf Wurtz-artlge Reaktlonen

auszudehnen .

In einer vorangegangenen Mitteilung [1] beschrieben wir, daBl das pyrophore
Blei und das pyrophore Bismuth erfolgreich bei Wurtzschen Synthesen anwendbar
“ist. Dies ist von Bedeutung, weil — obwohl die Alkali-Metalle ausgedehnt bei der
Wurtz-Synthese von Verbindungen verschiedenen Typs-zur Anwendung gelangt
sind—kaum Literaturangaben vorliegen, wonach Wurtz-artige Synthesen mit Nicht-
alkali-Metallen verwirklicht werden. Zu erwihnen sind WisLICENUS [2], der Silber
anwandte, ferner ULIMANN [3], CARLIN und FoLTZ [4] sowie LEWIN und COHEN [5],
die Kupfer benutzten.

Die Literatur enthilt keine Hlnwelse iiber’ Untersuchung der Frage, in welcher -
Weise die verschiedenen Metalle, vor allem in der Reihenfolge ihrer Elektronegativitiit,
aber auch ihrer Oberflichenaktivitit, derartige Reaktionen beeinflussen. Auf Grond
der bereits. skizzierten positiven Ergebnisse setzten wir uns zum Ziel, die Aktivitit
der verschiedenen Metallpulver, vor allem ihre Reaktionen mit Wasser, aber auch
anderweitige physikalische Eigenschaften derselben eingehend. zu studieren, um
daraus folgern zu konnen, in welchem Grade die Metallpulver auf Grund ihrer
Reaktivitdt fiir chemische, in erster Linie Wurtz-artige Reaktionen geeighet sind.

4
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Material und Methoden

Zur Herstellung der Metallpulver beniitzten wir folgende vier von uns aus-
gearbeitete Methoden:

1. Pneumatische Metallzerstdubung [6]

2. Metalloxydreduzierung mit Furfurol [7]

3. Elektromagnetische Metallzerstaubung [8]

4. Metallzerstiubung mit elektrischer Erosion [9].

Die entwickelten Methoden boten eine Moglichkeit zur Anfertigung von Pulvern
mit bestimmter Teilchengroe und wohl-
definierter Aktivitdit, deren Abmessungen
mit einer elektronenmikroskopischen
MeBmethode bestimmt wurden und zwischen
10 Mikron und 10 Millimikron lagen.
Die beiden elektronenmikroskopischen Auf-
nahmen zeigen die TeilschengroBe des
Mg und Pb; dieses MeBverfahren wurde
auch bei den iibrigen untersuchten Metallpul-
vern angewandt.

e NS, -? pop o Die Pulver verschiedener Metalle wur-

den unter destilliertem Wasser bei Anwen-
dung von Stickstoff-Atmosphédre auch mit-
tels elektrischer Erosion dargestellt, um
ihre Wechselwirkungen mit Wasser unter
den Verhiltnissen ihrer Bildung zu stu-
dieren. Fiir den Vorgang der Hydrolyse
sind die Bildung des Hydrolyseproduktes
und die Entwicklung von Sauerstoff charak-
teristisch.

Zur qualitativen Bewertung der Wurtz-
schen Synthese haben wir die im Laufe der
Fig. 1. Elektronenmikroskopische Aufnah- chemischen Reaktion der organischen Haloi-
me der Mg- und Pb-Pulver bei Anwendung de und Metallpulver entstehenden Metall-
von 4uF/220V und Petroleum als Ar-  haloide im Falle von Mg, Ca, Zn, Cd, Al,

beitsfliissigkeit Grosse des Zeichens 1 u Pb, Bi und Fe erfolgreich, mit positivem
Ergebnis nachgewiesen.

Die bei der qualitativen Bewertung angewandten Alkylhaloide waren: Butyl-
chlorid, Amylbromid, 2-Brom-Zyklohexanol, Monochloressigsdure, Benzylchlorid
und Aethylchlorid.

Experimentelle Ergebnisse

Die Untersuchung der Hydrolyse von Metallpulvern verschiedener Teilchen-
groBe lieB feststellen, daB die Geschwindigkeit der Hydrolyse der Verringerung der
TeilchengréBe proportional zunimmt und auch solche Metallpulver Wasser gegen-
iiber agressiv wurden, bei denen normalerweise eine Wechselwirkung nicht nach-
weibar ist. In Tabelle 1 sind die relativen Geschwindigkeitswerte der Hydrolyse
der untétsuchten Metallpulver zusammengefasst.
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Tabelle 1

Hydrolyse von Metallpulvern bei 25 °C in destllllertem Wasser in

Stlckstoﬁ-Atmosphare
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Metallpulver

Totale Hydrolyse

GroBe 10 mp

GroBe 10
Al, Mg 4 Wochen 3 Tage -
Zn, Cd, Sn, 3 Wochen 6—8 Tage
Pb, Fe, Bi, keine Hydrolyse ’
Ni, W, Cu, Co

" Aus der Tabelle erhellt daB die Hydrolysengeschw1ndlgkelt von der TeilchengroBe
betrachtlich beeinfluBt wird.

) In Vorversuchen wurde zu ermltteln getrachtet, wie die GroBenverrmgerung
die chemische Reaktion mit Alkylhaloiden beeinflult. Es wurde eine relativ dhn-
liche Aktivitatsminderung gefunden wie im Falle des Wassers und festgestellt, daB
mfolge der groBen Oberflichenaktivitit, bzw. des kleinen Krummungsradlus auch
Jene Metalle Wurtz-artige Reéaktionen auslosen, welche in Gestalt von Metallspénen
eine meBbare Umwandlung nicht hervorrufen.

Zur Untersuchung der Wurtzschen Reaktionen wurden auch aus Alkalimetallen
disperse Systeme hergestellt. Es zeigte sich, daB die zunehmende Dispersitit die
klassische Wurtzsche Reaktion kontrollierbarer gestaltet, weil die Na-Konzentra-
. tion kontrollierbar ist und die Menge des isolierbaren Endproduktes erhéht.

Schluﬁfolgerungen

"Die experlmentellen Daten lassen feststellen,-dall die Reaktivitit der unter-
suchten Metalle infolge der Verringerung der TeilchengroBe steigt. Es 148t sich
der Schiuf} ziehen, daB die unmittelbaren chemischen Reaktionen der Organischen
Haloide und der Metalle nicht auf die bekanntlich iiber die elektropositivsten Eigen-
schaften verfiigenden Alkalimetalle und Alkalierdmetalle beschridnkt bleiben, bei
denen der Elektronegativitdtswert zwischen 0,7 und 1,0 liegt, sondern mit Erhéhung
der Porositdt die Reaktionsgeschwindigkeit dermaBen zunimmt, daf3 die Anwend-
barkeit der hochaktiven Metallpulver bei Wurtz-artigen Synthesen in allen Fillen
wahrscheinlich erscheint, wo das Metall links von der B-W-Lini¢ des Periodischen
Systems liegt bzw..seine Elektronegativitit weniger als 1,7 betrigt. Die Reaktivitit
* der untersuchten Metalle mit Wasser und Haloiden stimmt im groBen und ganzen -
mit der Reihenfolge der Elektronegativititswerte liberein, die bei den.gegebenen
Metallen die fo]gende ist: [10, 11]. :

Elektronegativitdt einiger Metalle

Mg Al Zn cd - Pb Sn Fe Bi
1,18 1,48 1,21 1,13 1,56 1,61 1,7 1,8
12 15 1,5 1,5 1,6 1,7 1,7 1,8
Co Ni el w :

1,7 — 0,96 2,0

1,7 1,8 2,0 2,0
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Die ersten Ziffern sind die mit der Gorbyschen Formel errechneten Werte
[1] und die Ziffern der unteren Zeile die derzeit akzeptierten empirischen Werte [11].
Auf Grund der erhaltenen Versuchswerte wurde festgestellt, daB mit der Minde-
rung der Teilchengr6Be die Aktivitat betrdchtlich zunimmt, deshalb muB sich die
" Untersuchung der Reaktivitdt in erster Linie auf die Anwendung bei Wurtz-artigen
Synthesen und auBler 'den schon bekannten Alkali- und Alkali-Erdmetallen auf
alle jene Metalle erstrecken, die einer Hydrolyse mit Wasser zugénglich sind. Diese
untersuchten Metalle sind Aluminium, Zink, Cadmium, Blei, Eisen, Bismuth und
Zinn. Bei diesen Metallen ist die Aktivitdt der Pulver teils wegen der verschiedenen
Elektronegativitit der Metalle, teils wegen der TeilchengréBe in einer breiten Skala
variierbar und ihre Anwendung sichert ein entsprechendes Reagens bei verschiedene
Reaktivitdt beanspruchenden chemischen Umwandlungen bzw. Synthesen im Sinne
der Wurtzschen Reaktion. Neben der Veridnderung der Aktivitit der Metallpulver
bietet sich eine Méoglichkeit zur Anderung der Polaritit der abreiBenden Funktions-
gruppe der organischen Reagenzien und zur Untersuchung der chemischen Reak-
tionen vor allem der Sulfonate (wo eine chemische Reaktion zu beobachten ist),
aber auch der Merkaptane und Karbonséurenitrile. . '
Die Variierung der Reagenzien kann auch von der Wurtzschen Reaktion
. abweichende Umwandlungen zeitigen, wie Reduktion oder partielle Reduktion, die
von Zustandekommen neuer C-C-Bindungen begleitet sind. :
Die Untersuchung der Aktivitdt der aus Metallegierungen hergestellten Pulver
scheint angebracht. Hier ist zu bemerken, dal die Bewertung sich auch auf die
Feinstruktur der:Legierungen stiitzen muf3. Anndhrend wird die Reaktivitdt innerhalb
der gegebenen Legierung von der Elektronegativitits-Reihenfolge bestimmt, doch
verlangt die Wirkung von Spuren verunreinigender Metalle eine eingehende Unter-
suchung, daher ist es kompliziert, die Reaktion durch Abwandlung der Legierungs-
zusammensetzung zu beeinflussen. ZweckmiBiger ist es, die Aktivitdtsdnderung
durch Anwendung eines Metalles in unterschiedlicher TeilchengréBe herbeizufiihren.
Die durchgefiihrten Untersuchungen sichern die Mglichkeit, jene hochreinen Metall-
pulver von winziger TeilchengroBe, die eine grofe chemische Aktivitit zeigten
bei verschiedenen chemischen Reaktionen, vor allem bei Wurtz-schen Synthesen
anzuwenden.
An dieser Stelle sei den Forschern des Elektronen-mikroskopischen Labora-
toriums der Attila Jozsef-Universitit, Herrn N. HALASZ und A. PArRDpucz fiir die
Anferigung der elektronenmikroskopischen Aufnahmen unser Dank ausgesprochen.
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M3VYEHUE AKTUBHOCTU U NTPUMEHUMOCTU PA3JTUYHBIX
METAJ’IJ’II/I‘{FCKI/IX OMNWJIOK B CUHTE3AX BYPLA

. JI. Mecapow, K. II]om @. Hluporman

MeTonoM pacibiieHHs, BHIPaGOTAHHBIM aBTOPAMH METAJUIMYECKHE OMIIKH OIpedeIEHHOTO
pa3Mepa OBUTH M3TOTOBICHEI W3 20 Pa3MYHBIX METamIOB. BHUIO H3yueHO HX B3aWMOAEHCTBHE
C BOIOH M MOJIY4YMIIOCH, YTO NPH COOTBETCTBYIOIIMX pa3Mepax yacThi Al u Mg Gonee Gonbimoi
CKOpPOCTBIO THAponusupyrorcs 4eM Zn, Cd, Pb, Sn, Fe u Bi. Ot MeTayuiu4ecKue OMMIKH HOA-
BEPrajiuCh KaYeCTBEHHBIM MCCIIENOBAHMAM IIPH XMMMHYECKHX DEaKLHsix TAJOMOOB M CyIb(POHATOB.
XuMrueckasi akTUBHOCTE Obli1a McnbiTana. Ha OCHOBE 3TOTO aBTOPE! HAMEPEHHI PACIIHUPATDH IPH-
MEHCHHE CHIIbHO aKTHBHBIX, OYEHB WHCTBIX METAJUIMYECKHX OIMIOK HeGOJBLIIOro pa3Mepa mpH
pEryJIHpOBaHHBIX PEAKUMAX, NPEXKAE BCEro MpH CAHTE3aX xapakrepa Bypua. ) .






NEW METAL CATALYSTS FOR ORGANIC REACTIONS

. By :
L. MESZAROS and ZS. SZHGYARTO

TInstitute of Applied Chemistry, Jazsef Attila University, Szeged
(Received May 2, 1969)

Pyrophoric lead, prepared by the vapour-phase heterogeneous.reaction of lead:
oxide with furfural [1], has been succesfully applied as an agent for coupling organic
halides in Wurtz-like syntheses at temperatures between 20° and 100° [2]. According.
to a recent process, the metal powder was prepared by pneumatic atomization
[3]. Another method consists in the appllcatlon of a current density of about
10 A/mm?2 to a point of molten lead in an electromagnetlc field; resulting in the
formation of a metal powder of very small particle size [4]. 1f an inert gas atmos--
phere is used, the product contains no oxides, and it is as pure as the lump of metal
used in its preparation. This oxide-free, highly pyrophoric metal powder, espzcially’
if the particle size is small (below 2—3 mp), is a useful agent to effect Wurtz-like
syntheses, and the production of the metal powder can be counted continuously
together with the organic reaction. Suitable selection of the. parameters of this.
electromagnetlc atomization process allows the -adjustment of a desired - particle
size, as shown by experiments checked by means of electronmlcroscoplc measure--
ments [5].

This method has now been extended to prepare pure nickel catalysts for hyd-
rogenatlon reactions [6]. If aluminium and nickel electrodes are used in combina--
tion in the electromagnetic process, a Raney-type catalyst may be obtained with-

. the particular advantage that the aluminium component is reactive enough to be--
come converted into AI(OH); on contact with water, and the use ofan alkali hydroxide
for its removal is unnecessary. In this way nickel catalysts completely free from
any alkali metal contamination can be prepared. These catalysts have been found
useful in the hydrogenation of the double and triple bonds of orgamc compounds..

As examples, vanillin.was hydrogenated in ethyl acetate solution in the presence
of a sample of the above catalyst (particle size 10 my) to give-vanillin alcohol in .
75.6% yield. .Cinnamic acid underwent hydrogenation under similar conditions.
(particle size 20 mp) in 1.5—3 hr to give cinnamic aldehyde in yields between 73
and 85%. The sodium-free Raney-type nickel catalyst effected the hydrogenation -
of butene-2-diol-1,4 within 2 hours, to give butene-2-diol-1,4 .in 75% yield.

Another use for the electromagnetic metal atomization process’ tried so far
has been the preparation of copper of small particle size (below 1 micron) and
application of the product as catalyst in the dehydration of methanol and ethanol.

A further improvement consists in the sintering of the metal powders either
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by pressure or by an electric resistance melting method. The sintered products,
pills or platelets, retain their catalytic activity and ensure convenient handling in

‘vapour or of liquid phase processes; further, they offer the p0351b111ty of application
“in fuel cells. : .
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HOBBIM KATAJIM3ATOP-TUIEHKA IS OPf AHUYECKOI'O AHAJIU3A
JI. Mecapow, XK. Cm'zabﬂpmo .

IMopontok crnyapa HUKENA-aIOMHHAA MHJIMMHKPOHHOTO pa3Mepa, NPUrOTOBJIEH B BOOe,
mepexoauT B Ni. ALLAL(OH); u cnocobeH nnist ruAPHPOBaHHKs. DTOT PaH3-HHKeNOBBIH KATANU3ATOP
He coueomn W Cleabl THADOKHCH HATpHS. -
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Untersuchungen von Reaktoren fiir exotherme katalytische Prozesse. II1

Von
L. MESZAROS

Institut fiir Angewandte Chemie der Attila-J6zsef-Universitdt, Szeged

( Eingegangen am 30. November 1969)

Die Ausmaf3vergroBerung der zur Herstellung von Furan aus Furfurol in der Dampfphase auf
oxydativem Wege dienenden Rohrreaktoren wurde in der Langsrichtung versucht. Wird die pro
Reaktoreinheit stiindlich einzuspeisende Reaktionsproduktmenge nicht abgedndert, so daB die
Reaktorlidnge auf das n-fache erhht wird, so wird auch die lineare Geschwindigkeit des Materials
«das n-fache betragen Infolgedessen nimmt.die Turbulenz so zu, daB die Wairmegradienten der

. Einrichtung geringer werden, ihre Reaktionszone verlingert und die Entstehung von Nebenproduk-
ten verringert wird. Die Methoden unserer aus drei Artikeln bestehenden Serie iiber AusmaBver-
groBerung lassen sich nicht nur gesondert, sondern auch kombiniert zur Anwendung bringen.

Im L. Teil wurde ein .langer diinner Rohrreaktor in einer Dimension zum Plan- -
parallelreaktor vergroBert, wobei die Hohe des Reaktors unverdndert blieb. Als
Modellreaktlon benutzen wir die oxydative Dekarboxyllerung des Furfurols zu

“Furan [1].
Im II. Teil wurde ein langer diinner Rohrreaktor-in zwei ‘Dimensionen bzw
-ein Planparallelreaktor entlang einer Dimension vergrofiert, wobei wir — unter

Beibehaltung der Hohe des Reaktors -— zu emer mlt linearen Methoden errelchbaren
‘QuerschnittvergroBerung gelangten.

Im vorliegenden III. Teil erfolgte die AusmaBvergroBerung bel katalytischen
und pordsen Filmreaktoren in der Lingsrichtung des Reaktors. Wegen der geo-
metrischen Analogien ist die Wéirmequellendichte des Raumes eine dhnliche, so
konnen die beiden Reaktortypen.in einem Kapitel erdrtert werden [2].

Bei der Untersuchung von Oxydationszwecken dienenden Rohrreaktoren zeigt
sich, daB die Réaktionszone, d.h. die Wirmeentstehung bei etwa 30% der Léange 1
liegt. Bei der gleichen Reaktion mit Katalysatoranwendung bleibt die Kontakt-
~ zeit' — wenn die Eintrittgeschwindigkeit und die Reaktorlinge um das n-fache ver-
groBert wird — unverdndert. Bei der AusmaBvergroBerung passiert die n-mal groBere
Materialmenge eine n-mal gréfere Warmeaustauschfliche mit n-facher linearer
Geschwindigkeit. Die auf die Oberfiicheneinheit der Rohrwand entfallende Warme
bleibt unverindert, doch sichert die stark erh6hte Turbulenz eine giinstigere Wirme-
" iibergabe in der Dampf- und Gasphase und sogar auch in der Fliissigkeitsphase.
Der Reaktor kann auch in Spiralform in ein Wirmeaustauschbad gesetzt werden.

Die bekannten Filmreaktoren erreichen durch schnell schwingende Wisch-
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schaufeln eine Turbulenz an der glatten Wandoberfliche, welche die aktiven Stelle:
der Reaktion bedeutet. Wir haben das gleiche Ziel mittels schneller Fliissigkeits--
stormung an einer pordsen ,,Filmreaktorwand” erreicht.

Einen Filmreaktor mit pordser Wand haben wir in einem sandgefiillten Rohr
hergestellt. In diesem Falle zeigt das der Filmwirkung ausgesetzte Fliissigkeits-
volumen im Verhiltnis zum Gesamtvolumen des Reaktionsgemisches prozentuell
weit groBere Werte als bei den Filmreaktoren mit glatter Oberfliche. Hier kann
die AusmaBvergroBerung auf die gleiche Weise wie oben geschehen. Die rasche
Stréomung der Fliissigkeit ist mittels Druck durch eine Pumpe oder durch Zentri-
fugalkraft erreichbar [3].

Werden die Wischschaufeln der bekannten Filmreaktoren zu Bandern bzw.
Drihten aufgeschmtten und der Film mit der glelchen Geschwindigkeit mit ihnen
gewischt, so kommt ein héherer Wirkungsgrad, eine intensivere Turbulenz zustande.
Dariiber hinaus kann so an der gleichen Oberfliche eine grofiere Zahl von Wisch-
elementen mit groBerer Geschwindigkeit vorbeibewegt werden ziehen.

" Beniitzt man anstatt der Wischschaufeln rotierende Wischbiirsten, so -14Bt.
sich die bisher bekannte Wischgeschwindigkeit auf mehrere Zehnfache erhdhen, so
die Wiarmeaustausch- und Turbulenzeigenschaften, welche das Kriterium der guten
AusmaBvergroBerung und Wirmeiibergabe darstellen, entsprechend verbessern [4].

Die maximale Wischgeschwindigkeit der bekannten Filmreaktoren betrégt
300—500 m/min. Mit Hilfe unseres Biirstenreaktors haben wir eine Wischgeschwin--
digkeit von 2500 m/min erzielen konnen. Pro Zeit- und Oberflicheneinheit ziehen
mehrere und wirksamere Wischélemente mit fiinffacher Geschwindigkeit voriiber,.
was eine groflere Turbulenz und eine wesentlich groBere chemische Wirksamkeit
bedeutet. Ohne Veridnderung der Filmoberfiiche ist die Intensivierung eine hoch-

- gradigere geworden und die Produktion auf ein Vielfaches gestiegen. Eine Wisch-
biirste von kleinerer Masse hat eine groBere Umfangsgeschwindigkeit und mehr
Wischelemente. Ebenso sind die Warmeaustauscheigenschaften des Apparates besser
geworden. Unser Apparat mit seiner Filmreaktorfliche von 300 cm? und einer
Wischgeschwindigkeit von 2500 m/min vermag pro Sekunde 1/2 Liter Emulsion

" mit einer TeilschengréBe von 0,5 Mikron herzustellen und eignet sich zur Ver-

wirklichung von kontinuierlichen chemischen Reaktionen. Mit dieser Einrichtung
haben wir kontinuierlich auf kaltem Wege Seife hergestellt.

Die Leistung der elektrischen Antriebmotoren pro Kilogramm Gewicht ist
bei groBer Geschwindigkeit am hochsten; sie wurden ohne Geschwindigkeitsdros-v ’
selung verwendet. Die kleine Masse des Drehbiirstenreaktors war in der Néhe der
Achse angebracht die Biegsamkeit der elastischen Drihte schaltet die- fiir die Achse
schiidlichen Schwingungen aus und so haben wir eine fiinffache Wischgeschwindig--
keit erreichen kénnen, wodurch die technologischen Bedingungen vorteilhaften ge--
staltet wurden. Die Elementarfiden der Biirste sind infolge der Zentrifugalkraft
auf Zerreissfestigkeit bennsprucht. Die Struktur wurde leichter, billiger und er-
moglichte eine weitere betrichtliche Erhithung der von uns erreichten Umfangs-~
geschwindigkeit.

Werden an e¢in und derselben Drehachse mehrere Wischbiirsten angebracht
so haben wir die AusmanergroBerung des Rohrreaktors in Richtung der Langsachse
gelbst.

Unter Aawendung der erérterten Mogllchkelten wurde ein katalytlscher Reaktor
fiir Oxydatinonszwecke in der heterogenen Dampfphase entwickelt, dessen Kataly~
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satorraum ein Zylinder ist, dessen Hoéhe und Durchmesser identisch sind. Durch
--einen Drahtbiirsten-Turboventillator werden die oxydativen Reaktionskomponenten
bei 300—400 °C mit so groBer Geschwindigkeit durch den Katalysator in Zirkula-
tion gehalten, dall darin ein Warmegefiile selbst dann nicht zustandekommt, wenn
-das Volumen 100 Liter erreicht. Das Prinzip ist {ibrigens nicht an ein Katalysator-
‘volumen gebunden und -so auch unter Laboratoriums-, ja sogar unter Betriebs-
umstinden erreichbar. Der Vorteil des sich im geschlossenen Raum mit groBer
GeSCthndngelt drehenden Mikroreaktors von CARBERRY, TAJBL und SIMONS ist
seine konzentrations- und warmegradlentenfrele Reaktlonsausfuhrung [5].
Zusammenfassend sei erwédhnt, daB wir in der Artikelserie: ,,Untefsuchungen
von Reaktoren fiir exotherme katalytische Prozesse I, IT und III”” die mittels linearer
Berechnung ausfithrbare AusmalBvergréflerung der von uns entwickelten chemischen -
. Reaktionen, chemischen Technologien, Vérfahren und Apparate gelost haben.
“Unter Verwendung der so dargesteliten Prinzipien zeigen unseres Erachtens die
‘meisten auszufiihrenden chemischen Reaktionen kalorische und geometrische Ana-
logien zu einem unserer Modelle, die es gestatten, unsere linearen AusmanergroBer- '
ungsgrundsitze auch auf andere Themen anzuwenden.

Literatur

T1] Mészdros, L., S. A. Gilde: Acta Phys. et Chem. Szeged 15, 67 (1969).

{2] Mészdaros, L., Gy. Schobel: Untersuchungen von Reaktoren fir exotherm katalytischer, Prozesse,
1I. Acta Phys et Chem. Szeged 15, 163 (1969).

13} Mészaros, L., S. A. Gilde: Sand- ﬁlled column-reactors. Vth Internatlonal Congress of Surface
Activity, Secuon A: Chemistry of the Surface Active Substances. Barcelone, 1968, Compte
rendu A/IL 239 (1969).

T4] Mészdros,-L.: Verfahren und Einrichtung zur Intensivierung der in Flusmgkeﬁsﬁlm sich abspie-
lenden chemischen Reaktionen. Ungarische Patentanmeldung Nr. ME-977 (1968). .

5] Mészdros, L.: Verfahren und Apparat zur Intensivierung der Flu1d Bewegungen. Ungarische .

' Patentanmeldung Nr. ME-1019 (1968).

YBEJIMYEHUE PA3BMEPA TPYBYATBIX U LIETMHBIX PEAKTOPOB
NYTEM VAJIMHEHUA

JI Mecapow

YBennqune paamepa lpyﬁ‘{aTbIX PeaKTOpOB NPOU3BONAMKX dypaH HX (ypdypora OKHCTe-
HHAEM B Ta30Boif (pa3e OBIIO U3yHeHO B NPONOJILHOM HanpasieHud. Eciu momada npo/iykKToB peak-
MK B YaC Ha eIMHULY 00beMa peakTopa He M3MEHSETCH, YBEIMYEHHEM IUTMHBI #-pa3 NUHEapHast
CKOPOCTb BELUECTBA TAKKE YCKOPSETCS --pa3. Takum o0Opazom TypOyJieHUMsa IOJIY4aeTcsl Tak
BEJIMKOM, YTO TEIJIOBbIE FPAAMEHTHI NMPUOOPA YMEHBIIAIOTCA, 30Ha PEAKLNMM YIJIMHACTCS M TMOJy4a-
10TCS MEHBLIE TIPOMEXYTOYHBIX MPOAYKTOB. HacTosias cepust comepxalias TpM CTaTbH 00 yBe-
" JIMYEHHH pa3Mepa MOKET ObITb IPMMEHEHA He TONBKO OTHAENBHO HO M COBMECTHO TIPH YBETUUCHHU
macuraba. .






MATHEMATICAL-STATISTICAL INVESTIGATIONS
ON THE PIGMENT CONTENT OF SZEGED PAPRIKA
' MILLING PRODUCTS IN THE YEARS 1959 TO 1967

By .
. T. HUSZKA!
, School ofv Food Technology, Sieged»,
' (Received November 25, 1968)

One of the most important qualitative characteristics of the milling products of paprika: the-
total pigment content and its changes during the period 1959 to 1967 have been studied. The usual
statistical characteristics (x,’s, R, V) were determined from 7100 analytical data of 5 milling pro--
ducts of different qualities. . .

On the basis of KRAMER’s “non parametric” test the deviations between the pigment contents of
milling products of different qualmes are shown to be significant in the period of study, whereas the:
dev1at10ns within the same quality in different years were not s1gmﬁcant

s &6

In an earlier paper [1] it was pointed out that the processing of the milling.
products of paprika (Capsicum. annuum L. var. longum Szegediense) can be -opti-
mized economically by using linear programming. for calculating the quantities of”
the half products available to be taken in order to obtain a product which fulfils
the specnﬁcatlons for the quality in question. The condition of using linear programm-
ing is, however, that the quahtatlve components determining the quality both of"
the end products and of the prlmary material can be expressed by numerical cha--
racteristics.

In this paper the plgment content of the m1111ng products of paprika is studied.
as a numerical  qualitative characteristic. It must be pointed out that, — though. -
Hungarian paprika has been marketed after obligatory staté-control for more than
fifty years now, this ensuring its constant good quality — still there do not exist.
prescribed numerical characteristics for each property of the products.

Milling products of different qualities (exquisite-delicacy, noble-sweet, half--
sweet, rose, hot) have numerical characteristics, expressed in %, for their ash, sand,.
oil content, etc. specified in the Tespective standards of qualification [2], but there
is-no inland prescription for the evaluation of the total pigment content. Concern--
ing.its colour,. paprika produced for the home market is assessed by comparing.
its colour visually with that of a standard sample, accepted jointly by the represen-
tatives of the producers, commerce and OMMI® The examination has to ascertain.

1 From the Ph. D. theses submitted to the Attiia Jozsef University Szeged (1968).
% State Institute for Qualification of Agricultural Products -
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whether the colour of the product in question is the same as that of the respective
.:standard sample, failing which the product is declared as unsatisfactory. This method
-does not yield any numerical results for the pigment content.

In the foreign trade there are, however, prescriptions on the part of several
-countries not only as to the colours matching the samples, but also concerning
the determination of the total pigment content; therefore also this value has to
be determined in the course of the official qualification performed by the OMMI
-and recorded in the quality certificate issued. The determination of pigment content
is carried out with BENEDEK’s [3] photometrical method, and the results are given
.as g/kg pigment content expressed in capsantin. The pigment content determined
in this way can easily be converted [4] into ASTA3 units used in the USA {5].

Thus, it seemed suitable to consider the results of the measurements of the
plgment contents, listed on the quality certificates of OMMI, as a basis for determin-
mg the numerical characteristics of the pigment content in the course of the process-
‘ing of programmed milling products.

_The numerical measurement of the total pigment content is to be consndered
as a very important information concerning the quality of the milling product,
because its value'is determined by the carotin-like pigment content of the pericarpium
{[6] and this parameter is measurable in every stage of the processing. It must be
-born in mind that both manufacturing and qualifying of paprika milling products .
is concerned with a biological substance, the compositon of which depends on
-several factors (weather, soil etc.) too; besides, the pigment content values of different
batches in processing the same quality may also differ in -many cases. Therefore
‘the results of measurements of the pigment content can only be suitably studied
‘with mathematical-statistical methods, based on data obtained from a great number
-of samples. It is to be expected, however, that the mathematical-statistical analysis
will result not only in determining the values of the usual characteristics, but it =
may also yield information on some controversial questions, such as the necessity.
-of establishing new standard samples for every year, and also the expediency of
‘the qualification on the basis of the total pigment content, instead of standard samples
m quality-controls.

Methods of Statistical Analysis and Evaluation of Data

The data subject to statistical analysis were collected from the results of measure-
‘ments of the pigment content of export milling products of five different qualities,
-carried out at the Department of Paprika Control of OMMI in the years 1959 to
1967. The number of the analysed data was about 7100. Within each quality, the
‘pigment content of the analysed samples can be considered to be a random vari-

.able, more exactly, a continuous random variable. The data collected and grouped
accordmg to years and qualities have been shown in histograms. Considering the
.accuracy of measurement of the Pulfrich photometer used, 0,2 g/kg pigment content
was chosen as a class interval on the absc1ssa and generally 12 to 14 class intervals
~were used.

2 American Spice Trade Association
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From the data grouped into class

intervals, the statistical characteristics .

X, s, R, V'were calculated as follows [7]

. h Kk
X=c+— 2 fid (D
n =3

. l[zkf.dz 2 S0iar]

@)

K}
V=100 ©)
R Xmax mln (4)
where: S _
¢ = midpoint of the class inter-
e val of greatest frequency
~h = width of a class interval |
: (=0,2 g/kg pigment con-
. tent) '
f; = frequency in the i-th class
intervals
k = number of the class inter-
. vals. - :
x; = the midpoint of the i-th
class intervals - .
'x,- —C
d; = . o and
“h .
‘n = 21’ i

The results of the calculations
are shown in. Table 1. The 42 his-
tograms are not presented here

owing to lack of space, but their
evaluation is discussed below.

After estimating the statistical
characteristics, the variance analysis
should have to been carried out
from two points of view, namely

according to qualities, and to years. -
‘Considering that for the year 1959

data were not available for each

quality, the variance analysis has

been carried out for 8 years and
for 5 qualltles

3

Table 1
Statistic Characteristics of the Pigment Contents of the Milling Products of Paprika .

in the years 1959—1967
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expressed in capsantin, according to Benedek

X = mean of total pigment content'in g/kg .
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According to literature (8), it must be ascertained before carrying out the
variance analysis whether the samples to be compared can be supposed to have
been derived from a fundamental set of the same variance. This can be establlshed
with the method known as BARTLETT’s test.

According to BARTLETT’s test, if the value of #% to be found the table belonging
to the corresponding probability is not less than that calculated from equation
(5), then the fundamental assumption of the variances being equal will hold, other-
wise a significant deviation is pointed out by the test, and thus it can be established
that the samples are not derived from sets of normal distribution with the same:
variance.

%2 was calculated with the following equation:

. _ 23026 [ Flog

X

?— 2 (n;—1)log 53]
j=1

where:
r = the number, of groups (r=38) " : :
Ny, Ny ... N, —the number of the samples in .the correspondmg group

f= én—
§* = Zr’ (nj—l)s;“f

-

—

1
A= 3(r—1),1n f]

“The 72 value given in the table for the 7 degrees of freedom of the five examined
milling products of different qualities, the calculated y* value, as well as the compari-
son: of ‘these values are to be found in Table IL.- . . :

“Table 11
Results of The Bartlett Test

: . Degrees
Qualities of free- | 7% 0,95 | % calculated! Comparison Discussion
. dom . ) :

Exquisite- : ’ ’

delicacy 7 14,1 . 28,90 z%c>x20,95 Significant deviation
Noble-sweet 7 14,1 " 18,04 yie=>x% 0,95 - Significant deviation
Half-sweet 7 14,1 . 176,00 x*c=>x%0,95 Significant deviation
Rose 7 14,1 16,41 72c>%%0,95 Significant deviation
Hot 7

14,1 28,30 7> 70,95 Significant deviation

As can be seen, there is a significant deviation among the variances in all cases,
therefore the variance analysis had to be given up in order to avoid the rather tedious.
calculations for fundamental sets of different variances. We have tried instead
to use the so-called non parametrical rank-sum test, as proposed by ZUkAL [9].
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Tishmethod does not require = - Table III
«either the normal distribution of - C " Kramér's Rank-sum Test
the random variable nor the iden=.. * " according té Qualities

ity of the variences of the funda-

mental set. In KRAMER’s rank-sum —— Qualities
" test [10] rank-numbers are assig- Years - Es)i(g:l-NOble- Half.
ned to the mean values, so that - deli- | sweet | sweet | ROse | Hot
rank-number 1:1is given to-the cacy '
highest mean, whereas ' the se- - A .,
.quence of natural-numbers is-as- 1960 T 2 | 3 .| -4 5
--signed as rank-number to the . 1961 ;| 1 2 3 4 1 3
-other mean values arranged ac- }gg‘;': i :32 ; 3 g
cording to their decreasing order. - . 1g9¢q 1 2 | 3 4| s
‘The sum of the rank-number 1965 - 1 2 3 4 5
has to be evaluated, taking into - 1966 1 2 3 4 5
" .account the degrees of freedom 1967 1 2 3 3 4
“and thé level .of probability on  Sum ofall R T

ranks

‘the basis of the table glven by -
KRAMER. ' : :
Table III shows the rank-numbers assigned to the means of the pigment content
-of different qualities and their sums, Table IV the rank numbers of the means ar-
ranged according to the years. -

Table v

Krarner’s Rank-sum Test
According to the Years

o . ) Years
Qualities - .| 1960 | 1961 [ 1962 [ 1963 ; 1964 | 1965 | 1966 | 1967
“Exquisite-delicacy ............... 8 6 2| 3 | 4| 7 5|1
Noble-sweet ............. . 5 6 1 3 | 2 7.1 8 4
Half-sweet ........ [ 6 7 3 1 2 4 5 8
ROSE «ovviiiie it .6 7 8 27 1 5 4 3
HOt « oo 7 6 | 8| 13 a4 2 5 1
:Sum of all ranks ................ 32 32 22 12 13 25 27 17

Results and Discussion

The histograms showing the distribution of the results of measurements of
the pigment content of different qualities for the same yéar do not show the typical
shape of a normal distribution, though they are based -on a rather high number
-of samples, instead, they are rather of a multimodal type. The deviations from the
normal distribution are proved by both the probit calculation and the empirical
«distribution function yielded by the graphs representing the cumulative frequencies.

The deviation from the normal distribution is probably due to the circumstance
‘that several distributions are involved, which also contributes to the mcreased values
-of the standard deviation.

The high values of standard and relatlve deviations (Table I) can also be ex-

5%
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- plained by the fact that in the method of qualification used at present the colour obser-
ved visually plays a determining role. The variance may have been increased by
the circumstance that special requirements were to be met at certain markets, e.g..
when the export paprika product had to be hot and of a large pigment content at
the same time. Had it been possible to collect the data of the mentioned samples.
separately, the variances would have certainly been less.

However, the values of the variance of milling products of the same quality for
8 years can not be considered as the elements of a fundamental set of the same
variance on the basis of the results of BARTLETT s test.

-The comparison of the means of the different quahtles using KRAMER’s. rank-
sum test results, however, in a clear understanding of the facts. It can be seen from .
Table 111 that the mean pigment content of the milling products of exquisite-delicacy
paprika was the highest in each year. For noble-sweet products there was only.
one year (1963) in which the mean of the pigment content was less than that of
the half-sweet products. The mean of the pigment content of the half-sweet product
was higher in every year than that of the rose product; similarly, the rose product
shows a higher mean value than the hot milling product, except for the year 1967. "

According to the table given by KRAMER, if the sum of the rank-numbers in.

the table 8 X5 is between 17 and 31, then there is no significant difference. It can
be seen from Table IIT that the sum of the rank-numbers according to qualities.
shows'a 51gn1ﬁcant dlﬂ'erence for exquisite delicacy, noble sweet, rose and hot mllllng
products.
: ‘In Table IV, arranged according to years to reveal the mﬂuence of the crop-
* ~years, the sum of the rank-numbers should be beyond the range 10 to 35 for the
difference to be significant. This condition not being fulfilled in either of the columns.
of table IV, significant differences among the years cannot be found. .

On the basis of the above, the conclusion can be drawn that the quallﬁcatlon
carried out chiefly on the basis of colour standard samples can be suitably replaced
by a qualification based. on the pigment content; whereas the fluctuations found
in the pigment content of the same quality for different years are not signiﬁcant
From this it-can be concluded that the preparanon of annual standard samples is.

not indespensable.
' The real values of the plgment content of milling products quallﬁed with the
.method of characteristic samples can be given as follows. . |
Pigment content of the product, expresseéd in capsantin:

exquisite products: 3‘,2 +0,4 g/kg,

noble-sweet : 2,8+0,4 g/kg,
half-sweet : 2,4+0,4 g/kg,
rose: - 2,1£0,4 g/kg,
hot: 1,7+0,4 g/kg.

- It can be proposed that the values of the total pigment content should be conside-~
red as a basis of objective qualification, instead of the colour standard samples used
at present.

The qualification carried out on the basns of the total pigment content gives.
a more exact expression of the real value of the milling product; the parameter
can be constantly followed up during the processing and furthermore, by its use
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it is possible to apply linear programming, 'for' assorting_ the half-products and
determining the quantities to be compounded in order to optimize the technology of

productlon ,
S

_ Thanks are due.to Dr. T. SzfLL for his interest and for reading the manuscript.
The author is further gratefu] to Dr.-E. ZUKAL, chief research ofﬁcer, for his advices
and for the kind aid given in statistical-analysis.

References

[1] Huszka, T.: Konzerv és. Paprikaipar (Canned Food and Paprlka Industry) 4, 109 (1968)

{2] Hungarian Standard MSZ 11851—62.

[3] Benedek, L.: Z. U. L. (Journal of Food Control and Research) 107, 228 (1958)

[4] Palotds, J., 1. Konecsni: EVIKE (Food Inspection Bulletm) 10, 260 (1964). -

{5] ASTA Analyucal Methods, Method 19., p. 44—4S.

[61 Cholnoky, L.: L. Zechmeister: M. Chem. F. (Hungarian Journal ‘of Chem:stry) 32, 97- (1926)

[7] -Vincze, I.: Statisztikai min8ségellendrzés (Statistical Quality Control), Kozgazd és Jogi Kiado,
- Bp. 1958), p. 25—34. o .

[8] Ibid., p. 102—105.

9] Zukal E.: Personal commumcatlon

[10] Kramer, A.: Food Techn. 14, 576 (1960).

MATEMATUMUYECKO-CTATUCTUUECKA S :HPOBEPKA AHAJIN30B
COAEPXAHHWA KPACAIINX BEIHECTB B IIOMOJIBHBIX MPOAVKTAX
CETEACKOI O KPACHOT'O IEPLA 3A 1959—1967 IT. -

T. Xycka.

ABTOD NpPOB:pSET U3MEHEHMS CONEPXKAHHA- BCeX KDPACAIIMX BEIECTB, ABIAIOIMXCA ONHOM
M3 BaXKHEHLIMX KA4ECTBEHHBIX XapPaKTEPHCTHK B HOMONBHBIX NPOAYKTAX KPACHOTo mepua B 1959-—
—1967 rr. 3a.u3yyaemplil IEPUOA Ha OCHOBE pe3ynbTaToB 7100 aHANK30B TISTH Pa3sHbIX COPTOB
NOMOJNBHBIX NPOAYKTOB OH YCTAHABJIMBAET OOBIYHBIE CTATUCTHYECKHE XaPAKTEPUCTHKH (X, §, R,- V).
Ha 6a3se ,Henapamerpuueckoil” npobsl Kpamepa oH oGHapy)anaeT CHTHU(HMKAHTHOE pa3fiiyue
COEPXKaHNA KpacALlUMX. BEIECTB B TIOMOJIBHBIX TNPOAYKTaX PAa3HOTO KayecTsa 34 NpOBEpAeMbIH
TIEpHOA, B TO X€ BpeMs OH NOAYEPKUBAET, 4TO pa:«mn‘mu TOTO € COpTa 3a pa3Hble I'OAbI HE ABIIs-
10TCH cnmmbnxan"mbmn . :
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