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If organic compounds containing heteroelements are heated with metallic po-
tassium in vacuum, the reaction is not violent and the heteroelements can be converted
into the corresponding potassium compounds. After reaction of the melt with alcohol
and water, the ions can be determined by suitable microanalytical methods. This method
has been used for the microdetermination of halogens, sulfur, phosphorus, arsenic and
metals in organic compounds.

In the most cases organic compounds must be decomposed totally be-
fore the determination of heteroelements (halogens, sulfur, phosphorus, arse-
nic, metals, etc.) in order to transform the heteroatoms to ionic compounds
which are readily available for analytical determination. The decomposition
can be carried out by oxidation or reduction. Reduction methods mostly give
products more suitable for the determination on the microscale. For example,
in the case of sulfur the quantitative microdetermination of sulfide ions is
simpler and more accurate than the determination of sulfate ions after oxida-
tive decomposition.

The reductive decomposition can be carried out by heating the com-
pound in hydrogen or ammonia gas stream, or by heating and melting with an
alkali or alkali earth metal. Heating with sodium or potassium is well known
in organic qualitative analysis as decomposition according to Lassaigne.

Halogen in compounds where it is not strongly bound can be trans-
formed to the corresponding ion by heating with a solution of alkali or sodium
methoxide. A more energetic method of decomposition consist of heating in an
indifferent solvent containing an alkali metal in finely dispersed or dissolved
form [1]. An even more vigorous method is the shaking of the compound with
a reagent which contains the alkali metal in an active organic bond, such as
disodium biphenyl in ether or tetraethylene glycol dimethyl ether [2, 3].
Some authors [4, 5] were able to decompose even organic fluorine compounds
with a solution of disodium-dimethoxyethane complex.

Melting with an alkali metal to achieve the decomposition of organic
compounds was first proposed by Burger [6]. Zimmermann’s method of
determining sulfur in organic compounds starts similarly [7]. Later Kainz
dealt with this method in several papers [8,9,10], carrying out the determina-

1* Acta Chim. Acad. Sei. Hung. 101, 1979



4 MAZOR: REDUCTIVE DECOMPOSITION OF ORGANIC COMPOUNDS

tion of iodine and bromine, or iodine and chlorine after heating the compounds
in a sealed glass ampoule until appearance of potassium metal vapours. The
method of Belcher et al. [11] for the determination of iodine and bromine
was similar, but done on the submicroscale. Organic fluorine compounds were
heated with potassium in a closed metal bomb for more than an hour at 600 —
650 °C to achieve complete decomposition [12]. A comprehensive survey was
given by Macdonald [13] on the decomposition with alkali metals. Some
authors [14] tried to effect the decomposition before sulfur determination in
an open tube under a layer of glass beads but they had success only with some
non-volatile compounds. The decomposition with alkali metals in an open tube
is dangerous because the metal will ignite in the air further the decomposition
will not be complete, since if the temperature isnot high enough, the high sur-
face tension and viscosity of the molten metal will hinder effective contact
with the organic compound.

We have found experimentally that the danger of burning of the hot
and molten alkali metal as well as the violent reaction with the organic com-
pound can be avoided if the heating is done at 300 —500 °C in vacuum.

Under such conditions only polynitro compounds react violently, yet
do not explode. If the boiling point of the compound is below 100 °C, the de-
composition is not complete because of the early evaporation of the compound.
Elementary sulfur (wich was used as standard in the determination of sulfur)
cannot be decomposed with potassium only, as not only potassium sulfide but
also sulfur compounds of higher oxidation number are formed (e.g. polysul-
fide, thiosulfate). However, if some (3—5 mg) metallic zinc powder is also
added, the decomposition is complete yielding only sulfide.

Procedure

The decomposition of the organic compound to be analyzed is carried
out in the glass apparatus shown in Fig. 1. Fifty to one hundred mg of potas-
sium is placed and pressed with a flat ended glass rod to the bottom of a small
glass test tube. The potassium is prepared by cutting a 10 mm thick slice from
the metal and from this small round cakes, of slightly smaller diameter than
that of the test tube are cut by means of a cork driller or a glass tube with
sharpened edge. The cutting tool is smeared with paraffin oil. The 10 mm long
and 5 mm thick cylinders thus prepared can be stored under paraffin oil.
When used, a cylinder is cut in half and one piece is placed at the bottom of
the test tube, it is covered by 5—10 mg of the organic compound added by
means of a weighing handle : the other piece of the potassium is then placed
into the tube and compressed. Finally a hole is bored in the center of the
potassium filling with a 0.5 mm thick needle, extending to the bottom of the
test tube. This hole makes way for the air trapped under the potassium layer.

Acta Chim. Acad. Sei. Hung. 101, 1979



MAZOR: REDUCTIVE DECOMPOSITION OF ORGANIC COMPOUNDS 5

About 5 ml of water is poured into the outer wessel and the packed test
tube is placed inside the platinum heating spiral attached to the stopper and
finally the latter is inserted into the vessel. The ground glass joint is lubricated
with pure vaseline. Then some water is poured into the collar of the vessel.
The apparatus is evacuated through the side atm and connected to a power
supply such as a battery of4—6 V, or same a.c. source of 5—10 Y and 10—20 A.

Fig. 1.1 — Outer vessel, 2 — glass stopper with heating accessories, 3 — suction tube with

stopcock, 4 — platinum holder wire of about 1.5 mm diameter, 5 - platinum heating spiral of

about 0.5 mm diameter, 6 — copper wire of about 2 mm diameter, 7 — small test tube,
8 — potassium layers, 9 — organic compound between two potassium layers;

sizes are given in mm

The intensity of the current is regulated by a toroid transformer or a sliding
resistor. The intensity of current is slowly increased at a rate such as to heat
the platinum spiral to red hot (about 500 °C) in 20—30 minutes.

For safety it is advisable to cover the apparatus during the heating pe-
riod with a wire basket.

After having completed the heating period, the current is switched off
and the apparatus allowed to cool. The stopcock is opened and after atmospher-
ic pressure has been re-established in the apparatus the stopper is removed
and the test tube lifted from inside of the platinum spiral by means of forceps

Acta Chim. Acad. Sei. Hung. 101, 1979



6 MAZOR: REDUCTIVE DECOMPOSITION OF ORGANIC COMPOUNDS

and placed into a little (about 25 ml, high form) beaker. Ethanol is then poured
into the beaker to cover the tube (about 3—5 ml) and allowed to stand until
the reaction of the residual potassium with the ethanol is over. If the reaction
is slowed down, some water may be poured into the beaker. In the meantime
the stopper of the apparatus is replaced and the vessel is rinsed with some
water by shaking vigorously : this washing liquid is added to the contents of
the beaker. The procedure should be donethreetimes with 2—3 ml of water in
each case. The last portion of water is used also to rinse the test tube. About
20 —30 ml of alkaline solution (0.2—0.5 N) is thus obtained which can be used
as such or after acidification for the determination of the carious elements
(ions).

Not very volatile organic liquids can also be decomposed by the method
described after measuring them in a capillary tube. The drawn end of the
capillary is inserted into the hole which has been bored with a needle through
the potassium layer. In this case the test tube must be heated slowly with
precaution to prevent escape of the liquid from the capillary before the po-
tassium has melted.

Up to now the procedure has been used for the determination of fluorine,
chlorine, bromine, iodine, sulfur, phosphorus, arsenic and metals in organic
compounds. The method seems to be promising for the determination of the
nitrogen content of organic compounds if the organically bound nitrogen is
transformed to cyanide ion during the decomposition.

Methods found to be the best for the microdetermination of the various
elements (ions) in the solutions obtained after decomposition will be reported in
forthcoming papers.
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The Staudinger reaction of acetylaldosyl azides was extended to other azido

sugars affording sugar phosphinimines. The chemical and conformational behaviour of
the phosphinimines was studied by their characteristic reactions and '"H-NMR spectros-

copy.

In an earlier short communication [1] we reported the application of
the Staudinger reaction [2] to acetylated aldosyl azides [3], resulting in the
formation of sugar phosphinimines, a new family of carbohydrate compounds.
Thus, the reaction of the corresponding azido sugars and triphenylphosphine
yielded tetra-0-acetyl-/?-D-glucosyl-, tetra-0-acetyl-/3-D-galactosyl-, tri-O-ace-
tyl-/?-D-xylosyl-, and hepta-0-acetyl-/?-D-cellobiosyl phosphinimines (1, 2, 3
and 4, respectively) which proved to be advantageous precursors of 1V-glyco-

.sides.

1R = N= 1% 2 R= X- PO3 3 R X Pfh
16 R = N(Mc)P031° 17 R X(Mc)PO3le 18 R = N(Me)P03le

23 RN CHCeH4N02(p)

4

Scheme 1

*To whom correspondence should be addressed
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8 KOVACS et al.. PHOSPHINIMINE DERIVATIVES OF ALDOPYRANOSES

Aldosyl phosphinimines were formed not only from fully acetylated
aldosyl azides but, as was expected, also from derivatives protected otherwise,
e.g.4,6-0-benzylidene-2,3-di-0-acetyl-/?-D-glucopyranosyl azide (6), synthesized
from |-/?-azido-D-glucose by standard methods [4], led to phosphinimine 7.

w -'\‘O'- R"0 nil
->n1 __--0
— \ *A ~-R1
OR2 ORz
5 Rl= N3: r2= h 8 R1=N 3; r2= h
6 R1= N3; R2= Ac 9 R'==N3; R2= Ts
7 RR= N=PO03; R2= Ac 10 R1= N=PO03; R2= Ta
19 Itl= jve)P0sle; R2=Ac 20 R' = N(Me)P03le; R2= Ts

Scheme 2

Similarly, the reaction of triphenylphospliine and 2,3,6-tri-0-benzoyl-4-
0-toluene-p-sulfonyl-/?-D-galactopyranosyl azide (9), prepared by the method
of Reist and coworkers [5], resulted in the corresponding phosphinimine 10.

We have recently shown [6, 7] that the triphenylphosphoranylideneamino
group can be attached not only to the anomeric but also to the other carbons
of the pyranose ring.

On the basis of this experience a new sugar phosphinimine (12) was
obtained from the acetylated derivative (11) [8] of methyl-2-azido-2-deoxy-a-
D-altroside [9], having the functional group in axial position on C-2 of the
pyranose ring.

H20 wl
Ir
110
OR"
13 If = N3 R H
14 R1= N3; R2 Ac
2l a N (Me)PO3l 21 b 15 R1= N=P03; R = Ac
22 R1= N(Me)POsle
R2= Ac

24 R1= N = CHC6H4NO2(p)
R2= Ac
Scheme 3
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KOVACS ct al.: PHOSPHINIMINE DERIVATIVES OF ALDOPYRANOSES 9

In a similar way the Staudinger reaction of 14 obtained with deacetona-
tion and subsequent acetylation of 6-azido-6-deoxy-1,2;3,4-di-0-isopropyli-
dene-a-D-galactopyranose [10] led to 1,2,3,4-tetra-0-acetyl-6-deoxy-6-tri-
phenylphosphoranylideneamino-a-D-galactopyranose (15).

The different reactivities of the phosphinimino group enabled us to
transform these compounds to different sugar derivatives. All phosphinimines
were characterized by ready addition with methyl iodide to furnish the cor-
responding IV-methylaminophosphonium salts (16—22). This reaction can be
used for the identification of phosphinimines because the methoiodide salts
are usually easily isolable and more stable than the corresponding phos-
phinimines.

A characteristic property of the sugar phosphinimines is their Wittig-
type reaction with aldehydes to give azomethine derivatives. Thus, treatment
of 1 and 15 with p-nitrobenzaldehyde afforded Schiff bases (23, 24) of the
corresponding amino sugars, which supports the structure of the sugar moiety
of phosphinimines. This reaction provides a simple method to produce azo-
methine derivatives of carbohydrates.

Attempts to deacetylate sugar phosphinimines by Zemplen’s method
gave no free sugar phosphinimines but glycosylamines as a consequence of
decomposition of the phosphinimine moiety. Thus, treatment of 1 and 2 with
methanolic sodium methoxide afforded the well known D-glucosylamine [11]
and D-galactosylamine [11], respectively. This reaction offers a new convenient
synthetic possibility to reduce azides to amines.

Structures of the new sugar phosphinimine derivatives were supported
by their IH-NMR spectra listed in Table I; the latter contains also the data
of some starting azides.

Conformational studies by Pautlsen and coworkers [12] on JV-substitut-
ed-iV-pentopyranosides have shown that the triphenylphosphoranylidene-
amino group has a large anomeric effect forcing this group into axial
position in the case of the /?-anomers. On the other hand, the steric
compression of the bulky phosphinimino group counteracts the anomeric
effect and may afford conformational equilibria between the ClI and 1C
conformers.

The Cl conformation of phosphinimine 7 is considered to be fixed by the
fused 1,3-dioxane ring. In the IH-NMR spectrum of this compound the ano-
meric proton appears at d 4.59 ppm as a doublet of doublets. The splitting of
the expected doublet is due to coupling with the phosphorus atom in the
/3-position (Jp H—= = 20.5 Hz). The large coupling constants of J12 = 8.0 Hz
and Jt-= 9.0 Hz are in good agreement with a Cl conformation. Comparison
of these coupling constants with those for 1 (Jh2= 7.6 Hz; J45~ 8 Hz) shows
that also in the latter case the equilibrium is predominantly shifted tow'ards
the Cl conformer.
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The large coupling constants of J12= 7.9 Hz and J23 = 10.1 Hz found
for 2 also point to a Cl conformation, i.e. to the equatorial position of the
phosphinimino group. The very small coupling constant Ji5~ 0 Hz is in
good agreement with the empirical rule of De Bruyn and Anteunis [13] con-
cerning the gauche couplings of ring protons in pyranoses.

The 1H-NMR spectrum of triphenyl-iV-(2,3,4-tri-0-acetyl-/J-D-xylopy-
ranosyl)phosphinimine (3) in deuterochloroform furnished the coupling con-
stant J4i%a= 8.3 Hz. On the other hand, Paulsen et al. [12] found for the same
coupling 10.0 Hz in dimethyl sulfoxide-d6 and suggested that in this solvent
3 exists almost completely in the Cl conformation. On the basis of these data,
the chloroform solution of 3 contains about 70% of the Cl conformer.

As for 2-substituted derivatives, azide 11 and phosphinimine 12 retain
the Cl conformation (11a and 12a), which is shown by the small values of
their coupling constants J12 (3.5 and 2.8 Hz, respectively). This is surprising,
especially in the case of 12 because it shows the bulky triphenylphosphinimino
group to be in an axial position. On the contrary, when methoiodide derivative
21 was prepared from 12, the conformation of the pyranose ring did change
to 1C as was indicated by the increase of J12 from 2.8 Hz to 6.6 Hz and the
decrease or J45from 7.8 Hz to 3.0 Hz. The fact that, in this case, the bulky
Armethylaminotriphenylphosphonio moiety moves to the favourable equa-
torial position is very probably due not only to the additional steric effect
of the small methyl group but also to the positive charge.

According to our results, the Staudinger reaction is generally applicable
to all azido sugars and may afford sugar phosphinimines. These readily avail-
able derivatives are suitable intermediates in the syntheses of iV-containing
carbohydrates (carbodiimides, heterocyclic derivatives) [14].

Experimental

IR spectra were recorded with a Unicam SP 200 spectrophotometer and the 'H-NMR
spectra were obtained with a JEOL PS-100 instrument in deuterochloroform with tetra-
methylsilane as internal standard. Optical rotations were measured with an Optonpolariméter.

Triphenyl-iV-(2,3,4,6-tetra-0-acetyl-/?-D-glucopyranosyl) phosphinimine (1)

To a suspension of tetra-0-acetyl-/3-D-glucopyranosyl azide [3] (18.5 g, 50 mmol) in dry-
ether (200 ml) a solution of triphenyjphosphine (13.0 g, 50 mmol) in dry ether (50 ml) was
added, and the mixture, protected from moisture, was allowed to stand for 1 h. After the azido
compound had been dissolved with a strong evolution of nitrogen, crystals of 1 started to
separate. After standing overnight in a refrigerator, the crystals were filtered, washed with
dry ether and dried over potassium hydroxide in a vacuum desiccator to obtain the crude
product (25.8 g, 85%), m.p. 134—35 °C. Recrystallization from dry ether gave pure 1 (16.6 g,
55%) as long, colourless needles, m.p. 135—36 °C, [ot][) —18.2° (c = 2, dioxane).

CRHINOIP (607.607). Calcd. P 5.09; CH3CO 28.34. Found P 5.03; CH3CO 27.95%.
Repeated crystallization of the residue obtained by the evaporation of the mother liquors
afforded a further crop of 1 (5.7 g), m.p. 134—35 °C (total yield 22.3 g, 73%).
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D-Glucosylamine (Zemplén deacetylation of 1)

To a solution of 1 (1.8 g, 3 mmol) in anhydrous methanol (9 ml) 2 M methanolic sodium
methoxide (0.1 ml) was added and the solution was left to stand at room temperature for 72 h.
The resulting colourless needles were filtered to obtain /?-D-glucosylamine (0.4 g, 74%), m.p.
125—30 °C, which, after recrystallization from ethanol, melts at 127—29 °C, [a]p + 22.9°
(c = 1, water). Ling and Nanji [15] reported m.p. 127—28 °C and [a]y + 20.3° (water) for
D-glucosylamine.

From the methanolic mother liquor triphenylphosphine oxide was obtained (0.4 g, 48%),
m.p. 152—53 °C (from benzene-petroleum ether) alone or in admixture with an authentic
sample.

Triphenyl-iV-(2,3,4,6-tetra-0-acetyl-/?-D-galactopyranosyl) phosphinimine (2)

To a suspension of tetra-O-acetyl-yS-D-galactopyranosyl azide [3] (7.4 g, 20 mmol) in
dry ether (80 ml) a solution of triphenylphosphine (5.2 g, 20 mmol) in dry ether (20 ml) was
added and the mixture was allowed to stand at room temperature under protection from
moisture. After dissolution of the starting compound, the mixture was refrigerated to obtain
the crude product (10.0 g, 82%), which was recrystallized from dioxane-petroleum ether to
give pure 2 as fine needles (6.2 g, 51%), m.p. 129—30 °C, [oc]D —4.1° (c = 5, dioxane).

C32H AN O (607.607). Calcd. P 5.09; CH3CO 28.34. Found P 5.14; CH3CO 28.25%.

D-Galactosylamine (Zemplén deacetylation of 2)

The solution of 2 (4.86 g, 8 mmol) in anhydrous methanol (20 ml) was treated with 1 M
methanolic sodium methoxide (0.8 ml) at room temperature for 1 h. After standing overnight
in a refrigerator, the separated crystals were filtered, yielding crude D-galactosylamine (1.10 g,
77%), m.p. 132—34 °C. A sample of this compound was crystallized from 80% ethanol to
obtain colourless prisms, m.p. 135—36 °C, [a]p +58° + 69° (c= water).

A conventional acetylation of the crude product (0.5 g) with acetic anhydride (1.5 ml)
and pyridine (5 ml) gave colourless crystals (0.23 g) of 2,3,4,6-tetra-0-acetyl-JV-acetyl-/9-D-
galactopyranosylamine, m.p. 172—73 °C (from ethanol), [aljj +36° (c = 1, chloroform); lit.
[11] m.p., 173 °C, [a]D +34.7° (chloroform).

Evaporation of the methanolic mother liquor and treatment with water afforded tri-
phenylphosphine oxide (1.97 g, 89%), m.p. 155—56 °C (from benzene-petroleum ether) alone
or in admixture with an authentic sample.

Triphenyl-N-(2,3.4-tri-O-acetyl-//-1 >\\lopyrano-N 1)pho-pliininiine (3)

To a suspension of tri-0-acetyl-/?-D-xylopyranosyl azide [3] (12.6 g, 42 mmol) in an-
hydrous ether, triphenylphosphine (11.2 g, 43 mmol) was added and the mixture was left to
stand for 1 h while protected from moisture. After cooling in a refrigerator, the separated white
solid was filtered and washed with ether yielding the crude product (20 g, 89%), m.p. 118—
19 °C, which was recrystallized from dioxane-petroleum ether to obtain pure 3 as colourless
needles (13.4 g, 60%), m.p. 126—28 °C, [a]p> —23.8° (c = 2, dioxane).

C,9H 30NO 7 (535.542). Calcd. N 2.62 ; P 5.78. Found N 2.80 ; P 5.87%.

Triphenyl-n-(2,.3,6,2,3",F ,6,-liepta-0-aeetyl-|'i-1)-cellol)iosyl)phosphininline (4)

To a solution of 2,3,6,27,37,4",6"-hepta-0-acetyl-/?-D-cellobiosyl azide [3] (2.6 g, 4 mmol)
in anhydrous dioxane (8 ml) triphenylphosphine (1.2 g, 5 mmol) in dioxane (4 ml) was added
and the mixture, protected from moisture, was left to stand for 24 h. The solution was added
dropwise to petroleum ether (500 ml) to obtain the crude product which was precipitated
with petroleum ether from a chloroform solution yielding pure 4 as a white powder (2.5 g, 70%),
m.p. 90—95 °C, [a]p +15.7° (c= 2, dioxane).

C44H S0\TOIP (895.867). Calcd. P 3.46; CH3CO 33.63. Found P 3.53; CH3CO 33.75%.
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4,6-0-Benzylidene-/J-D-ghiccpyranosyl azide (5)

A mixture of /?-D-glucopyranosyl azide [3] (4.10 g, 20 mmol), finely powdered zinc
chloride (2.9 g) and benzaldehyde (10 ml) was shaken for 4 h, then poured into cold water.
After successive treating and washing with water, ether, and petroleum ether, the mass solidi-
fied (3.90 g, 67%). Recrystallization from ethanol afforded pure 5 (3.05 g, 52%), m.p. 157—
58 °C, [a]Jo —53° (c = 2.5, acetone).

Ci3H 19N306 (293.287). Calcd. C 53.24; H 5.16; N 14.33. Found C 53.90; H 4.82;
N 14.12%.

IR (KBr): 3300 cm '1(OH); 2140 cm "1(N3).

2,3-Di-0-acetyl-4,6-0-benzylidene-/?-D-glucopyranosyl azide (6)

Conventional acetylation of 5 (2.50 g, 8.5 mmol) with acetic anhydride and pyridine
gave the crude product (3.12 g, 97%) which was twice recrystallized from ethanol to obtain 6
as colourless needles (2.51 g, 78%), m.p. 177 °C, [add —93° (c = 1.5, chloroform).

Ci7THIN30 7 (377.363). Calecd. C 54.11; H 5.08; N 11.14. Found C 54.33; H 5.58;
N 11.10%.

IR (KBr): 2100 ¢m '1 (N3); 1740 cm’ 1 (AcO).

Triphenyl-Ar(2,3-di-0-acetyl-4,6-0-benzylidene-/3-D-glucopyranosyl)phosphmimiiie (7)

To asuspension of6(0.94 g, 25 mmol) in anhydrous ether (10 ml), a solution of triphenyl-
phosphine (0.67 g, 2.55 mmol) in ether (10 ml) was added and allowed to stand for 4 h under
protection from moisture. The solution was evaporated and the resulting glassy product was
precipitated with petroleum ether from a benzene solution to give 7 (1.3 g, 85%) as a white
amorphous material, [<XID 9)-29° (c = 2, dichloromethane). The completion of the reaction was
indicated by the absence of the azide band in the IR spectrum.

CHHIANO7P (611.640). Caled. N 2.29 ; P 5.06. Found N 2.11 ; P 5.22%.

2,3,5-Tri-0-benzoyl-/3-D-galactopyranosyl azide (8)

A solution of /?-D-galactosyl azide [3] (2.05 g, 10 mmol) in dry pyridine (20 ml) was
cooled to 0 °C, then benzoyl chloride (4.85 g, 34.5 mmol) was added dropwise with stirring.
After standing at room temperature for 3 days 70 ml of a cold saturated aqueous solution of
sodium bicarbonate was added with stirring to the reaction mixture and was extracted with
chloroform (75 ml), washed with water, dried and evaporated to yield the crude product (6 g).
Recrystallization from chloroform-petroleum ether gave pure 8 (2.35 g, 45%) as colourless
needles, m.p. 147—48 °C, [o]d +26.5° (c = 2, chloroform).

C2/IH23N 30 8(517.505). Calcd. C62.67 ; H 4.48 ; N 8.12. Found C62.42 ; H 4.77 ; N 8.45%

2,3,6-Tri-O-benzoyl-4-0-toluene-p-sulfonyl-/9-D-galactopyranosyl azide (9)

To a solution of 8 (2.59 g, 5 mmol) in dry pyridine (10 ml) toluene-p-sulfonyl chloride
(3.24 g, 17 mmol) was added with stirring at 0 °C then allowed to stand at room temperature
for 3 days. The reaction mixture was poured into ice-water and the precipitate was recrystal-
lized from ethanol to give 9 as colourless needles (2.80 g, 83%), m.p. 180 —81 °C, [«]g +34°
(c = 2, chloroform).

C3#H2N3010S (671.969). Calcd. N 6.26; S 4.77. Found N 6.25; S 4.97%.

Triphenyl-\-(2.3.6-tri-O-bcnzoyl-4-O-toluene-p-sulfony!-/>-D-galactopyraimsyl) -
phosphinimine (10)

To a solution of 9 (0.67 g, 1 mmol) in dry dichloromethane (20 ml), triphenylphosphine
(0.27 g, 1.03 mmol) was added, when a strong nitrogen evolution could be observed. The
solution, protected from moisture, was kept for 24 h and then evaporated to obtain 10 (0.90 g)
as an amorphous, glassy product, sufficiently pure for further reactions, [a]p +92° (c = 2,
dichloromethane).

C52H4AN O 10PS (905.973). Calcd. N 1.55; P 3.42. Found N 1.76; P 3.29%.
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Methyl 3,4,6-tri-0-acetyl-2-deoxy-2-(triphenylphosphoranylideneamino-a-D-altroside (12)

To a solution of 11 [8] (3.30 g, 9.56 mmol) in dry ether (20 ml) a solution of triphenyl-
phosphine (2.56 g, 9,75 mmol) in dry ether (15 ml) was added. Nitrogen evolution ceased
within 3 h. The mixture was stored overnight under protection from moisture then evaporated.
The resulting glassy product was precipitated with petroleum ether from a dichloromethane
solution to give 12 as an amorphous material (4.48 g, 81%), [a]8 +40° (c= 2, dichloro-
methane).

C3IH 3Wh0 8 (579.596). Calcd. N 2.42; P 5.34. Found N 2.64; P 5.44%.

6-Azido-6-deoxy-a-D-galactose (13)

6-Azido-6-deoxy-1,2;3,4-di-0-isopropylidene-cc-D-galactopyranose [10] (49.6 g, 0.174
mol) dissolved in a mixture of glacial acetic acid (680 ml) and water (226 ml) was heated for 2 h
under reflux on a water hath at 96—97 °C. The solution was then evaporated keeping the tem -
perature below 30 °C and the resulting thick syrup was triturated with ether and with aceto-
nitrile when the material began to crystallize. After standing in a refrigerator for 2 days the
white solid was filtered and washed with acetonitrile to obtain the crude product (25.6 g, 72%).
Recrystallization from ethanol gave 13 as colourless crystals (20.2 g, 57%), m.p. 133—34 °C,
[sJd -4-110° — -f-55° (c = 1 ,water).

CeH uN 305(205.178). Calcd. C 35.12; H 5.40 ;N 20.48. Found C 35.05; H4.96;N 20.96%.

IR (KBr): 2110 cm "1 (N3J).

1,2,3,4-Tetra-0-acetyl-6-azido-6-deoxy-a-D-galactopyranose (14)

To a solution of 13 (2.05 g, 10 mmol) in acetic anhydride (20 ml) 5 drops of cc. sulfuric
acid was added at 0 °C. After 10 min the cooling bath was removed and the mixture was kept
at room temperature for 3 h then poured into ice-water. The resulting white precipitate was
filtered and washed with water to give the crude product (2.75 g, 74%), m.p. 90—91 °C.
Recrystallization from ethanol afforded 14 as colourless plates (1.9 g, 51%), m.p. 92—93 °C,
[a]D —110° (c = 1, chloroform).

C14H 1N 309 (373.330). Calcd. C 45.04; H 5.13; N 11.26. Found C 44.91; H 5.76;
N 11.59%.

IR (KBr): 2110 cm-1 (N3 ; 1745 cm -1 (AcO).

1,2,3,4-Tetra-0-acetyl-6-deoxy-6-(triphenylphosphoranylideneamino)-a-D-galactopyranose(15)

To a suspension of 14 (4.85 g, 13 mmol) in dry ether (40 ml), triphenylphosphine (3.41 g,
13 mmol) in dry ether (30 ml) was added and the mixture, protected from moisture, was stored
for 2 h at room temperature while the evolution of nitrogen ceased. Evaporation of the solution
gave 15 as a glassy product (7.88 g, 100%), [a]D -|-53° (c = 1, dichloromethane).

C3R2H AN O (607.607). Calcd. P 5.10; CH3CO 28.34. Found P 4.96; CH3CO 28.18%.

IR (CHC13): 1745 cm-1 (AcO): 1440, 1110 and 700 cm-1 (P-phenyl).

Triphciiyl-(Armethyl-2,3,4,6-tetra-O-acetyl-/?-D-glucopyranosylamiiio)phosphoniuni
iodide (16)

A solution of 1 (2.00 g, 3.29 mmol) in methyl iodide (8 ml) was kept at room temperature
for 2 h. The separated crystals were filtered and washed with ether yielding the crude product
(2.45 g, 99%), m.p. 203—204 °C. Two recrystallizations from dichloromethane-ether gave
pure 16 (2.05 g, 83%), m.p. 208—209 °C, [a][> +25° (c = 2, chloroform).

C3BH3IINOP (749.552). Calcd. | 16.93; P 4.13. Found | 17.12; P 4.18%.

Triphenyl-(iV-methyl-2,3,4,6-tetra-0-aoetyl-p'-n-galaetop\ranosylamino)phosphoniimi iodide
(17)

A solution of 2 (1.00 g, 1.65 mmol) in methyl iodide (5 ml) was allowed to stand for
3 h then saturated with ether. The resulting precipitate (1.11 g, 90%) was recrystallized from
dichloromethane-ether to give pure 17 (0.98 g, 79%). m.p. 221 °C, [sd -)-30° (c = 2, chloro-
form).

C33H 37l 09P (749.552). Calcd. 1 16.93 ; P 4.13. Found | 17.31 ; P 4.07%.
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Triphenyl-(iV-melhyl-2,3,4-tri-0-acetyl-/I-D-xylopyranosy]amino)phosphoniuin iodide (18)

A solution of 3 (3.30 g, 6.16 mmol) in methyl iodide (10 ml) was kept at room tempera-
ture for 3 h then mixed with ether to precipitate the crude salt (18) (4.03 g, 97%), m.p. 223—
24 °C. Recrystallization from ethanol afforded the pure product as a colourless crystalline
compound (3.35 g, 80%), m.p. 229 30 °C, [at]o -f-14.5° (c = 2.5, chloroform).

C30H BINO P (677.487). Calcd. | 18.73; P 19.06. Found | 18.75; P 19.24%.

Triphonyl-(iY-methyl-2,3-di-0-acetyl-4,6-0-bon7.ylidone-/i-1)-glucopyranosylamino)
phosphonium iodide (19)

A solution of 7 (0.39 g, 0.64 mmol) in methyl iodide (1.5 ml) was allowed to stand
overnight, then mixed with an excess of ether to precipitate the crude product (0.42 g, 87%).
Recrystallization from ethanol gave pure 19 as pale yellow cubes (0.29 g, 60%), m.p. 240 —
41 °C, [a]D —7° (c = 2, chloroform).

C36H 37 07 (753.585). Calcd. N 16.84; P 4.11. Found N 16.87; P 4.16%.

Triphenyl-(Al-methyl-2,3,6-tri-0-benzoyl-4-0-toluene-p-sulfonyl-/?-D-galactopyranosylamino)
phosphonium iodide (20)

A solution of 10 (0.60 g, 0.66 mmol) in methyl iodide (2 ml), after standing overninght,
was saturated with ether to obtain the crude salt (0.28 g, 40%). Precipitation with ether from
dichloromethane solution gave 20 as yellow powder (0.20 g, 29%), m.p. 145—50 °C (dec.),
[a]D +75.5° (c = 1, chloroform).

C53Hi7IN O 10PS (1047.918). Calcd. | 12.11 ; P 2.96. Found | 12.30; P 3.09%.

Methyl 3,4,6-tri-0-acetyl-2-deoxy-iV-methyl-2-(triphenylphosphonioamino)-a-D-
altroside iodide (21)

A solution of 12 (0.58 g, 1 mmol) in methyl iodide (3 ml), after standing for 2 h, was
mixed with ether to precipitate the crude product (0.63 g, 88%). Recrystallization from aceto-
nitrile-ether gave pure 21 as pale yellow crystals (0.55 g, 76%), m.p. 213—14 °C, [«]d —250
(c = 2, chloroform).

C3,H37IN 08 (721.541). Caled. | 17.59; P 4.29. Found | 18.09; P 4.39%.

1,2,3,4-Tetra-0-acetyl-6-deoxy-A’-methyl-6-(triphenylphosphonioamino)-a-D-
galactopyranose iodide (22)

A solution of 15 (3.00 g, 4.94 mmol), in methyl iodide (10 ml) was left to stand at room
temperature for 2 h then mixed with ether to obtain the crude product (3.60 g, 97%). Recrystal-
lization from dichloromethane-ether gave crystals of 22 (2.88 g, 78%), m.p. 215—16 °C, [a]j>
+ 63° (c = 2, chloroform).

C33H 37U O 3P (749.552). Caled. | 16.93; P 4.13. Found | 16.88; P 3.90%.

2,3,4,6-Tetra-0-acetyl-JV-p-nitrobenzylidene-/?-D-glucopyranosylamine (23)

(A) 2,3,4,6-Tetra-0-acetyl-/?-D-glucopyranosylamine [11a] (0.40 g, 1.15 mmol) and
p-nitrobenzaldehyde (0.20 g, 1.32 mmol) in methanol (3 ml) were refluxed for 10 min. The
mixture was concentrated to dryness and the residue crystallized from chloroform-petroleum
ether to give the crude product (0.40 g, 72%). Recrystallization from ethanol gave pure 23 as
colourless needles, m.p. 148 —49 °C, [a]p —22.3° (c = 1, chloroform).

OuH”O"Ns (480.439) Calcd. C52.50 ; H 5.04; N 5.83. Found C51.89; H 4.91; N 5.95%.

(B) A solution of 1 (1.82 g, 3 mmol) and p-nitrobenzaldehyde (0.50 g, 3.3 mmol) in
anhydrous dioxane (5 ml) was refluxed for 20 h. The solvent was then removed in vacuum and
the residue crystallized from chloroform-petroleum ether yielding the crude product (0.80 g,
56%). Recrystallization from benzene-petroleum ether gave pure 23, m.p. 148—49 °C alone
or in admixture with the sample from (A).
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From the chloroform-petroleum ether filtrate, triphenylphosphine oxide (0.61 g, 73%g
was isolated, m.p. 153 —55 °C (from cyclohexane) which gave no depression on mixture meltin)
point with an authentic sample.

1,2,3,4-Tetra-0-acetyl-6-deoxy-6-(p-nitrobenzylideneamino)-a-D-galactopyranose (24)

A solution of 15 (1.21 g, 2mmol) andp-nitrobenzaldehyde (0.32 g, 2.1 mmol) in anhydrous
ethyleneglycol dimethyl ether was heated under reflux for 15 h, then the solvent was removed
in vacuum. The residue was treated with ether to obtain triphenylphosphine oxide (0.35 g,
63%), m.p. 151—52 °C, which gave no depression on mixture melting point with an authentic
sample.

P Evaporation of the mother liquor gave, after repeated recrystallization from ethanol,
Schiff base 24 (0.58 g, 57%), m.p. 151 °C, [a]p +71.5° (c = 1, chloroform).
Cn H2N,Ou (480.439). Calcd. N 5.83 ; CH3CO 35.83. Found N 5.63; CH3CO 35.58%
IR (KBr): 1750 cm "1 (AcO); 1645 cm 'l (C=N).
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A method has been developed for the reproducible preparation of hydrated
antimony pentoxide (HAP) of optimal quality, and for its complex qualification. This
sorbent separates sodium from multicomponent, neutron-activated samples with maxi-
mal selectivity and efficiency. The likely mechanism of sodium sorption has been found
to be equivalent sorption on the basis of derivatographic, IR spectroscopic, X-ray
diffraction and immersion calorimetric measurements.

Introduction

Neutron activation investigations on biological samples were started
by us about ten years ago [1—9]. In addition to the steady increase in the
number of essential and toxic trace elements, this choice was also justified by
the well-known advantages of neutron activation analysis. We were also in-
fluenced by the observation that the intrinsic sensitivity limit of today’s
trace analytical methods cannot he exploited due to technical or economical
reasons and therefore, the selection of the method to be used is determined
mainly by the requirements, viz. the number of elements to be determined,
contamination, concentration range, number of samples, etc.

It seems expedient to consider the fast spreading of mechanized and auto-
mated analyzing systems, and the fact that owing to matrix effects, nondestruc-
tive methods do not always ensure the sensitivity required.

When planning the necessary separation process, we considered that due
to the nearly identical elemental composition of biological samples, the same
separation technique should he used for every matrix. Consequently, for gen-
eral purpose trace element survey an automatic or automatable analytical
process should he developed.

In order to preserve the advantages of the nondestructive method as
much as possible, we endeavoured to develop a flexible and open radiochemical
separation process, by which the chemical separation can he carried out in
correspondence with the actual requirements (Fig. 1).
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18 NAGY et al.: HYDRATED ANTIMONY PENTOXIDE

Fig. 1. Separation scheme

These requirements can be most appropriately fulfilled if

1) the inevitable digestion of the sample is combined with a reactive
distillation procedure (by this way, e.g. the 8Br, a component of the matrix
activity can also he removed);

2) the high activity components in the distillation residue (24Na, 42K
and 32P) are removed by a selective procedure, i.e. a radiochemical separation
is performed. By this method, the requirements concerning the selectivity of
the further separation steps may be significantly reduced, moreover, in many
cases the sample can already he measured;

3) the further separation steps consist of individual separations based
on group separations, thus every smaller group of elements can be measured
either directly or after individual separation.

For practical use, in addition to the radiochemical process, the whole
trace element analysis had to he elaborated and standardized, from sampling
and experiment planning to data presentation.

In the following, one of the most important fields is summarized. Hydrat-
ed antimony pentoxide (HAP) and the investigations with this material as a
sorbent for the removal of 24Na, which is a component of the matrix activity,
are presented.

Properties of hydrated antimony pentoxide

Hydrated antimony pentoxide was introduced into radioanalysis for
the separation of 24Na by Girardi and coworkers because, according to their
experiments, it makes possible separations of high selectivity in strongly
acidic media [10, 11].
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Their results are, however, not always reproducible, and on the basis of
their data it is not possible to decide whether this uncertainty is due to the
inhomogeneity of the material, the unknown mechanism of sorption or the
ill-defined experimental conditions.

Eluted volume (cm3)

Fig. 2. Differential elution curves

Thus the method is only applicable if the suitable preparation technique
and qualification method are previously elaborated, and the industrial param-
eters are determined. An investigation of the sorption mechanism seems to
be necessary too. In the first step, this was considered from the point of view
of the solid phase only, the parameters of the liquid being kept unchanged.

For primary qualification of the product a method has been worked out
which models the practical application and provides immediately usable data.
For this purpose a tracer elution chromatographic technique has been de-
veloped.

The relative intensities are calculated from the measured intensities of
the eluted fractions in the knowledge of the total intensity on the column.
If these values are plotted against the eluted volume or fraction number, a so-
called differential elution curve is obtained (Fig. 2). The integrated elution
curve is produced by the summation or integration of the differential one

(Fig. 3).
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20 NAGY et al..: HYDRATED ANTIMONY PENTOXIDE

The value corresponding to the asymptote of the integrated elution curves
can he interpreted as the intensity proportional to the total eluted volume.
By plotting the logarithm of this limiting value against the column load,
adsorption isotherm data can be obtained. The sorption isotherms, being
sensitive indicators of the quality of the preparations, can be used for the

Fig. 3. Integrated elution curves

qualification and optimization of both products and sorption processes (Fig. 4).
In Fig. 4 sorption isotherms determined under various experimental conditions
are shown. Apparently, the separation factor depends strongly on the flow
rate. An increase of 0.8 cm3min in the flow rate in the interval of 0.8—2.5
cm3/min impairs the separation factors by about one order of magnitude.
Consequently, the flow rate should be kept as low as possible.

However, by applying concentrated solutions,the efficiency of the sorption
can be improved. A decrease in the dead volume from 1cm3to 0.2 cm3improves
the partition coefficient by 0.5—2 orders of magnitude, depending on the col-
umn load.

Thus, optimal sorption parameters can be achieved by using the possible
least dead volumes and concentrated solutions.

From this concentration dependence it follows that the rate-determining
step is a concentration-dependent process.
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For the manufacturing process, however, fast and simple qualification

methods should be found. For this purpose the simultaneous application of the
following two procedures proved to be the most suitable.

mg NaVg HAP

A) Particle size
0.3-1 mm

B) Particle size

C) Flow rate

03-1 mm 0.8 cm3/min
Liquid volume-- Flow rate Liquid volume :
<0.2 cm3 Q3 cm”min ~1 cm3
Flow rate: Liquid volume Particle size :
A =2.5 ¢cm3 min 0 <0.2 cm3 o 0.1-0.3 mm
0 =1.6 cm3/min 4 <0.2 cm3 o 031 mm
¢« =08 cm3/min 4 ~1 cm3
Liquid volume 1cm3 + ~1 cm3

Flow rate:

o 0.4 cmVmin
m 0.9 cm3/min

Fig. 4. Sorption isotherms of a “good” HAP preparation

1. Colour test by reflection colorimetry. The materials with the appro-
priate sorption properties are to be found in the spectral region of the colour
ratio 0.15—0.3. The colour-identical wave length is practically 571 —574 nm.
The procedure is significantly faster, simpler and more accurate than the
evaluation of the slopes of reflection spectra in the visible region.

2. The gross of weight loss at 270 °C is determined, which amounts to
about 10—15% in case of good preparations.

On the basis of elution measurements, which were completed by ion-
exchange and isotopic exchange investigations, it could be concluded that
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— HAP is a polyfunctional inorganic sorbent, on which ion-exchange
or specific irreversible sorption process predominates, depending on
the experimental parameters :

— sorption is a fast surface process.

The main results of measurements concerning the structure and sorption
mechanism of HAP are presented in Table |I. Representative results are illus-
trated in Figs 5—9. Devitograms for the good preparations differ significantly
from those for the poor ones.

On the TG curves of the good samples three steps can be distinguished:
the first one lying between 20 and 150 °C, the second one between 250 and
450 °C and the third one between 550 and 650 °C. The first process is to lie
assigned to the removal of physically adsorbed water, the second and third
ones can be interpreted as structural changes (removal of structural water and
oxygen). It should be emphasized that the product treated at 270 °C shows a
weight loss already above 20—40 °C, which indicates the mobility of the water
content (Fig. 5).

The most characteristic part of the infrared spectrum is the broad ab-
sorption maximum between 2500 and 3600 cm -1, which, due to its large band-
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Property

Chemical composition

Crystal structure

Specific surface area
Heat of hydration

Fine and hyperfine
structure

Porosity

Sorption properties

NAGY et al.. HYDRATED ANTIMONY PENTOXIDE

Table |

Data

sh;+ ¢ Sbh3+ moesoH +

+ (HO «0)m 10 < m< 12

pyrochlor structure
d=10.3A
20 - 30 m2g
6 -10 cal/lg 0.3 cal/rn2

heteroenergetic and mobile
OH(H,0) groups

non-porous

c’ <

c >

1 mg/g : irreversible sorption
10 mg/g : ion-exchange model

Method

thermal and activation
analysis

X-ray diffraction

sorptometry
microcalorimetry

IR spectroscopy,
colour tests

Hg-porosimetry

elution chromatography
combined with tracer
techniques
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width, can be assigned to the stretching mode of heteroenergetically hound
water. The mobility of the water content is also proved by the fact that the
IR spectra of products deuterated at various stages of the preparation proce-
dure are identical.

According to X-ray diffraction investigations, good samples are all
unambiguously crystalline, with a pyrochlor structure. It could be established
that the essential condition of sodium sorption is the nearly total occupation
of the 48 (f) and 8 (b) positions by oxygen ions and water molecules. Due to
structural reasons, the average oxidation state of the good preparations is
5 -f, because those 16 (d) positions would be occupied by Sb3+ ions onto which
the desolvated sodium ions can he incorporated (Fig. 8).

The heat of wetting was measured with a quasi-adiabatic microcalorim-
eter. The hydration of good preparations is a fast process, the shape of the
curve is practically determined by the time constant of the apparatus. The
heat effect is 22—26 J/g. On the contrary, the hydration of the poor samples is
very slow, and the heat of wetting per unit mass is also higher (Fig. 9).
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Fig. 8. X-ray diffraction curves of some HAP samples
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The heats of wetting per unit BET surface are identical within the exper-
imental error: about 1—1.5 J/m 2. This value is an order of magnitude higher
than the heat effects measured on charcoals, a fact confirming chemisorption.

Mechanism of sodium sorption on HAP

1. Sorption is a fast surface process.

2. In strongly acidic and complex-forming media, the process is selective
for sodium. The disturbing ions are masked presumably via the formation of
anionic complexes, which is supported e.g. by the extremely high selectivity
in HC1. The high acid concentration excludes simple ion-exchange processes.
It is assumed that in the hydrochloric acid phase the ions are desolvated.

3. Selective sorption with an appropriate partition coefficient (capacity)
can he measured on crystalline HAP-s with a well-defined amount and bending
of water.

4. According to our sorption capacity measurements, 1—2 sodium ions
can be sorbed on each unit cell.

The assumed mechanism is equivalent sorption. The sodium ions will
occupy empty surface (d) positions and remain partly solvated.

The corresponding counter-ion is bound to the surface by electrostatic
forces.

Thus, the process can be regarded as surface sorption in which the empty
surface (d) positions act as active centers. lons with unsuitable geometrical
dimensions cannot occupy the vacancies. lons whose heats of hydration on the
active center are smaller than the sum of the binding energies of the ion in the
liquid phase cannot be introduced either.
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/5-Cyclodextrin inclusion complexes of 25 various flavour substances (spice
aromatics and essential oils of vegetable origin) have been prepared. The crystalline
complexes contained 8—13% included substance, determined by gas-liquid chroma-
tography. All major components of the original substances were present in the com-
plexes, with a practically unchanged composition. The fact of complex formation was
proved by X-ray diffraction and stability tests. The oxygen uptake of the flavour sub-
stances — measured by Warburg’s method — was reduced to about one tenth by com-
plexation. Volatile components are released from the complexes only above 160 °C,
thus under habitual storage conditions the volatility, oxidation and heat-decomposition
are reduced to such an extent that the product can be stored for a long time without
lessening its utility. These complexes can be used in the food industry as microbiologi-
cally noncontaminated, stable aromatic preparations of standardized composition.

Introduction

The various vegetable parts (seed, flower, tuber, leaf, stem, root) con-
taining flavour substances (mainly vegetal essential oils) of natural origin are
widely used in nutrition. There are, however, several drawbacks to their use ;
— their preparation and processing in food technology is labourious,

— the composition of the raw substances of vegetable origin is not constant,

— they may contain microbiological and parasitic contaminations,

— the amount of the contained flavour substances and fragrances decreases
during storage, and the ratio of their constituents may change disadvan-
tageous”.

Liquid aroma extracts, and concentrates have been known for a long
time, but in this form (extracted from the cellular structure) they are even
less stable. Thus theii use is only limited (e.g. in canned food industry).

The majority of natural flavour substances and fragrances are monoter-
pene hydrocarbons, or their oxygenated derivatives. When exposed to the
oxygen of air, light and heat they are oxidized, decomposed, become resinous, or
they evaporate.

One of the new possibilities to stabilize these substances is the formation
of inclusion complexes with cyclodextrins, which process can actually be con-
sidered as a molecular encapsulation [1, 2].
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Cyclodextrins are cyclic oligomers built up from glucopyranose units.
The diameter of the internal cavity of a-cyclodextrin comprising 6 glucopy-
ranose units is about 6 A, that of the 7 membered /9-cyclodextrin is about 8 A
(Fig. 1), and that of 8 membered y-cyclodextrin is about 10 A. The primary
and secondary hydroxyl groups are to be found on the opposite edges of the
torus-like molecules, the “lining” of the ring cavity is formed by oxygen bridge
atoms; therefore the external surface of cyclodextrins is of hydrophilic, while
the interior of the cavity is of hydrophobic character. The consequence of this

Fig. 1. Structure of /?-cyclodextrin

is that cyclodextrins are able to form inclusion complexes with such substances
which are less polar than water and their geometrical dimensions correspond to
the diameter of the cyclodextrin cavity (Fig. 2).

The interior of the cavity of cyclodextrin molecule dissolved in water is
less hydrophilic than the outer surface of the ring, therefore the presence of
water molecules in the hollow is energetically unfavoured (Fig. 3); the apolar
parts of the organic molecules, dissolved in water, are poorly hydrated, thus
energetically unfavoured, too. The poorly hydrated organic guest molecule
penetrates into the cyclodextrin cavity, expulsing from there the water mole-
cules of higher enthalpy, resulting in a lower free energy of the system; this
seems to be the main driving force of the complex formation. In addition, the
ring tension may also decrease, hydrogen bonds are formed etc. which factors
all contribute to the stabilization of the complex [3].

From the practical point of view, the majority of the components of im-
portant essential oils and flavour substances are of a size which can fit tightly
into the cavity of the /?-cyclodextrin molecule to form inclusion complexes [2].
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This phenomenon constitutes the basis of molecular encapsulation of
components of aroma substances by means cf the formation of cyclodextrin
inclusion complexes.

Fig. 2. Scale-model of /9-cyclodextrin, limonene and their inclusion complex. All terpene com.
ponents possessing similar shape and size are suitable to fit tightly into the cyclodextin cavity

Cyclodextrin inclusion complexes in solution are of stoichiometric com-
position, for which it is characteristic that the “guest molecule” is to be found
in the cavity of the “host molecule”, i.e. in the cyclodextrin cavity, and the
whole complex is surrounded by a hydrate envelope [4]. In the case of solid,
crystalline complexes, the strict stoichiometric composition (guest: host mo-
lecular ratio 1 :1 or I :2) is rare, since cyclodextrin molecules which contain
only water molecides incorporated into the cyclodextrin cavity represent spots

Ada Chim. Acad. Sei. Hung. 101, 1979



30 SZEJTLI et al.: MOLECULAR ENCAPSULATION

of deficiency within the crystal structure. Such a structure is actually a mixture
of inclusion complex, cyclodextrin, moreover guest molecules entrapped within
the crystals or adsorbed on the crystal surface.

Fig. 3. Schematic representation of the complex formation; 0 = water molecule, X = hydro-

philic substituent of the guest molecule. The interior of the cyclodextrin cavity is poorly hydrat-

ed on account of its hydrophobic character, similarly acts the apolar part of the guest molecule;

the consequence of complex formation is that the apolar surface of the CD-cavity gets into
contact with the apolar surface of the guest molecule

Preparation of inclusion complexes

The method used for the study of the crystallization of cyclodextrin
inclusion complexes was described in a previous paper [5]. Aroma complexes
have been prepared by adding the aroma substance dissolved in ethanol or
diethyl ether under vigorous stirring to an aqueous solution of /J-cyclodextrin
saturated at 50 °C. It is important to add the solution of the flavour substances
only dropwise in order to avoid the formation of an emulsion. With aroma
substances which produced immediately an emulsion when added to the
aqueous cyclodextrin solution, the complex wras prepared in a 30% aqueous
ethanol solution. In this solvent mixture cyclodextrin has maximum solubil-
ity. After the termination of the addition, the temperature should be maintained
for further 15 minutes; thereafter the reaction mixture is cooled to room
temperature under steady stirring for 4 and a half hours.

The mixture is stored for 12 hours at about 0 °C, then filtered and dried.
In certain cases the solvent is removed by freeze-drying, in which case an
amorphous white powder is obtained.
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Analysis by gas chromatography

Gas-liquid chromatography is the most suitable method for determining
the composition of the original, as well as of the complexed essential oils or
flavour substances. Since the taste and aroma properties are decisively influ-
enced not only by the presence of the various components but also by their ratio,
it was essential to study whether the components incorporated into the
complex are present with the same compositions as found in the original aroma

Fig. 4. Gas-liquid chromatogram of free and /3-cyclodextrin-complexed onion oil. Column:
4 ft, packed with 10% UCW 982 on Carhopack, i|,j: 250 °C, *fid: 300 °C, t®lumn: programmed
from 80—250 °C at 10 °C/min, carrier gas: N2at 20 ml/min

n

Dill oil Aroma in complex

Fig. 5. Gas-liquid chromatogram of free and /?-cyclodextrin-complexed dill oil. Parameters:
as in Fig. 4
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substances. The practical use of these complexes is decisively influenced by
this circumstance.

The analyses have been carried out on Hewlett-Packard 5830-A type ap-
paratus. Figures 4 and 5 show the chromatograms obtained. Since no reference
substances of adequate purity were available for all components, the retention
times observed at the respective chromatographic parameters were used to
characterize the individual components. The results for some aroma substances
and their complexes are shown in Table I. As seen, all the major components
are found nearly in the same relative amount in the complex as in the original
oil; thus they are expected to elicit the same effect in the organs of sense.

Table |
Lemon oil
Rete rtTi]?nn)\time i yirea, 90

Original oil Complex Original oil Complex
2.47 2.47 1.881 1.715
3.79 3.82 0.405 0.641
4.15 4.19 75.782 75.905
4.60 4.63 6.001 (citral)  6.936
5.75 5.75 3.706 3.812
6.71 6.77 4.670 (citronellol) 4.593
7.29 7.31 4.321 4.433
7.89 8.01 0.846 1.007

11.99 12.00 0.723 0.750
13.40 13.52 1.865 0.208
Garlic oil
Retention time Area, %
(min)

Original oil Complex Original oil Complex
1.13 1.06 0.179 0.097
131 1.29 (diallyl disulfide) 81.292 78.986
3.06 3.10 0.086 0.138
3.21 3.20 0.180 0.219
3.48 3.51 17.212 18.715
4.17 4.12 0.011 0.312
6.25 6.25 0.780 0.812
9.82 9.80 0.031 0.186

13.63 13.60 0.026 0.120
17.35 17.39 0.111 0.208
18.10 18.07 0.092 0.172
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Allyl mustard oil

Reten(tni](i)l?) time Area, %

Original oil Complex Original oil Complex
1.13 1.25 0.079 0.009
1.39 1.38 0.080 0.350
1.61 1.60 (allyl isothiocyanate) 97.157 94.438
3.61 3.40 0.020 0.013
8.36 8.39 0.086 0.375
8.70 8.69 0.065 0.174
9.33 9.31 0.038 0.657
9.55 9.52 1.706 0.033

13.22 13.66 0.770 1.592
Marjoram oil
Reten(tmi?l?) time Area, %

Original oil Complex Original oil Complex
1.95 2.00 1.637 1.539
2.37 2.41 5.959 5.833
2.86 2.90 25.997 26.038
3.31 3.33 14.753 15.011
3.67 3.67 3.156 3.237
4.09 4.12 1.277 0.993
4.71 4.69 20.254 21.037
5.74 5.70 3.774 3.700
6.25 6.26 2.350 2.407
7.88 7.91 3.685 3.557
8.74 8.80 1.877 1.902
9.57 9.61 3.625 3.790
10.22 10.22 4.791 5.007
12.64 12.90 2.903 7.903
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Peppermint oil

Retention time

(min) Area, %

Original oil Complex Original oil Complex
4.68 4.66 (a-pilnene) 0.480 0.412
5.24 5.24 (/5-pinene) 1.023 1.091
5.93 5.98 (limonene) 6.174 6.170
6.60 6.66 (1,8-cineole) 1.569 1.069
7.29 7.30 0.555 0.496
7.59 7.61 (menthofuran) 18.868 19.000
7.91 7.90 (menthol) 59.490 67.102
9.59 9.59 9.318 4.006

11.05 11.12 0.595 0.020
11.43 11.46 (isomenthone)  1.748 0.608
12.70 12.67 0.126 0.057
14.56 14.50 0.056 0.020
Tarragon oil
Retention time Area, %
(min)

Original oil Complex Original oil Complex
2.83 2.83 1.853 1.801
3.53 3.30 0.276 0.328
3.79 3.81 0.093 0.090
4.09 4.12 22.829 (phellandrene) 23.000
6.17 6.17 0.016 0.012
6.45 6.43 74.714 (methyl-  74.542

chavicol)
10.47 10.49 0.031 0.031
11.65 11.63 0.031 0.052
12.90 13.01 0.143 0.122
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Dill oil
Reterzg?:) time Area, %

Original oil Complex Original oil Complex
2.29 2.35 0.862 0.902
2.97 3.00 (limonene) 15.578 15.731
3.21 3.21 34.934 34.957
3.79 3.75 0.143 0.156
4.84 4.87 6.455 6.720
5.01 5.09 2.073 2.130
5.43 5.51 (carvone) 37.880 38.439
8.56 8.59 0.628 0.697

11.02 11.14 0.920 0.831
16.73 16.69 0.577 0.437

Study of the crystalline complexes

No connection is recognized between the stability of the complex in
solution and its crystallizability — i.e. its solubility. A complex of low stability
in solution may be readily separated in crystalline form if it is poorly soluble,
and a complex of high stability in dissolved state occasionally cannot be sepa-
rated in crystalline form : e.g.only a mixture of cyclodextrin and guest mole-
cule is recovered instead of the complex on freeze-drying. Therefore, after the
isolation of a crystalline product it is always questionable, whether it is only a
simple mixture of cyclodextrin and the guest molecule, or it can be regarded
more or less as a complex. The complexes possess most rarely a strictly stoi-
chiometric composition thus the determination of the guest molecule contents
of the product indicates the formation of a complex only when the guest mol-
ecule was an easily volatile fluid [6]. During the drying of the crystalline pro-
duct the volatile guest molecules vanish if they are not enclosed in a complex.
The formation of a simple crystal inclusion is of course also possible, but in
such cases considerably less guest molecules can be entrapped than in a com-
plex.

The cyclodextrin inclusion complexes form usually so tiny crystals that
one cannot decide even by microscope whether their structure is crystalline
or amorphous. A decisive proof for the crystalline structure is supplied by the
X-ray diffraction pattern. Cyclcdcxtrin gives a well defined X-ray diffraction
powder diagram with sharp peaks; oils have no crystalline structure, therefore
they show no X-ray diffraction. Should the registered pattern of the product
obtained significantly differ from the X-ray diffraction pattern of cyclodextrin,
this is considered a piece of evidence for the formation of a crystalline complex.
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The crystalline structures of complexes formed by guest molecules of the
same size are similar (e.g. monoterpene-containing essential oil complexes).
On the diffractograms of several similar complexes the individual peaks appear

Fig. 6. X-ray diffraction powder pattern (registred on a Philips MY 1060 diffractometer)
of /?-cyclodextrin inclusion complexes of sulfur-containing aromatics

Fig. 7. X-ray diffraction powder pattern (registred on a Philips PW 1060 diffractometer
of /9-cyclodextrin complexes of flavour substances containing mainly terpene components

more or less at the same angle values. In the complexes of sulfur-containing
oils (garlic and onion oil) related crystal structures can be observed too, but
the diffractograms differ significantly from those of the complexes containing
terpene-type guest molecules (Figs 6 and 7). In the case of relatively small
guest molecules examined so far (with the guest molecule being located entirely
inside the cyclodextrin cavity), diffractograms of similar type have been ob-
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served. Fatty acids, however, give a completely different type of diffrac-
togram [7]; it may be assumed that the small guest molecules form a “cage’4
type and the long fatty acid molecules a “channel” type lattice [8].

The crystalline complexes are characterized by a water content of about
7% (the crystal water content of /3-cyclodextrin is about 13%). The complexes
with a water content below 2% produced by freeze-drying are amorphous, also
their diffraction powder pattern consists only of diffuse bands [9].

Such obvious methods as, e.g., infrared spectroscopy are not suitable to
prove cyclodextrin complex formation in solid products. The characteristic
bands of cyclodextrin, constituting 80 to 95% of the complex, do not change
significantly on inclusion complex formation. In the characteristic bands of
the guest molecule (5—20% of the complex) usually there is a change, but this
remains in most cases unperceivable, because the bands are superimposed by
those of cyclodextrin.

As a matter of fact, complex formation can most appropriately be proved
by those methods which supply information about the stability of the com-
plexed molecules.

Thermostability of the complexes

For investigating the thermal stability of the complexes the TAS tech-
nique (Thermomikro-Abtrenn- und Applikationsverfahren), elaborated by
Stah1 [10], proved to be the most suitable. This method provides a well
appreciable qualitative pattern about the stability of the inclusion complexes
of volatile substances.

The substance to be tested is heated in a glass tube, the only outlet of
which ends in a capillary. Some substance supplying water vapour (starch,
silica gel, etc.) has to be present beside the material to be tested as the proce-
dure is essentially a steam distillation. The crystal water content of cyclo-
dextrin inclusion complexes is sufficient for this purpose, no extra water source
is needed.

The studies have been carried out with an apparatus constructed in our
laboratory at temperatures from 60 °C to 300 °C; the rate of heating up was
10 + 2 °C per minute. The evaporated products streaming out through the
capillary form deposits on a tliin-layer chromatographic plate placed directly
to the end of the capillary. By periodical moving of the plate the components
released and evaporated are collected on different spots for every 20 °C in-
terval. The components released at various temperatures are developed on
Kieselgel G plates with solvent benzene: ethylacetate 90 -f- 10. Visualization;
SbClg in chloroform, heating at 110 °C.

Practically all components of marjoram oil appear in the vapour phase
already at 100 °C; the chromatograms are completely homogeneous between
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120 and 300 °C, no particular decomposition occurs under the effect of heat
(Fig. 8). At 100 °C the simple mixture supplies four components, and at 120 °C
the spectra of the oil is complete; at this temperature all components get into
the vapour phase. At 240 °C, however, the volatile oil suffers a change (most
likely it decomposes), because a substance — otherwise absent from the oil —
appears in a considerable quantity next to the starting point; simultaneously,
certain components disappear in the domains of Rf 0.6 to 0.8. During the heat-
ing of the /3-cyclodextrin complex of marjoram oil, volatile components ap-

Fig. 8. TAS chromatogram of marjoram oil (8a), of amixture of marjoram oil and /?-cvclodextrin
(8b) and marjoram-/?-cyclodextrin inclusion complex (8¢c)

peared first at 160 °C, i.e. up to this temperature no loss of the complexed in-
gredients is probable. Up to 300 °C no considerable decomposition was observed
either, only a loss in hydrocarbons (s¢ and /3-pinene Rf 0.97) was conspicuous.

During the heating of tarragon oil at 100 °C all components appear in
the chromatogram; a notable thermal decomposition cannot be observed as
compared with the original oil. A simple mixture of the oil and /3-cyclodextrin
gives practically all components at 120 °C, but a slight relative enrichment of
methylchavicol (Rf 0.40) and phellandrene (Rf 0.93) can be observed on the
chromatographic plate. A perceivable decomposition occurred at 250 °C as
shown by the presence of a new component appearing around the starting
point. The complexed tarragon oil delivers only a small amount of phellandrene
at 120 °C, and further two components are released at 140 °C. All major com-
ponents appear only at 160 °C. At a higher temperature (250 °C) the chroma-
togram can no longer be evaluated because of marked decomposition (Fig. 9).

Similar results have been obtained in the thermofractionation studies of
other flavour substance complexes. It can be stated that there is a considerable
difference between the thermostability of the inclusion complexes and the
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simple mixtures, which proves the fact of complex formation; on the other
hand, essential oils stabilized by inclusion complex formation are considerably
more resistant to thermal effects than the non-complexed oils.

Tarragon oail Mixture of tarragon and (3CD j Tarragon -R-CD complex

Fig. 9. TAS chromatogram of tarragon oil (9a), of a mixture of tarragon oil and /3-cyclodextrin
(9b) and tarragon-/9-cyciodextrin inclusion complex (9c)

Study of the protection against oxygen

The oxidative transformations characteristic of essential oils bring about
aconsiderable “ageing” effect also in oils cut off from the oxygen of air, through
the oxidation—eduction processes disproportionation occurring between the
individual components of the oil. This is, however, a slow, retarded process.
Essential oils decompose much more rapidly, if they get into permanent con-
tact with the oxygen of air.

The protecting effect of complexation against oxygen was studied by
comparing the oxygen consumption of complexed and non-complexed essential
oils by Warburg’s method.

Pure oxygen was perfused for one minute through Warburg’s vessels
containing the samples to be tested; the system was then closed, put in a
thermostat and the oxygen consumption was registered at 37 °C.

The original oils were placed in the vessel adsorbed on a filter paper disc.
Brodie’s solution was used as the manometer liquid (density at 37 °C 1.033
g/cm3). Figures 10 and 11 show the amount of oxygen consumed by 1 mg of free
or complexed oil as a function of time. As seen in the figures, complex forma-
tion considerably decreased the oxygen uptake of both the monocomponent
benzaldehyde and the multicomponent lemon oil; the oxygen uptake of the
complexed substance is generally less than 10% of the value characteristic of
the non-complexed substance.
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The thin-layer chromatography of oxidized samples obtained after
Warburg’s oxidation experiments, when using specific reagents, allows to
draw conclusions about the character of changes which have occurred under

Fig. 10. The oxygen uptake of benzaldehyde and /3-cyclodextrin complexed benzaldehyde
in pure oxygen atmosphere at 37 °C, measured by Warburg’s method

Fig. 11. The oxygen uptake of lemon oil and /3-cyclodextrin complexed lemon oiljn’pure oxygen
atmosphere, measured by Warburg’s method

the effect of oxygen. For detecting the unsaturated components, a fluores-
cein bromine reagent, and for peroxides a ferrous sulfate-rhodanide reagent

was used [11].
As seen from Table I, there are no peroxides in the original lemon oil.

After oxidation, the complex has one, and the oil four similar components. In
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f /
Anethole O’”Zh/ Anethole - BCD

Fig. 12. Gas chromatograms of anethole (12a), of anethole kept in pure oxygen for 72 hours
(12b), of anethole-/?-cyclodextrin inclusion complex (12c) and the anethole-/?-cyclodextrin
inclusion complex kept in pure oxygen for 72 hours (12d). Column: 3 m packed with 10% NPS
on Chromosorb W sil. 60/80 mesh, iinj: 250 °C, iF|D: 220 °C, tQumn = 100 °C for 4 min,
heating to 200 °C at 8 °C/min, 200 °C for 10 min, carrier gas = N2at 20 ml/min

Table 11

Characterization of the products formed from lemon oil
and its cyclodextrin complex under the effect of oxygen
(Solvent mixture : benzol: ethyl acetate (95 : 5)
on silica gel G-60)

Peroxides
(Fe-rhodanide reagent)

Lemon oil, Re-extracted from the Lemon oil,

original complex after oxidation oxidized
0.40 -i- +
0.29 +
0.10 +
0.00 +

Unsaturated compounds
(fluorescein-bromine reagent)

0.80—0.82 + +
0.75 + .

0.63-0.66 + +

0.50-0.55 + +

0.46 + +

0.40-0.42 +

0.35 + +

0.28-0.30 + +

0.20 + +
0.0 f- +
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the original oil 10 unsaturated compounds can be distinguished; after oxida-
tion there are eight in the complex, and only three remaining in the uncom-
plexed oil.

Figure 12 shows the gas chromatograms of anethole and the anethole-/?-
cyclodextrin complexes, both before and after storing them for 72 hours in
oxygen at room temperature.

It is seen that the protection of anethole against oxygen can be accom-
plished with good efficiency by inclusion complex formation.

Diminution of volatility

The volatility of anethole was studied by thermostating free anethole,
anethole adsorbed on glucose, and the anethole-/3-cyclodextrin complex at 70,
80 and 90 °€ in nitrogen stream. The transferred anethole was absorbed in
ice-cool methanol. The time-dependence of volatility established from the
anethole concentrations by spectrophotometry is shown in Fig. 13.

While in the case of anethole (A) and anethole adsorbed on glucose
(A-GIl) a notable amount of aroma escaped at all the three temperatures, ane-
thole release from the /3-cyclodextrin complex was observed only at 90 °C,
and even then with a strongly reduced rate.

Fig. 13. Volatility of anethole at various temperatures as a function of time (A = anethole;
A-GIl = anethole adsorbed on glucose; A-BCD = /?-cyclodextrin inclusion complex of anethole).
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Reduction of the loss of aroma substances in aqueous solutions

In studying the loss of aroma substances from aqueous solutions, the
concentrations of /?-cyclodextrin and of anethole were maintained at a level
where yet no precipitation of solid complex occurred. Stability was studied
with 0.45, 0.9 and 1.8 mole /?-CD/mole anethole. (The /?-CD concentration of
the solution was 0.16, 0.32 and 0.65%.)

The decrease of anethole concentrations in the percentage of the starting
value, as a function of time and of the R-CD: anethole molar ratio, is shown
in Fig. 14.

Fig. 14. Loss of anethole on stirring anethole-containing aqueous cyclodextrin solutions of
various concentrations at 30 °C in an open beaker

The anethole concentration decreased to 68% of the original value during
5 hours in the ~-CD-free solution, whereas in presence of 0.9 and 1.8 mole of
/?-CD/mole anethole, the decrease was less than 5%.

Plotting the loss of anethole at fixed time intervals versus the /?-CD
concentration, it can be seen that above 0.9 mole /5-CD/mole anethole the
curves reach a limit value. Thenceforth the anethole loss is very low and
remains constant independently from the /3-CD concentration.

This is considered as further evidence for the complex formation, with
nearly 1 :1 molar ratio, in solution.

Loss through storage

The loss of aroma during storage conditions teas studied as follows.
Various flavour substances were stored in open Petri dishes for a longer period
at room temperature, either absorbed on glucose, or in the form of /3-CD inclu-
sion complexes. Samples were taken from time to time and the content of their
aroma substance was determined. The loss of anethole as a function of time is
shown in Fig. 15, and that of vanillin in Fig. 16. The amount of adsorbed ane-
thole decreased to 6% of the original value in 14 days, while in the case of the
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Fig. 15. Loss of anethole as a function of time in the case of anethole adsorbed on glucose’
stored at room temperature in an open Petri dish and for the anethole cyclodextrin complex

day

Fig. 16. Loss of vanillin in the case of vanillin—glucose mixture stored at room temperature
in an open Petri dish and for the vanillin—eyclodextrin complex

complexed anethole 82% was retained after 25 days. Yanillin — being a crystal-
line substance — vanished from the mixture completely after about 240 days,
whereas in the complex 81% remained unchanged for two years.

Results

The aroma substances whose /3-cyclodextrin complexes have been pre-
pared are shown in Table I11.

The guest molecule content of the inclusion complexes — determined by
gas-liqguid chromatography — was between 8 and 13%. All components impor-
tant for the aromatizing effect have become incorporated in the complex in all
cases with practically unaltered composition of the flavour substance; there-
fore their characteristic taste and practical applicability remained unchanged.
The X-ray diffraction powder patterns of the complexes differred significantly
from the X-ray diffraction pattern of /3-cyclodextrin, proving the formation
of a different crystal lattice, thus indirectly the formation of an inclusion
complex. Decisive proofs for the complex formation have been supplied by
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Table 111

Guest molecule content of

Complexed substance the /9-('::’2r gce)mplex in

(determined by GLC)
Bay leaf oil (Laurus nobilis) 10.80
Basil oil (Ocinum basilicum) 10.72
Peppermint oil (Mentha piperita) 9.70
Lemon oil (Citrus medica) 8.75
Anise oil (lllicum verum Hook, fil.) 9.00
Sweet cummin oil (Foeniculum dulce) 10.00
Cinnamon oil (Cinnamonum cassia Blume) 8.76
Garlic oil (Allium sativum) 10.20
Fume aroma (synthetic) 12.20
Thyme oil (Thymus sp.) 9.60
Carrot oil (Daucus carota) 8.82
Caraway oil (Carum carvi L.) 10.50
Coriander oil (Coriandrum sativum L.) 7.72
Dill oil (Anethum graveolens) 6.92
Lovagé oil (Levisticum officinale) 4.35
Marjoram oil (Majorana hortensis) 8.00
Raspberry oil (Rubus idaeus L.) 8.66
Mustard oil (Sinapis alba) 10.92
Orange oil (Citrus aurantium) 9.20
Benzaldehyde 8.70
Tarragon oil (Artemisia dracunculus) 10.23
Vanillin (synthetic) 6.20
Onion oil (Allium cepa L.) 10.20
Celery oil (Apium graveolens) 10.00
Sage (Salvia officinalis L.) 8.20

the results of the stability tests of the complexed aroma substances. Stability
against oxygen was studied by Warburg’s method, and the product after oxy-
gen treatment was further analyzed by gas chromatography and thin-layer
chromatography. The oxygen uptake of the complexed flavour substances
under similar conditions is only about 10% of that of the non-complexed
substances. Stability against heat was studied by the “TAS” technique and
pyrolytic gas-liquid chromatography. While the majority of the components
of the flavour substances are rather volatile and readily evaporate at about
100 °C, the complexed components start to get released only above 160 °C.
When testing the volatility in an inert gas stream, practically no volatility
was observed in the case of the complexes up to a temperature of 100 °C.
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The cyclodextrin inclusion complexes of flavour substances are suit-
able for the preparation of flavouring compositions in the form of powders or
tablets, to be used in households, production units for mass catering, etc. The
preparations are stable, their compositions remain unchanged for a long time,
and they can be standardized. The results of food processing experiments with
cyclodextrin complexes will be reported in another paper. The elaboration
of production technologies on industrial scale and toxicological studies re-
quired for the registration are in progress.

*

The authors’ thanks are due to Dr. K. Simon (Chinoin, Department of Pharmaceutical
Research) for the X-ray diffraction patterns; to J. Harangi (Biochemical Institute of the
University, Debrecen) for the gas-liquid chromatographic studies.
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To characterize the efficiency of polyethers as salt-extracting catalyst, liquid-
liquid equilibrium measurements were carried out. The nature of the end groups and
the average molecular weight are shown to decide the power of a linear polyether as
phase-transfer catalyst.

Compounds complexing alkali ions like crown ethers can serve as phase-
transfer catalysts [1]. It is known that non-cyclic polyethers may be used just
as well as macrocyclic ones [5—10].

Though the theoretical foundation of phase-transfer catalysis was laid
more than 10 years ago [2—4], a monograph [17] in 1977 qualified the factors
affecting phase-transfer catalysis as undeveloped. Researches on this subject
have been started just in the recent years [11 —16].

Experimental

Materials

Polyethylene glycol samples were commercial products supplied by Fluka; the other
polyethers were prepared in our laboratory.

Distribution measurements for the sodium salt

In a cell thermostated at 25 + 0.5 °C, 4 cm3 of an aqueous solution of sodium 2,4-di-
nitrophenolate (c = 25 mg/cm3) and 10 cm3 of benzene were stirred for 1 h. The phases were
separated, and the extinctions of the solutions, measured at k = 370 nm, were used to deter-
mine the salt concentrations.

Determination ofthe distribution coefficients of the polyethers
Distilled water (5 cm3), benzene (8 cm3) and the polyether (2 g) were stirred at 25 + 0.5 °C
for 1 h. The phases were separated and sampled.
The samples were weighed, evaporated, and the residue was dried to a constant weight

and weighed.
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The quotient

is given as the distribution coefficient [Cg and (.\\ are the polyether concentrations (%) in the
benzene and aqueous phase, respectively].

The complex stability constant values were measured in our laboratory and published
previously [6, 7].

Results and Discussion

The purpose of this research was to investigate the efficiency of poly-
ethylene glycols and their derivatives as phase-transfer catalysts. To achieve
this end, first we measured the distribution of sodium 2,4-dinitrophenolate
in benzene water systems with and without the addition of polyether.

An increase of the equilibrium salt concentration in benzene was found if
polyether was added. For a comparison of the efficiencies, we used the same
weight (0.10 g) of different catalysts.

The results thus obtained are plotted in Fig. 1 for three types of poly-
ethers.

The curves of efficiency related to the unit of mass exhibit a maximum.
In the cases investigated so far it is at about n — 13.

Tig. 1. Concentration of sodium 2,4-dinitrophenolate in the benzene phase vs. average molecula
weight
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The complexing power of these polyethers shows an increasing tendency
with the average molecular weight [6, 7]. Seeking effects leading to the maxi-
mum, we compared the distributions of the polyethers between benzene and
the aqueous phase with the complexing ability of the polyethers. These data are
listed in Table I.

The data in Table I show that the complexing power and the distribution
coefficient are affected by the average molecular weight in an opposite way.
Obviously, both a high concentration in the organic phase and a good complex-
ing power are advantageous, thus these properties may lead to a maximum
salt-extracting efficiency in the range of the medium average molecular weights.

The effect of the catalyst concentration was investigated by varying the
weight of the catalysts in the process described above. The results are shown
in Fig 2.

Fig. 2. Concentration of sodium 2,4-dinitrophenolate in the benzene phase es. quantity of
catalyst
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Table |

Properties of a, (o-symmetrically disubstituted polyoxyethylenes

End group M K' mole W Cemd
200 44 3.9 .10-3 9.2
300 100 3.7 - 10-3 9.8
400 180 23 -10-3 8.6
600 360 <2 +10-3 10.4
Ho. 1000 760 <2 +10-3 6.0
1500 1230 <2 u10-3 72
2000 1900 <2 u10-3 4.4
4000 4.6
6000 6.5
20000 7.3
300 14 11.4 27.8
/ \ 600 71 1.67 82.5
1000 290 0.32 7.2
2000 1200 3.3 mi0-2 2.4
200 3 212 8.6
300 11 126 95
—\\ 400 31 118 17.0
@ry-o- 600 74 31 25.2
/ 1000 230 8 o™ 18.4
1500 480 2.8 .10-1 10.8
2000 650 1.5 « 10-1 64

Other phase-transfer catalysts

Benzo-18-crown-6 1.6 « 10* 7.3 300

Tricaprylmethyl ammonium

chloride — 5400
No catalyst 5.5
M = average molecular weight of the polyethylene glycol starting material
j = stability constant of the Na+ complex of the polyether [6, 7]
j,= distribution coefficient of the polyether between benzene and water
w
C = concentration of sodium 2,4-dinitrophenolate in the benzene phase under the above-

mentioned circumstances, in the presence of 0.10 g of polyether

The stability constants were measured under circumstances different from those of the
distribution coefficients, but can be used to show the tendency of the complexing power

A small extinction was found without any catalyst, due to the phenolate. The concentra-
tion calculated from this value is shown in Table | marked “no catalyst”
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Conclusions

Investigation of the efficiency of polyethers in phase-transfer by measur-
ing their effect on the distribution of a sodium salt between benzene and water,
has led us to the following conclusions.

(a) Polyethylene glycols have a rather poor effect as salt-extracting
catalysts.

(b) Their salt extracting power can be markedly improved by end group
substitution.

(c) End groups suitable for this purpose should shift the distribution to
the organic phase while leaving the complexing power as high as possible.

(d) Varying the average chain length of the catalysts containing the
same end group, a maximal efficiency is obtained in the range of the medium
average molecular weights (n = 13 for —OH, N-piperidyl and phenoxy
end groups).

Among the linear polyether derivatives investigated so far the best
ones have a catalytic power in salt extraction which is comparable with that

of benzo-18-crown-6.

The authors are indebted to Prof. I. Rusznak for his help in every respect, to Mr. S. Bo-
ZS0 for technical assistance, to Mr. B. Agai for preparing the benzo-18-crown-6 sample, and to
the National Committee for Technical Development for a financial support of this research.
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2’-OR-chalcone (la), the chalcone dibromides 2a, b, as well as the a-bromo-
chalcone 3a react with cyclohexylamine to give a mixture of cis- (4a, b) and trans-
aziridines (7a, b). Compound 7a is not stable and is spontaneously transformed into
the tautomeric enamine 6a.

The reaction of 4a with a base or treatment of 4b with trifluoroacetic acid gave
aurone (9), whereas 3-cyclohexylaminoflavanone (11) was obtained as the main product
when 6a or 7b were treated with a base or boron trifluoride etherate, respectively.

The experimental results prove that the earlier assumption concerning the
mechanism of the reaction was correct.

Our former studies [1, 2] have shown that 3-cyclohexylaminoflavanone
and 2-benzalcoumaranone (aurone) are formed when 2’-0R-chalcones or 2’-0R-
-chalcone dibromides (R = H, R = COCH3) are allowed to react with cyclo-
hexylamine in the presence or in the absence of iodine, respectively. It has
been supposed that these reactions proceed via isomeric chalcone aziridine
intermediates, however, no evidence has been presented for this assumption.
Under similar conditons 2’-OR-derivatives (R = CH2CeH5 or CH20CH3J3)
gave cis- and trans-lI-cyclohexyl-2-phenyl-3-(2’-OR-benzoyl)-ethyleneimme
(4b, 7b) isomers. It has been established that hydrochloric acid in abs. ether
does not remove the protecting group of the aziridine isomers, thus cyclization
to C-3 substituted flavanone cannot occur.

In this paper we report our new results in connection with the synthesis
and transformations of 2’-OR-chalcone aziridines.

Synthesis of 2’-OR-chalcone aziridines

The reactions of 2’-tosyloxychalcone (la) with iodine—eyclohexylamine
complex [3] under the conditions described previously [2], as well as the
treatment of the chalcone dibromide 2a or the a-bromochalcone 3a with cyclo-

* Part X X X I11: R. Bocnab, J. Balint and M. Rakosi : Ann. 1977, 1529
** A part of this work was presented at the Conference of the Hungarian Chemical
Society, Debrecen, 23—26 August, 1977
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a R = 4-CHn—C.HtSOj
b K=CH8C»H6

Scheme 1

hexylamine in abs. benzene resulted in two main products, 4a and 5a. Accord-
ing to TLC examinations, the ratio of these two compounds was cca. 2:8.
The main component 5a could be isolated by fractional crystallization.

In anhydrous methanol the dibromide 2a gave also a mixture of 4a and
5a with cyclohexylamine, however, in this case their ratio was found by TLC
to be cca. 8:2; here 4a was separated by fractional crystallization. When the

Acta Chim. Acad. Sei. Hung. 101, 1979



LITKEI et al.: REACTION OF 2-OR-CHALCONE DIBROMIDES WITH CYCLOHEXYLAMINE 55

reaction of 2a was conducted in a more concentrated solution for a longer pe-
riod of time, the reaction mixture contained 4a and the a-bromochalcone 3a.
At the same time the dibromide 2b with cyclohexylamine in anhydrous metha-
nol gave 90% of 4b.

In agreement with data in the literature [4] spectroscopic investigations
showed that the structure of 4a and 4b is cis-lI-cyclohexyl-2-phenyl-3-(2’-OR-
-benzoyl)-ethyleneimine. In contradiction with our expectation, spectroscopic
examinations revealed that compound 5a was not a trans isomer with structure
7a. In its IR spectrum the v C = 0 frequency was found at 1680 Cm'1l and,
in addition to the complex multiplet of Ar-H and and the CH3signal,
a CH2singlet appeared at d — 3.40 ppm in its NMR spectrum. These results
show that compound 5a has the structure of 2’-tosyloxy-a-(cyclohexylimino)
dihydrochalcone. At the same time the broad NH signal at 6 = 2.65 ppm
suggests an equilibrium mixture containing 5a together with the tautomeric
2’-tosyloxy-*-(cyclohexylamino)-chalcone (6a), the ratio being cca. 70 : 20 in
deuterochloroform. Our recent examinations have shown that trans-1-cyclo-
hexyl-2-phenyl-3-(2,-benzyloxybenzoyl)ethyleneimine (7b) also exists in a
tautomeric equilibrium, containing the corresponding enamine 6b.

Several authors have observed the transformation of trans-aziridines into
enamines. Heine et al. [5] converted 2,3-dibenzoylaziridine into the corre-
sponding enamine with glacial acetic acid. A similar rearrangement was ob-
served when 2,3-dibroinopropionitrile was treated with benzylamine in the pres-
ence of triethylamine [6], and it was supposed that the conversion of the
intermediary aziridine derivative was facilitated by the quaternary ammonium
bromide during the reaction. According to the above-mentioned results it can
be supposed that as a result of the attack of cyclohexylammonium bromide on

Scheme 2
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the aziridine ring, the trans-aziridine 7a — the presumable intermediate formed
from chalcone la — transforms into the enamine 6a via sequence 7a — 8a.
Our other experiments have shown that the reaction of the enamine 6a with
cyclohexylammonium bromide gives the a-bromochalcone 3a, as well.

These experimental facts indicate that the stability of trans-aziridines (7)
is determined by the nature of the protecting group 'R, at position 2’. If it is
benzyl or methoxymethyl, only a slight conversion into the enamine 6 occurs,
whereas the transformations is complete in the case of the tosyl derivative.
The steric properties of the protecting group play no part in the direction of the
reaction, thus it is presumably determined by the electronic character of the
2’-OR group. Namely, electron withdrawing groups decrease the electron
density at the carbonyl carbon atom, whereas protecting groups of electron
releasing character stabilize the trans-aziridine ring through a hyperconjugative
interaction [7] including the carbonyl group of increased electron density.

The ratio of the products formed in the reaction of the 2’-0R-chalcone
dibromides 2a and 2b is also influenced by the nature of the solvent. In dry
benzene the main product is the trans-aziridine 7b or the enamine 6a — formed
from 7a — whereas in abs. methanol the main product is the cis-aziridine
4a, b. Several authors [13, 14] have reported on the dependence of the ratio
of the formed aziridine isomers on the nature of the solvent, and the mechanism
of these reactions has also been discussed.

Transformations of 2’-OR-chalcone
aziridines with acidic and alkaline reagents

Italian authors [8] have reported recently that the reaction of both cis
and trans-l-cyclohexyl-2-phenyl-3-(2°-benzyloxybenzoyl)aziridines (4b and 7b)
with trifluoroacetic acid (TFA) resulted in the same product, 2,3-frans-3-cyclo-
hexylaminoflavanone (11). We established that the cis-aziridine (4b) gave
aurone (9) as the main product, whereas the reactions of the trans isomer (7b)
resulted mainly in 3-cyclohexylaminoflavanone (11).

TLC examination showed that a small amount of 3-amino- and 3-hy-
droxyflavone were also formed in both cases. On the other hand, the reaction of
both 4b and 7b with boron trifluoride etherate gave mainly compound 11.

Neither compound 4a nor the isomeric 5a—6a reacted with TFA or
B F 3-etherate under the conditions described above. Ethanol containing con-
centrated hydrochloric acid did not remove the protecting group and 4a, 4b
5a and 7b transformed into the corresponding diketone 10. It can be supposed
that protonation of both the cis (4a, b) and trans isomers (7b) lead to the for-
mation of the enamine 6, which on hydrolysis gives tautomers of a-hydroxy-
chalcone (10). When using glacial acetic acid, similar results were obtained.
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Scheme 3

Previously we have reported [2] that the aziridine ring of 4b and 7b can be
cleaved with hydrochloric acid in dry ether, hut formation of the dione 10
could not be observed.

Scheme 4
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Compounds 4b or 7b do not react with sodium hydroxide. Reaction of 4a
with ethanolic sodium hydroxide results mainly in aurone (9) even at room
temperature, whereas the equilibrium mixture 5a 6a gives 11 as the main
product, converting to 3-cyclohexylaminoflavone (12) in a secondary reaction.

These experimental facts prove that our earlier assumptions [1, 2] for
the mechanism of the reaction were correct. The reaction of 2’-hydroxy- or
2’-acetoxychalcone with cyclohexylamine in the presence of iodine, as well as
the reaction of 2’-acetoxychalcone dibromides with cyclohexylamine, give the
corresponding cis- and trans-aziridines, from which aurone and 3-cyclohexyla-
minoflavanone are formed as the main products in secondary reactions.

Experimental

M .p.’s are uncorrected. The IR spectra were recorded with UNICAM SP 200 G and
Perkin-Elmer 283 instruments in KBr pellets. The NMR spectra were recorded with a Jeol
MH-100 (100 MHz) instrument with samples in CDC13 using TMS as internal standard. TLC
investigations were carried out on Kieselgel 60 F 254 (Merck), using toluene-ethyl acetate
(8:1) mixture for development.

2,-Tosyloxychaloone dibroinide (2a)

2’-Tosyloxychalcone (la) [9] (0.053 mole) was dissolved in glacial acetic acid (100 ml)
and after the addition of pyridine hydrobromide perbromide [10] (0.063 mole) the reaction
mixture was stirred for 2 h. It was then poured into water and the product which precipitated
was recrystallized from abs. methanol-petroleum ether to yield 2a (90%), m.p. 113—115 °C.

C22H 18Br204S (538.25). Caled. Br 29.69. Found Br 29.76°/0.

T rans»2’-tosyloxy-a-bromochalcone (3a)

(a) 2’-Tosyloxychalcone dibromide (2a) (0.01 mole) was treated with anhydrous sodium
acetate (0.025 mole) in abs. JV,iV-dimethylformamide (30 ml) at 90 °C for 3 h. The reaction
mixture was diluted with water and the product which precipitated was recrystallized from
ethanol to obtain 3a (85%), m.p. 138—140 °C.

(6) 2’-Tosyloxychalcone dibromide (2a) (0.005 mole) was dissolved in anhydrous methanol
(50 ml) and treated with methanol saturated with dry ammonia gas. The mixture was allowed
to stand in arefrigerator for 24 h. The precipitate was filtered off and recrystallized from metha-
nol to give 3a (90%) m.p. 138—140 °C.

C2H 17/Br04S (457.38). Caled. Br 17.47; S 7.01. Found Br 17.53; S 7.05%.

IR :v C=0 1666 cm-1.

NMR : 6 (ppm): 2.23 (s, 3H, CH23). The signal of is overlapped by the aromatic
protons.

T raris-2’-benzyloxy-a-bromochalcone (3b)

Compound 2b (0.01 mole) was treated with anhydrous sodium acetate (0.025 mole) in
30 ml of abs. IV,]V-dimethylformamide at 90 °C for 3 h. The mixture was then poured into
water and the syrupy product was extracted with ether. The ethereal layer was washed with
water, dried and evaporated and the residue was crystallized from ethanol to afford 3b (45%),
m.p. 70—72 °C.

C22H 17BrO, (393.27). Caled. Br 20.31. Found Br 20.40%.

IR: C=0 1665 cm-1

NMR : 6 (ppm):5.04 (s, 2H, CH2). The signal is overlapped by the aromatic protons.
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2’-Tosyloxy-a-(cyclohexylimino)dihydrochalcone
(5a) aiid cis-lI-cyclohexyl-2-phenyl-3-(2’-tosyloxybenzoyl)aziridine (4a)

(a) To a solution of 2’-tosyloxychalcone (la) (0.02 mole) in dry benzene (30 ml) was
added by drops a solution of iodine (0.02 mole) and cyclohexylamine (0.06 mole) in benzene
(100 ml). After stirring for 24 h the precipitated salts were filtered off and the filtrate was
washed with water, dried and evaporated to dryness. TLC examination and NMR investiga-
tion showed that the mixture contained cca. 20% of 4a. Repeated recrystallizations of the
residue from petroleum ether gave pure 5a, m.p. 104 106 °C.

C,8H204NS (475.57). Calcd. N 2.94. Found N 2.93%.

IR :vC=0 1680 cm-1.

NMR: 6 (ppm): 3.38 (s, 2H, CH2); 2.66 (broad NR): 2.33 (s, 3H, CH3); 0.78-2.0
(complex multiplet, Cfi/n).

(6) A suspension of 2a (0.005 mole) in abs. methanol (30 ml) was allowed to stand with
cyclohexylamine (0.015 mole) in a refrigerator for 4 days. The precipitate was filtered off and
the filtrate was washed with water, dried and evaporated to dryness. TLC and NMR examina-
tions showed that the mixture contained mainly the cis-isomer 4a contaminated by 5a.
Recrystallization from petroleum ether yielded 4a (80%), m.p. 115—117 °C.

C,8H204NS (475.57). Calcd. N 2.94. Found N 2.95%.

IR: vC=0 1692 cm*“1

NMR: O (ppm): 3.15 (s, 1H, Ha): 3.0 (d, 1H, Ho); 2.32 (s, 3H, Ctf3); 0.8—1.9 (m,
CéHn), JHaHR 8 Hz).

(c) Reaction of 2a in abs. JV,JV-dimethylformamide as described above resulted ina 1:1
mixture of 4a and 5a.

(</) 2’-Tosyloxy-a-bromochalcone (3a) (0.05 mole) was allowed to react with cyclohexyl-
amine (0.1 mole) in benzene (25 ml) with stirring for 24 h. Work-up of the reaction mixture in
the usual manner gave a crude product which contained 4a and 5a in a ratio of 9: 1.

Aurone (9)

(a) The cis-aziridine 4b (0.04 mole) [2] was treated with trifluoroacetic acid (8 ml) under
nitrogen atmosphere for 24 h. The reaction mixture was diluted with ether and the etheral
layer was washed with water and aqueous sodium hydrogen carbonate and finally dried.
Evaporation gave a yellow syrupy residue which contained mainly the aurone and 3-hydroxy-
flavone according to TLC. Aurone (9) was separated on a Kieselgcl 40 column (Merck) using a
8: 1benzene-ethyl acetate eluant system. Recrystallization of the crude product from aqueous
methanol yielded pure 9, m.p. 102 104 °C; lit. [12] m.p. 108 °C.

3-Cyclohexylaminoflavanone (11)

(a) The lIrans-aziridine 7b (0.001 mole) [2] was treated with trifluoroacetic acid (2 ml)
for 24 h under nitrogen atmosphere. Work-up of the reaction mixture as described above for 9
gave a crude syrupy mixture of 3-cyclohexylaminoflavanone, 3-hydroxyflavone and 3-amino-
flavone TLC. This mixture was crystallized from abs. ethanol to yield pure 11 (55%), m.p.
103 105 °C; lit. [1] m.p. 98-100 °C.

(6) A mixture of the cis-aziridine 4b (0.001 mole) [2] and boron trifluoride etherate
(I ml) in abs. benzene (40 ml) was refluxed for 2 h. After cooling, the mixture was washed
with water, dried and evaporated. The syrupy residue was then treated with hydrochloric acid
in abs. ether. The product was found to be indentical with the hydrochloride of the flavanone
11 (25%), m.p. 180-181 °C; lit. [1] m.p. 180-181 °C.

(c) An analogous reaction of the trans-aziridine 7b resulted in 20% of the hydrochloride
of 11

The mixed m.p. of the products and the authentic samples showed no depression.

2’-Tosyloxy-a-hydroxychalconc (10)

(a) The cis-aziridine 4a (0.002 mole) was dissolved in abs. ethanol (20 ml) and, after the
addition of cone. HC1 (0.1 ml), the mixture was boiled for 2 h. The solvent was then evaporated
and the residue dissolved in benzene. The organic solution was washed with water, dried, and
evaporated. Crystallization of the residue from methanol yielded 52% of 10, m.p. 140—142 °C.
The product gave positive colour reaction with ethanolic ferric chloride solution.
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(6) A mixture of 5a and 6a (0.001 mole) was allowed to react with glacial acetic acid at
room temperature for 2 days. The residue obtained after evaporation was crystallized from
methanol to give 10 (90%), m.p. 141— 142 °C.

C,.,H180 55 (394.42). Calcd. S 8.12. Found S 7.89%.

IR :v OH 3380 cm-1;v C=0 1660 cm-1.

3-Cyclohexylaminoflavone (12)

A mixture of 5a and 6a (0.001 mole) was allowed to react with sodium hydroxide (0.002
mole) in abs. ethanol (20 ml) in a refrigerator for 24 h. The mixture was diluted with benzene,
the organic layer was washed, dried and evaporated to give a crude product which was recrys-
tallized from abs. methanol to yield 58% of 12, m.p. 119—121 °C; lit. [2] m.p. 120—122 °C.
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2-(p-Chlorophenyl)-eis-5,6-trimethylene-, cis- and trans-5,6-tetra- and penta-
methylene-2,3,5,6-tetrahydro-1,3-oxazine-4-ones (2a—e)have been prepared from cis-2-
hydroxy-l-cyclopentanecarboxamide, and from cis- and fr<ms-2-hydroxy-l-cyclohexane-
and 1-cycloheptanecarboxamide (la e), respectively, by reaction with p-chlorobenz-
aldehyde. Under identical reaction conditions, ring closure did not take place with
traras-2-hydroxy-l-cyclopentanecarboxamide. From the alicyclic 2-hydroxy-l-carbox-
amides listed above, some 2-disubstituted tetrahydrooxazine derivatives (4a, b, 5a—e)
have also been prepared with acetone or alicyciic ketones. The interaction of the 2-
hydroxy-1-carboxamides la—e with paraformaldehyde gave the bis-tetrahydrooxazi-
none derivatives 3a—e containing a methylene bridge. The favoured conformations of
the cis isomers of the latter compounds were determined from the PMR spectra ; mass
spectrametric studies are also discussed.

Introduction

In the course of our earlier work on the synthesis and conformational
analysis of bicyclic saturated heterocycles with condensed skeleton containing
two hetero atoms, the synthesis and conformational analysis ofeis-trimethylene-
[IL cis- and trons-tetramethylene- [2] and pentamethylene-2,3,5,6-tetra-
hydro-4if-1,3-oxazines [1], cis- and trans-4,5-tetramethylene- and penta-
methylene-2,3,4,5-tetrahydro-6H-1,3-oxazines [1, 2] and the related tetra-
methylene- and pentamethylene-1,3-oxazine-2-ones [3, 4] have been studied.
Cis-S,6-trimethylene-, cis- and trans-5,6-tetramethylene- and pentamethylene-
5,6-dihydropyrimidin-4(3Fl)-ones have also been synthesized [5, 6]. The
conformation of the former derivatives was investigated by PMR spectroscopy;
in the case of some derivatives X-ray diffraction analysis was also used [7—9].

* Part XXX1Y: Bernath, G., Fulop, F., Mészaros, Z., Hermecz, |.,, Téth, G .:
J. Heterocyclic Chem. 16, 137 (1979)
** part X 1: Fulsp, F., Hermecz, |I., Mészaros, Z., Dombi, Gy., Bernath, G .:

J. Heterocyclic Chem. 16, 457 (1979)

*** Presented in part in the lecture of Jerkovich, Gy., Sohar, P., Bernath, G,
Fulsp, F., at the meeting of the Hungarian Chemical Society in Veszprém, August 8, 1975
(See, Proceedings, p. 133)
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In the present paper the syntheses of 2-substituted-cis-5,6-trimethylene-,
cis- and trans-5,6-tetramethylene- and pentamethylene-2,3,5,6-tetrahydro-1,3-
oxazine-4-ones (2,4,5) and of the related symmetric bis-oxazinone derivatives
containing a methylene bridge (3) are described and studies on the IR, PMR
and MS spectra of the latter type of compounds reported. The purpose of the
synthesis of these compounds has been not only the conformational analysis
of saturated heterocycles being extensively studied stereochemically today [10],
but also a pharmacological examination ofthe synthesized group of compounds.
Since there are anti-inflammatory, antipyretic and analgesic agents among
the analogous benzoxazinone derivatives [11], it appeared desirable to pre-
pare [12] and examine pharmacologically [12, 13] a series of the corresponding
saturated analogues and homologues, larger than that discussed in the present
paper. The stereochomogeneous cis and trans series of homologues made also
possible to investigate the relationship between the chemical and stereochemi-
cal structure and pharmacological action.

Synthesis

In the synthesis of the model compounds in the course of our earlier
studies on N —0 acyl migration, cis-2-hydroxy-l-cyclopentanecarboxamide
(la) [14] and cis- and trans-2-hydroxy-I-cyclohexanecarboxamide (Ib, I1d) [15]
appeared as intermediates. These compounds, as well as cis- and trans-2-
hydroxy-l-cycloheptanecarboxamide (lc, le) [4] yielded with p-chlorobenzal-
dehyde the corresponding stereohomogeneous bicyclic tetrahydro-I,3-oxazine-
-4-ones (2a-e) in satisfactory yields, when refluxed in dioxane medium in the
presence of catalytic amounts of acid. In accordance with our earlier results
on trares-l,2-disubstituted-1,3-bifunctional cyclopentane derivatives [14, 16],
cyclization could not be achieved under similar conditions when the starting
material was irans-2-hydroxy-l-cyclopentanecarboxamide.

(0]
Q
+ |
CgIRCK//)
eis Irans
la: n=1 Id: n= 2 2a: n = 2d: n =2
Ib: n=2 le: n=3 2b: n=2 2c: n=3
lc: n=3 2c: n=3
Fig. 1
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When cis-2-hydroxy-l-cyclohexanecarboxamide (Ib) was allowed to
react with p-chlorobenzaldehyde in melt (bath temperature 200 °C), a mixture
of the cis and trans oxazinone (2b :2d= 70 :30) was obtained in Ih. With
increasing reaction time the decomposition of the product became predominat-
ing. No isomerization was observed during the heating of the cis-oxazinone
2b at 200 °C. Isomerization did not occur during the thermal cyclization of
trans-2-hydroxy-l-cyclohexanecarboxamide (ld) either. Thermal cyclization
of the homologues with cycloheptane skeleton (lc, le) showed results similar
to the above mentioned ones.

(0] (0]
3b: n= 2 3d: n= 2
3c: n= 3 3e: n= 3
Fig. 2

The formation of a polymeric substance was observed during the reaction
of salicylamide and formaldehyde [17, 18]. The reaction of alicyclic 2-hydroxy-
-1-carboxamides and formaldehyde yielded the bis compounds of type 3. The
formation of related compounds with methylene bridges had been reported
from 2-hydroxybenzylamine [19] and 4,5-dimethoxy-2-mercaptobenzylamine
[20]. In the course of the condensation reaction, first alarge excess of paraform-
aldehyde was employed; however, also after reduction of the amount of
paraformaldehyde to even less than the equivalent amount, only products of
type 3 could he isolated — in a significantly lower yield. There is a considerable
difference in the reactivities of the cis- and trans-2-hydroxy-l-carboxamide
isomers. Under identical conditions, in the reaction of trans-2-hydroxy-1-
-cyclohexanecarboxamide (ld) and paraformaldehyde the trans-tetrametliylene
isomer 3d was formed in a yield more than twice as high as that of the cis
isomer 3b obtained from Ib. The difference in the reactions of the homologous
2-hydroxy-Il-cycloheptanecarboxamides and paraformaldehyde was lower,
the yield of the trans isomer being about 1.5 times higher than that of the cis
isomer. When the starting material was trares-2-hydroxy-l-cyclopentanecar-
boxamide, no product of cyclization could be obtained with paraformaldehyde
either.
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Table |

Melting points, analytical data and yields of tetrahydrooxazinones of type 2

Analysis, %
Com- Formula M.p., °C Calculated Yield,
pound Molecular weight Solvent Found 9%
C H N
U C,,H,,CLLO, 212-213 62.03 5.60 5.56
a 251.71 ethanal 62.04 5.60 5.41
clh cino?2 170 63.30 6.07 5.27
265.73 63.39 5.99 5.30
C13H 18C1N0.2 232 64.40 6.48 5.00
279.75 64.53 6.62 5.01
CMHIrCINO, 191;192 63.30 6.07 5.27
265.73 63.18 6.02 5.42
CI3H 18C1N02 179;181 64.40 6.48 5.00
279.75 64.46 6.71 5.14

* Recrystallized from diisopropyl ether :ethanol = 2 : 1

Table 11

Melting points, analytical data and yields of bis-oxazinones of type 3

Analysis, %
Com- Formula M.p., °C Calculated Yield,
pound Molecular weight Solvent Found %
C H N

oit CIH,,,IN.,04 192 61.20 7.53 9.52 28
! 294.34 ethanol 61.40 7.73 9.88

3b CiTHBN D 4 156-157 63.33 8.13 8.69 30
322.39 ether 63.26 8.35 8.52

3c A19A3072/4 137-138.5 65.11 8.63 7.99 31
350.45 ether 65.02 8.82 8.10

3d C, ,HXN A 192-193 63.33 8.13 8.69 69
322.39 ether 63.25 7.88 8.69

3e A19A-30/27 110-111 65.11 8.63 7.99 46
350.45 ether 65.22 8.81 7.87

Fischer et al. [21] obtained a tetrahydrooxazine derivative with m.p.
162 —163 °Cin the reaction of acetone with 2-hydroxy-I-cyclohexanecarboxam-
ide of non-declared configuration; the configuration of the product was not
given either. When the former reaction was effected using stereohomogeneous
Ib and 1d, both the cis and trans products of cyclization had melting points
higher than that given above (4a: m.p. 169—171 °C: 4b: m.p. 166—169 °C);
the mixed melting point was 160—164 °C. Thus Fischer €t al. must have
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obtained a tetrahydrooxazinone derivative consisting of a mixture of the
cis and trans isomers (4a, b).

4a: cis c*s trans

4b: trans 5a:ii= 1,m=1
5b: n= 2,m=1 5d: 1=2m=1
5¢c:n= 3 m=1 5¢c:n=3m=1
5f: n= 1 m—2
Fig. 3

In acetone containing 1% HCL1, the condensation reaction took place
strikingly readily, in 1—2 h at room temperature, or 15—20 min at 40 —50 °C.
The reactions of the 2-hydroxy-l-carboxamides la e with alicyclic ketones
were similarly fast; in this way the spiro derivatives 5a f have been synthe-
sized.

Tabic 111

Melting points, analytical data and yields of spiro-oxazinones of type 5

Analysis, %
,i)?]rr?é Moleizmuxeigm M-p., 0 caFlglﬂlstljed Yioe/;d’
C H N
>a ©" b5 - 167-168 o es 500 v 19
It L < S
R s 156 %005 62 o T
s COyhet 25 6 ighe g gsa 8
I+ S S M
T B LI T v AT

* All products were recrystallized from ethyl acetate
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IR, PMR and MS data

It has been established earlier that in related saturated heterocycles with
condensed skeleton containing two hetero atoms, such as trimethylene-,
tetramethylene- and pentamethylenetetrahydro-1,3-oxazines [1, 2], tetra-
methylene-1,3-oxazine-2-ones [3], trimethylene- and tetramethylenetetra-
hydropyrimidin-4-ones [5], the favoured conformation of the cis isomers is
the one in which the hetero atom (nitrogen or oxygen) attached to the annel-
lation point occupies axial position, and the methylene group or carbonyl
group affixed to the other annellation point is in equatorial position. As for-
merly pointed out [22—24], it could be demonstrated by PMR and X-ray
diffraction measurements that the predominating conformation of the cis
derivatives 2a—c discussed in the present paper is analogous with the former
ones, that is, the oxygen atom and the carbonyl group are in the axial and
in the equatorial position, respectively.

In the present work the spectroscopic data of the derivatives containing
methylene bridges (3a—e) are reported.

The IR spectra of compounds 3a—e and 2a—e (Table 1V) are very similar
except for the fact that in the former compounds — in accordance with the
structures containing methylene bridges — there are no NH bands, thus no
absorption is observed at wavenumbers higher than 3000 cm-1. However,
there is a very intense amide | band between 1640 and 1660 cm-1, and this
is split in the trans isomers owing to coupling of the two carbonyl vibrations.

In the PMR spectra (Table 1V), the singlet signal of the bridge methylene
group appears at high chemical shift values (&~ 4.9 ppm), in accordance with
the two neighbouring amide nitrogen atoms; its intensity is about half of that

Table IV
lit and PM R data ofbis-oxazinones oftype 3

'H-NMR (CDC13, dTMS = 0 ppm

Com- Config- IR (KBr), cm -1 T “
pound uration amide-1 <5NCH.N SOCH2N "(_g)?:"rligN S0CH ACOCH
Hz Hz
3a cis 1640 4.85s (2H)  4.90 s (4H) 430 m (1H) 15
3b cis 1660 4.86s (2H)  4.90 s (4H) 3.95 m (1H) 8
3d trans 1660, 1640  4.85 s (2H)  5.02, and 8 3.45 m (1H) 26
4.89 (4H)*
3c cis 1640 4.90 s (611) 4.00 m (LH) 20
3e trans 1660, 1650 4.90 s (2H) 4.90, and 9 3.55 m (1H) 25
4.85 (4H)*

* Calculated from the AB-quartet
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of the methylene signal in the oxazine ring. The chemical shift of this signal is
similarly high, since the vicinity of the amide nitrogen and ether oxygen
atoms exert a similar effect on the vicinal methylene protons.

A certainly useful observation in the determination of the configuration
of compounds of type 3 -with unknown steric structure was that in the cis
isomers the two methylene protons are isochronous* (they give a singlet signal),
while the trans isomers produce an AB quartet and the difference in their
chemical shifts is higher than 0.1 ppm. Notably, the geminal coupling constant
is unusually low (8 —9 Hz), owing to the effect of the two neighbouring electron-
withdrawing heteroatoms [25a].

This is confirmed by the characteristically different chemical shifts and
band widths of the signals of the bridgehead protons geminal with the oxygen
atom in the cis trans isomeric pairs. It follows that not only the 3d e trans,
but also the 3a—c cis isomers are conformatively homogeneous systems.

Fig. 4

It can be deduced from the PMR spectra that of the two possible chair-
-chair conformations of the cis-tetramethylene derivative 3b the predominating
one contains the oxygen and carbonyl group attached to the annellation points
in axial and equatorial positions (3b’), respectively. Here the signal of the bridge-
head methine proton beside the oxygen atom appears at a higher 6 value
and is much sharper in the cis isomer than in the corresponding trans one,
unambiguously indicating the conformation of the cis isomer. In the cyclo-
hexane derivatives and their hetero analogues it is a general rule that the chem-
ical shift of the equatorial protons is alwrays higher than that of their axial
analogues [25b]. Further, from the correlation between the vicinal coupling
constants and the magnitude of the dihedral angle [26] the conclusion can be

* The chemical equivalence of the methylene protons in the oxazinone ring of the cis
isomers 3a—c is an accidental identity of the resultants of the effects of the neighbouring
groups.
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drawn that the equatorial-axial or diequatorial vicinal coupling constants are
significantly lower than the diaxial coupling constants. In accordance with
these facts, the signals of the equatorial protons split to a smaller extent and
overlapping of the lines result in a smaller band width. The higher 6 value and
the sharper signals thus equally prove the equatorial position of the CHO
bridgehead proton. The favoured conformation of the cis-trimethylene deriva-
tive (3a) is analogous with the former case. These favoured conformations are
in accordance with the earlier results obtained for related compounds [1—5].

In the PMR spectra of the cis- and irans-pentamethylene derivatives
3c and 3e, the differences in the chemical shifts and band widths of the CHO
bridgehead protons are smaller than those observed in the case of the cis- and
irans-tetramethylene isomeric pair 3b and 3d (only 0.45 ppm instead of 0.55
ppm and only 5 Hz instead of 18 Hz), which can be explained by the more
flexible conformational conditions in 1,2-disubstituted cycloheptane derivatives
[27—30]. On the basis of the analogous spectral data of the trimethylene-,
tetramethylene- and pentamethylene derivatives, the conformational rela-
tionship of the cis isomers (3a—c) can be deduced, though the conformational
equilibrium in case of the pentamethylene derivatives is not so strongly shifted
to the favoured conformer than in case of the tetramethylene derivatives.
X -ray diffraction analysis of 2-(p-chlorophenyl)-c£s-5,6-pentamethylene-2,3,5,6-
-tetrahydro-1,3-oxazine-4-one [23, 31], having a structure similar to 3c in
solid state, has revealed that the carbonyl group in the hetero ring is equatorial,
while the oxygen in CHO is isoclinal.

It can be stated from the mass spectra of the cis isomers 3a—c that the
character of fragmentation does not depend on the number of members of the
alicyclic ring. The base peak in the spectra is due to cleavage of the methylene
bridge and the nitrogen atom and the other product of the splitting also appears
in the spectrum at a mass higher by 14 units than the base peak.

The molecular ion of the compounds is not stable, its relative intensity
being 2—6%. Figure 5 shows the main directions of the mass spectroscopic
fragmentation of the trimethylene derivative 3a. The primary processes leading
to the appearance of the fragment ions take place mainly by hydrogen rear-
rangement. There is an asterisk in the figure where variation of the accelerating
voltage results in the appearance of a metastable transition corresponding to
the elemental steps given. In general, intense metastable peaks are observed,
and this is characteristic of processes involving rearrangement.

The ion formed through release of water is rearranged to yield an ion
with a mass number of 154, and one with 137; the latter is also formed by loss
of water from the ion with mass number 155 produced from the molecular ion
through hydrogen rearrangement. On the basis of these two processes it can
be assumed that the hydrogen rearrangement takes place between the two
oxazinone rings. The rearranged molecular ion is also responsible for the for-
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mation of the ion with mass number 197, which undergoes decomposition with
the loss of a neutral CO or HNCO molecule.

The mass spectra of the cis derivatives 3b and 3c are in good agreement
with the mass spectrum of 3a. The only intense ion not containing a ring
appears at the same mass number in all compounds (m/e = 42) and, according
to the metastable measurements, it is formed almost exclusively from the ion
with mass number 154.

The mass spectra of cis and trans isomers with identical number of ring
members differ only in the intensities of the peaks. It can be observed that in
the spectra of the trans isomers certain ions which can be deduced by rearrange-
ment appear with lower relative intensity than in the spectra of the corre-
sponding cis isomers.

Experimental

M .p.’s were measured with a Boetius micro melting point apparatus and were uncorrected.
The IR spectra were recorded with a Perkin Elmer 457 instrument in KBr pellets, and the
PMR spectra with a Varian A-60D spectrometer in CDC13 The mass spectra were obtained
on a Varian MAT-SM-1 instrument. The elemental compositions given were measured with
PFK reference at a resolution of R = 10,000. The deviation between the measured and calcu-
lated masses is less than 0.003 mass units.

The alicyclic 2-hydroxy-I-carboxamides la—e used as starting materials were prepared
as described in our earlier papers [4, 14, 15].

2-p-(Chloroplienyl)-cis-5,6-trimethylene-2,3,5,6-tetrahydro-I,3-oxazine-4-one (2a)

Compound la (1.29 g; 10 mmoles) and p-chlorobenzaldehyde (1.40 g; 10 mmoles)
were dissolved in anhydrous dioxan (25 ml) and the solution was acidified with ethanol saturated
with hydrochloric acid (2 drops). After refluxing for 20 h, the reaction mixture was concentrated
to 1/3 volume whereupon 2a crystallized (2.19 g; 87%), m.p. 208 —211 °C ; after recrystalliza-
tion from ethanol, m.p. 212—213 °C.

Analytical data of compounds of type 2 are summarized in Table I.

Thermal cyclization of Ib with p-ehlorobenzahlehyde

Compound Ib (2.86 g; 20 mmoles) and p-chlorobenzaldehvde (2.81 g; 20 mmoles) were
acidified with sulfuric acid (1 drop) and kept at 200 °C until the calculated amount of water
had distilled (about 1h). The product was rubbed with some water and filtered off on a glass
filter. The PMR spectrum of the crude product (3.9 g; 73%) showed an isomeric ration cis
(2b): trans (2d) = 70 :30.

3,3’-Methylene-di(cis-5,6-triinetliylene-2,3,5,6-tetrahydro-1,3-oxazine-4-one (3a)

Compound la (1.29 g; 10 mmoles), paraformaldehyde (1.2 g; 40 mmole-eq.) and cone.
sulfuric acid (0.1 ml) were refluxed in anhydrous dioxan (30 h). The solvent was then evaporated
and the residual oil dissolved in ether (4x 50 ml). The ethereal solution was washed with water,
dried (Na2S04) and evaporated to dryness to obtain a white crystalline product (3a) (0.41 g;
28%), in.p. 186 —189 °C. After two recrystallizations from ethanol, m.p. 192 °C.

Analytical data of compounds of type 3 are shown in Table II.
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Spiro cis-5,6-tctramethylene-2,3,5,6-tetrahydro-I,3-oxazine-4-one-2,V-cyclopentane (5b)

Compound Ib (1.43 g; 10 mmoles) was dissolved in afreshly prepared mixture of cyclo-
pentanone (10 ml) containing 1% HC1. After standing for 24 h, the solution was evaporated to
dryness, the residue dissolved in CHC13(50 ml) and this solution was washed with 5% NaHCO03
and water. After drying (Na,,S04) it was evaporated to dryness to obtain the product 5b (1.5 g;
72%), m.p. 169—173 °C; after recrystallization from ethyl acetate, m.p. 176— 177 °C.

Analytical data of compounds of type 5 are shown in Table III.

2.2-Diniétlivl-rds-5,6-Iftramethylene-2,3,5,6-tetrahydm-1,3-oxazine-4-one (4a)

It was prepared from Ib in acetone containing 1% HC1 as described for 5b. After a
reaction time of 5 h the yield was 81%. After crystallization from ether, the product had m.p.

169-171 °C.
C10H IMNO., (183.24). Calcd. C 65.54; H 9.35. Found C 65.45; H 9.46%.

2,2-Dimethyl-/rims-5,6-tetramethylene-2.,3.5.6-tetrubydro-1,3-oxazine-4-one (4b)

This compound was prepared from Id in a 5 h reaction, similarly to 4a : the yield was
79% ; recrystallization from ether gave m.p. 166 —169 °C.
C10H I7NO., (183.24). Calcd. C 65.54; H 9.35. Found C 65.66: H 9.38°,,.
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The ring cleavage reactions of chromone, flavone, isoflavone, 3-methylchromone
and 3-phenoxychromone in aqueous alkali have been studied.

Ring cleavage starts with an isoentropic Adyv/2-type nucleophilic addition,
which is also the rate-determining step. The carbanion (I1) is then stabilized in accordance
with the 111 IV equilibrium. The rate constant of the ring cleavage reaction is in a
linear correlation with the thermodynamic protonation constant of the carbonyl group
of the y-pyrone ring, which shows that the electron density at C-2 is greatly influenced
by the electron distribution of the carbonyl group.

Alkaline hydrolytic degradation is one of the important methods used for
the structure elucidation of naturally occurring chromone derivatives [1]. The
products of this reaction can he regarded as starting materials for the synthesis
of chromone derivatives by ring isomerisation [2]. The compounds formed in
the ring opening reaction also influence the composition of the reaction mixture
of catalytic hydrogenation [3] or oxidative degradation [4] carried out in
alkaline medium. The rate of the ring opening reaction and conversion is in-
fluenced by the type and position of the substituents, the state of oxidation of
the chromone ring, and the reaction conditions (temperature and alkali
concentration) [5, 11].

In our previous papers the ring cleavage of isoflavones with various
nucleophilic reagents has been reported [6—9, 11]. We found with all the
nucleophils studied so far that ring cleavage was initiated by a relatively
slow, Ad~2-type step, followed by fast ring cleavage. Chromone derivatives,
treated with hydroxide ion are stabilized — with a few exceptions [11] — by
excess alkali as /J-dicarbonyl enolates (1V) [6, 7]. Hydroxylamine, hydrazine
or substituted hydrazines give oximes, hydrazones or substituted hydrazones
of a /3-ketoaldehyde, which then rapidly rearrange to isoxazole [8] and pyrazole
[9] derivatives. With the nucleophiles studied so far attack takes place exclu-
sively at C-2.

The /?-dicarbonyl enolates from isoflavones (IV c) are stable with a few
exceptions [11]; they decompose to 2-hydroxydeoxybenzoin [10] very slowly.
This ring opening with hydroxide ions may be regarded, with some limitation,
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as a consecutive reversible reaction [7] which can be characterized kinetically
by the rate constant Aqof the rate determining step, i.e. of the Adjv2 addition
reaction. The value of Aqis highly dependent on substitutions in the system
and is therefore useful in characterizing the stability and nucleophilic reactivity
of the y-pyrone ring of such compounds [11]. We have found that Agnot only
indicates reactivity towards hydroxide ions, but also shows the relative order
of reactivity with other nucleophile.

In this paper we describe an extension of these studies to chromone and
certain chromone derivatives.

Experimental

The apparent (pseudo-first order) rate constants Aq were determined by UV spectro-
photometry as described previously [6]. The measured and theoretical absorption values
— the latter calculated from k» — were in good agreement (a = 5« 10-3 A.u.). The thermo-
dynamic pKgn+ values were determined according to the literature [13], as described in a
previous paper [15].

Results and Discussion

The spectra of the chromone derivatives la—d undergo a change in
dilute aqueous alkaline medium. At the kinetic end of the reaction a high in-
tensity, broad maximum appears in the range of 280 —292 nm, which is stable
for a relatively long period. The Amax (nm) and (lge) values are, la: 280 (4.19);
Ib: 308 (4.26); Ic: 290 (4.30); 1d: 292 (4.15); le: 360 (3.90); 320 (4.00). The change
of the spectrum of le differs both in character and in Amax from the spectra of
the other chromone derivatives. Ring cleavage is followed by a rather slow
decomposition, as shown by a change of the spectrum at the kinetic end
towards the superposed spectra of the corresponding decomposition products
(e.g. salicylic acid, o-hydroxyacetophenone derivatives).*

Like with isoflavone derivatives [6], the ring cleavage of chromone deriv-
atives by hydroxide ions, and thus molar absorption at Amax at the Kkinetic
end, is dependent on the hydroxide ion concentration and tends, according to
the parameters of the equilibrium 111 IV, towards a limit (Fig. 1).

Fig. 1. Change of the absorption of light at the kinetic end of the ring opening reactions of
flavone, at 35 °C, as a function of the hydroxide ion concentration (A= 350 nm)

* A kinetic study of this decomposition will be reported in a forthcoming publication.
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When the reaction mixtures are acidified at the kinetic end, llia—d
give Via—d, whereas Hie gives 2-hydroxybenzoyl benzoylmethane, which then
all recyclize slowly to la—e.

Our measurements thus indicate that the ring cleavage of derivatives
la—e (I ™~ [H] ~ I~ 1V) is much slower (Ag <8 Ag) than that of 2-hydroxy-

chromanones (VI) (VI [ i ;£ 1V).

Therefore, in our opinion, the rate-determining step in the ring cleavage
of I is the transformation I - [II]. Furthermore, in alkaline solution the de-
rivatives VI, at a pH value depending also on the substituents, quickly reach
a spectrum, characteristic of the equilibrium 111 ;= IV. This spectrum changes
towards that of I slowly. Thus the transformation VI ;= [II] ;= Il IV must
be faster than dehydration VI1—= [11] —I (k28> Accordingly, the kinetics of

the ring cleavage of the chromone derivatives studied may be simply formulated
as follows:
I + OH* ~"+11— A~ 1)
A_i
Applying the Bodenstein principle [14], the apparent rate constant in the
case of the studied compounds will be:

h = Ag[OH-], &)

Kb in fact being a linear function of the hydroxide ion concentration (Fig. 2),
which proves that the rate-determining step of the ring cleavage reaction is
kinetically of second order.

The slopes of the straight lines in Fig. 2 give, in accordance with Eq. 2,
the rate constants of ring cleavage (Ag). As expected, the intercepts of the
straight lines in Fig. 2 spread around the 0 point. Consequently, the ring
cleavage of the chromone derivatives la—e is analogous to the cleavage of
Ic [6] or the corresponding C-2-unsubstituted derivatives [11].

Fig. 2. Dependence of the apparent rate constant of the ring cleavage reaction of chromone
(kb) as a function of the initial hydroxide ion concentration
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Table |

Rate constants, activation parameters of cleavage anil carbonyl group thermodynamic protonation
constants of chromone derivatives

i(°C) fcjimin-1 «mole-1) mE*(kcal/mole) As*(e. u) PKBH+ P Y
la 20 0.476 £ 0.01
25 0864 = 0.04 12.9 £ 2.0 — 239+ 6.5 2.02 0.37 |
30 1.108 + 0.05
35 1.448 =+ 0.03
Ib 20 0.512 + 0.028
25 0.789 = 0.08 129 = 05 —23.7 % 1.7 2.44 0.06 0.91
30 1.1025 + 0.13
35 1.525 + 0.08
Ic 20 3.80 + 0.18
25 521 + 0.23 129 £ 0.9 —18.7 = 4.1 2.77 0.65 6.03
30 8.67 £ 0.33
35 10.99 + 0.39
Id 20 11.94 £ 0.98
25 18.36 + 1.83 11.6 + 0.8 —218% 2.8 3.13 0.4 21.25
30 24.40 = 2.04
35 32.05 + 3.16
le 20 0.021 * 0.0008
25 0.0314 + 0.002 16.1 * 0.4 -21.3 £ 1.6 1.45 0.01 0.035
30 0.0513 * 0.003
35 0.0755 + 0.0036

The k1 constants, determined at different temperatures, and the activa-
tion parameters calculated from the Ig Ay— 1/T equation are summarized in
Table I.

The activation energy and activation entropy of ring cleavage of various
chromone derivatives indicate bimolecular reaction [12], therefore our earlier
observation [6] can he generalized in the case of chromones. Transformation
starts with an AdN2 type addition being the rate-determining step. Then the
carbanion Il is stabilized in the enol—enolate (111 1V) form.

The rate constant of the nucleophilic addition reaction (kf) depends on
the electron distribution in the ground state, especially on the electron density
at C-2. Thus Aqis useful for the characterization of the stability of chromone
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and chromone derivatives toward nucleophiles. Relative stabilities can be
defined as follows:

Y = st : (3)

The numerical values (Table 1) are in good agreement with the qualitative
observations, and with the well known electronic effects of the substituents.

Fig. 3. Dependence of log of the ring cleavage of various chromone derivatives on
pKgj*' 4 at 25 °C

The negative logarithm of the protonation constant of the carbonyl
group (pKBH+) also denotes the electron distribution of the y-pyrone ring
and the chromonoid molecule. If our assumption is correct, there should be an
exponential relationship between Agand pKBH+- In the case of the chromone
derivatives studied in this work, this correlation is as follows:

log fcf°c = 155 pKBHG — 3.53 (4)

(See also Fig. 3.) Equation 4, on the one hand, provides a possibility of studying
the electron distribution of these rings and molecules by two methods; on the
other hand, it permits a study of the nucleophilic reactivity of molecules where
the direct determination of Kj is not possible because the rate of decomposition
(111 —»Y) is higher than the rate of ring cleavage (I —Il1 — Ils). This will be
the subject of a forthcoming paper.

Preliminary studies indicate that Eq. 4 may allow to predict the reactivi-
ty of chromonoids with other nucleophiles (e.g. nitrogen nucleophiles) by
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means of calculating the nucleophilic reactivity. Activation entropy values of
the ring cleavage of compounds la —e are very similar (Table 1); therefore, the
influence of substituents on the structure of the transition state is small.
This means that both the point of attack of the hydroxide ions and the stereo-
chemistry of the transition state may be regarded as almost the same.

The authors wish to express their thanks to Miss llona Bodonovits for her excellent
technical assistance and to Dr. M. Rakosi for a gift of the synthetic flavone derivative.
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Partially benzylated or partially benzylated and methylated derivatives of a-
and /?-D-galactopyranosides were prepared by the hydrogenolysis of the exo- and
endo-isomers of 3,4-O-benzylidene-a- and -/?-D-galactopyranosides. The exo isomers gave
the corresponding 3-0-benzyl-4-hydroxy derivatives, whereas the reaction of the endo
isomers gave the 4-0-benzyl-3-hydroxy analogues in every case. On the hydrogenolysis
of acetals containing unsubstituted hydroxyl group, an isomerization of slight degree,
dependent on the length of time of the reaction and excess of the reagent, may be
supposed. The hydrogenolytic method offers a convenient route for determining the exo
or endo configuration of dioxolane-type benzylidene acetals even if only one of the two
isomers is at disposal.

Benzylidene acetals are frequently used intermediates in preparative
carbohydrate chemistry due to their stability [1] and ability for crystalliza-
tion. The new nethods, published during the past ten years — first of all the
ring cleavage of these derivatives with iV-bromosuccinimide introduced by
Hanessian [2] and Hurrar et al. [3], the ozonolytic [4] and photochemical
[5] oxidation reactions, as well as their reactions with butyllithium elaborated
by Ki1emer €t al. [6] — have widened their field of application.

The preparative importance of the hydrogenolytic ring cleavage of ben-
zylidene acetals with the mixed hydride LiAIH4AICI3 reagent [7—10] seems
to be comparable with the methods mentioned above. The high regiospecificity
of this reaction was first observed in our laboratory with 4,6-O-benzylidene
acetals of mono- [11—13] and oligosaccharides [14—16]. Recently the regio-
selective ring cleavage of p-methoxybenzylidene acetals — dependent on the
steric requirement of the C-3 substituent — has also been reported [17].

In the case of the five-membered dioxolane-type benzylidene acetals
the reagent attacks the axial oxygen atom of the e#o-isomers and a product
with equatorial O-benzyl- and axial hydroxyl groups is formed. Owing to the
opposite place of attack of the reagent on the endo isomers, i.e. the equatorial
oxygen atom of the dioxolane ring, a product with axial O-benzyl and equatorial
hydroxyl groups is formed [18—22].

According to these results, the hydrogenolytic ring cleavage reaction
provides a convenient route to partially benzylated carbohydrate derivatives.
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In the present study we report on the preparation of some benzyl and methyl
ether derivatives of benzyl ¢-p- and allyl a-D-galactopyranosides.

The preparation of numerous partially benzylated galactopyranoside
derivatives has been reported recently. These derivatives served almost
exclusively as intermediates in the synthesis of galactose-containing blood
group oligosaccharides [23], glycolipids [24 —25] and immun-determining
oligosaccharides.

During the past ten years the synthesis of the following partially benzy-
lated galactopyranose or galactopyranoside derivatives have been described:
2-0-benzyl- [26—28], 3-0-benzyl- [26], 4-O-benzyl- [29], 2,3-di-O-benzyl-
[26, 28, 30], 2,4-di-O-benzyl- [30—32], 2,6-di-O-benzyl- [28, 33, 34], 2,3,4-tri-
-O-benzyl- [12, 27], 2,3,6-tri-O-benzyl- [32, 34], 2,4,6-tri-O-benzyl- [33, 34]
and 3,4,6-tri-O-benzyl [35—37] ethers.

The syntheses reported start with the 3,4-O-substituted analogues of
benzyl ¢-p- [38] and allyl a-D-galactopyranosides [39]. Stoffyn and Stoffyn
[26] reported for the first time that the acid catalyzed acetonation of benzyl
/S-D-galactopyranoside (1) led to benzyl 3,4-0-isopropylidene-/?-D-galactopyra-
noside (2); the unchanged starting material and the corresponding 4,6-O-iso-
propylidene analogue were removed by column chromatography. By modifi-
cation of this procedure compound 2 was obtained by direct crystallization in
5*4% yield. Benzylation of 2 using the method of Zzempi¢n and csdares [40]
gave 90% of syrupy benzyl 2,6-di-0-benzyl-3,4-0-isopropylidene-/?-D-galacto-
pyranoside (3). The Kk unn methylation [41] of 2 yielded benzyl 3,4-O-isopro-
pylidene-2,6-di-0-methyl-/9-D-galactopyranoside (4) in almost quantitative
yield. Hydrolysis of 3 and 4 with acetic acid resulted in the hitherto unknown
crystalline benzyl 2,6-di-0-benzyl-/S-D-galactopyranoside (5) and benzyl
2,6-di-0-methyl-/?-D-galactopyranoside (6), respectively. Methylation of 5 gave
the crystalline and hitherto unknown benzyl 2,6-di-0-benzyl-3,4-di-0-methyl-
-/S-D-galactopyranoside (7). In the JH-NMR spectrum of 5 the absorption of
six protons corresponding to the three methylene part of benzyl groups was
observed at 5.02—4.56 ppm. From among them two appeared as an AB
quartet, whereas the C-6 benzyl protons gave a singlet. The doublet of the
anomeric proton appeared at 4.44 ppm with a coupling of 9 Hz and the OH
group — showing fast proton exchange — was assigned as a broad doublet
at 3.14 ppm. The IH-NMR spectrum of 6 was consistent with the proposed
structure showing the quartet of the methylene part of benzyl group at 4.78
ppm, the Cj-H at 4.36 as a doublet, the C2—OCH3 at 3.63 ppm and the Ce—
—OCH3 at 3.42 as sharp singlets. In the case of 7 the two methyl signals ap-
peared close to each other and at lower field (3.60 and 3.56 ppm) indicating
the presence of secondary OCH3groups.

Catalytic debenzylation of 6 and 7 with 10% Pd/C gave the known 2,6-di-
-O-methyl- (8) [42] and 3,4-di-O-methyl-D-galactose (9) [43], respectively.
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Benzylidenation of 5 using the general procedure (benzaldehyde and
zinc chloride) gave a mixture of isomeric 3,4-O-benzylidene acetals. The for-
mation of the exo- and endo isomers were detected both by TLC and IH-NMR
spectroscopy and their separation was effected by direct fractional crystalli-
zation. Benzyl 2,6-di-0-benzyl-ea:0-3,4-0-benzylidene-/?-D-galactopyranoside
(10) was obtained in 31% vyield after crystallization from ethanol, whereas
benzyl 2,6-di-0-benzyl-endo-3,4-0-benzylidene-/3-D-galactopyranoside (11) was
crystallized from cyclohexane. Similarly to other isomeric pairs, the two diaste-
reomeric acetals showed different solubility in several solvents and the endo
isomer was more soluble in all organic solvents than the exo analogue.

The steric position of the phenyl group of compounds 10 and 11, and the
configuration of the C-2’ atom of their dioxolane rings were determined by
their IH-NMR data. The acetal hydrogens of the exo isomers resonate always
at lower field [44] than those of the endo isomers. The observed chemical shift
was 5.94 and 5.85 ppm for compound 10 and 11, respectively.

Benzylidenation of 6 according to the procedure of Evans [45] (benzal-
dehyde dimethylacetal, p-toluene-sulfonic acid, iV,iV-dimethyl-formamide
resulted also in a mixture of two diastereomeric compounds. These were
detectable by XH-NMR investigation or gas [46] and thin-layer chromatogra-
phic methods. The exo isomers have, in most cases, a higher Ry value than the
endo isomers, whereas gas chromatographic examination with apolar GLC
columns showed a reversed mobility of these compounds, i.e. the retention
times of the exo isomers were longer than those observed for the endo ana-
logues [46].

Both 12 and 13 were obtained in crystalline form after separation by
column chromatography.

Hydrogenolysis of 10 with a 20% excess of LiA1H4A1C13 (1 : 1) gave
benzyl 2,3,6-tri-0-benzyl-/?-D-galactopyranoside (14) as a single product in
quantitative yield. The structure of 14 was also proved by converting it into
the corresponding 4-O-methyl derivative (15).

Hydrogenolysis of 11 gave benzyl 2,4,6-tri-O-benzyl-R-D-galactopyrano-
side (16), which afforded on methylation the corresponding 3-O-methyl de-
rivative (17).

The direction of the ring cleavage reaction of 12 and 13 was found to be
similar to those mentioned above, i.e. the exo isomer (12) gave benzyl 3-0-
-benzyl-2,6-di-0-methyl-/I-D-galactopyranoside (18), while the endo isomer (13)
yielded benzyl 4-0-benzyl-2,6-di-0-methyl-/?-D-galactopyranoside (19).

The results of these investigations were consistent with those observed
earlier i.e. the reagent attacks on the axial oxygen atom of the exo isomers,
whereas the place of attack is on the equatorial oxygen in the case of the endo
isomers. On the other hand, the direction of the reaction is independent of the
steric bulk of the neighbouring substituents.

6* Acta Chim. Acad. Sei. Hung. 101, 1979



84 LIPTAK et al..: GALACTOPYRANOSIDE DERIVATIVES

The examinations were extended to some a-D-galactopyranosides as well,
in order to determine whether the anomeric configuration of the acetal de-
rivative to be hydrogenolyzed has an effect on the direction of the reaction. On
the other hand, the method offered a convenient route to synthesize the hardly
available 3,6-O-benzyl-D-galactopyranoside derivatives. It has to be mentioned
that the allyl group was used as the aglycone moiety, the selective removal
of which [47—49] has recently generated considerable interest. Namely,
carbohydrate derivatives concurrently containing allyl and benzyl groups
(“temporary” and “persistant” groups) are useful intermediates [50] in com-
plex oligosaccharide syntheses.

Benzylidenation of allyl 6-O-benzyl-a-D-galactopyranoside (20) was car-
ried out according to the method of Evans and gave, after column chromatog-
raphy, crystalline allyl 6-0-benzyl-exo-3,4-0-benzylidene-a-D-galactopyrano-
side (21), (66%, acH-Ph 6.16 ppm) and the syrupy endo isomer (22) (24%,
6cH-Ph 5.82 ppm).

Benzylation of 21 and 22 gave the fully protected derivatives allyl 2,6-di-
-0-benzyl-exo0-3,4-0-benzylidene-a-D-galactopyranoside (23) and allyl 2,6-di-
-0-benzyl-endo-3,4-0-benzylidene-a-D-galactopyranoside (24), respectively. The
benzylidene protons of these compounds appeared at b 5.95 and 5.88 ppm,
respectively. Hydrogenolysis of 21 at room temperature was complete only
in one hour, even if a large excess of the reagent was used, and two products
were formed in the ratio of 9 : 1. The application of a large excess of the reagent
was necessary due to the consumption of lithium aluminium hydride by the
free hydroxyl group of the starting material. It can be expected that the rela-
tively long time necessary for completing the reaction is a consequence of the
low solubility of the aluminium alkoxide formed.

Of the two compounds resulting from the hydrogenolysis of 21 only the
main product was isolated, which — according to IH-NMR data — contains
the aglycone moiety and two benzyl groups. The compound did not consume
periodate [51] indicating its allyl 3,6-di-O-benzyl-oc-D-galactopyranoside (25)
structure.

Reductive ring cleavage of the endo isomer was effected under the same
conditions as described for 21. Two products were formed in the ratio of 4 : 1
and the by-product was found to be identical with 25. The main product,
containing two benzyl groups (IH-NMR), could be oxidized with periodate but
no formation of formic acid [52] was observed. Thus the product was allyl
4,6-di-O-benzyl-a-D-galactopyranoside (26).

In these casesthe lower stereoselectivity can be explained by the prolonged
reaction time: the Lewis acid character of chloroaluminate causes the iso-
merization of the dioxolane ring, and ring cleavage of the resulting endo isomer
gives a cleaved product unexpected in the case of the exo-isomer. It can be
generally stated that reaction conditions which do not cause the isomerization
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of the dioxolane ring have to be applied for the hydrogenolysis of acetals
of such type.

Hydrogenolysis of 23 was completed within 5 minutes at 20 °C, and be-
sides 27 a by-product (max. 5%) was also detected. The physical data of 27,
isolated by column chromatography, were in good agreement with those re-
ported by Nashed and Anderson [53] for allyl 2,3,6-tri-O-benzyl-a-D-galacto-
pyranoside.

Ring cleavage of 24 was also fast and resulted exclusively in allyl 2,4,6-
-tri-O-benzyl-a-D-galactopyranoside (28) [54], known in the literature.

The results of the present study unequivocally show that the direction
of the ring cleavage of dioxolane-type benzylidene acetals in the galactose
series is determined also by the steric position of the phenyl group. Thus, the
reductive ring cleavage method provides not only a convenient route for synthe-
sizing partially substituted galactopyranosides, but also offers a simple chemi-
cal method for the determination of the exo or endo configuration of dioxolane-
type benzylidene acetals, even if only one of the two isomers is at disposal.
Namely, exo isomers are always transformed into a product containing equato-
rial O-benzyl- and axial hydroxyl groups, whereas the endo isomers give an
analogue with axial O-benzyl and equatorial hydroxyl group. In determining
the configuration of dioxolane-type acetals by Xd- and 13C-NMR [44, 55] —
based on the relative chemical shifts of the acetal protons or carbon atoms —
the simultaneous investigation of both isomers was required.

Experimental

M .p.’s were determined on a Kofler hot stage apparatus and are uncorrected. Optical
rotations were measured with a Perkin-Elmer 241 automatic polariméter. NMR spectra were
taken on a Jeol MH-100 (100 MHz) instrument using TMS as internal standard. Kieselgel G
(E. Merck, Darmstadt) was used for column chromatography and TLC, with the solvent systems
given in parentheses. Detection in TLC was effected by charring with sulfuric acid. Gas chroma-
tographic separations were performed with a Hewlett-Packard 5830 A instrument using a
1220 mm long 2.16 mm ID stainless steel column coated with 10% UCW 982 on 80 —100 mehs
Gas Chrom Q. The operating conditions were :injection port, 250 °C ; flame ionization detector.
300 °C ; nitrogen flow rate, 20 ml/min ; the column temperature was programmed at 2.5 °C/min
starting at 250 °C after 1 min isothermal period.

Benzyl 3,4-0-isopropvlidene-/I-D-galactopyraiioside (2)

A mixture of 20 g benzyl /3-D-galactopyranoside (1), anhydrous copper sulfate (60 g)
and sulfuric acid (1 ml) in acetone (1.2 1) was shaken for 10 h. The mixture was then filtered,
the filtrate neutralized with ammonia and the precipitated ammonium sulfate was removed
by filtration on a Celite layer. The filtrate was concentrated and the residue dissolved in chloro-
form, washed with water and dried (Na2S04). The solution was evaporated and the residue
crystallized from ethyl acetate—eyclohexane to yield pure 2 (12.5 g : 54.4%), m.p. 124 —125 °C ;
[aln —3.0 (c = 2.57, CHC1,); R, 0.24 (ether-chloroform, 19: 1). Lit. [26] m.p. 123-124 °C;
[a]lE 1.47° (c = 1.12, chloroform).
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Benzyl 2,6-di-0-benzyl-3,4-0-isopropylidene-/9-D-galactopyranoside (3)

Compound 2 (12 g) was benzylated with benzyl chloride (72 ml) and potassium hydroxide
(12 g) at 105 °C for 15 h. The reaction mixture was diluted with chloroform and the resulting
solution washed with water until neutral. After the addition of a small amount of sodium
hydrogen carbonate, the mixture was steam distilled, the residue was extracted with chloro-
form, the organic layer washed with water and dried (Na,S04). Evaporation gave 17.25 g
(90.9%) of syrupy 3; [o]d -f8.0° (c = 0.84, chloroform), Rf 0.75 (benzene-methanol, 49: 1).

NMR (CDC13) : 6 7.40 —7.00 (m, 15H, aromatic protons), 5.05—3.40 (m, 13H. skeleton
protons and 3 Ph —CH,—), 1.42 (s, 3H, CH3J3), 1.37 (s, 3H, CH.).

C30H 3101, (490.60). Calcd. C 73.44; H 6.98. Found C 73.50; H 7.05%.

Benzyl 3,4-0-isopropylidene-2,6-di-0-methyl-/?-D-galactopyranoside (4)

A mixture of 2 (2 g), methyl iodide (4.1 ml), silver oxide (4.1 g) and ]V,iV-dimethyl-
formamide (10 ml) was stirred for 12 h at room temperature. The reaction mixture was diluted
with chloroform, filtered and the filtrate was washed with 1% sodium cyanide solution, then
with water and dried (Na,S04). Evaporation left syrupy 4 (21 g 96.3%); [a]p —12.1°
(c = 1.60, chloroform), Rf 0.50 (benzene-methanol, 49 : 1).

C18H2e0c (338.40). Calcd. C 63.88; H 5.36. Found C 64.10; H 5.42%.

Benzyl 2,6-di-0-benzyl-(?-D-galactopyranoside (5)

A suspension of 3 (8.0 g) in 50% (v/v) acetic acid (200 ml) was heated at 80 °C for 6 h.
After evaporation of the mixture 6.7 g (91.2%) of syrupy 5 was obtained. Crystallization from
ethanol gave 5.42 g (73.3%), m.p. 107—108 °C, [a]D —17.1° (¢ = 1.22, chloroform), Rf 0.54
(benzene-methanol, 9:1).

NMR (CDC13): $7.40 —7.05 (m, 15H, aromatic protons), 5.02 —4.56 (m, 6H, 3Ph —CH2),
444 (d, 1H, C4H, J, o= 9Hz), 3.92-3.40 (m, 6H, skeleton protons), 3.14 (b, 2H, 2-04).

C,,H3006 (450.50). Calcd. C 71.97 ; H 6.71. Found C 72.10; H 6.80%.

Benzyl 2,6-di-O-methyl-d-D-galactopyranoside (6)

Compound 4 (7.3 g) was hydrolyzed as described above for the preparation of 5. The
syrupy product was crystallized from cyclohexane-ethyl acetate to give 6 (5.65 g; 87.8%),
m.p. 77—78 °C, [a]lp -49.2° (c = 1.4, chloroform), R/0.31 (benzene-methanol, 9: 1).

NMR (CDC13): 6 7.40-7.05 (m, 5H, aromatic protons), 4.78 (q, 2H, Ph-CH 2),
4.36 (d, 1H, C4—H, Jj>= 8 Hz), 3.94 (b, 1H, —OH), 3.80 —3.10 (m, 7H, skeleton protons
and —OH), 3.63 (s, 3H; C2-O CH 3), 3.42 (s, 3H, C6-O C ff3).

C15H206(298.32). Calcd. C 60.38 ; H 7.44. Found C 61.00; H 7.50%.

Benzyl 2.6-di-O-benzyl-3.4-di-O-methyl-/)-li-galartopiranoside (7)

A mixture of 5 (1.35 g), methyl iodide (2.7 ml) and silver oxide (2.7 g) in ]V,JV-dimethyl-
formamide (10 ml) was stirred. After 20 h additional methyl iodide (0.3 ml) was added to the
reaction mixture. Stirring for additional 16 h followed and the reaction mixture was then
worked up as described above for the preparation of 4. Recrystallization of the crude product
from cyclohexane-petroleum ether yielded 7 (1.31 g; 91.3%), m.p. 102 —103 °C, [a]p —52.7°
(c = 1.40, chloroform), Rf 0.85 (benzene—methanol, 9: 1).

NMR (CDC13): 6 7.40 —7.10 (m, 15H, aromatic protons), 5.00 —4.20 (m, 7H, C4—H and
3 Ph—CH, 5, 3.92—-3.16 (m, 6H, skeleton protons), 3.60 and 3.56 (2s, 6H, 2 —OCH3).

C2H MOc (478.58). Calcd. C 72.86 ; H 7.17. Found C 73.05 ; H 7.25%.

2,6-Di-O-methyl-D-galactose (8)

Compound 4 (0.65 g) was dissolved in 1 M sulfuric acid (6 ml) and the solution was heated
at 100 °C for 4 h. It was then neutralized with barium carbonate, filtered and the filtrate was
concentrated to give crystalline 8 (0.2 g; 50%), m.p. 117—120 °C, [a]p +44.3° — -f-79.5°
(c = 0.88, water). Lit. [42] m.p. 119—120 °C, [a]p +48° -» 87° (water).
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3,4-Di-O-mcthyl-D-galactopyranose (9)

To a solution of 7 (0.7 g) in ethyl acetate (40 ml) a suspension of 10% Pd/C (0.7 g) in
ethyl acetate (15 ml) was added. After hydrogenation for 4 h the catalyst was filtered off and
the filtrate concentrated to give 9 (0.25 g; 84%), m.p. 165—166 °C, [aJo +91° “m+116°
(c = 1.50, water). Lit. [43] m.p. 164 —166 °C, [a][j +95° > +117° (water).

Benzyl 2,6-di-0-benzyl-exo- (10) and endo-3,4-0-benzylidene-/3-D-galactopyranoside (11)

A mixture of 5 (4.9 g), freshly fused zinc chloride (4.9 g) and benzaldehyde (49 ml) was
shaken for 36 h. The reaction mixture was then diluted with chloroform, the resulting solution
was washed with water and after the addition of a small amount of sodium hydrogen carbonate
the mixture was steam distilled. The residue which solidified on cooling was twice recrystal-
lized from ethanol to obtain the pure exo-isomer 10 (1.82 g; 31.1%), m.p. 130—132 °C, [a][>
+ 5.6° (c = 0.50, chloroform), Rt 0.69 (benzene-ether, 4 : 1).

NMR (CDC13): 8 7.30—6.90 (m, 20H, aromatic protons), 5.94 (s, 1H, Ph—CH—),
5.00—3.40 (m, 13H, skeleton protons and 3 Ph—CH2—).

C34H 340 6 (538.64). Calcd. C 75.90; H 6.37. Found C 76.20 ; H 6.42%.

The mother liquors of the two recrystallizations were evaporated and the residue was
recrystallized from cyclohexane to give the pure endo-isomer 11 (1.67 g ; 28.5%), m.p. 65—66 °C,
M d + 15.9° (c= 1.25, chloroform), Rt0.63 (benzene—ether, 4 : 1).

NMR (CDCI3: 8 7.50—7.10 (m, 20H, aromatic protons), 5.85 (s, 1H, Ph—CH =),
5.10—3.40 (m, 13H, skeleton protons and 3 Ph—CH2—).

C34H 340 6 (538.64). Calcd. C 75.80; H 6.37. Found C 75.90; H 6.32%.

Benzyl exo- (12) and endo-3,4-0-benzylidene-2,6-di-0-methyl-/J-D-galactopyranoside (13)

A mixture of 6 (2.65 g), benzaldehyde diethylacetal (1.58 g), A./1-dimctbyliorMamide
(20 ml) and p-toluenesulfonic acid (33 mg) was stirred in vacuum at 75 °C for 5 h. The reaction
mixture was then poured into ice-water containing sodium hydrogen carbonate and extracted
with chloroform. The organic layer was washed with water, dried (Na2S04) and concentrated.
Traces of IV,IV-dimethylformamide were removed by vacuum distillation. The residue obtained
was purified by column chromatography on Kieselgel G (100 g) using chloroform-acetone
(97 : 3) for elution. The fractions having Rj0.66 gave on evaporation and recrystallization from
ethanol benzylexo-3,4-0-benzylidene-2,6-di-0-methyl-/?-D-galactopyranoside (12) (0.7¢ ;21.1%),
m.p. 96 °C, [a]D -20.5° (c = 1.27, chloroform), RT 2.98 min.

NMR (CDC13): $7.55—7.10 (m, 10H, aromatic protons), 6.12 (s, 1H, Ph—CH =), 4.80
(q, 2H, Ph—CH2—), 4.50—3.20 [m, 13H, 7 skeleton protons and 6 3.61 (s, 3H, C2—OCH3),
3.39 (s, 3H, C6—O0OCff3)].

C24H 260 6 (374.25). Calcd. C 67.43; H 7.00. Found C 68.10; H 7.11%.

Evaporation of the fractions having Rf 0.54 gave 665 mg (20%) of syrupy benzyl endo-
3,4-0-benzylidene-2,6-di-0-methyl-/?-D-galactopyranoside (13), which was crystallized from
ethanol; m.p. 58—60 °C, [a]D —22.1° (c = 1.34, chloroform), Rt 2.65 min.

NMR (CDC13): 8 7.65—7.10 (m, 10H, aromatic protons), 5.89 (s, 1H, Ph—CH=),
4.80 (q, 2H, Ph-C'IT,—), 4.38 (d, 1H, C,-H, J12= 8 Hz), 4.20—3.00 [m, 12H, 6 skeleton
protons and 8 3.50 (s, 3H, C,-O C 43, 3.40 (s, 3H, C6—OCH3)].

C2iH 260 6 (374.25). Calcd. C 67.43; H 7.00. Found C 67.90 ; H 6.98%.

Benzyl 2,3,6-tri-O-benzyl-/i-D-galactopyranoside (14)

To a solution of 10 (1.0 g) in 1:1 ether-dichloromethane (60 ml) 0.4 g of LiAIH4 was
added and the solution was heated to boiling. To the hot solution a solution of A1C13 (1.0 g) in
ether (10 ml) was added within a period of 1—2 min, and refluxing was continued for an addi-
tional 15 min. The mixture was then cooled and diluted with ethyl acetate (2 ml) and water
(5 ml) and the organic layer was separated. The aqueous layer was washed with dichloro-
methane (2x50 ml) and the combined organic solution was washed with water (5x20 ml).
After drying (Na204) it was concentrated to give syrupy 14 (0.76 g; 76%), [a]p —20°
(c = 0.53, chloroform), Rt 0.71 (benzene-methanol, 95 : 5).

NMR (CDC13 : 67.40—7.07 (m, 20H, aromatic protons), 5.03—4.35 (m, 9H, C4—H and
4 Ph—CH,—), 3.97—3.35 (m, 6H, skeleton protons), 2.71 (s, 1H, —OH).

C3H 380g (540.66). Calcd. C 75.62 ; H 6.72. Found C 76.05 ; H 6.87%.
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Benzyl 2,3,6-tri-0-benzyl-4-0-methyl-/?-D-galactopyranoside (15)

A mixture of 14 (0.6 g), methyl iodide (1.0 ml), silver oxide (1.0 g) and iV,JV-dimethyl-
formamide (10 ml) was stirred for 24 h at room temperature. The reaction mixture was worked
up as described above for the preparation of 4. Recrystallization of the crude product from
ethanol yielded 15 (0.56 g; 91%), m.p. 89-90 °C, [a]D-37.1° (c = 0.96, chloroform), Rf 0.78
(benzene-methanol, 49 : 1).

NMR (CDC13): $7.30—7.00 (m, 20H, aromatic protons), 4.95- 4.28 (m, 9H, Cx—4 and
4 Ph—C4H, ), 3.84—3.30 [rn, 9H, 6 skeleton protons and $3.50 (s, 3H, —0OCA3)].

Benzyl 2,4,6-tri-0-benzyl-/S-D-galactopyranoside (16)

To a mixture of 11 (1.0 g), ether (10 ml) and dichloromethane (15 ml) LiAIH4 (0.33 g)
was added, and the solution was heated to reflux temperature. A solution of A1C13 (1.0 g) in
ether (5 ml) was then dropwise added over a period of 2 min at 40 °C with stirring. Refluxing
was continued for an additional 15 min; during this period the starting material disappeared.
After cooling, the excess of the reagent was decomposed by the addition of ethyl acetate and
AI(OH)3 was precipitated by dilution with water. The mixture was diluted with dichloro-
methane, the organic solution was washed with water, dried (Na, SO,) and concentrated to give
crystalline 16 (0.82 g; 82%), m.p. 60—63 °C, [a]8 —20.3° (c = 1.31, chloroform), Rj 0.76
(benzene-methanol, 19 : 1).

NMR (CDCI3);67.50-7.20 (m, 20H, aromatic protons), 5.08-4.64 (m, 8H,4P h- CH2—),
457 (d, 1H, Cj 4d.J12= 8 Hz), 4.50-3.60 (m, 6H, skeleton protons), 2.32 (b, 1H, OH).

C3H 30 6 (540.66). Calcd. C 75.62 ; H 6.72. Found C 75.45; H 6.80%.

Benzyl 2,4,6-tri-0-benzyl-3-0-methyl-/?-D-galactopyranoside (17)

A solution of 16 (0.6 g) was methylated as described above for the preparation of 15.
Recrystallization of the crude product from ethanol yielded 17 (0.54 g ; 87%), m.p. 50—52 °C,
[a]D —15.1° (c = 1.18, chloroform), Rf 0.82 (benzene-methanol, 49: 1).

C38H 30c (554.68). Calcd. C 75.87 ; H 6.91. Found C 76.10; H 7.01%.

Benzyl 3-0-benz.yl-2,6-<li-0-methyl-/i-i)-galactopyranosicle (18)

To a solution of 12 (0.6 g) in ether-dichloromethane (20 ml) 0.2 g of LiAIH4and a solu-
tion of A1C13(0.6 g) in ether (5 ml) were added. After standing at room temperature for 15
min, the reaction mixture was worked up as described above for the preparation of 14. The
syrupy product was crystallized from ethanol to give 18 (0.48 g; 80%), m.p. 96—98 °C, [a][j
—28.2° (c = 0.94, chloroform), Rf 0.48 (benzene-methanol, 97 : 3).

NMR (CDCI3: <% 7.58 -7.20 (m, 10H, aromatic protons), 5.10—4.54 (2q, 4H,
2Ph CHA2—), 436 (d, 1H, C,- H,JX»= 7.9 Hz), 3.80- 3.20 [m, 12H, 6 skeleton protons and
2 0OCH3 (63.62; C2- OCHJj; $3.34; C60OCH3)], 2.56 (d, 1H, OH).

C2H280 6 (388.44). Calcd. C 68.02 ; H 7.27. Found C 68.30 ; H 7.35%.

Benzyl 4-0-benzyl-2,6-di-0-methyl-/J-D-galactopyranoside (19)

Compound 13 (130 mg) was dissolved in a 1:1 mixture of ether and dichloromethane
(6 mi) followed by the addition of LiAIH4 (26 mg). The solution was treated with a solution
of A1C13(90 mg) in ether (2 ml). After 5 min the conversion of 13 was complete and the mixture
was worked up according to the procedure described above for the preparation of 16. Recrystal-
lization of the crystalline 19 resulted in 102 mg (75.6%), m.p. 106—108 °C, []d 52.1
(c = 0.73, chloroform), Rt 0.50 (benzene-methanol, 97 : 3).

NMR (CDC13): 6 7.42-7.20 (m, 10H, aromatic protons), 5.02-4.76 (2q, 4H, 2
Ph - CH2 ), 434 (d, 1H, Cj-H, J12= 7.2 Hz), 3.80- 3.20 [m, 12H, 6 skeleton protons and
2 —0CA3 (53.61; C2 OCH3;03.30; C6-0C 3], 2.52 (d, 1H, OH).

C.2H.,.80 G(388.44). Calcd. C 68.02; H 7.27. Found C 67.85; H 7.21%.
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Allyl 6-0-benzyl-exo- (21) and endo-3,4-0-benzylidene-oc-D-galactopyranoside (22)

Allyl 6-0-benzyl-a-D-galactopyranoside (20) [39] (5.0 g) was dissolved in IV,jV-dimethyl-
formamide (35 nd) and, after the addition of benzaldehyde dimethylacetal (5 ml) and p-toluene-
sulfonic acid (0.1 g), the mixture was stirred in vacuum at 50 °C. After all the starting material
20 had disappeared (60 min), the mixture was worked up as described above for the benzylidena-
tion of 6. The syrupy product contained two compounds (TLC) in a ratio of 2 : 1. The mixture
was chromatographed on a Kieselgel G column (250 g) using benzene-methanol (24 :1) for
elution.

First the syrupy endo-isomer (22) was isolated (1.55 g; 24.1%), [oc]p +38.6° (e = 1.8,
chloroform), f?y0.50 (benzene-methanol, 24: 1).

NMR (CDC13):d 7.60—7.10 (m, 10H, aromatic protons), 6.10—5.70 (m, 1H, —CH=),
5.82 (s, 1H, Ph-CH =), 5.36 -5.00 (m, 2H, =CH), 492 (d, 1H, C j-H J2®2= 3.8 Hz), 4.59
(s, 2H, Ph—C 4 ,-), 4.45—3.64 (m, 8H, 6 skeleton protons and —CH ,—), 2.76 (b, 1H, OH).

C23H 280 6 (398.44). Calcd. C 69.32 ; H 6.58. Found C 70.05; H 6.65%.

On continuing the elution, the crystalline exo-isomer (21) was obtained, which was
recrystallized from ethanol to yield 4.28 g (66.7%), m.p. 72—73 °C, [oclp +89.1° (c = 0.51,
chloroform), Rr 0.44 (benzene-methanol, 24 : 1).

NMR (CDCLj): 6 7.50 —7.10 (m, 10H, aromatic protons), 6.16 (s, 1H, Ph—CH=),
6.10-5.70 (m, 1H, CH=), 5.40-5.08 (m, 2H, = CH2, 499 (d, 1H, % f,J12= 4.1 Hz),
459 (d, 2H, Ph—CH), 4.54 —3.60 (m, 8H. 6 skeleton protons and —CH>—), 2.58 (d, 1H, OH).

C23H 60£>(398.44). Calcd. C 69.32 ; H 6.58. Found C 69.18 ; H 6.61%.

Allyl 2,6-di-0-benzyl-exo- (23) and endo-3,4-0-benzylidene-a-D-galactopyranoside (24)

An isomeric mixture of 21 and 22 (5.0 g) — obtained by the benzylidenation of 20 —
was stirred overnight with benzyl chloride (50 ml) and potassium hydroxide (7 g) at 105 °C.
The reaction mixture was worked up as described for the preparation of 3. The resulting syrup
was chromatographed on a Kieselgel G column (250 g) using benzene-ethyl acetate (9 : 1) for
elution to obtain syrupy 23 and 24.

For 23 (3.29 g; 53.7%), [alp +56.7° (c = 0.73, chloroform), Rj 0.60 (benzene-ethyl
acetate, 9 :1).

NMR (CDC13): $7.50—7.10 (m, 15H, aromatic protons), 6.16 —5.76 (m, 1H, —CH =),
595 (s, 1H, Ph-CH =), 5.45-5.10 (m, 2H, =CH,), 4.93 (d, 1H, Cj—H, J12 = 3.6 Hz),
4.84 —3.58 (m, 12H, 6 skeleton protons, 2 Ph—CH,— and —CH, —).

¢ 30H 32°6 (488.56). Calcd. C 73.74 ; H 6.60. Found C 73.56 ; H 6.71%.

For 24 (0.92 g; 15%), [a]D +38.3° (c = 0.55, chloroform), Rj 0.50 (benzene-ethyl
acetate, 9:1).

NMR (CDCI3: $7.50—7.20 (m, 15H, aromatic protons), 6.08—5.68 (m. 1H, —CH=),
5.88 (s, 1H, Ph-CH=), 5.44-5.08 (m, 2H, =CH2), 481 (d, 1H, C2—H, J12= 3.7 Hz),
4.72 —3.44 (m, 12H, 6 skeleton protons, 2 Ph —CH2— and —CH2—).

C,,HaO, (488.56). Calcd. C 73.74: H 6.60. Found C 74.05; H 6.68%.

Allyl 3,6-di-O-benzyl-a-D-galactopyranoside (25)

To a solution of 21 (0.5 g) in dichloromethane (25 ml) and ether (15 ml) LiAIH4(0.29 g)
and a solution of A1C13(0.9 g) in ether (10 ml) were added. After stirring for 1h at room tempera-
ture, the reaction was complete and the mixture was worked up as described above for the
preparation of 16. According to TLC two products had been formed in a ratio of 9:1. The
main product was isolated on a Kieselgel G column (30 g) using benzene-chloroform-acetone—
methanol (8 :10: 1:1) for elution; 410 mg (81.6%) of syrupy 25 was obtained, [a]D +103.6°
(c = 1.42, chloroform), Rj 0.46 (benzene—ehloroform-acetone-methanol, 8:10: 1: 1).

NMR (CDCI3: $7.42-7.20 (m, 10H, aromatic protons), 6.10-5.70 (m, 1H, —CH=),
5.40-5.08 (m, 2H, =CH?2), 4.96 (d, 1H, Ct-H, Jli2= 3.8 Hz), 469 (s, 2H, Ph-CH 2-),
456 (s, 2H, Ph—CWN —), 4.20—3.52 (m, 8H, 6 skeleton protons and —CH,—), 2.72 (b, 1H,
OH), 2.34 (d, 1H, OH).

C23H A (400.47). Calcd. C 69.06; H 7.06. Found C 70.10; H 7.10%.
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Allyl 4,6-di-O-benzyl-a-D-galactopyranosidc (26)

Ring cleavage of 22 (0.5 g) was carried out according to the procedure given for the
preparation of 25. The ratio of the two products formed was 4 : 1 TLC. The main product (26)
was isolated by column chromatography on Kieselgel G (30 g) as a syrup, (360 mg; 71.6%),
[olD +79.9° (c= 1.22, chloroform), Rf 0.35 (benzene-chloroform-acetone-methanol,
8:10:1:1). The by-product was identical with 25.

NMR (CDC13): $7.40 7.20 (m, 10H, aromatic protons), 6.04 —5.64 (m, 1H, —CH =),
5.38-5.08 (m, 2H, = CH2), 482 (d, 1H, C,- 4, J12= 4.0 Hz), 472 (g, 2H, Ph CHH2 ),
4.48 (q, 2H, Ph C4H,,—), 4.20—3.62 (m, 8H, 6 skeleton protons and —C4d, -), 2.80 (b, 2H,
2-0 H).

)CZSHZEDO(400.47). Calcd. C 69.06; H 7.06. Found C 69.45: H 6.99%.

Allyl 2,3,6-tri-O-benzyl-a-D-galactopyranoside (27)

To a solution of 23 (1.0 g) in dichloromethane (25 ml) and ether (15 ml) 154 mg of LiAIH4
and a solution of A1C13 (538 mg) in ether (10 ml) were added. The mixture was stirred at 20 °C
for 5 min; during this period the reaction was complete. After working up — using the pro-
cedure described for 16 — two products were detected by TLC in a ratio of 95 : 5. The main
product was purified on Kieselgel G (30 g) to obtain pure 27 (930 mg; 92.6%), [«]d 4-55.4°;
[a]436 4-104.6° (c = 1.60, chloroform). Rr 0.73 (chloroform-acetone, 19 :1). Lit. [53] syrup,
[“ld 4-52.8°, [a]43%6 4-99.7° (c = 1.0, chloroform).

NMR (CDC13): S 7.42 -7.20 (m, 15H. aromatic protons), 6.08 -5.68 (m, 1H, CH=),
5.40—5.08 (m, 2H, =C4,), 4.90 (d, 1H, C4-H ), 4.80-4.40 (3q, 6H, 3Ph—CH2—), 4.20—3.48
(m, 8H, 6 skeleton protons and —C4, —), 2.40 (b, 1H, OH).

C30H 3A (490.60). Calcd. C 73.53 ; H 6.99. Found C 74.05; H 7.02%.

Allyl 2,4,6-tri-O-benzyl-a-D-galaetopyranoside (28)

A solution of 24 (750 mg) in dichloromethane-ether (2: 1) was hydrogenolyzed, as
described for the preparation of 27, using LiAIH4(116 mg) and 404 mg of A1C13in ether (10 ml).
The reaction was complete in 15 min, and besides the main product 5% of 27 was formed
(TLC). Purification of the main product was carried out using column chromatography with
chloroform-acetone (19: 1) for elution to obtain crystalline 28 (680 mg; 90.3%). Recrystal-
lization from ether-hexane gave m.p. 67 °C, [a]p -461.8° ,[a]43( 4-117.2°(c — 0.71, chloroform),
Rf 0.55 (chloroform-acetone, 19: 1). Lit. [54] m.p. 67 —68 °C, [a][> 4-62.3°, [a]436 4-122.5°
(e = 0.81, chloroform).

NMR (CDC13): 6 7.46 —7.08 (m, 15H, aromatic protons), 6.02—5.62 (m, 1H, CH=),
5.40-5.06 (m, 2H. =CH.,), 4.82 (d, 1H, C4-4 ), 4.72-4.52 (3q, 6H, 3Ph -CHA,—), 4.20-3.44
(in, 8H, 6 skeleton protons and —C#.—), 2.60 (b, 1H, OH).

C30H 3106 (490.60). Calcd. C 7353 ; H 6.99. Found C 73.48 ; H 6.78%.
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The effect of illumination of semiconductor electrodes in water electrolysis was
studied. Semiconducting substances n-type CdS, n- and p-type CdTe and n-type iron
oxide were investigated as potential photoactive electrodes. On measuring their voltam-
metric behaviour as a function of electrolyte composition, both illuminated and in the
dark, an increase in current and a shift in the current-voltage curve due to incident light
was observed. The effects of intensity and wave length of light and the stability of
electrodes were determined. CdS and CdTe became rapidly corroded whereas iron oxide
proved to be a stable photoanode in water electrolysis. Its efficiency of transforming
white light into electricity is about 1%.

Introduction

The electrochemistry of semiconductors was fathered by semiconductor
technology. The electrochemical treatment of semiconducting substances used
to be an integral part of device-making processes. It was only in the early sev-
enties that a new phenomenon in semiconductor electrochemistry was ob-
served which might be of practical importance outside the realm of the semi-
conductor industry.

The observation made by Fujishima and Honda [1] was the following.
An n-type semiconducting wafer of crystalline Ti02was immersed in an aqueous
solution and was shorted to a platinized platinum electrode through a resistor.
Upon illumination of the TiO, surface, evolution of oxygen and simultaneous
evolution of hydrogen at the platinum electrode were observed. The process
was accompanied by electric current in the external circuit. Apparently the
importance of this process was realized only around 1975. The research started
then was greatly stimulated by the practical prospect of producing hydrogen
from water using the radiant energy of the sun.

It would be far beyond the scope of this paper to summarize the advan-
tages of hydrogen as a substance for storage and transportation on energy.
Excellent, detailed reviews are at the disposal of the interested reader [2].
It should be stated only that hydrogen, produced either thermally or electro-
lytically, seems to be the most economical medium for storing the energy of
highly concentrated primary sources, be it a high temperature nuclear reactor
or the sun. Gaseous or liquefied hydrogen or metal hydrides may all qualify
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to this end. The unlimited reserves of water and the ecological advantage of
burning pure hydrogen which, instead of poisonous pollutants, produces
potable water are strong arguments in favour of using this substance.

The light-assisted electrolysis of water, discovered by Fujishima and
Honda, is obviously not the only alternative of solar energy conversion. Heat
collecting systems utilize radiant energy as thermal energy. Semiconductor
solar cells convert light directly into electricity. Limiting this Introduction
to electrochemical means of solar energy conversion, one has to deal with two
separate classes of methods [3]. Photogalvanic cells are constructed in such a

Fig. 1. Energy level scheme of a semiconductor-electrolyte-metal system (see text)

way that light, absorbed in a homogeneous electrolyte solution, brings about
energetic products which in turn lose their energy to electrodes immersed in
the solution. As a result of this, electricity flows in the external circuit, while
the products of the photochemical transformation return to their initial state.
The drawback of this method is the inherently low efficiency [4]. Reverse
reactions cannot he impeded in a homogeneous solution thus energetic prod-
ucts might easily re-form without producing electric current.

Photovoltaic cells, the archetype of which is the above-mentioned Ti02
cell, eliminate this disadvantage since light absorption and primary energy
conversion proceeds in the electrode near the solid/liquid interface. The work-
ing principle of such a cell is rather similar to that of the widely used semicon-
ductor solar cells. When a semiconducting substance is immersed in an electro-
lyte, a rectifying space-charge zone immediately forms along the interface.
In other words, the energy hands of the semiconductor are distorted near the
surface, the phenomenon of band bending takes place (Fig. 1). Incident light
is absorbed by the semiconductor only if hv is larger than the bandgap, Eg.
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In this case an electron-hole pair is created which, experiencing the electric
field of the space-charge layer, becomes separated. With n-type semicon-
ductors, the electron moves toward the bulk of the solid, whereas the hole
enters the liquid phase. Hence, oxidation takes place around the the semicon-
ductor and the electron, having travelled to the counter-electrode via the
external circuit, brings about reduction.

Using a p-type semiconductor, the reverse process takes place ; electrons
are injected from the semiconductor surface into water, thus reduction pro-
ceeds around the semiconductor, whereas the site of compensating oxidation
processes is the surface of the counter-electrode.

Photovoltaic cells are essentially free of the reverse processes mentioned
in connection with photogalvanic cells. Their construction is much simpler
than that of the solid state solar cells since the rectifying barrier forms spon-
taneously upon immersion of the semiconductor into the solution. The desired
energy carrier, hydrogen, develops directly without further transformation of
electricity into chemical energy.

Photovoltaic cells may be of even more general use than water electrol-
ysis. A number of oxidation—reduction processes can take place at the illu-
minated semiconductor electrode. Some workers are of the opinion that for
example couples like Fe2+/Fe3+, S/S2- or Cl12/Cl~ might also be used for the
practical purpose of energy transformation [5].

The relationship between the bandgap of the semiconductor Es, the ap-
plied external voltage U, and the Gibbs free energy change ofthe oxidation —
reduction process AG, is the following [6]

AG = Es-)-cU —Eb—e (IR -j- Ac-(- rla) — (Ec — Ep)

where e is the elementary charge : IR the ohmic loss of the cell: flc and r]a are
the cathodic and anodic overvoltages, respectively: Ecis the bottom of the
conductivity band : EF the Fermi energy and Eb the electron energy differ-
ence between the bulk and the surface of the semiconductor, i.e. the extent
of band bending (cf Fig. 1).

An estimate can be made on the basis of this energy scheme for the
relationship between bandgap and photovoltage Up. Taking realistic values,
one finds approximately [66]

EnQdeUp + 1eV

This means that the photovoltage is about 1 V less than the bandgap of the
semiconductor. A photoelectrochemical cell for water electrolysis working
without any external voltage must exhibit a voltage due to illumination
Up 1.23 V, thus the bandgap must be at least 2.23 eV, hence the wave
length of the light absorbed is n<[ 550 nm. This situation can be improved,
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i.e. higher wave length light can also be utilized if the cell is made of an re-type
photoanode and a p-type photocatode [7]. The photovoltages of the two elec-
trodes add up with such an arrangement.

Hence only large bandgap semiconductors are worth considering as po-
tential electrodes for the photoassisted electrolysis of water. This is, however,
only a necessary but not sufficient condition a substance must fulfil. It must
also be of considerable stability in aqueous solutions, corrosion must be as
slow as possible under the conditions of photoelectrolysis. The two require-
ments are rather difficult to meet simultaneously and this seems to be one
of the main obstacles to the practical application of the method for the time
being [6/1].

A number of compound semiconductors have been investigated in the
last few years. Ti02was the first and most thoroughly studied substance [8].
The illumination of an re-type Ti02 anode decreases the equilibrium potential
of water decomposition by about one volt. The effect is marked, the substance
stable but only UY light, 4 <[ 350 nm, produces a photoeffect. This shows that
TiCG has a bandgap too wide for a good solar energy economy. Substances of
narrower bandgap, i.e. with an optical absorption in the visible region need to
be sought. CdS exhibits rather attractive optical properties : it is known to
behave as a good hole-injector [9] but its drawback is low stability — partic-
ularly under illumination [10]. To overcome this difficulty, so-called regener-
ative cells were suggested [11] in which the species oxidized at the anode is
reduced at the cathode. Bi2S3 and particularly MoS3have good optical prop-
erties and considerable stability against corrosion [12].

Substances like Sn02 [13], SrTi03 [14], KTa03 [15], GaP [16], ZnTe,
CdTe, GaAs, InP, SiC, Si [17], Nb20 3, A120 3, Si3N4 [18], Fe20 3 [19], W 03 [20],
have also been studied and found to exhibit photoelectrochemical activity.
The equilibrium voltage of water decomposition decreased on illumination
but an external voltage was always needed to decompose water. Photovoltage
alone has never been found to be sufficient to cause water electrolysis.

In the present paper we summarize our preliminary results on photoas-
sisted water electrolysis and some related phenomena. Three substances were
chosen : re-type CdS produced by evaporation, re-type and p-type crystalline
CdTe and re-type iron oxide grown by thermal oxidation. CdS, a comparatively
well-described substance, served rather the standardization of our methods.
CdTe being available in the form of crystalline samples with dopings of dif-
ferent extent promised the possibility to describe the effect of semiconductor
properties in some detail. Iron oxide as a comparatively stable and extremely
cheap substance was selected with a view to practical application.
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Experimental

Equipment. High pressure Xe lamps of 150 W and 1600 W produced by Tungsram were
used. Light was monochroinatized either by Zeiss metal interference filters of 5 nm bandwidth
or by a SPEX Minimate monochromator, its intensity was controlled by grey filters, measured
by a GEandG photometer. Voltammetric curves were taken by a Radelkis OH 404 laboratory
potentiostat using saturated calomel electrodes. Some recordings were made by a Hewlett-
Packard 70058 type X-Y recorder.

Solutions. Solutions of different acidity were made of a 1/15 molar phosphate buffer.
By altering the H +/K + cation ratio, all pH values between 1.5 and 12.5 could be attained,
keeping the ionic strength constant. The solutions were usually electrolyzed prior to measure-
ments and bubbled with purified nitrogen gas.

Electrodes. CdS : The semiconducting material was made by vacuum deposition. A thin
glass plate was first covered with titanium then with silver. CdS, deposited on top of the silver
layer, was of orange-red colour and of a thickness of about 50 fim. A window was opened on the
CdS layer near the rim of the plate in order to make an ohmic contact by soldering a piece
of copper wire to the bare silver surface. All the metal parts were insulated with varnish. The
apparent area of the free CdS surface was 0.5 cm2

CdTe: Both p- and n-type crystalline materials were available with low and high spe-
cific resistivities, viz. for p-type samples 1.5 X104 and 0.3—0.7 ohm cm; for n-type samples
7.4 X105and 20 ohm cm. The ingots were cut into slices of about 4x5x1 mm. Ohmic contacts
were made as follows [21]. The slices were immersed in hot concentrated NaOH solution for
30 sec, in dilute NaOH solution for another 30 sec and were then rinsed with hot distilled
water and dried. The contact to the p-type sample was made by dropping a concentrated
HAuCH solution on the desired spot, drying and keeping the sample at 200 °C for 10 min.
A copper wire was fixed to the gold spot formed using a silver epoxy resin. For making contacts
to n-type samples a small droplet of 0.1 M LiNO3solution was brought on to the surace, the
water evaporated and the sample heated in hydrogen stream until the LiNO03 melted
(3« 300 °C) and it was then kept for 30 min at the final temperature. After cooling the wafer,
was rinsed with distilled water and the contact was formed using HAuCH# as desribed above.
Before measurement all metal parts and the rear of the wafer were insulated with epoxy resin.

Iron oxide : Spectral grade iron and carbon steel was used. The surface was polished,
washed with distilled water and dried. The sample was then put into an oven and heated in
air at 300 °C for 10 min, at 650 °C for 20 to 120 min, and again at 300 °C for 10 min. At the
end of the process a dark grey, compact oxide layer formed. Carbon steel was usually oxidized
for not longer than 30 min, spectral grade iron required longer treatment. Etching with hydro-
chloric acid prior to oxidation had an unsatisfactory effect. The heating at lower temperatures
before and after the oxidation proper proved to be essential for the oxide layer to be compact
and adherent. One side of the sample was freed of the oxide in order to make a metallic con-
tact. This side was insulated with varnish. The illuminated apparent surface was 0.5 cm2

Results and Discussion

The direct method of studying photoelectrochemical processes is the
determination of the voltammetric behaviour of the electrodes as a function
of illumination.

Cds

A characteristic voltammetric curve is given in Fig. 2. Being n-type
semiconductors, all our CdS samples produced only anodic photoeffect in
accordance with expectations. The dark current is rather low in the region
where the photocurrent reaches already the range of 1 mA. The photocurrent
corrected for the dark current j\ is a linear function of light intensity I, the
double logarithmic plot yieldings a straight line of unit slope (Fig. 3).
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The photocurrent is influenced by the presence of neutral salts (Fig. 4).
If the KC1 or KNO3 concentration is increased, it gradually increases, the
highest late of change being in the 10~3—10-2 M range. Acidity has a rather
marked effect, the photocurrent increases with decreasing pH (Fig. 5).

U
Fig. 2. Yoltammetric curves (S.C.E.) of evaporated CdS; (1): dark, (2): illuminated, pH 8.4

Fig. 3. Photocurrent as a function of light intensity (arbitrary units) measured on CdS,
pH 8.4; (1): -0.3 V, (2): 0.0Y, (3); +0.3 Y (S.C.E))

The spectral response is advantageous since a good part of the visible
spectrum causes a measurable photocurrent (Fig. 6). This fact, in accordance
with literature data [9], lends some hope to the practical application of CdS.
The efficiency of transformation of light to electric energy is about 0.5% rela-
tive to the white light of the Xe lamp. This value is somewhat lower than that
obtained with CdS single crystals.
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Fig. 4. Photocurrent as a function of total ion concentration measured on CdS, pH 8.4,
v= +0.3 V (S.C.E)); (1): KI1403 (2): KC1

Fig. 5. Voltammetric curves (S.C.E.) of illuminated CdS at different acidities; (1): pH 11.8,
(2): pH 7.2, (3): pH 2.1

Fig. 6. Spectral distribution of photocurrent normalized to lamp spectrum measured on
CdS (1) and CdTe (2), current in arbitrary units

Unfortunately the low stability of this substance particularly under il-
lumination and anodic polarization is a strong argument against practical use.
Figure 7 shows the rapid decrease of the photoeffect. Soaking of the electrodes
in carbon disulphide after use restores the photoactivity almost completely.

7* Acta Cliim. Acad. Sei. Hung. 10141979
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This fact, however, together with a visually observable sulphur layer over
illuminated surfaces proves that the photocurrent is due to CdS corrosion
(cf. Ref. 10). Sulphur precipitation can be prevented by dissolving Na2S but
the increasingly brownish colour of the solution indicates the formation of
polysulphide ions. Hence one has to state that despite its attractive optical
properties CdS cannot serve as a stable photoanode in photoelectrolysis.

120
t (min)

Fig. 7. Ageing of a CdS electrode, pH 8.4, U= +0.3 ¥ (S.C.E.); (1): illuminated, (2): dark

Fig. 8. Voltammetric curves (S.C.E.) of high conductivity p-type CdTe, pH 7.2; (1): illuminated,
(2): dark

CdTe

Typical voltammetric curves are given in Figs 8—10. A new effect can
be observed here. Contrary to expectations, both the n- and p-type material
exhibit anodic as well as cathodic photoeffect. In the case of the high conduc-
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Fig. 9.\ oltammetric curves (S.C.E.) of low conductivity p-type CdTe, pH 7.2; (1): illuminated,
(2); dark

Fig. 10. Photocurvent against potential (S.C.E.) of high conductivity n-type CdTe, pH 7.2;
(1): illuminated, (2): dark

tivity n-type sample, even the extents of the photocurrents of opposite polar-
ity are commensurate. The reason for this phenomenon, which has not been
described previously, is not yet clear. Such a behaviour is likely to be expected
on the surface of intrinsic semiconductors, where the sign of band bending
can easily be altered by changing electrode polarization (See Fig. 1 and Ref.
60). The anodic and cathodic curves are, however, most symmetric with a
highly doped electrode. The understanding of this observation requires further
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Fig. 11. Photocurrent against potential of illuminated high conductivity n-type CdTe at
different acidities, pH 2.1 (1), pH 7.2 (2), pH 11.8 (3)

Fig. 12. Voltammetric curves (S.C.E.) of illuminated, high conductivity p-type CdTe at dif-
ferent acidities, pH 2.1 (1), pH 7.2 (2), pH 11.8 (3)

studies particularly regarding band bending (i.e. measurement of flat band

potentials).
The pH effect for n-type CdTe is similar to that for n-type CdS, increas-

ing acidity increases the photocurrent (Fig. 11). With p-type CdTe, the opposite
rule is found; an increase in hydrogen ion concentration decreases the photo-

effect (Fig. 12).
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The spectral distribution of photocurrent extends over an even wider
range than that of CdS (Fig. 6). The stability of CdTe is somewhat higher than
was found with CdS. The possibility of constructing an electrolyzing cell com-
prising an n-type CdTe anode and a p-type cathode is a possibility. Here, how-
ever, other factors must also be taken into account. Beyond their photo-
activity, electrodes must also exhibit high exchange currents in order to be-
come compatible with traditional electrode materials.

Iron oxide

Our attention has been attracted to iron oxide as stable photoelectrode
by the work of Yeh and Hackerman [19]. Iron oxide shows only an anodic
photoeffect regardless of the composition of the iron sheet to be oxidized or to

Fig. 13. Voltammetric curves (S.C.E.) of iron oxide (spectral grade iron, 105-min oxidation),
pH 8.4; (1): illuminated, (2): dark

the duration of oxidation. A typical current-voltage curve is given in Fig. 13.
The low dark current, which changes only slightly with voltage, shows the
oxide coating to be compact and of high resistivity. The photocurrent cor-
rected for dark current is proportional to the light intensity (Fig. 14).

The spectral response is given in Fig. 15. The (photocurrent)¥2 vs.
frequency plot was chosen with reference to Fowler theory of photoemission
[22]. Although we are not convinced that this theory, developed for pure metal
suifaces, is strictly valid for the present case, the plot proves to be a good
practical implement for the determination of the limiting wave length. As
computed from the intercept of the curve with the frequency axis, the highest
wave length which produces a photoeffect is about 680 nm. Photoresponse
covers a good part of the visible spectrum.

Photocurrent is not accompanied by the dissolution of the anode: at
voltages where photocurrents are considerable, oxygen evolution at the
photoanode and hydrogen evolution at the platinum counter-electrode can be
observed. When illumination ceases, the gas evolution stops.
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Fig. 14. Dependence of photocurrent on the relative light intensity measured on iron oxide
(carbon steel, 20-min oxidation), pH 84, U= 16 ¥ (S.C.E.)

Fig. 15. Square root of photocurrent normalized to lamp spectrum measured on iron oxide
(spectral grade iron, 45-min oxidation) as a function of frequency, pH 8.4, U= 1.2Y (S.C.E.)

The efficiency of light energy conv ersion relative to the white light of the
Xe lamp is about 1%. This value does not change too markedly with experi-
mental conditions.

Conclusions

The compound semiconductors CdS, CdTe and iron oxide exhibit a pho-
toactivity in electrochemical processes absorbing light and producing photo-
current in a broad region of the visible spectrum. Being rather unstable, CdS
effects hydrogen evolution at the expense of its anodic oxidation. CdTe is of
anomalous behaviour since both n- and p-type materials show anodic and
cathodic photoeffects. Iron oxide grown by thermal oxidation can serve as a
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stable photoanode suitable for the true photoelectrolysis of -water. The ef-
ficiency of this last process is about 1%.
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Organometallic [Pt(CH3)3Cl denoted by A] and ionic [Pt(NH3)4+ denoted by R]
platinum complexes were used to prepare highly dispersed, silica supported platinum
catalysts. In the case of A the amount of alkyl complex is strongly affected by the ex-
perimental conditions, such as solvent and support pretreatment. B gives a catalyst of
higher dispersion and higher total metal loading than does A. Using different platinum
sources, not only the number of metal atoms can be influenced but the nature of these
sites also depends on the Pt complex applied. To prepare bimetallic catalysts, iron
was used in different forms and the best way of preparation established. TG-MS,
M 6ssbauer and chemisorption studies provide evidence for metallic interaction between
the two metals. A correlation has been found between the concentration of metal atoms
on the surface and the rate of hydrogenolysis of ethane and re-butane. The intrinsic
activity of platinum is influenced by added iron and considerable deviations from this
behaviour can be observed only at high iron loads.

Introduction

Of the possible transition metal combinations, only a few attempts have
been made at the characterization of the PtFe system. Bartholomew and
Boudart [1] have used Mdssbauer spectroscopy and chemisorption in their
exploratory work and established the formation of a PtFe alloy in carbon
supported PtFe catalysts; no enrichment in the surface phase for the whole
concentration range was observed. Garten and Ol1is [2] gave further evid-
ence for the alloy phase by studying PdFe supported on alumina. Garten [3]
has observed the formation of a PtFe phase on a Si02support and at low iron
concentrations found iron enrichment on the suiface induced by oxygen at
high temperatures, which could be eliminated by repeated hydrogen treatment.

On the other hand, Engels and coworkers [4, 5] have observed by X-ray
diffraction the formation of a superstructure phase, Pt3Fe, for non-supported
platinum-iron alloys in the concentration range between 10 and 15 atom%
iron.

In the present study we wish to avoid strong interactions between the
metallic component and the silica gel as catalyst support [6]. In order to
achieve a large metallic dispersion, platinum was deposited by an ion exchange
method.
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Furthermore, we wish to study the preparation of bimetallic catalysts in
different ways, to characterize them by TG-MS, Mdssbauer spectroscopy and
adsorption, and to utilize the hydrogenolysis of simple hydrocarbons, e.g.
ethane and re-butane, for the elucidation of the interaction between platinum

and iron.

Experimental

Catalyst preparation
Pt-silica gel

Pt(N H 34+ ions were exchanged with the surface hydroxyl group of silica gel (SAS
specific surface area 560 m2/g) by the method of Benesi et al. [7]. Pt(NH34+/Si02 was dried
at 383 K overnight (VI), followed by a 1-hourtreatmentin oxygen at 573 K and a 3-hour reduc-
tion in a stream of hydrogen at 773 K. This procedure is considered as standard treatment [8].

[Pt(CH?3)3CI]4 an organometallic compound in tetrameric form, was also applied as
follows [9] :

(1): Si02was evacuated at 773 K for 1 h and impregnated by a solution containing
Pt(CH3)3CI (Il): Same as (I) but treated with a nitric acid solution of pH = 1. (1ll): Same
Si02 treatment as for catalyst (1) but Pt(CH33CI was dissolved in benzene. (1V): Si02 was
evacuated at 423 K for 30 min and impregnated with a solution containing Pt(CH3)3Cl dissolved
in benzene. (V) :Si02treatment identical with (IV), but Pt(CH3)3Cl was dissolved in n-heptane.
In all cases the nominal concentration of Pt was 1.1 wt.%.

PiFe/Si02 bimetallic catalysts

(VI11): Sample (1) impregnated with a solution containing 0.2 wt.% Fe in the form of
Fe(NO03)3atpH = 1. (VIII):Sample (I) reduced in hydrogen for 3 h at 773 K and impregnated
with ferric nitrate as sample (VII). (1X): Sample (I) treated with Fe(CO)s dissolved in re-
hexane. (X) : Si02treated as in the case of (I) and co-impregnated with an re-hexane solution
containing 1.1 wt.% Pt and 0.2 wt.% Fe in form of Pt(CHJ33Cl and Fe(CO)6, respectively.

(X1), (XI1I): Sample (V1) treated with alcoholic solutions of ferrocene (0.2 wt.% and
1 wt.%, respectively).

(X I11): Sample (VI) treated with nitric acid at pH = 1. (X1V), (XV), (XVI): Sample
(V1) impregnated with solution containing Fe(N03)3with 0.1, 0.2 and 0.7 wt.% iron, respec-
tively, at pH = 1

(XVII) : A physical mixture of Pt(NH3)4+/Si02 and Fe(N033/Si02with the final con-
centration of 1.1 wt.% Pt and 0.7 wt.% Fe.

(XVI1I) . Silica gel impregnated with a solution containing 0.5 wt.% Fe(NO033 at
pH = 1.

Catalyst characterization and catalytic apparatus

In some cases the catalyst sample has been studied after exchange by the TG —MS
method, using a Mettler microbalance connected to a Balzers QMS-511 quadrupole mass
spectrometer by which the product of thermal decomposition could be measured with peak
multiplexer. A Mdéssbauer spectrometer working in the constant acceleration mode was applied
to gather information about the different stages during the preparation of the PtFe bimetallic
system. The metal content of the catalysts formed was measured by X-ray fluorescence using a
109Cd source (5 mCi). Since the samples were amorphous by X-ray diffraction, they have been
occasionally checked by small angle X-ray diffraction.

The number of surface metal atoms was determined by the chemisorption method
described elsewhere [8].

A circulation apparatus was used to measure the catalytic activity of the catalysts
prepared in ethane and re-butane hydrogenolysis. Reaction products were analyzed by gas
chromatography using a column filled with alumina.
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Results

Catalyst characterization

The interaction of ionic Pt(NH3)4+ and covalent Pt(CHJ33Cl platinum
complexes with the silica gel surface is illustrated in Figs 1 and 2. In Fig. 1,
a decrease in the number of surface OH groups of silica gel as a result of the
formation of Si-O-Pt bonds in the reaction between silica gel and Pt(NH 3)4+ is
obviously indicated by the smaller H2 peak appearing at high temperatures
and the simultaneous NH3 peaks due to the decomposition of the complex
deposited on silica gel. This appears to be a direct proof for the linkage be-
tween the surface OH groups and Pt(NH 3)4+.

Fig. 1. TG—MS data on pure Si02 (solid line) and Pt(NH3)J+-silica gel (dotted line) samples

Fig. 2. TG-MS data on the thermal decomposition of silica gel-supported Pt(CH3)3CI (dotted
line) and on the solid complex (solid line)
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In Fig. 2, methane formation on the thermal decomposition of supported
and unsupported Pt(CH3)3Cl in nitrogen atmosphere is presented. A consider-
able decrease of the decomposition temperature of silica-supported Pt(CH3)3Cl
as well as a shiftin product distribution to methane formation point to a strong
interaction between Si OH and the Pt(CH3)3Cl complex.

The formation of FePt bimetallic clusters on the silica gel support has
already been studied by Mdssbauer spectroscopy [10]. However, the way in

Velocity (mm/sec)

Fig. 3. Mdossbhauer spectra of the 0.2 wt. % Fe—1.1 wt. % Pt/Si02 sample, a) Impregnated
sample (recorded at 77 K); b) Calcined at 573 K in O» (recorded at 298 K in 0 2atmosphere);
¢) Reduced at 973 K in H2 (recorded at 298 K in H2atmosphere)

which the metallic phase is formed can also be traced by this technique.
Sample (VI) impregnated with an Fe(N 033 solution containing 0.6 mg 57Fe
in 88% enrichment in 300 mg sample at pH = 1 shows no Mdssbauer signal
at room temperature after 2 X O6 counts collected. At 77 K, however, a six-
line spectrum is obtained, which is characteristic of spin-spin relaxation, in-
dicating the presence of nearly isolated Fe3+ ions on the surface (see Fig. 3,
curve a). Upon decomposition of the Pt complex-57Fe(N03)3 mixture in the
calcination process at 573 K, a high-spin Fe3+ doublet is formed, i.e. the
Fe9 3 particles are small enough to show a superparamagnetic behaviour.
From the spectrum obtained at 77 K, a particle size smaller than about 8.0 nm
can be estimated. The interaction at this stage is further confirmed by the
TG —MS method, as shown in Fig. 4. Upon the decomposition of the Pt
complex — Fe3+ salt mixture in an argon atmosphere, the disappearance of
the ammonia peak and the simultaneous formation of substantial amounts of
nitrogen and H,0 due to the direct oxidation of ammonia by nitrate ions can
be observed.
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After reduction of the bimetallic sample in a hydrogen atmosphere, the
morphology of the catalyst does not change. The superparamagnetism of the
reduced sample shown in Fig. 3 (curve c) serves as an excellent indication that
further changes in the particle size do not occur.

An earlier study [10] on the oxidation-reduction behaviour of bimetallic
catalysts containing 0.2 wt.% Fe has shown that most of the iron in the oxidized
sample can be reduced at room temperature. However, this is not so at high
iron loads (0.7 wt.% Fe). In Table I the results on the reduction of a previously
oxidized sample are summarized.

Fig. 4. TG-MS data on the 1.1 wt.% Pt(NH34— 0.7 wt.% Fe(NO03)3silica gel sample

Table |
Effect of treatments at different temperatures on the 1.1 wt.% Pt—o0.7 u'f.% Fe on silica gel
sample
T I1S( r*+) QS(Fe3T) JS(Fe*-) <2S(Fe=) IS(Fe) Fe
(K) (mm s-1) Fea' 4 rear X1A
Reduc- 873 0.41+0.03 0.89+ 0.12 1.00+ 0.12 2.00% 0.10 -0.09+0.12 1.17+ 0.05 3.22
tion at
Oxida- 298 0.38 1.02 — — — 0 1.03
tion at*
Reduc- 298 0.40 0.92 1.00 2.01 —0.07 0.83 1.32
tion at
Reduc- 573 0.40 0.87 111 1.97 —0.02 1.01 2.23
tion at
Reduc- 723 0.41 0.99 1.00 2.00 0.02 1.15 3.08
tion at
Reduc- 873 0.41 0.98 1.10 2.10 0.05 1.12 2.23
tion at

*The same quadrupole doublet was obtained upon oxidation at 573 and 773 K after the
above procedure.
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Here all iron atoms can be found on the surface since upon oxidation
these are completely converted into high-spin Fe3+ ions and only part of these
ions can be found in alow-valent state at room temperature reduction, whereas
at high temperatures the Fe/(Fe3+ -f- Fe2+) ratio again achieves the original
value (compare rows 3, 6 and 1).

In Table Il the metal concentrations on the support measured by X-ray
fluorescence are presented (columns 2 and 3). Generally it can be established
that the amount of platinum deposited by using the covalent Pt complex is
smaller than in the case of the platinum tetrammine complex. In the former
case the amount of platinum on the surface can be controlled by the pretreat-
ment of the silica gel surface as well as by the solvent used. The higher the
pretreatment temperature [see (IV) and (I11)], the lower the amount of Pt on
Si02. The same trend can be observed when a more reactive solvent is used
[compare (V) to (IV) and (1) to (111)]. The Pt concentration is also influenced
by the acid treatment needed for iron deposition in the form of Fe(N03)3to
a much larger extent in the case of Pt(CH33Cl than with the platinum tetram-
mine complex [see (I) and (11) as well as (V1) and (X111)].

Table 11

Metal content, dispersion and rates of ethane and n-butane hydrogenolysis

Rate of hydrogenolysis

O,-HT Surface mol s-'g”etal
calayst (%) (W50 (HEHE‘SH%‘%I) T U ey

Ethane (573 K) n-Butane (523 K)
| 0.52 0 7.8 0.18 9.35 2.28X 10-8 4.48X 10-8
ii 0.42 0 2.6 0.08 3.86 1.68x10"« 2.05x10-«

hi 0.15 0 1.4 0.11 — — _

v 0.20 0 2.6 0.16 _ _ _

Vv 0.32 0 4.8 0.18 — _ _
Vi 1.15 0 32.3 0.34 18.3 1.78X 10-5 5.73x10-«
VII 0.47 0.20 0.6 0.01 0.79 3.9X10-10 5.43x10-«
VI 0.39 0.11 5.2 0.08 8.3 1.2x10-« 4.71 X 10-«
IX 0.33 0.01 4.9 0.16 9.2 2.45x10-« 3.6x10-«
X 0.30 0.01 4.3 0.15 8.9 2.12x10-« 7.16x10-«
X1 0.98 0.20 18.0 0.13 11.4 3.91x10-« 9.88x10-«
X1l 0.98 0.54 5.1 0.06 3.2 3.78%10-7 9.19x10-«
X111 1.10 0 21.9 0.27 12.4 5.58x10-« 4.54X10-«
XV 1.0 0.1 28.2 0.34 15.9 1.15x10-« 1.28x10-«
XV 1.0 0.2 18.0 0.27 9.3 9.33X10-7 2.72x10-«
XVI 1.0 0.7 4.9 0.06 1.8 5.86x10-« 1.04X10-7
XVIII 0 0.5 _ 0.13 _ 1.95%x10-« 1.73x10-«
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Of the different forms of iron used for the preparation of bimetallic
catalysts, only Fe(NO03)3 at pH = 1 and ferrocene at pH = 7 appear to be
effective, whereas the others do not seem to be suitable compounds for this
purpose.

In column 4, the results of hydrogen-oxygen titrations are collected.
Apart from catalysts (XVI1) and (XVIII), this value is an adequate measure of
the amount of metal atoms on the silica gel surface [11]. In these samples,
room temperature titration with hydrogen does not remove all the oxygen
adsorbed, whereas in the other cases the presence of iron does not affect the

10

***** e HAH B+ 0+ o+ H+++ R X+ + F -+ 4 AN o+ 4
Slope =-15185 +365
R(Radius of gyration)=26 A

L e 1 L

2 18 20 24 2
E2¢«\\6
Fig. 5. Guinier plot of the small-angle X-ray diffraction data on a Pt/Si02catalyst

reversibility of 0 2—H2titration. In column 5 the metal dispersions defined as

D = I’\\I/—J where Ns and Nj are the number of surface and total metal atoms,
respectively, are presented. For the case of catalyst (VI), the particle size has
been determined by small angle X-ray diffraction. The Guinnier plot is pre-
sented in Fig. 5. The straight line of the plot shows that the catalyst is mono-
disperse with a particle size of 2.6 nm. The particle size determined by hydrogen
titration changes in the range of 2.1 and 2.7 nm, depending on the model
(spherical, octahedral, etc.) chosen. The agreement seems good, therefore, the
results of the chemisorption method are reliable.

Catalytic reactions

Hydrogenolysis of ethane and n-butane as test reactions were applied
to gain further insight into the PtFe/Si02bimetallic system. All reactions have
been studied using a 1 : 10 hydrocarbon to hydrogen mixture.

In Fig. 6 the rate of hydrogenolysis of ethane and butane in mol s_1
gmetai units (see columns 6 and 7 in Table I1) is plotted on a logarithmic scale
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for catalysts prepared from the platinum tetrammine complex and from
Pt(CH3)3Cl as a function of the surface metal atom concentration expressed in
mol metal atom per gram metal (column 5in Table I1).

The plot indicates that the rates of reaction on catalysts prepared from
Pt(NH 34+ on silica gel reveal a much higher catalytic activity than those
formed from the covalent Pt complex. The experimental points for the former

Fig. 6. Log rate vs. surface metal atom concentration in the hydrogenolysis of ethane and
n-butane. Symbols: (1) ethane on Pt(NH 3)f+-silica gel, (2) n-butane on Pt(NH3|+-silica gel,
(3) ethane on Pt(CH 3)3Cl-silica gel, (4) n-butane on Pt(CH 3)3Cl-silica gel

lie on a straight line except for the catalyst containing 0.7 wt.% iron, regard-
less of whether the catalyst has been treated at pH = 1 or not. The correlation

Table 1M

Selectivity valuesfor n-butane hydrogenolysis

No. Temp.
Catalyst (K)p S, Sc. s*-c4
) 529 03 1 0.34 0.17
(n) 502 0.35 0.56 0.37 0.36
(VI) 497 0.41 1.18 0.37 0.04
(X111) 513 0.43 0.90 0.35 0.15
(V1) 537 0.25 0.32 0.24 0.60
(X1r) 529 0.75 0.57 0.66 0.04
(XV1) 513 1.00 0.36 0.92 0.02
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between the catalytic activity and the concentration of surface metal atoms
is rather poor for catalysts from Pt(CH3)3CI/Si02

In Table 111 some characteristic data on the selectivity changes in «-bu-
tane hydrogenolysis are presented. It can he established that on catalysts
prepared from the platinum tetrammine complex, the selectivity to isobutane
formation is low compared with Pt(CH33CI1/Si02. The acid treatment, however,
increases the S, c, values in both cases. The further enhancement in this value
on Pt(CHJ3)3CI/Si02 catalysts is very significant upon iron addition, whereas
no effect can be observed with platinum tetrammine catalysts. The physical
mixture behaves as if the Pt/Si02 catalyst were prepared without added iron.

Discussion

In the present work it is strongly confirmed that the final shape of a
supported catalyst is taken already at the very first step of the preparation
procedure. Subsequent treatments have only a minor importance. This is
proved by the different characters of the Pt/Si02 catalysts prepared by using
ionic and covalent Pt complexes although in both cases finally metallic plati-
num is formed. Different treatments afterwards also alter the metal contents,
dispersion, the adsorption and catalytic character of the supported metal
catalyst but the basic properties are carried by these catalysts from the be-
ginning.

The above statement becomes obvious when the TG-MS data are dis-
cussed. In both Pt complexes Si-O—Pt bonds are formed after their solutions
are contacted with the surface. However, this bond for the Pt(CH3)3Cl complex
is weaker, resulting in a smaller metal concentration on Si02 and, which is
more important, chlorine is retained by the complex and this basically controls
the character of the catalyst formed.

These factors are even more important in the preparation of bimetallic
catalysts. When the impregnation with Fe(N03)3 occurs in an acidic medium
the ions are well distributed on the surface. Even so, in the calcination process
they are brought into contact with platinum previously deposited on the silica
gel. Indeed, the formation of nitrogen and water upon the decomposition of
Pt(NH3)4+/Si0 2 impregnated with ferric nitrate indicated in Fig. 2 may be
the explanation of why the complex strongly held by Pt 0 Sibonds interacts
with iron in the calcination phase. This interaction probably hinders the fur-
ther migration and agglomeration of iron oxide particles, therefore, no change
in the superparamagnetic behaviour can be observed when it is converted into
a metallic phase as can be learned from Fig. 3. At the same time, this contact
ensures the reduction of ferric ions into PtFe clusters and into finely dispersed
iron on the surface. Separate measurements by the Mdssbauer technique for
iron, by small angle X-ray diffraction for Pt and by chemisorption for both
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show that the metallic particles formed are very small. The existence of small
PtFe particles on the surface is, therefore, strongly confirmed unless Pt and
Fe particles are existing separately on the surface (this is very unlikely because
a physical mixture behaves as if it were Pt/Si02alone).

Previously the behaviour of PtFe/Si02catalysts has been thoroughly in-
vestigated. Mdssbauer measurements have given strong support that at low
iron loads, a PtFe cluster is formed which can be reversibly oxidized and re-
duced at room temperature. At high iron loads, the best fit was obtained when
a single peak with zero isomer shift was assumed with a constrained doublet
for Fe3+ and Fe2+ [10].

In the present study it is clearly shown that all iron atoms at high iron
load are located at or near to the surface since they are completely converted
into Fe3+ upon room temperature oxidation. Room temperature reduction
does not convert all ferric ions into zerovalent iron, which means that on the
surface Fe® atoms are surrounded by iron in a cubic array and by PtFe clusters.

A comparison of catalysts (VI) and (XI1Il) shows that there is a small
drop in the number of surface Pt atoms because the loss in the platinum con-
tent of the catalyst subjected to an acid treatment is negligible, as indicated
by X-ray fluorescence measurements. The essential identity of catalysts with
and without acid treatment is further proved by the fact that the adsorption
properties of bimetallic catalysts produced either by Fe(N03)3 impregnation
at pH = 1 and/or by impregnation with ferrocene is alcohol at pH = 7 [com-
pare catalysts (X1) and (XV) as well as (X11) and (XV1)] are close to each other.

We have already observed that [9] in some cases a parallelism can be
found between the adsorption properties and the catalytic activity. In Fig. 6
this proportionality between the number of surface metal atoms and the rate
of hydrogenolysis can be found only in the case of catalysts prepared from
Pt(N H 3)4+ regardless of whether it has been treated at pH = 1 or not.

Although there is no essential change in the concentration of surface
metal atoms when the catalysts are prepared from Pt(CH?3)3Cl, their intrinsic
activities are still much lower than with the platinum tetrammine complex.
As we have already mentioned, one of the reasons of this unexpected behaviour
may be that upon impregnation of the silica gel surface chlorine atoms are
retained by the molecule and a Pt-O-Si bond is formed via the cleavage of one
methyl group. This statement is supported by the experiments carried out with
other organometallic complexes [12], in which the hydrocarbon ligand was
always cleaved from the metal complex.

As far as the metal concentration on the support is concerned, it is signif-
icant that the actual metal content for both Pt and Fe is usually lower than
the nominal value.

On comparing the Pt contents of catalysts (1), (111), (1Y) and (V), an
increasing metal load is apparent with decreasing interaction between solvent
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and silica gel (in the benzene-heptane-hexane sequence). The same effect is
found with decreasing pretreatment temperature, because the number of
hydroxyl groups supplying the hydrogen atoms decreases with increasing tem -
perature. Catalyst treatment with an acid solution partly removes the
Pt(CH.9Cl complex [compare (I) and (I1)].

Of the methods used for the preparation of PtFe catalysts, co-impreg-
nation does not seem suitable to achieve high iron loads, similarly to the ap-
plication of Fe(CO)s. The highest iron content can he obtained by post-impreg-
nation of catalysts (YI) and (VIII) as well as by impregnation of catalyst (VI)
with ferrocene. The same is valid for Pt(NH3)4+/Si02 impregnated with an
Fe(N03)3 solution. Upon hydrogenation HC1 is trapped by the support, which
becomes acidic and thus the structure of the metallic phase is completely
different. Indeed, upon acid treatment, the hydrogenolysis acitivity of the
catalyst decreases [see e.g. (I) and (Il) as well as (VI) and (XI11)] with a si-
multaneous increase of the isomerization activity (see Table I11). This may be
due to the enhancement of the acidic character but adispersion effect maynot
be excluded.

The proportionality expressed by Fig. 6, which is equivalent to the in-
crease of the turnover number as a function of metallic dispersion, means that
hydrogenolysis can he considered as a demanding reaction [13, 14] similarly
to those observed on pure Pt/Si02 catalysts [15]. The essential difference is
that in the latter case the degree of the change is smaller. In our opinion, this
is the consequence of iron influence on platinum, therefore, we believe that not
only the dispersion of platinum is enhanced by added iron, as has been stated
earlier [4, 5], but the intrinsic activity of the active sites is also influenced by
iron. There is one exception, the sample with the highest iron content (XVI),
for which not only the rate deviates from that determined by the straight line,
but also the selectivity in butane hydrogenolysis resembles that characteristic
of non-noble transition metals [16—18].

Conclusions

1) Of Pt(CH3)3Cl (A) and Pt(NH3)4+ (B) the latter is the better choice
to obtain metal particles with the highest number of Pt atoms on the surface.
(A) is also suitable to produce catalysts of high dispersion, however, the amount
of the alkyl complex bonded to silica gel is strongly affected by the experimen-
tal conditions, such as solvent, support pretreatment, etc. The total amount
of Pt is smaller in the case of (A) than for (B). Upon preparation from dif-
ferent Pt sources, not only the number of surface metal atoms can be influenced,
but the nature of these sites also depends on the Pt complex used.

2) TG MS and Mdssbauer data, along with gas adsorption, give evidence
for metallic interaction between iron and platinum prior to and after standard
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treatment. The catalysts are well dispersed and at least a part of iron can be
oxidized and reduced at room temperature, which again points to direct con-

tact between the two metals.

3) A correlation has been found between the concentration of metal

atoms on the surface and the rate of hydrogenolysis of ethane and n-butane.

The intrinsic catalytic activity of platinum is influenced by the iron additive

and considerable deviations from this behaviour can only be observed at high

iron loads.

The authors are indebted to Dr. T. Székely for valuable discussions, to Dr. G. Bodor
for small-angle X-ray measurements, and to Mrs. G. Steffler and Mr. I. Bogyai for technical
assistance.

REFERENCES

[1] Bartholomew, C. H., Boudart, M.: J. Catal.. 29, 278 (1973)

[2] Garten, R. L., Ollis, D. F.: J. Catal.. 35, 232 (1974)

[3] Garten, R. I,.: Modssbauer Effect Methodology. Vol. 10, 1976

[4] Engels, S.,, Mérke, W., Siedler, J.: Z. Anorg. Allgem. Chem.. 431, 181 (1977)

[5] Engels, S., Morke, W., Siedler, J.: Z. Anorg. Allgem. Chem.. 431, 191 (1977)

[6] Jacono, La., Schiavello, M., Cimino, A.: J. Phys. Chem., 75, 1044 (1971)

[7] Benesi, H. A., Curtis, M. P., Studer, J.: J. Catal., 10, 328 (1969)

[8] Guczi, L., Matusek, K., Eszterle, M. J. Catal. (In press)

[9] Guczi, L., Matusek, K., Margitfalvi, J.: React. Kinet. Catal. Lett.. 8, 309 (1978)
[10] DEzsi, I., Nagy, D. L., Eszterle, M., Guczi, L.: React. Kinet. Catal. Lett., 8, 301 (1978)
[11] Guczi, L.: Plenary lecture, Federal Conference on Supported Metal Catalysts in Hydro-

carbon Reactions, Novosibirsk, June 29—31, 1978
[12] Yermakov, Yu. |l.: Catal. Rev., 13, 77 (1976)
[13] Boudart. M.: AIChE Journal, 18, 465 (1972)
[14] Brunelle,J. P, Sugier, A., Le Page,J. F.: J. Catal., 43, 273 (1976)
[15] Guczi, L., Gudkov, B. S.: React. Kinet. Catal. Lett. 9, 343 (1978)

[16] Guczi, L., Gudkov, B. S., Tétényi, P.: J. Catal., 24, 187 (1972)

[17] Babernics, L., Guczi, L., Matusek, K., Sarkany, A ., Tétényi, P.: 6th Int Congr. Catal.,
Paper A 36, London 1976
[18] Sinfelt, J.: Adv. Catal., 23, 91 (1973)

Laszlé Guczi
Karoly Matusek
Jozsef Margitfalvi
Matild Eszterle
Ferenc Tinl

H-1525 Budapest, P.O.B. 77

Acta Chim. Acad .Sei. Hung. 101, 1979



Acta Chimica Academiae Scientiarum Hangaricae, Tomas 101 (1—2), pp. 119—125 (1979)

DIHYDROPYRAN CYCLOADDUCTS, II*

REACTIONS OF CYCLOPENTANONE EXAMINES WITH
BENZYLIDENE KETONES

Gy.Oszbach, D. Szabsé and M. E. Vitai
(Chemical Department of the Medical University, Pécs)
Received June 23, 1978

Accepted for publication September 4, 1978

Cyclopentanone enamines react with benzylideneaeetophenone to yield adducts
of the Michael type; with benzylidenecyclohexanones, under very mild conditions, the
products are cyclopentapyranes. The steric structure of the latter compounds was
investigated by examining the hydrolysis products.

Electrophilic olefins react with enamines in widely different ways,
depending on their structures [1, 2]. Enamines of six-membered cyclic ketdnes
can usually be converted with benzylidene ketones into dihydropyrans [3, 4].
There are few data available regarding the analogous reactions of cyclopenta-
none enamines; the isolation of Michael adducts has been reported [5, 6], but
it cannot be excluded that failure in achieving cyclization was due to the rather
drastic reaction conditions. Recently, KOI4ST et al. raised again the possibility
of the intermediary formation of dihydropyrans [7]. In seeking experimental
evidence for the existence of such intermediates, we allowed some benzylidene
ketones to react with cyclopentanone enamines under very mild conditions.

1-Pyrrolidinylcyclopentene (la, X = --) yielded with benzylideneaceto-
phenone (I1) the well-known diketone VII at 0 °C in anhydrous ethanol, in
spite of the nominally anhydrous conditions [8]. Under the same conditions,
piperidino- (Ilb, X = CH2 and morpholinocyclopentene (lc, X = 0) were
converted with Il into the enamino ketones IVb, ¢, unknown up to now. In the
IR spectra of IVb and c, the band at 1680 cm-1 can be assigned to the phenyl
ketone, that at 1630 cm-1 to the enamine double bond. The PMR spectra of
IVb and c indicate an interesting tautomerism: although the enamine double
bond usually tends to occupy the least substituted site [1], about 40% of the
tetrasubstituted tautomer Vb and ¢ must be assumed to exist in chloroform
solution on the basis of the fact that methine signal of the trisubstituted olefin
bond represents only 0.6 protons. Compounds IVb and ¢ can be hydrolyzed
with dilute hydrochloric acid to the diketone VII. The possible reaction paths
are summarized in Fig. 1.

There are two possibilities for the stabilization of the zwitterion 111 formed
in the first step [4, 9]: charge equalization may yield IV, or compound VI

*Part 11, see Ref. [4]

Ada Chim. Acad. Sei. Hung. 101, 1979



120 OSZBACH et al.. DIHYDROPYRAN CYCLOADDUCTS

VI I1a—c

CHj

g 9
X X X
i

Fig. 1

can be formed in an intramolecular addition step. Actually compounds IVb, ¢
were isolated. The transient formation of the cyclopentapyran VI cannot be
excluded, in view of the fact that the corresponding benzopyrans can be
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synthesized [4], although they are liable to ring cleavage. Evidently, there is
another effect playing a part here in addition to the electron-withdrawing
action of the phenyl group at C-2:this is the strain produced by the overlap-
ping position of the substituents 4a—7a in the five-membered ring, which is
obviously absent in the six-membered ring A. We assumed that after the remov-
al of the phenyl group from the immediate vicinity of the oxo group, the
overlapping positions alone would not prevent ring closure.

Indeed, all the three enamines (la, b, c) yielded the expected cyclopenta-
benzopyran (IXa—c) with 2-benzylidenecyclohexanone (VIII). Unambiguous
evidence for the occurrence of cyclization is that the IR spectra of the products
contain only one double bond: the “enol ether band” at about 1690 cm-1.
The PMR spectra can hardly be evaluated; on hydrolysis of IXa—c in dilute
acid, the kétél X1 was obtained, and this chemical conversion helped the
elucidation of the deeper structure of IX by proving the cis position of the two
hydrogen atoms in the pyrane ring (Fig. 2).

The structure of the kétél (XI) was established on the basis of the follow-
ing considerations: a carbonyl band appeared in the IR spectrum at 1740 cm-1
when recorded in the solid state. Such a high frequency can only be expected
in the five-membered cyclic ketone, thus the alternative structure XI1I can be
dismissed. The steric position ofthe hydroxyl group at C-4a was also established
on the basis of the IR spectrum: in solid state and in 10-3 mole/l carbon tetra-
chloride solutions, vibrations characteristic of intramolecular hydrogen bond
appear at 3395 cm-1 and at 3410 and 3603 cm-1, respectively. The bond is
rather weak: the average distance of the two oxygen atoms measured in the
Dreiding model is about 3.1 A, and this is responsible for the widening of the
free OH band and the carbonyl band observed in dilute solutions. The con-
figuration of the C-9 atom and the trans B/C ring anellation can be established
from the PMR spectrum: the signal of the C-9 proton (doublet of doublets)
(3.18,J389= 3 Hz,Jg*x= 12 Hz) and the absence of the splitting of the phenyl
signals is equally consistent with the structure given. (Simultaneous or one
by one changes of the configurations of the 9 and 9a carbon atoms also yield
dihedral angles of about 60° and nearly the same extent of splitting, and in the
presence of an axial phenyl group no hydrogen bond could be formed between
the oxygen atoms.) Compound XI undergoes dehydration strikingly readily,
which also supports the trans ring anellation.

2,6-Dibenzylidenecyclohexanone (XI1V) gives a cycloadduct (XVa—c)
with all the three enamines (la c (Fig. 3). The IR spectra of the compounds
are altered as compared with those of IXa ¢, in accordance with the changes
in the structure: the band of the enol ether appears at a frequency lower by
about 45 cm-1 (conjugation) and the band assigned to the double bond in the
benzylidene group is found at about 1620 cm-1. The PMR spectra are rather
diffuse but agree with the structure given.
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a: X = —
b: X =CH?2
c: X =
Fig. 3
Table |
M.p., °C Molecular Analysis, %
Compound Method Solvent of formula Caled./Found
Yield, % crystallization (M.w.)
c H N
IVb A 124 127 c,rh ,no 83.52 8.13 3.90
98 ethyl acetate-ether (359.52) 83.54 8.29 3.79
Ve A 115 117 G,,H.,/NO., 79.75 7.53 3.87
70 petroleum ether (361.49) 79.41 7.74 3.91
Vil A; B 78 80* CZ,H,I'D. 82.16 6.89
79; 52 petroleum ether (292.38) 82.24 6.75 —
IXa A 95 97 C,,H,ONO 81.69 9.04 4.33
60 petroleum ether (323.48) 81.85 9.31 4.44
IXb A 114 -117 c2Zh 3no 81.86 9.26 4.15
79 petroleum ether (337.51) 81.71 9.19 4.29
IXc A 135 138 CAHANO.. 77.83 8.61 4.12
78 petroleum ether (339.48) 77.49 8.84 4.24
X1 B 210 c 1 2a 80.00 8.20
76 ethanol (270.37) 79.90 8.23 —
X111 C CI8H 200 85.67 7.99
46 syrup (252.30) 85.90 8.21 —
XVa A 138-141 C2H BNO 84.63 8.08 3.40
90 benzene-methanol (411.59) 84.33 8.26 3.37
XVb A 132 135 C,,H«NO 84.66 8.28 3.29
76 ethyl acetate (425.62) 84.77 8.15 3.29
XVc A 123-125 cXh Bno? 81.46 7.78 3.28
90 ethanol (429.59) 81.55 7.58 3.40

*Lit. [6, 8] m.p. 78-80 °C.
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Table 11

Compound IR, cm-'

1683 phenyl ketone
1624 C=C enamine

Vb 1600 C=C aromatic
1582
1680 C=0 phenyl ketone
e 1620 C=C enamine
1598 r r aromatic
ldoZ
1738 C=C c-aliphatic
1 1687 C=C phenyl ketone
1600 C=C aromatic
IX 1695 C=C enol ether
a 1600 C=C aromatic
IXb 1696 C=C enol ether
1602 C=C aromatic
1692 C=C enol ether
1Xe

1603 C=C aromatic

3395 OH assoc.
1740 C =0 c-pentanone

X1 3603** free OH
3410** OH assoc.
1740** C =0 c-pentanone

1740 C =0 c-pentanone
X 1710 (sh) C=C

1644 C—C enol ether
XVa 1615 C=C~Ph

PMR
d(ppm) TM S=0

8.1—7.0 m, OH, CH aromatic
4.31 br, 0.6H, CH enamine

8.1—7.1 m, 10H, CH aromatic
4.36 br, 0.6H, CH enamine

8.1—7.3 m, 10H, CH aromatic

7.25 “s”,* 5H, CH aromatic

7.28 “s\* 5H, CH aromatic
3.00 br, 1H, ACH —Ph

7.28 “s” * 5H, CH aromatic
2.98 br, 1H, "CH -Ph

7.25 “s” * 5H, CH aromatic
3.18 dd, 1H, ~"CH Ph

(«89= 3Hz, J,9a= 12H2z)
1.76 s, 1H, OH

7.40 “s” =~ 5H, CH aromatic

7.50—7.20 m, 10H, CH aromatic
7.03s, 1H, =CH-Ph

1600 C=C aromatic 3.14 d, 1H, (Il Ph (J= 6Hz)
1648 C=C enol ether 7.50— 7.20 m, 10H, CH aromatic
XYb 1618 C=C—Ph 7.04s, 1H, =CH Ph
1600 C=C aromatic 3.20d, 1H.~ CH Ph (J= 5Hz)
7.50— 7.20 m, 10H, CH aromatic
1644 C=C enol ether 7.07s, 1H, =CH-Ph
XVc 1613 C=C—Ph 3.45t, 4H, CH2- O-CH,
1599 C=C aromatic (J= 4.5H2)

3.23 br, 1H, ;ch Ph

*“g” = quasi-singlet
** Recorded in CCl4solution
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Experimental

M.p.’s are uncorrected. The IR spectra were recorded with a Zeiss UR-10 spectrophotom -
eter in KBr pellets, the solution spectra were obtained in 10~3 mole/1 solutions in CCl4. The
PMR spectra were recorded with a Perkin-EIlmer R-12 instrument in CDC13solutions. Physical
data and elemental analyses of the compounds prepared are given in Table | ; Table 11 contains
their spectral data.

(A) General method of achieving the addition reactions (IVb, c, VII, IXa—c, XVa—c)

A solution of the unsaturated ketone (Il, VIII or XIV) (0.02 mole) and the enamine
(la, b or ¢) (0.02 mole) in anhydrous ethanol (40 ml) was stirred at 0 °C until a sample taken
from the reaction mixture contained no ketone (tested chromatographically on a Kieselgel
layer in benzene —ethyl acetate 40 : 1 mixture) (3 12 h). The crystals which separated were
filtered off, washed with cold ethanol and crystallized from a suitable solvent (Table I).

(B) Hydrolysis of IVb, ¢, 1Xa, b, c

The starting material (0.005 mole) was stirred overnight in 2N HC1 solution (20 ml)
and chloroform (20 ml). The phases were separated, the aqueous phase was extracted with
chloroform, washed with water and evaporated to dryness. The residue was crystallized from
petroleum ether (VII) or ethanol (XI).

(C) 9-Phenyl-5,8-methano-1,2,3,4,6,7,8,9-octahydro-5.H-benzocycloheptcn-10-one (X111)

Compound XI (1.35 g; 0.005 mole) was boiled for 30 min in anhydrous benzene (25 ml)
in the presence of p-toluenesulfonic acid (40 mg) under a Dean-Stark trap. After cooling, the
solution was washed with NaHCO., solution then with water, dried and evaporated to dryness.
The syrupy substance obtained could be neither distilled nor crystallized. For analysis, a small
amount of the substance was dissolved in benzene, sucked through activated carbon, evaporated
to dryness and the almost colourless sample obtained in this way was analyzed.
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The blue oxide - an intermedier product of the thermal decomposition of the
ammonium paratungstate (APT ¢5H,0) — has been investigated by means of X-ray
diffraction, infrared spectroscopy, pH-metry, ion exchange, and |redox potential mea-
surements.

A connection was found between the phase composition and some chemical
behaviour.

The presence of the tetragonal hydrogen tungsten bronz and that of a hexagonal
mixed ammonium hydrogen tungsten bronz is established and the chemical reactivity
of the blue oxide is connected to them.

Introduction

The research of W and of its compounds has been a characteristic activ-
ity of Hungarian scientists for the last few decades. Some basic discoveries
can be connected to them. Hegeddas and Mirtiner [1] described the determin-
ing role of g-w in the doping mechanism. Neugebauer €t al. [2] published
first the existence of the ammonium W-bronze and mentioned later [3] its
ion-exchanging ability. The presence of hydrogen tungsten bronze in blue
oxide was already mentioned by Hegedds [23]. Gado [4] gave the explanation
for the structural characteristics of the W oxides with oxygen defect.

The present Work deals with the study of an intermedier product of the
thermal decomposition of the ammonium paratungstate 5H2 (APT), the so
called blue oxide which has an approximate formula of W 028—29 and Is a
multicomponent material. The aqueous reactions of this blue oxide and of the
yellow tungsten oxide (W 03+H2), have been investigated in details in the
recent years [5—12]. The aim of these studies was the better understanding
of the doping mechanism of the tungsten oxide. It was found that not only the
parameters of the solution but also those of the solid phase (composition,
grain size, etc.) might play a determining role in the interaction, all the more
that the blue oxide is a mixed phase with components not described satis-
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factorily. The earlier measurements were not able to clarify which components
are responsible for the reactivity of the material. It was found only that blue
oxide samples which were proved to be identical tested by means of usual
methods (e.g. BET surface measurement, annealing weight loss, etc.) show
different behaviour (in ion exchange capacity, in redox properties, etc.) under
the same conditions of the liquid phase.

In the present work we are going to describe some properties of the blue
oxide and to explain them, first of all in order to understand the connections
between the reactivity and the phase composition.

Experiments and Results

For the experiments blue oxide samples were prepared by thermal
decomposition of APT in laboratory furnace as follows ;

10 g APT was placed in a Mo-Ni boat and pushed into the furnace the
temperature of which was stabilized already at different temperatures between
350 and 600 °C. It was annealed for 45 min either in N2, Ar or H2gas, or in a
mixture of them. The gas flow rate was 25—50 1/hour.

The oxygen index (01) i.e. the O/W atomic ratio of the samples was de-
termined accordingto Choain and Marion [13]. The determination is based
on Eq. 1;

WO@B ¥ + 2*-Ag+ - W«++ (3- X) O + 2*-Ag (1)

A g+ ions were added in form of thiocyanide complex in alkaline solution.
The reduced silver was filtered on a glass filter, dissolved in HN 03 and deter-
mined by means of the thiocyanide method. The reproducibility of the 01
values was + 0.005.

Figure 1 shows the dependence of the 01 on the decomposition tem-
perature.

The 01 decreases very slowly between 350 and 400 °C to about 2.99,
then it drops faster to about 2.80 in the range of 400 —600 °C. Further reduction
takes place only at higher temperatures but the product cannot be considered
as a blue oxide any more and will not be the object of our present study.

Investigation of ion exchange properties
a) Radioactive tracer experiments

Blue oxide samples were mixed with aqueous KC1 solution labelled with
42K isotope as described earlier [7] and having reached the equilibrium (3 min)
the K+ ion concentration (activity) of the separated solution was measured.
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Fig. 1. Dependence of Ol on APT decomposition temperature (2 1/h H2 30 1/h Ar)

Fig. 2. a) The K +ion exchange ability of blue oxide; b) H +ion quantity developed due to K +

exchange in blue oxide in aqueous media (80 cm3deionized water -f- 20 cm30.1 n KCI, 800 mg

blue oxide); c) redox potential of blue oxide K3[Fe(CN)6] systems (88 cm3deionized water -f 10
cm3n HC1 -f- 2cm30.3 M K3[Fe(CN)6], 200 mg blue oxide)

Fig. 2 shows the dependence of the ion exchange on the decomposition tem-

perature.
The ion exchange capacity increases rapidly till the decomposition tem-
perature of 430 °C (Ol 2.97). Then it starts to decrease and reaches a nearly

constant Ol value of about 2.88.
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b) pH-metric experiments

The pH value of the liquid phase decreases very fast for a short period
in the course of the ion exchange. The number of H + ions causing the change
of pH agrees well with that of K + ions taking place in the ion exchange [10].

After the ion exchange process a further slow change of pH can be ob-
served over a long time.

Rapid reaction occurs only if ionic solutions are present but notin pres-
ence of pure water. In this latter case only a slow process is observable which
is considered to be the hydrolysis of the blue oxide components (Fig. 3), and
which is not the rate determining factor of the ion exchange process.

Fig. 3. Hydrolysis and ion exchange of blue oxide in aqueous media; hydrolysis (a) followed

by additional K+ ion exchange (b%, hydrolysis and simultaneous K+ ion exchange (c), (solu-

tions: 100 cm3deionized water (a); + 20 cm30.1 n KC1 (b); 80 cm3deionized water -f- 20 cm3
0.1 n KCI (c). — 800 mg blue oxide)

Figure 2 shows the change of H +ion quantity caused by K +ion exchange
in blue oxide samples, corrected with the corresponding increment of the
hydrolysis. The MH+ curve has also maximum at 420 °C, at the decomposition
temperature and fits well to the 42K + ion exchange curve. This proves the
relation of the two processes, therefore the more simple pH measurements can
be used for the indirect determination of the ion exchange ability of blue oxide
samples.

A typical rate curve of the hydrolysis (Fig. 4) has several characteristic
breaks, which lead to the conclusion that the blue oxide is a mixture of differ-
ent solid phases. The number of phases depends on the conditions (tempera-
ture, atmosphere) of the thermal decomposition, and can be at least two.

On the bases of hydrolysis, ion exchange and pH measurements we sug-
gest that the ion exchange ability of this multiphase material is connected not
only with the oxyhydrate, formed during the hydrolysis, as we supposed
earlier [10], but rather with some other cimponents of the solid phase too.
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Fig. 4. A typical hydrolysis rate curve

Investigation of redox properties

The 01 of the blue oxide samples is always less than 3. We confirmed the
earlier perception [6] that blue oxide acts as a strong reducing agent under
suitable conditions. The chemical determination of the 01 is also based on this
property. We have determined the reducing ability of the blue oxide by the
following method ; blue oxide was mixed to an acidic K3[Fe(CN)6] solution
and the change of redox potential was measured with Au electrode against cc.
calomel electrode. Figure 2 shows the dependence ofthe redox potential on the
decomposition temperature of the blue oxide. The curve has a character simi-
lar to that for ion exchange and pFl values. The main difference observed is
that it stabilizes in the high temperature range at a higher relative value,
probably because the W2005 phase itself, which is stable in this range, has also
a reducing ability comparable to that of the bronze (MxW 03) [16].

All the measurements described above prove that the reactivity of the
blue oxide increases with the decomposition temperature up till about
400 —420 °C and over this temperature it drops rapidly.

Investigation of the phase composition of the blue oxide

a) Infrared absorption spectrometric investigations

The spectra of blue oxide samples were recorded in KBr pellets with an
UR 10 IR spectrometer. It was found, that the w'ave number of the single
absorption band, appeared in the frequency range ofthe W-O-W vibration,
moved towards higher frequencies with decreasing 01. Later, the band split
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to a higher and a lower frequency maximum, and finally the latter one became
dominant. This is in agreement with our earlier observations [14].

The curve of Fig. 5 shows the frequency displacement of the 0—w
stretching band vs. 01. Three breaks can be observed which prove the existence

Fig. 5. Frequency displacement of the r*r-O-W stretching band

Fig. 6. Dependence of specific intensities of the bands on 01

of at least three independent phases. The knowledge of the characteristic vibra-
tion frequencies of the pure phases enabled the identification of the phases in
the blue oxide samples [15].

The curve of Fig. 6 where the change of the specific intensities of the bands
are given in the dependence of the 01, is even more informative. The curve
describes reliably the phase changes and shows the mixed phase regions. In
the range of the ATB the existence of two phases can he supposed. It gives no
details but encourages us to search for at least two different bronzes with other
methods too. It confirms also the assumption, that the ion exchange properties
are connected with the bronze phase.
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b) X-ray structure investigations

The X-ray diffractometric studies and powder X-ray photographs using
a Guinier camera (CuKa) of our blue oxide proved the presence of the ATB but
gave evidences for the existence of the tetragonal hydrogen tungsten bronze
(THTB) too (Table I).

Table 1
o ill.
20 rf(A°) (bkl) <o) ASTM

Hexagonal ATB 39.2 2.296 211 30 5 -532
Tetragonal hydrogen tungsten

bronze (THTB) 41.78 2.167 201 40 23-1448
W 200 58 40.75 2211 218, 413 70 5-386
w 180 49 — — — 5-393

Conclusions on the quantitative relations were drawn on the basis of
characteristic lines in the usual manner (see Table I1).

Table 11
ol Hexagonal Tetragonal

NH]|-bronze (ATB) H-bronze (THTB) W,,08. w,0,
2.999 3 8.5 - -
2.996 2.4 35 — —
2.990 15 5.5 — —
2.986 2.8 6.0 — —
2.975 3.0 7.0 — —
2.968 3.2 8.0 — —
2.947 1.0 7.5 — —
2.940 2.0 3.5 — —
2.925 — 7.0 3.5 —
2.912 — — 75 _
2.901 — — 8.0 _
2.892 — 4.0 10.0 —
2.883 — — 14.5 _
2.865 — — 17.0 —
2.853 — — 9.5 _
2.850 — — 7.5 strong
2.837 — — 115 medium + weak ph.
2.832 — — 135 weak
2.770 — — — strong
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The numbers given for the different phases are the peak height values of
the characteristic lines given in Table 1.

¢) Determination ofthe nitrogen content by means of activation analysis

The ATB content of the blue oxide can be characterized with its N con-
centration, though this characterization is not very strict because of the

Fig. 7. N-content of the blue oxides as a function of the decomposition temperature

fairly uncertain chemical composition of the ATB [16], similarly to other
tungsten bronzes.

The 14N(d, p) —15N reaction has been used and the emitted proton
radiation (9 MeV) was selectively measured. Figure 7 shows the dependence of
the N content of the blue oxide on the decomposition temperature. After a
short, constant region till 400 °C (01 ~2.98), the N content drops to 1% of
its original value. Mass spectrometry proves the release of NH 3in the decreas-
ing Ol range.

Discussion and Conclusions

The complex study of the blue oxide helps to characterize its composition
depending on the temperature of APT decomposition and helps also to under-
stand the role of individual phases in the chemical interaction with aqueous
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ionic solutions. As the outer morphology and grain size distribution of blue
oxide do not change considerably in the temperature range of its preparation
[17], the different properties of blue oxide samples can be well correlated with
the components of the solid phase.

On the basis of the experimental results we came to the conclusion that
the high chemical activity of blue oxide samples has to he attributed to its
bronze phases which are the main components at the reactivity maximum.
Some preliminary studies, on the other hand, proved that the pure tungsten
oxide compound (W 03 W.005, WIg0o49 WO,) prepared at high temperatures
in closed ampoule [4] showed low chemical reactivity in aqueous ionic solution.
The existence of bronze phases is in good agreement with the literature. It
has been described by several authors that in the course of thermal decomposi-
tion of APT a new, fairly unstable compound, an ammonium tungsten bronze
(ATB) can be prepared, and the most probable temperature range of its
existence is between 350 and 400 °C [2, 18—20]. Our results proved the
existence of the hexagonal ATB but another tetragonal phase also, appeared
what we identified as THTB.

The existence range of ATB and THTB agrees well with that of the
ion exchange activity. The assumption of the exclusive role of the ATB is
contradictory because it gives no explanation to the NH/ ion exchange be-
haviour of the blue oxide connected with the release of H+ ions, what was
observed earlier [12]. This phenomenon can be understood only by assuming
the presence and role of THTB.

The determining role of hydrolysis products in the ion exchange can he
excluded because the reaction rate of ion exchange is much higher than that
of the hydrolysis and the ion exchange abilities of pure tungsten oxide com-
pounds are much less despite of almost the same degree of their hydrolysis.
The components of the blue oxide and not the secondary hydrolysis products
are responsible for the chemical interactions.

On the other hand, results on vacuum annealed products of blue tung.
sten oxides produced in different atmospheres showed an increase of their
chemical activities (see Table I11) preserving basically the hexagonal structure
without any change in their THTB contents.

Table 111

Vacuum o 310 °c 310 °C
anucalling original 25 °C 150 °C 250 °C 1 hour 3 hour
temp. (°C)
K+ ion

‘EXCha”ge 222 +10-«  23.4 «10-° 242 «HI-6 29.8 +10-« 362 + 106  45.9 « 10-6
"Ho+

+ mol)
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On such indirect basis the existence of a new HTB phase of hexagonal
structure can be proposed as a result of “dry” ammonium release (not accom-
panied by the liberation of equivalent amount of water) — found by means
of mass spectrometry during vacuum annealling. The development of this
phase may cause only a slight distortion in the hexagonal lattice structure of
the ATB as it is the case of HTB and ATB of the same tetragonal structure
which is hardly detectable by X-ray methods and it probably seems to be
some mixed ATB-HTB phase responsible for the increased chemical activity.
Neugebauer etal. [2] gave their ATB formula inthe form of (NH4AX-W 03 yH 20.
According to our present knowledge he had probably the same mixed ATB-
HTB material, which should have been formulated as (NH4XHy « W03+« (OH)y.

On the basis of our results a question arises about the origin of HTB
phases ; whether they are decomposition products of ATB or they develop
directly by the interaction of AFT with hydrogen atmosphere. Depending on
what is the answer to this question, two mechanisms for the formation of
yS-tungsten oxide are expected as follows ;

NH4TB -(N H 920
hexaaonal

APT , - nh 3 \ W 20958
| /
|

H-TB

tetragonal H.O
and/or

hexagonal

To decide what is the real way of decomposition one has to consider that the
THTB identified in our samples makes the APT —=THTB route probable,
while the proposed new HHTB is an indication in favour of the route shown
by dashed line. The ATB-HTB mixed phase of hexagonal structure might de-
compose either after a certain NH3 loss to tetragonal HTB or losing all of
its NH3 and or H20 content to y3tungsten oxide.

This type of explanations seems to be valid despite to some literature
indications reporting only ATB [21] or even no bronze phase at all [22] in
reduction intermediate products of APT. The mechanism of the development
and decomposition of the bronzes has to be clarified also by other methods.

The present model of the blue oxide enables us to explain the variable
behaviour of products prepared under industrial conditions and found to be
identical tested with usual methods. According to the maximum character of
the reactivity curves slight changes in the temperature of the thermal decom-
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position may result great changes in the ATB/HTB ratio without having any
considerable change of the 01.

We have applied most of our measurements described above for several
accidental industrial samples. The results are summarized in Fig. 8. It can
definitely he seen that the K+ ion exchange deviations of these samples can

17234 56789 1011 Sample Ne

Fig. 8. Characteristic values of industrial samples

he correlated to the ratio; sum of bronze content: /3-tungsten oxid, and to the
reduction ability (redox potential decrease) too. In comparison to these param-
eters the differences in specific surface are less determining factors. For
characterization of blue oxide samples the phase analysis and the electro-
chemical behaviour seem to be fundamental, and for a satisfactory production
control the combination of several methods should be applied.

*

The authors are indebted to Prof. T. Milener, Dr. J. Neugebauer and L. Varga for
fruitful discussions.
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The atomization processes of tin were investigated in acetylene-air, acetylene-
nitrous oxide, premixed hydrogen-air and diffusion hydrogen- (nitrogen) entrained air
flames. It was stated that the chemical reaction with hydrogen radicals plays an impor-
tant part in the formation of free tin atoms.

The interference by the copper matrix and anions with tin determination was
also investigated in flames and in graphite furnace. It could be established that in solu-
tions containing hydrochloric acid copper catalyzes the oxidation of tin.

In recent years several authors paid attention to the interpretation of
the special behaviour of tin when it was determined in different flames and
electrothermal atomizers. The investigations were directed to the excitation
and atomization processes of tin [1, 2, 3, 4, 5], and to the discussion of the
numerous interfering effects occurring in atomic absorption determinations
[1, 6, 7, 8, 9]. In some other papers the analytical application of AAS methods
for the determination of tin [10—18] in various flames and graphite atomizers
have been dealt with.

In this work it is intended to add to the earlier experience our results
connected with the determination of tin by flame and by flameless AAS
methods. Our analytical task was the determination of tin in high purity copper.
In connection with this problem we wanted to elucidate and interpret the
atomization processes of tin in various flames and in the graphite atomizer.

A special enhancing effect of the copper matrix was observed on the ab-
sorbance of tin, therefore the investigation of the interference by copper tvas
also necessary.

The atomization of tin proved to involve different processes in acetylene
and hydrogen flames and in the graphite tube. These atomizers will be dis-
cussed separately, the interfering effect of copper in all the atomizers will
be discussed at the end of the paper.

Experimental
Apparatus

A VARIAN TECHTRON MODEL AA6 atomic absorption spectrometer was used for
the absorption and emission measurements. The absorbance of tin was measured at 286.3 nm
in order to avoid the nonspecific absorbance occurring at the 224.6 nm line.
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The emission of tin monoxide was measured at 348.4 nm, the atomic emission of tin at
284 nm, the emission of tin hydride at 609.5 nm, and the band absorption of tin chloride al
226.9 nm, respectively.

Acetylene-air, acetylene-nitrous oxide, hydrogen-air, and diffusion hydrogen flames
were used.

A VARIAA MODEL CRA 63 electrothermal atomizer was used for the flameless AAS
determinations with the graphite tube version. 5 /1 portions of solution were pipetted and
nitrogen sheath gas was applied with hydrogen added.

Reagents

Tin stock solution was prepared by dissolving metallic tin of high purity in hydrochloric
acid. The concentration of the stock solution was 1000 /ig/ml. Working solutions were diluted
from the stock solution and contained also 1re/p% hydrochloric acid.

Emission and band absorption measurements were carried out with tin solutions of
10,000 /tg/m1 and 50,000 «g/nil concentrations in hydrochloric acid.

Results and Discussion

Atomization oftin in acetylene flames

The absorbance of tin was measured by varying the flame composition
and the flame height in acetylene air and acetylene nitrous oxide flames.

Flame height, nm

Fig. 1. The change in absorbance of Sn as function of the flame height at various flame com-
positions in acetylene—air flame
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(The flame height is the distance between the burner head and the center
of the light beam of the hollow cathode lamp above the burner head. Below
5 mm flame height the burner covers a part of the light beam, therefore deter-
minations can only be done above this height.)

The flame height was varied from 5 to 25 mm. The variation of flame
composition was carried out by keeping the flow rate of air constant (8.7 l/inin)

Fig. 2. The change in absorbance of Sn as function of the flame height at various flame com-
positions in acetylene—nitrous-oxide flame

in order to obtain the same aspirating rate, and varying the flow rate of acety-
lene. The change in absorbance as function of the flame height (absorbance
distribution) measured at various flame compositions in acetylene air flame is
shown in Fig. 1, while that in acetylene-nitrous oxide flame in Fig. 2.

It can be seen from the figures that the more reducing (fuel rich) the
flame, the higher absorbance can be achieved at agiven flame height above the
reaction zone. In oxidizing (fuel lean) flames the absorbances are much lower
than in reducing flames. This fact can be attributed to the formation of stable
oxides. In order to support this assumption we measured the emission distri-
bution of the SnO species at 248.4 nm.
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Fig. 3. Emission distribution of SnO in acetylene-air flame

Fig. 4. Emission distribution of SnO in acetylene—nitrous-oxide flame

Acta Chim. Acad. Sei. Hung. 101,1979



IIARSANYI ct at: ATOMIZATION PROCESSES OF TIN 143

Figure 3 shows the emission distribution of SnO in acetylene air flame and
Fig. 4 that in acetylene nitrous oxide flame. In an oxidizing flame significant
SnO band emission can be measured even at lower flame heights, in a reducing
flame the SnO band emission can be measured only at higher flame heights,
where the absorbance of tin decreases. In acetylene-air flame the temperature
distribution as the function of the flame height was determined at different
flame compositions by the line reversal method (Fig. 5).

Fig. 5. Temperature distribution as function of the flame height at various flame compositions
| flow rate of air t

\% flow rate of acetylenel

This measurement was necessary in order to find out whether there
exists any correlation between free atom concentration and temperature
distribution. In reducing flames, where tin can be determined with a higher
sensitivity, the temperature is lower than in oxidizing flames. Tin atoms can
he formed not only by thermal dissociation of the SnO species, hut by chemical
reduction due to the reducing components in the flame, e.g. C, CH, H radicals.
The dissociation energy of SnO is 5.3 eV. The absorbance does not increase
with increasing temperature which indicates that the dissociation does not
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Fig. 6. Emission intensity of Sn as function of the flame height at various flame compositions
in acetylene-air flame

Fig. 7. Emission intensity of Sn as function of the flame height at various flame compositions
in acetylene-nitrous oxide flame
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take place appreciably. The formation of Sn atoms by chemical reactions has
been described in the literature. The supposed reactions are as follows ;

SnO + C“mSn* -f CO [4]
SnO + H ;# ShOH*
SNOH* + H”™ Sn + H2 ;+SnO + H2 [3]

Fig. 8. H/HoO ratio distribution in acetylene-air flame

The production of the Sn atoms through chemical reaction can be explained
by measuring the Sn emission in acetylene flames. The emission of Sn can be
measured at the lower flame zones, where chemiluminescence excitation takes
place [4]. We determined the emission distribution of Sn at 284 nm as function
of the flame height at different flame compositions in C2H2air (Fig. 6) and
C2H2-N,,0 (Fig. 7) flames as well. In acetylene flames at the lower flame zones
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where the Sn emission is measurable SnO species can not be formed in a great
concentration. It is formed only in the higher flame zones where the concentra-
tion of the reducing components of the flames is lower.

The reducing character of flames can be characterized by measuring the
H radical distribution in the flame. The distribution of the H/'H2 ratio in
acetylene—air flame was determined by the lithium hydroxide method [19],

80
70

60

50

30

20

10

5 10
Air
C2H2

Fig. 9. Sn absorbance and SnO emission intensity as function of the flame composition at two
flame height values

as function of the flame height at different flame compositions. The curves
describing the H/HaO distribution can be seen in Fig. 8. Since the H2 con-
centration in a flame is much higher than the H radical concentration and its
change is negligible, the change in the H/H20 ratio characterizes the change in
the H radical concentration. In acetylene-air flame the H/H2 distribution
and the absorbance distribution show similar character, as can be seen by
comparing Figures 1 and 8.

Halts [20] also reports on the relationship between the H radical con-
centration and the absorbance distribution in the case of elements forming
refractory oxides.
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The higher the H radical concentration, the higher is the absorbance of
tin. The highest sensitivity can be obtained in a reducing flame. In an oxidizing
flame the highest tin absorbance and the highest H radical concentration could
be measured at low flame heights (5 mm).

Fig. 10. SnO emission intensity as function of the flame height at different flame composition
in hydrogen-air flame

In Fig. 9 the tin absorbance and SnO emission are plotted as function

of the flame composition ¢ air flow rate at two flame heights.
C212flow rate

In this figure wie can follow the reverse tendency of the formation of free
Sn atoms and SnO species. Summarizing our results it can be stated that in
acetylene flames tin atoms are formed by chemical reactions at the lower flame
zones. On increasing the reducing character of the flame, the concentration of
the free tin atoms increases. The SnO formation becomes more probable at a
flame height where the absorbance of tin decreases. In oxidizing flames the

SnO formation takes place already in the lower flame zones.
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Atomization oftin in hydrogen flames

In hydrogen flames the highly reducing H radicals might play a signifi-
cant role in the atom formation. In air-hydrogen and hydrogen diffusion flames
the sensitivity of the determination of tin is about five times higher than in
acetylene flames. SnO emission could be observed by us only in air-hydrogen
flame. The SnO emission intensity is plotted in Fig. 10 as function of the flame

Fig. 11. SnH emission intensity as function of the flame height at various flame compositions
in hydrogen-air flame

height at different flame compositions. Our results were similar to those ob-
tained by Bulewicz [3] who investigated the tin atomization in a flame of
similar type but with another burner head. Sample introduction was carried
out partly by aspirating a concentrated tin solution and partly by introducing
dry SnCl4 vapour into the flame. The aim of the investigations of Bulewicz
was to study the spectrochemical behaviour of tin and not a chemical analysis.
Some authors suppose [6] that there is arelationship between the atom forma-
tion of tin and the tin hydride formation in hydrogen flames. Hydrides are
readily formed in the presence of high H radical concentration. In both flames
investigated the SnH distribution was determined at 609.5 nm as function of
the flame height at various flame compositions (Fig. 11, Fig. 12) and compared
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with the absorbance distribution measured in these flames. The absorbance
values plotted as function of flame height at various flame compositions can
be seen in Figures 13 and 14 in hydrogen-air and hydrogen-nitrogen entrained
air flames, respectively. Comparing the absorbance distribution in the two hy-
drogen flames it can be stated that the maxima of the curves in hydrogen-air
flame are shifted to the higher flame zones on increasing the reducing character
of the flame. In contrast with diffusion hydrogen flame the maxima are at the

Flame height, nm

Fig. 12. SnH emission intensity as function of the flame height at various flame compositions
in hydrogen- (nitrogen) entrained air flame

same flame height due to the slower recombination reactions of the H radicals.

Tin absorbance and tin hydride distribution curves show similar shapes
in the same flame and the maxima can be found at the same flame height and
flame composition. It seems possible that tin atoms are formed after the for-
mation and dissociation of the SnH species. The dissociation energy of SnH is
2.7 eV. Because of the low dissociation energy SnH dissociates easily even in
cool flames. The maximal temperature of air hydrogen flame is about 2300 K
[24]. The temperature of hydrogen diffusion flame at 10 mm flame height is
280 °C and at the edge at the same flame height 830 °C [25].

These measurements support the assumption of Nakanara [6] who
supposes the formation of free Sn atoms through SnH production. According
to Butewicz [3] SnO is reduced in hydrogen-air flame to tin atoms by H radi-
cals in the following reactions ;
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SnO + H -* SnOH*

SnOH* + H ~ Sn+ HXO ~ SnO + H2

We could determine SnO species in hydrogen air flame and the curves obtained
seem to be in good agreement with the equations. The SnO species (Fig. 10)

Fig. 13. Absorbance of Sn as function of flame height at various flame compositions inhydrogen-
air flame

shows higher emission intensity at lower flame heights indicating the presence
of SnO. The SnO emission decreases at flame heights where the absorbance of
tin and the emission of SnH increase. Higher flame zones become again more
favourable to SnO formation.

According to our experimental results in hydrogen flames the atomization
process of tin is connected with the formation and dissociation of SnH. In
hydrogen-air flames a more complicated atomization process can take place
involving the reduction of the oxide and dissociation of salt.
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Fig. 14. Absorbance of Sn as function of flame height at various flame compositions in
hydrogen-(nitrogen) entrained air flame

Fig. 15. Double curves of Sn in hydrochloric acid (1: pyrolysis curve, 2: atomization curve)
and in sulphuric acid (3: pyrolysis curve, 4: atomization curve)
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The atomization oftin in graphite furnace

The most probable reaction for Sn atom formation in the graphite fur-
nace according to Sturgeon and coworkers [21] is the reduction of Sn02 by
graphite.

bn(32(3i) mbn”j bn2(@ — bn(g)

This process can only he assumed for sample solutions containing oxianions
(sulphate).

In solutions containing hydrochloric acid chlorides are formed in the
condensed phase and tin atoms are resulted by the dissociation of chlorides in
the gas phase. The different atomization processes can be experimentally
proved by plotting the double curves suggested by w e1z [22] in sulphuric acid
and in hydrochloric acid media. The results of our measurements are shown in
Fig. 15. In hydrochloric acid medium the appearance temperature of tin is
much lower than in sulphuric acid solution because of the evaporation in the
form of chloride. The appearance temperature is the temperature at Av'hich the
first atomization signal appears [23].

The evaporation in chloride form could be experimentally evidenced by
measuring the SnCl absorption at a wavelength of 226.9 nm using the VARIAN
CRA 63 graphite atomizer in RAMP heating mood. Five pi tin solution of 50,000
/tg/rtil concentration was introduced into the graphite tube. The absorbance
was measured by using the H2lamp applied for background correction.

The absorbance signal as function of the heating time can be seen in Fig.
16. The heating temperature correlated with the heating time was not measured
thus only qualitative conclusions could be drawn. The SnCl absorbance signal
can be obtained already at the beginning of the heating yielding a double
peak. This can be explained by the evaporation of Sn in the form of SnCl4
(boiling point 114 °C) and in the form of SnCl2 (boiling point 614 °C). It must
be mentioned that the two processes : the evaporation in chloride form and
the reduction of Sn02Q) to Sn”) may take place simultaneously.

In dilute hydrochloric acid medium also tin oxide is present due to hydroly-
sis of tin chloride.

Investigation of the interference by copper with tin determination

When tin is determined in copper matrix the absorbance signal of tin
shows a significant enhancement depending on copper concentration. We mea-
sured the absorbance of tin at various copper concentrations in four different
flame types and plotted the relative absorbance change as function of the cop-
per concentration (Fig. 17). Copper was added to the hydrochloric acid-con-
taining tin solution of constant concentration as the chloride. The interference
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Fig. 16. SnCl absorbance signal shape in the course of the heating period with CRA graphite
atomizer. Ramp atomization

Fig. 17. Effect of copper matrix on the tin signal in different flames
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mwas more significant in hydrogen flames. The same type of interference could
he observed with the graphite tube method (Fig. 18). Five //1of tin solution of
5 jUg/ml concentration were pipetted into the graphite tube. Copper chloride
was mixed to the tin solution in increasing concentrations. The absorbance
increased up to 0.1% copper concentration (1000 pg/ml) and above this con-
centration asignificant decrease in absorbance could be measured. This decrease
can be explained by assuming that the dissociation of tin chloride is suppressed
by the excess of chlorine originating from the copper chloride.

Sn 5jjg/ml (5pl)
06 A 286.3 nm

Dry : 6V 20 sec

Ash 4V 30 sec

0.5 At 7V 3 sec
[0) Ar 4 1/ min
9 04 H2 1 I/min
0
43
o 03
a3
<

02

01

0.001  0.01 01 10

Ll ¢ %

Fig. 18. Effect of copper matrix on the tin signal in graphite atomizer

The increase in absorbance in the presence of copper chloride can be
explained by assuming that the vaporization of tin is facilitated in the presence
of copper. In condensed phase in the redox reaction ;

SnCl2+ 2 CuClo —mSnCl4 + 2 CuCl

tin(1V) chloride molecules can be formed, the volatility of which is higher than
that of the tin(11) chloride. SnCl4formation could also be assumed in the course
of the following experiment SnCl absorption was measured at a wavelength
of 226.9 nm as function of the heating time in tin(ll) chloride solution already
demonstrated in Fig. 16. When the solution contained also copper(ll) chloride
(Fig. 19), the first peak on the absorbance signal increased significantly. The
first peak corresponds to a lower vaporization temperature, and it can be attri-
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buted to the evaporation of Sn(lV) chloride. The absorbance of the pure
Cu(ll) chloride solution was also measured in order to detect and separate the
signal originating from the copper(ll) chloride matrix.

Fig. 19. SnCl absorbance signal shape in the atomization period using the CRA graphite
atomizer. Ramp atomization, a) Solution containing SnCI2 and CuCI2 pipetted into the tube,
b) CuC.l2solution pipetted into the tube

Conclusions

In our work we tried to explain the atomization processes of tin in four
flame types, acetylene-air acetylene nitrous oxide, hydrogen-air, hydrogen
diffusion flame and in graphite tube as well. We determined the flame profiles
(i.e. the absorbance distribution) in the flames investigated and followed the
emission distribution of some species influencing the atomization of Sn in these
flames (SnO, SnH, H radical, Sn). The SnO emission measurements in acetylene
flames have shown that Sn atoms can not be formed by the thermal dissocia-
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tion of SnO, but in a chemical reaction of SnO with reducing flame components
in the low flame zones. In higher flame zones the SnO formation is favoured.
Sn emission measurements in acetylene flames showed the formation of excited
Sn atoms by chemiluminescent excitation too.

In hydrogen flames SnH seems to be a predominating species, however
in air*Ho flame SnO is also formed.

In graphite tube the atomization process of Sn may be different depend-
ing on the anions present in the test solution. In a solution containing oxianions
Sn atoms are formed by reduction by graphite and in solutions containing
hydrochloric acid the main atomization reaction is the evaporation in chloride
form and the dissociation of chlorides in the gas phase.

The interfering effect of copper chloride with the tin absorbance can he
explained by the production of SnCl4. This is a more volatile species than
SnCl2.
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NEUERE UBERWACHUNGSMETHODEN
IN DER GERBEREICHEMIE, |
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Eingegangen am 5. Juli 1978

Zur Veroffentlichung angenommen am 15. September 1978

In der ersten Teil werden neuere Uberwaehungsmethoden behandelt, die in
GroRRgerbereien zur Kontrolle der W asserwerkstatten anwendbar sind. Es wird nachge-
wiesen, daB angetrocknete gesalzene Rohhdute bedeutend langsamer aufweichen trotz-
dem, daB das Herauslosen des Salzes nicht verhindert wird. Zur Kontrolle der Weiche
eignet sich die Bestimmung des wasserfreien Hautmaterials besser als das frither ange-
wandte Weichgewicht. Die Wirkung des Aschers geschieht durch die Bestimmungen
der Na2S-Konzentration, SH : OH Verhaltnis, Prallfestigkeit sowie durch die Kontrolle
der haarldsenden Wirkung und EiweiRverlust. Es werden Zusammenh&nge zwischen
EiweiBverlust und Prallfestigkeit, weiter die Bindung und Auswaschbarkeit von ver-
schiedenen Basen diskutiert. Orientierungsversuche wurden durchgefihrt tber die
Schwéachung bzw. totale Zerstérung der Zone der Haarwurzel in konc.Na2-S-L6sungen,
die wegen der Losnarbigkeit des Fertigleders wichtig sind.

Die Gerbereien haben sich in unserem Lande in den letzten 30 Jahren
zu groBen Lederwerken entwickelt. Dieser Prozel? hat die Notwendigkeit einer
Neuorganisation der Qualitatskontrolle mit sich gebracht, was leicht ver-
standlich ist, wenn man in Betracht zieht, dall die Rohliaut wenigstens 30
Arbeitsphasen bis zum Fertigleder durchldauft [1], und die Qualitat in groRem
MaRe von der Betriebsiberwachung abhédngt. In den heutigen GroRbetrieben
sind die technischen Leiter nicht mehr imstande, alles selber zu Uberwachen,
und sind auf ein wirksames Kontrollsystem angewiesen [2].

Die Kontrolle ist bei denjenigen Arbeitsphasen verh&ltnissméafRig leicht,
wo die Qualitat des Leders gleich nach der Beendigung der Arbeit zu kontrol-
lieren ist. Schwieriger ist abei dies, wenn man die Gite der beendeten Arbeits-
phase nur am fertiger Leder beurteilen kann. So kann z.B. nur im fertigen
Zustand endgiiltig entschieden werden, oh die BI6Ren im Ascher geniigend
aufgeschlossen waren und infolgedessen das Oberleder weich genug gewor-
den ist.

Die Betriebsuberwachung ist umso wirkungsvoller, je eingehender und
bewuRter die Beschreibung der Technologie ist. Wir meinen damit, dall die
Wirkungen der einzelnen Arbeitsphasen und Chemikalien auf die Qualitat des
Fertigleders aufgekldrt und bekannt sind. Deswegen befassen wir uns im fol-
genden mit diesen Problemen.

Waéahrend der letzten Jahrzehnte haben wir mehrere L berwachungs-
methoden ausgearbeitet, und im vorigen Jahre wurde in der Pécser Leder-
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fabrik die Betriebsiberwachung bei folgenden Arbeitsphasen planmé&Rig ein-
gefuhrt ;

Weichen, Ascherung, Entkalkung, Pickel, Chromgerbung, Entfettung,
Entsduerung, Zurichtung sowie Kontrolle der Hautfehler, Deckfilmeigen-
schaften, Festigkeitseigenschaften der BlofRe, Biegungselastizitat der Leder
im nassen und trockenem Zustand, Abriebfestigkeit von Sohlenleder. Diese
Methoden sollen im folgenden vom Standpunkt der Qualitatskontrolle aus
besprochen werden.

Kontrolle der Weiche

Zweck der Rohhautweiche ist, daB der W assergehalt der frisch abgezo-
genen Haut erreicht wird. Deswegen muf das Konservierungssalz zum gréfiten
Teil entfernt werden. Die Entfernung héangt

von der Menge und Temperatur des Wassers,

die Zeitdauer des W aschens,

der mechanischen Bewegung und

vom Feuchtigkeitsgehalt der Rolihaut ah.

Bei frisch gesalzenen Rohh&uten ist die Weiche bei dreimaligem Wasserwéach-
sel meistens in 6—8 Stunden beendet. Angetrocknete Rohhdute weichen lang-
samer auf.

Die Weiche pflegt man durch das Abwéagen des Weichgewichtes zu kon-
trollieren. Salzreife Rohhd&ute, die nicht angetrocknet sind, geben kurzhaarig
(auf 1 mm abgeschoren) 136% Weichgewicht (Tabelle 1). Das Weichgewicht
gibt aber nur dann eine richtige Auskunft Uber die Gute der Weiche, wenn
bekannt ist, wieweit die Haut gegenliber dem salzreifen Gewicht eingetrocknet
ist. Dies ist aber meistens nicht der Fall. Wie grof3 solch ein Fehler sein kann
ist z.B. aus Tabelle | zu entnehmen: 100 g einer salzreifen an der Luft auf 71 g
eingetrockneten Haut geben nach 24 Stunden Weiche bei 25 °C ein Weich-
gewicht von 115 g. Der auf das Gewicht der angetrockneter Haut bezogene
Wert (162%) konnte als fast genigend beurteilt werden. In Wirklichkeit ist
aber die Haut noch nicht gentgend geweicht (118% bezogen auf salzreifes
Gewicht). Das Weichgewicht ist auch wegen des zwischen den Haaren zuriickge-
bliebenen Wassers ungenau.

Der Feuchtigkeitsgehalt der geschorenen und geweichten H&ute wurde
deshalb bestimmt und in Prozent des wasserfreien Hautmaterials angegeben.
Gut geweichte Haute weisen einen auf wasserfreies Hautmaterial bezogenen
Feuchtigkeitsgehalt von 200% auf.

Die Versuche wurden mit geschorenen Hautsticken durchgefuhrt, die
aus einem lateinischen Quadrat des Krupons ausgestanzt wurden. Zur Weiche
wurde eine Wassermenge angewendet, die dem anderthalbfachen frischen
Salzgewicht entspricht. Das beim Antrocknen der H&aute abgegebene Wasser
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Tabelle |
Weichgewichte salzreifer und angetrockneter Rohhaute

Salzreif Angetrocknet

Gewicht in °[, des
salzreifen Gewichts 100 84 71

In Prozent vom

Weichgewicht nach salzreifen salzreifen angetrock- salzreifen ' «ngetrook-
neten neten
Gewicht

1 Stunden 120 99 118 84 118
2 Stunden 129 107 128 90 127
3 Stunden 133 - _ _
4 Stunden 136 120 143 100 141
24 Stunden 136 130 155 115 162

wurde noch zusatzlich zugegeben. Zeitweise wurde das ausgewaschene Salz
(NaCl), das wasserfreie Hautmaterial nach Formalinkonzervierung und
Trocknen hei 102 °C und das Weichgewicht nach Abtropfen bestimmt. Aus
diesen Daten wurde der Wassergehalt der geweichten Haut berechnet.

Das Auswaschen des Salzgehaltes von salzreifen (frisch gesalzenen) und
angetrockneten Rohhduten als Funktion der Zeit wird in Abbildung 1 demon-
striert. In Abb. 2 ist der in Prozent des wasserfreien Hautmaterials angegebene
Feuchtigkeitsgehalt der Rohhaut in Abhé&ngigkeit von der Weichdauer dar-
gestellt. Tabelle 11 zeigt die Zusammensetzungen von salzreifen und verschie-
denartig angetrockneten Rohh&uten nach 4 und 24-stindiger Weiche in dest.
Wasser bei 25 °C.

Aus den Versuchen kann folgendes geschlossen werden ;

1. Das Auswaschen des Salzgehaltes wird durch das Antrocknen nicht
verlangsamt, ja sogar erleichtert, weil einetseits die Waschwassermenge auf
150% des salzreifen Gewichts bezogen wurde, anderseits die Fasern langsamer
quellen und dadurch die Diffusion schneller wird.

2. Aus Abb. 2 ist ersichtlich, dal die angetrockneten H&ute langsamer
aufweichen. Deswegen miussen frischgesalzene und angetrocknete H&ute sepa-
rat und nach anderer Technologie geweicht werden. Es ist bekannt, daR das
Kollagén sein Hydratwasser nur sehr langsam wieder aufnimmt [3].

3. Das Weichen von angetrockneten Rohhauten soll unbedingt durch
mechanische Operationen (Strecken, Walken) erleichtert werden, da sonst die
Weiche zu lang dauert. Walken mit wenig Wasser beschleunigt die Wasser-
aufnahme [4].
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Abb. 1. Entfernung des Salzgehaltes wahrend der Weiche. (1): Salzreife Rohhaut mit 150%
W asser geweicht; (2): Salzreife Rohhaut mit 2x 150% W asser geweicht; (3): Salzreife Rohhaut
mit 3x150% Wasser geweicht; (4): Angetrocknete Rohhaut (25% Gewichtsverlust) mit

3X 150% Wasser geweicht

Weiche mit 150% Wasser, bezogen auf salzreifes Gewicht

Abb. 2. Feuchtigkeitsgehalt der Rohhaut wdahrend der Weiche. (1): Salzreife Rohhaut;
(2): Salzreife Rohhaut 16% angetrocknet; (3): Salzreife Rohhaut 2290 angetrocknet;
(4): Salzreife Rohhaut 29% angetrocknet

Unsere Betriebstiiberwachung fand als Monatsdurchschnitt bei der Wei-
che nach

2 Stunden bzw. 6 Stunden
3,2% 4,4% Salzgehalt,
3,63 2,23 Quadrat-Streuung,
1,4 1,49 Standardabweichung,
0,49 0,39 Durchschnittlicher Standard-
Fehler.

Wir beurteilen diese Durchschnittswerte als (bereinstimmend mit unseren
Laboruntersuchungen.
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Tabelle 11

Zusammensetzung von salzreifen und verschiedenartig angelrockneten Rohh&uten vor und
nach der Weiche (3x 150% Wasser, 25 °C)

Salzreife ang(:,,:lrir::ilgnele Angetrocknete
Rohhéute
Gewichtsverlust % 0 16 2
vor nach vor nach vor nach
4 Stunden Weiche
W asserfreies Hautmaterial % 43,6 32,0 52,0 36,4 61,3 43,6
Salzgehalt (NaCl %) 12,4 1,0 14,7 1,1 17,5 1,3
Feuchtigkeit % 44,0 67,0 33,3 62,5 21,2 55,1
24 Stunden Weiche
W asserfreies Hautmaterial % 43,6 32,0 52,0 33,5 61,3 38,0
Salzgehalt (NaCl %) 12,4 1,0 14,7 1,0 17,5 1,0
Feuchtigkeit % 44,0 67,0 33,3 65,5 21,2 61,0

Uberwachung des Aschers

Die Ascherung wird heute meistens mit Na2S + Ca(OH), unter Zugabe
von Hilfsmitteln (NaOH, Na2S03, Dimethylamin, Zucker, Mercaptan-Produkte
usw.) ausgefuhrt. Bei der taglichen Kontrolle werden S , SH : OH, pH,
Temperatur sowie die Prallheit der BloRe bestimmt. Die Auswahl der S -
Bestimmung ist wegen der vielen, in verbrauchten Ascherfliissigkeiten vor-
handenen Verunreinigungen wichtig. Die jodometrische Methode ist zwar
genau, aber nur bei reinen S -Ldsungen brauchbar. Weniger genau ist die
Zinksulfatmethode, bei der der Titrationsendpunkt durch Tupfeln mit Nitro-
prussidnatrium-Ldsung bestimmt wird [5]. Am besten hat sich die Methode
von Booth bewdhrt, nach der die Titration mit K3FeCNe vorgenommen
wird [6]. Als Indikator dient Ferrodimethylglyoxim. Diese Methode gibt auch
bei verbrauchten Ascherfliissigkeiten verldRliche Resultate. Vorteile sind
schnelle Ausfihrung und gute Reproduzierbarkeit. Bei der Bestimmung von
S in Abwassern wird H2S in saurer Lésung abdestilliert und als CdS geféllt.
Mercaptane werden dabei teilweise mitbestimmt.

Haarlésende Wirkung des Aschers

L'm eine gute Enthaarung im FalRdscher zu erreichen, sollen mindestens
">0—70% der Haare aufgeldst werden, da sonst Haarwurzeln und Epidermis-
reste (Grund, Gneiss) im Leder [7), (81 Zuriickbleiben und Schwierigkeiten hei
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Tabelle 111

Haarzerstérende Wirkungen verschiedener Ascherflissigkeiten

Zusammen- Mol.-Ver- Konzentra- Geldstes
setzung héltnis tion g1 Tage pH Keratin %
T\aHS - 8,6 3 11,8 3
Na;S — 6,0 3 12,5 51
NaH$ 8,6
4" 2:1 3 12,5 70
Na2s 6,0
Na.S 3,0
L . 3 12,67 36
Cao 2:1 1,07
Na2s 6,0
+ 2:1 3 12,75 76
Ca0 2,14
Na,S ) 3,0
+ 1:1 3 12,60 20
Ca0 J ) 2,14
Na,S 6,0
+ 1:1 3 12,66 75
Ca0o 4,28
Na,,S 1 5,70
+ [ 10:1 3 12,86 72
NaOH J 0,30
NaOH — 3,0 3 12,80 0
der Gerbung und F&rbung verursachen kdénnen. Tabelle 111 zeigt die haarld-

sende Wirkung einiger in der Praxis bewdhrter Ascherfliissigkeiten [9]. Aus
den in dieser Tabelle angefihrten Daten ist zu entnehmen, da der pH-Wert
Uber 12 und die minimale Na2S-Konzentration Uber 3 g/1 sein soll. In der
Praxis wendet man sicherheitshalber die 2—3 fache Sulfidmenge an.

EiweiBlésende Wirkung des Aschers

Eine zu hohe Konzentration der Ascherfliussigkeit bringt die Gefahr von
Hautverlusten mit sich und kann zu einem zu weitgehenden Aufschlu der
Faser filhren (Losnarbigkeit). Das Auflésen der Proteinedn den Ascherfliissig-
keiten wurde eingehend untersucht.

Obwohl sich Kollagén in praxisnahen Ascherfliissigkeiten nur in geringem
MaRe l6st, kdnnen doch die Wasserstoffbriicken in den aus Helix-Triplexen
bestehenden Kollagen-Fasern so weit geschwéacht werden, dal die Narben-
schicht des Leders lose wird. Besonders die Verbindung zwischen dem Pars
Papillaris und Corium kann leicht geschwécht werden. Die Eiweile der Nar-
benschicht bestehen nur zu 70 —90% aus Kollagén [10]. Deswegen soll bei
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der Bestimmung des EiweilRverlustes nicht nur das geléste Kollagén, sondern
das gesamte geldste Eiweill bestimmt werden.

Ein bedeutender Teil des geldsten EiweilRes der nicht zu dem EiweilBver-
lust der Hautsubstanz gerechnet werden kann, stammt vom Abbau des Ke-
ratins. Das Gleiche gilt auch fiur die Muskelfaser der Unterhautgewebe (Sub-
cutis). Die Bestimmung des Eiweilverlustes wurde deshalb nach Entfernung
der Haare sowie des Subcutis vorgenommen. Die in der Haut zuriickgebliebe-
nen Epidermis- und Haarwurzel-Reste machten 2% des Rohhaut-Trockenge-
wichtes aus, deren léslicher Teil von dem gelésten Gesamteiweil abgezogen
wurde.

Die bei Anwendung einiger praxisnaher Ascherflissigkeiten unterschied-

licher Konzentration nach verschiedenen Zeiten in Lésung gegangenen Eiweil3-
mengen sind in Tabelle IV angefihrt. Die Konzentration ist in mAq.Na/l
angegeben, der Ca(OH)2Gehalt ist also nicht in die angegebenen Werte ein-
bezogen. Der besseren Anschaulichkeit wegen sollen von den zahlreichen
Daten einige graphisch dargestellt werden. Aus Abbildung 3 ist zu ersehen,
daR die hei gleicher Na-Konzentration in einem Tag in Lésung gehende Eiweil3-
menge (ohne Keratin) in der Reihenfolge.
NaHS, Na,S, Na2s + Ca(OH)Z1:1), Na2S + NaOH (10:1), NaOH zunimmt.
Die in Lésung gehende EiweiBmenge nimmt auch in Gegenwart von wenig
NaOH stark mit der Zeit zu. Bei NaOH-Konzentrationen von iiber 300 mAg/1
beginnt das Hautmaterial zu versulzen.

Tabelle 1V

In Lésung gegangene EiweiRmengen in % des
geweichten Rohhautmaterials nach Abzug des geldsten Keratins

Natrium-Konzentration*

Zusammensetzung 71 mAg 154 migt 308 mAgL
1 3 6 1 3 6 1 3 6
. Tage
NaHS 055 068 096 066 085 1,10 — — —
2NaHS + Na2Xs 1,02 1,33 1,75 1,41 1,47 2,12 1,98 2,45 2,96
Na2s 0,97 1,46 1,90 1,42 184 2,05 2,30 2,60 3,10
2Na2s + Ca(OH)2* 1,13 1,75 2,15 155 2,45 3,30 2,60 3,00 3,73
Na.,S + Ca(OH)2* 1,37 2,02 3,00 1,47 245 3,45 2,80 3,23 3,85
10Naz2s + NaOH 2,38 2,46 254 248 297 347 3,35 427 5,20
NaOH 2,70 4,40 680 360 580 830 4,60 8,60 13,15
Ca(OH)2 — — — — — — 1,50 — —

* Ca(Oll), ist zusatzlich in Lésung
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Abb. 3. EiweiRverlust der Rohhaut in 3 Tagen in verschiedenen Ascherfliissigkeiten bei 22 °C
(ohne Keratin)

Prallheit der BloRe

Bei der Beurteilung der BléRenqualitat wird auch die Prallheit beachtet.
Zur genaueren Charakterisierung dieser subjektiven Eigenschaft haben wir
einen Parameter aus Zusammendruckbarkeit und Biegungselastizititmodul
gebildet (Prallfestigkeit) [8]. Die verschiedenen topographischen Teilen der
BléRe weisen hinsichtlich der Prallfestigkeit charakteristische Unterschiede
auf (siehe Tabelle Y).

Gleiche Rohh&ute geben mit verschiedem Ascher verschiedene Prall-
festigkeitswerte. Um Oberleder von gleicher Qualitdt herzustellen soll man
deswegen BIloRRen mit gleicher Prallheit zur Gerbung bringen. Erfahrungsge-
maR geben zu pralle Bl6Ben losere Fertigleder als BlofRen von mittlerer Prall-
heit [15].

Tabelle V

Werte der Prallfestigkeit bei verschiedenen Teilen der BloRe

Kruponteil der BloRe aus einer
festeu losen Bauchteil der BloRe

Rohhaut

Biegungselastizitaitmodul
auf gleiche Dicke um- a 14,1 5,4 0.2
gerechnet in kg/cm2

Reziprokwert der Zu- I I I
sammendriickbarkeit u e«1-5= 136 1-5 8,3 le5= 27

bei 1,5 kg/cm2 011 0,18 0,55
Prallfestigkeit a-)-b 27,7 13,7 2,9
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Um den EinfluR verschiedener Ascherflussigkeiten auf die Prallfestig-
keit der BloRe festzustellen, haben wir Versuchsserien mit folgenden Ergeb-
nissen durchgefuhrt;

1. Die Prallfestigkeit der Bl16Re hdngt — neben anderen Faktoren — vom
pH-Endwert ab (siehe Abb. 4).

Abb. 4. Abhangigkeit der Prallfestigkeit vom End-pH-Wert in NajS-Aschern nach zwei Tagen

2. Bei erhohten Na,S-Konzentrationen und langerer Ascherdauer wird
die Prallfestigkeit erhdht, wenn gentgend OH--lonen nachgebildet werden.
Die Rohhaut bindet OH~-lonen und eine Nachbildung erfolgt durch Inlé-
sunggehen von Kalk (siehe Abb. 5).

3. In [Na2s -f- Ca(OH)2]-Ascherflissigkeiten sichert das grdBere Ver-
héltnis von Flussigkeit: Haut leichter den OH*“-lonen-Nachschub, deswegen
werden die Bl6Ren praller.

4. Obwohl zu erwarten ware, dall mit zunehmendem Herauslosen der
Eiweillstoffe die Prallheit der BIloRe verringert wird, wurde festgestellt,
daR bei Verliangerung der Ascherdauer nicht nur mehr EiweiBe heraus-
geldst, sondern bei genligender Nachbildung der OH~-lonen aus Uberschissi-
dem Kalk gleichzeitig auch die Bl6Ren praller werden. Da in pralleren BléRen
die Diffusion wegen der Quellung der Faser langsamer ist, lI6sen sich weniger
EiweiRstoffe heraus. Wenn bei langerer Ascherung gelichzeitig auch pH ver-
ringernde Zusatzstoffe (Zucker, Dimethylamin-Préparate usw.) zur Anwen-
dung kommen, werden noch mehr Eiweistoffe herausgeldst, die BléRRe wird
mehr aufgeschlossen und das Oberleder weicher.
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5. Wird die Na2S-Konzentration [bei Na2S + Ca(OH)2= 1:1] erhéht,
so wird das Ldsen des Keratins am meisten beschleunigt. Die Prallheit der
Bl6Re und das Herauslésen der Hautproteine wird weniger stark beeinfluflt
(siehe Abb. 6).

Taae Ascherzeit

Abb. 5. Verdnderung der Prallfestigkeit als Funktion der Ascherzeit in verschiedenen Ascher-
flissigkeiten bei 22 °C

Abb. 6. Zusammenhang zwischen Prallheit, Eiweilverlust der BI(‘jBe'_sowie Keratinabbau als
Funktion der Na2S-Konzentration Na2 : Ca(OH)2=1:1 Ascher 3 Tage

(1): EiweiBverlust in Prozenten des W ertes, der bei 3 g/1 Na2S gemessen wurde; (2): Geldstes
Keratin in Prozenten des Wertes, der bei 3 g/1 Na2S gemessen wurde; (3): Prallfestigkeit in
Prozenten des W ertes, der bei 3 g/1 Na2S gemessen wurde

6. Die oben erwdhnten Feststellungen wurden bei 22 °C beobachtet, bei
hoheren Temperaturen wird das AufschlieBen der Bl6Re und das Herauslésen
der EiweilRstoffe stark beschleunigt. Konzentrierte Na2S-Ldsungen zerstdren
bei hoheren Temperaturen die empfindliche Hautschichten, und die Narbe schei-
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det sich vom Corium ab. Schaden wird besonders dann angerichtet, wenn
60%-iges Na2S in festem Zustand mit der geweichten Haut in Berlhrung
kommt. Nach unseren Messungen wird bei der Lésung von geschmolzenem
oder lamelliertem Na2S eine Warmemenge von etwa 60 Kal/kg freigesetzt,
wodurch die Bl6Re bei ruhendem FaR stark beschadigt wird [11].

Wir haben schon friher beobachtet, dall z.B. aus dem oberen Teil der
Haut auch dann zweimal soviel Eiwei als aus dem unteren (Corium) Teil
heraus-gelést wird, wenn vorher das Keratin entfernt wurde.

Stunden

Abb. 7. Ablésung der Narben-Schicht als Funktion der Na.,S-Konzentration, Temperatur
und Zeitdauer

Wir haben Orientierungsversuche durchgefohrt, unter welchen Um-
standen die Narben-Schicht zerstért wird. Abb. 7 zeigt die grobe Zerstérung
der Narben-Schichtin Abh&ngigkeit von der Na2S-Konzentration, der Tempe-
ratur und der Zeitdauer. Die Aschertechnologien sollen in der Weise vorge-
schrieben werden, dall diese Parameter weit unter den schadlichen Werten
bleiben.

Zusammenhang zwischen Prallheit und Eiweillverlust

Der Zusammenhang zwischen der Prallheit der Bl6Be und dem Heraus-
l6sen von Hautmaterial und Keratin wird in den Abbildungen 6 und 8. veran-
schaulicht. In Abb. 8 sind auf der Ordinate diese Grofen in Prozent des Wertes,
der nach 1-tagiger Ascherung erreicht wird, aufgetragen. Es ist ersichtlich,
daR sich die Ascherungszeit am meisten auf den EiweiRVerlust auswirkt.

In Abb 6 sind auf der Ordinate die gleichen GroRen in Prozent des Wer-
tes aufgetragen, der bei einer Konzentration von 3 g/1 Na2S nach dreitagiger
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Ascherung erreicht wird. Es ist zu ersehen, daB mit steigender Na2S-Konzentra-
tion die Menge an geldstem Keratin am stédrksten ansteigt. Abbildungen 6 und
8 bestatigen gleichermaRen die in der Praxis bewd&hrte technologische Ten-
denz, daB eine kurze kréaftige Ascherung die Herstellung eines festnarbigen,
von Haarresten befreiten Oberleder am meisten gewdahrleistet, weil dadurch
eine magRig pralle BI6Re in kurzer Zeit ohne hohen EiweiBverlust herstellbar
ist. Die optimale Zeitdauer der Ascherung hdngt selbstverstandlich auch von
der Dicke der Rohhaut ab. Da die Diffusion mit der Quadratwurzel der Dicke
abnimmt, dauert die Durchéscherung einer dickeren Haut langere Zeit.

Tage Ascherzeit

Abb. 8. Zusammenhang zwischen Prallheit, Eiweilverlust der BloRe sowie Keratinabbau als

Funktion der Zeit. (1): EiweiBverlust in Prozenten des Wertes, der nach einem Tag gemessen

wurde; (2): Gelostes Keratin in Prozenten des Wertes, der nach einem Tag gemessen wurde;
(3): Prallfestigkeit in Prozenten des Wertes, der nach einem Tag gemessen wurde

Die Wirkungen von Na2S -f- Ca(OH), und Na,S -~ NaOH Aschern un-
terscheiden sich bedeutend. Bei NaOH enthaltenden Aschern ist die gesamte
OH—Ilonen-Menge beim Zeitpunkt der Dosierung schon in Ldsung, wéhrend
bei kalkhaltigen Aschern OH- -lonen wegen der Schwerloslichkeit des Kalkes
nur nach und nach in Lésung gehen. NaOH soll deswegen nur vorsichtig zu-
gegeben werden, um eine Uberquellung des Narbens zu vermeiden. Bei Ca(OH)2
enthaltenden Ascherfliissigkeiten ist diese VorsichtsmaBRnahme kaum nétig,
weil der pH-Wert sich sozusagen automatisch reguliert.

Bindungsfestigkeit verschiedener Basen

Die OH-Konzentration — die die Wirkung der Ascherflussigkeit ent-
scheidend beeinflult — h&ngt einerseits von der chemischen Zusammensetzung,
anderseits von der Basenhindungs-Kapazitat der Rohhaut ab. Wir haben
deswegen diese Frage ndher untersucht [12].
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Die alkalische Quellung der Kollagenfaser wird mit dem elektrostati-
schen AbstoBung gleichartig aufgeladener Gruppen erklart [13]. Die Bindung
der Basen hangt hauptsachlich von der Konzentration und Art der Kationen
ab. Die zweiwertigen Basen werden starker als einwertige an Kollagén ge-
bunden.

Tabelle VI enth&lt Daten Uber die Bindung von Basen aus einigen ver-
schieden zusammengesetzten Ascherfliissigkeiten durch die Rohhaut. Der
Ubersichtlichkeit wegen werden Werte von &dquivalenten Basenmengen ver-
glichen. Die Rohhaut kann von den bei der Ascherung verwendeten Chemi-
kalien die in Abbildung 9 angegebenen Mengen aufnehmen. Die F&higkeit der
Rohhaut, verschiedene Basen zu binden, zeigt in Abhéngigkeit von der Kon-
zentration keine so charakteristische Maxima, wie sie bei der S&urebindung
beobachtet wurden. Von den gebrauchlichen Ascherchemikalien ist Ca(OH)2
die Substanz, aus deren Ldsung von der Rohhaut die meisten OH- -lonen ge-
bunden werden, und zwar ungefédhr dreimal soviel wie aus einer Na,S-Ldésung
gleicher Konzentration unter Zugrundelegung der Reaktionsgleichung

Na,S + H2 ;*+ NaOH + NaHS

Tabelle VI

Basenbindung von 35 g geweichter Rohhaut als Funktion der Basenkonzenlration
Trockengewicht 11,0 g. Flussigkeit 200 ml

) o Aufgenommene Gebundene
Angebotene Basenmenge Zurlicktitrierte .
mAq Base Basenmenge_ mAq auf
mAq 1 g wasserfreie Hautsub-
stanz bezogen

7,7 NHjOH 6,5 0,11 0,03
7,7 NaHS 6,2 0,14 0,06
13,1 NaHS 11,5 0,15 0,08
7,7 Na2s 5,8 0,17 0,13
13,1 Na,S 9,5 0,31 0,19
7,7 NaOH 51 0,23 0,16
13,1 NaOH 8,6 0,41 0,32
10 Ca(OH)2 Suspension 3,4 0,60 0,55
20 Ca(OH)2 Suspension 11,6 0,76 0,63
30 Ca(OH), Suspension 20,9 0,83 0,69
50 Ca(OH)2 Suspension 39,7 0,93 0,80
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Es ist zweckmdflig die gebundenen bzw. aufgenommenen Millidquivalente auf
die praxisnahere prozentuale Dosierung umzurechnen. Meistens wird auf Salz-
gewicht der Rohhaut 1,8% Na25 im Ascher verwendet (= 46 mAg/lOOg
Rohhaut), wovon die Rohhaut maximal nur 13,3 mAq aufnimmt. 100 g Roh-
haut (Salzgewicht) enthalt etwa 43 g wasserfreie Hautsubstanz (Kollagén)
mit einem maximalen Basenaufnahmevermdgen von 0,92x43 = 39,5 mAgq.
Nach den Angaben in Abb. 9 bzw. Tabelle VI ist nd&mlich das maximale Ba-
senaufnahmevermogen aus Ca(OH)2Lésungen 0,92 mAq/g Kollagén, das aus
Na2S-Lésungen dagegen 0,31x43 = 13,3 mAq.

100 g Rohhaut binden also nach dem Weichen bei einer Dosierung von
1,8% Na2S schnell eine Basenmenge von 13,3 mAq — die nur 1/3 der maximal
aufnehmbaren OH~-lonen ausmacht — so daR der pH-Wert der Ascherfliis-
sigkeit stark absinken mufite. Die fehlende OH™ Menge wird durch Ca(OH)2

Angebotene Konzentration mAquiv./I

Abb. 9. Basenbindungsvermodgen von Hautsubstanz Flissigkeitsmenge : Hautsubstanz = 20 : 1

erganzt und das graduelle Inlésunggehen des Kalkes wird die Konstanz des
pH-Wertes gewdahrleisten. Theoretisch wirde etwa 1% Ca(OH)2geniigen, um
die fehlende OH~ Menge zu ersetzen, doch wird in der Praxis die 3—5fache
Menge angewendet, weil die entstehenden Kalkseifen die Kalkstickchen um-
hillen und auch durch Carbonatbildung die Wirksamkeit vermindert wird.

Allgemein wird die Meinung vertreten, dall zu viel Kalk die Oberleder
lose macht [14], [15]. Die haarlésende Wirkung ist bei einem SH : OH-Ver-
hé&ltnis von 1 am besten. Bei Technologien bei denen die fehlenden OH~-lonen
durch NaOH erganzt werden, kann die schnelle Zugabe eine Uberquellung,
bei einer NaOH-Konzentration von 300 mAq/1 sogar Versulzung des Narbens
verursachen. Die Technologien des Aschers miissen so gestaltet werden, daR
keine plotzliche pH-Steigerungen eintreten.
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Auswaschbarkeit verschiedener Basen

Wegen der Entkalkung ist die Auswaschbarkeit der verschiedenen Basen
wichtig. Diesbezlgliche Untersuchungen wurden an RindsbléfRen vorgenommen,
die mit der dreifachen Gewichtsmenge dest. Wassers bei 25 °C gewaschen
wurden. Das Waschwasser wurde stindlich gewechselt und der Basengehalt
der BldRen von Zeit zu Zeit bestimmt. Die Ergebnisse sind in Abb. 10 darge-
stellt. Am leichtesten 1&4Rt sich NH40H, am schwersten Ca(OH)2 auswaschen.
Wegen dieser Eigenschaft werden Ammoniumsalze bei der Entkalkung ver-
wendet. Die Entfernung der Ascherchemikalien erfolgt in 3 Stufen.

a) Abspuhlen der im UberschuB angewandten und von der BI6Re nicht
gebundenen Chemikalien.

b) Graduelle Dissoziation bzw. Hydrolyse des Kollagensalzes zu Alkali-
bzw. Erdalkali-Lauge.

mach 30 Tagen in Ca(0H)2

nach 3 Tagen in Ca(OHI2

nach 3 Tagen in Ba(0OH)2
nach 3 Tagen in

— nach 3 Tagen in NaOH
nach 3 Tagen in Na2s

nach 3 Tagen in NaSH
noch 3 Tagen in NH'\OH

10 20 30
Stunden gewaschen

Abb. 10. Entfernung des Basengehaltes der BloRe (11 g wasserfreie Hautsubstanz) durch
Waschen mit je 100 ml W asser

c) Verschiebung des Gleichgewichtes mit Ammoniumsalzen zugunsten
der Dissoziation und Ruckbildung der Ammoniumsalze bis zum isoelektrischen
Zustand mit Entkalkungsséduren.

Ada Chim. Acad. Sei. Hung. 101, 1979



172 TOTH et al.. UBERWACHUNGSMETHODEN IN DER GERBEREICHEMIE

Die drei Phasen der Entkalkung kénnen, wie Abb. 11 zeigt, durch die Abnahme
des Basengehaltes der BI6RBe mit der Zeit gut verfolgt werden.

Abb. 11. Verlauf des Auswaschens und der Entkalkung von 100 g Bl6Re (2% Na2sS, 0,5% CaO)
mit je 100 ml Flotte
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Bindungsindizes der Sauren

Da weiche Oberleder nur aus entsprechend entkalkten Bl6RBen herzustel-
len sind, ist es Aufgabe der Betriebsiiberwachung, den Basengehalt der BléRen
vor der Gerbung kontinuierlich zu messen. Bei der Entkdlkung benutzt man
als S&ure Salz- und Milchsdure. Salzsdure wird wegen der Billigkeit sowie der
guten Loslichkeit des CaCl2 angewandt. Als Nachteil ist zu erwdhnen, dal} der
pH-Wert wegen der Gefahr einer Sdurequellung nicht unter 5 sinken darf und
somit die Dosierung sehr sorgféltig erfolgen muf3. Bei Rohhduten mit feinen
Narben verwendet man die teuere Milchsaure.

Wir konnten nachweisen, dalR die Gefahr einer Sdurequellung durch den
Bindungsindex gut nachweisbar ist. Wir definierten den Bindungsindex als
den Quotient der Angebots- und Gleichgewichtskonzentration bei einem Ver-
hé&ltnis von 20 fur Flotte zu Hautsubstanz [10]. Gibt man z.B. in Gegenwart
von Salz 15 mAq HCI zu 100 g geweichte Haut (Trockengewicht 31,5 g) in
500 ml Wasser, so findet man in der Lésung nach Einstellung des Gleichge-
wichtes 0.3 mAqg HCI. Der Bindungsindex der Salzsaure ist also 15 : 0,3 = 50.
Bei der Zugabe einer gleichen Menge (15 mAq) Milchsaure bleiben 3 mAq in
Losung, der Bindungsindex ist 15 : 3 — 5. Bei Zugabe &quivalenter Mengen
von Salz- und Milchsdure bleibt also 10-mal soviel Milchs&dure in Ldsung als
Salzsdure. Die Gefahr der S&urequellung ist hei Milchsdure kleiner, weil

die gebundene Salzsdure mit 14,7 mAq 98%,

die gebundene Milchsaure mit 12,0 mAqg 80% der angebotenen Siure
entspricht.

Tabelle VII
Bindungsindex — Quotient aus Angebots- und Gleichgewichts-Konzentration
Bindungsindex bei etwa
0 1 50 I 8 120 200

mAg/1 Angebots-Konzentration

H,504 87,0 8,0 2,0 1,6 1,4
HCI 50,0 8,6 — 1,8 1,4
Oxalsaure — — — 2,0 —
Naphtalinsulfosdure — — 2,0 —
Ameisensaure — 4,1 2,1 17 e
Essigsaure — 2,3 1,6 1,5 1,3
Milchsaure 5,0 3,7 2,8 2,0 15
Ca(OH), 3,0 2.8 2,0 1,5 1.3
Ba(Oll).. 2,7 23 2,1 1,6 —
KOH 1,6 15 15 — 1,3
NaOH 1,6 1,5 15 1,4 1,3
Na.S 1,5 1,4 1,3 1,3 1,2
nhioii 1,2 1,2 1,2 1,2 1,2
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Der Bindungsindex der verschiedenen S&uren ist ein besserer Parameter
fur die Bindungsstarke als die maximal gebundene S&duremenge (Tabelle VI1I).
Bei der Uberwachung der Ascherei haben wir folgende Durchschnittswerte
registriert;

nach 3 Stunden 6 St.
Na,S g/l 10,9 11,25
Quadratstreuung 5,46 5,49
Standardabweichung 2,34 2,14
Durchschnittlicher Standardfehler 0,65 0,59
SH: OH 0,78 0,81
Quadratstreuung 0,04 0,05
Standardabweichung 0,20 0,23
Durchschnittlicher Quadratfehler 0,06 0,06

Basengehalt nach der Entkdlkung in mAqg/g Kollagén:

Durchschnitt 0,2

Quadratstreuung 0,01
Standardabweichung 0,12
Durchschnittlicher

Standardfehler 0,01

Die Streuung des Na2S-Gehaltes hangt mit dem Antrocknen der Rohhé&ute
zusammen.
Im folgenden Teil werden die Kontrolle des Pickels und der Gerbung
behandelt.
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Thiolsulfonates react with sodium halides or sodium thiocyanate in dimethyl-
formamide to give the corresponding disulfide and the sodium salt of the sulfonic acid.
Three subsequent or parallel reactions are suggested to explain the reaction mecha-
nism ; these have been substantiated by literature data and model experiments. First a
nucleophilic cleavage of the thiolsulfonates takes place

Ar—S02—S-Ar -f NaX -—>Ar—S—X + Ar-SO,Na n,

followed by the electrophilic reaction of the starting thiolsulfonate with the sulfenyl
compound formed:

Ar—S02—S—Ar + Ar—S—X —®mAr—S—S—Ar + Ar—S0,X (ry,
and the third reaction occurs between the sulfinate salt (from Eq. 1) and the sulfonyl
compound (from Eq. II1I):

Ar—S02X + 3Ar—SONa-—>Ar-SO ,—S—Ar-f Ar-S03Na -f NaX (1v)

(End-products are shown in bold-face.)

During the nucleophilic splitting of thiolsulfonates in anhydrous media
it was observed that, when the reaction was effected in dimethylformamide
solution with sodium thiocyanate, disulfide and the sodium salt of the sulfonic
acid were formed, instead of the expected cleavage products. The sodium sulfo-
nate was isolated as its S-benzylisothiuronium salt. When the reaction was car-
ried out with sodium bromide, sodium chloride, or sodium iodide instead of
sodium thiocyanate, the same result was obtained, only the amounts of the
reaction products varied (Eq. I).

Ar—SO,—S—Ar Ar—SO,Na + Ar-S-S-Ar mn

The aim of the present work was to examine the course of this reaction
in detail.

Kice and Rogers [1] studying alkali halides as catalysts in reactions
between thiolsulfonates and amines in aqueous dioxan observed the thiolsul-
fonates converted primarily into sulfenyl halides and sodium sulfinate under
such reaction conditions (Eq. II).
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Ar—S02—S—Ar + NaX — »A r-S-X + Ar-S0Na oy,

X = CI, Br, I, SCN.

We assumed that the reaction in dimethylformamide is initiated by the
same process.

Considering the possible further conversions of the reaction products
and the starting compound, the electrophilic reaction of the sulfenyl compound

formed with the starting thiolsulfonate seemed probable (Eq. I11).
©/ Ar
Ar—S0O.,—S-Ar + Ar-S-X —> Ar—S0O,—S X©
\s- Ar
Ar—S—S—Ar -f- Ar—S02—X ()

This reaction between methanesulfenil chloride and methanethiolsulfonate
was described by Douglass [2]. In the case of aromatic thiolsulfonates
(Ar—S02—S—Ar) the reaction in either polar (glacial acetic acid) [3], or apolar
(benzene) [4] solutions was not observed.

In order to confirm the reaction path of the formation of the end-prod-
ucts and the individual steps of the mechanism assumed, p-toluenethiolsul-
fonate was allowed to react with p-toluenesulfenyl chloride in dimethylfor-
mamide under identical conditions, whereupon the end-products shown above
(Eq. Ill) were obtained. The reaction was successfully effected also in aceto-
nitrile with p-toluenesulfenyl bromide, and the resulting sulfonyl bromide
was identified from the reaction mixture after conversion with ammonia into
the sulfonamide.

On the basis of a paper by Corson and Pews [5] the third step was as-
sumed to be the reaction of sodium p-toluenesulfinate (formed in Reaction II)
with p-toluenesulfonyl chloride (formed in Reaction 111) ;

Ar—S02—X + 3Ar—SO,Na— -Ar-SO ,-S-Ar+ 2Ar-S03Na+ NaX (1V)

When Corson and Pews [5] allowed p-toluenesulfonyl chloride to react
a double excess of sodium p-toluenesulfinate (molar ratio 1 : 3) in acetonitrile,
the products were mainly p-toluenethiolsulfonate and sodium p-toluenesulfo-
nate, accompanied by a small amount of disulfone. This reaction was repeated
in dimethylformamide, i.e., under the reaction conditions employed by us, in
order to confirm the mechanism suggested. Work-up of the reaction mixture
gave only thiolsulfonate and sidfonic acid in a good vyield (isolated as the
S-benzylisothiuronium salt). The course of the reaction was discussed in detail
by Corson and Pews [5], also considering the researches nt Ktcf. and Paw-
lowski [6].
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Qil the hasis of the reactions outlined above (Eqgs. Il —1V), the conver-
sions of thiolsulfonates on the effect of alkali halides in dimethylformamide are
summarized in the following Scheme:

Ar—S02—S—Ar + Ar—So03Na
NaX
-Ar —SO,Na Ar-S-X + Ar-S02-S-Ar
Ar—So02x Ar S S Ar

X = CI, Br, I, SCN

(The end-products of the reaction are shown in hold-face.)

Experimental

M.p.’s were determined on a Boetius (Franz Kiistner, Dresden) micro-hot-stage and
are uncorrected.

Reaction of p-toluenethiolsulfonate with alkali halides or thiocyanate in
dimethylformamide

p-Toluenethiolsulfonate (13.5 g; 0.05 mole) was dissolved in dimethylformamide
(50 ml) and the appropriate alkali compound (0.05 mole) (sodium chloride, bromide, iodide or
thiocyanate) was added. The reaction mixture was heated in an oil bath at 110 °C (+ 5 °C),
with stirring, for 24 h. Dimethylformamide was evaporated in vacuum (water pump) and the
residue poured into water (200 ml) and extracted with benzene. S-Benzylisothiuronium
chloride (15 g ; approx. 0.075 mole) dissolved in water (50 ml) was added to the aqueous phase,
which was then refrigerated and the S-benzylisothiuronium p-toluenesulfonate was filtered
off and dried, m.p. 180 -182 °C. After evaporation of the benzene the residue was either
recrystallized from petroleum ether, or subjected to chromatographic separation on a silicagel
column to obtain the disulfide and the thiolsulfonate. M.p. of the disulfide was 44 —45 °C,
that of the thiolsulfonate was 76 °C. The results of the experiments are summarized in Table I.

Table |
NaBr NasCN Nal* NacCl
S-Benzylisothiuronium
p-toluenesulfonate 125¢ 789 479 469
p-Toluene disulfide 739 309 159 1.0g
Unchanged p-toluenethiol-
sulfonate traces 149 7549 89¢

* With the precipitation of iodine
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Reaction of p-toluenethiolsulfonate and p-toluenesulfenyl chloride in
dimethylformamide

p-Toluenethiolsulfonate (6.95 g; 0.025 mole) was dissolved in dimethylformamide
(50 ml) and a solution of p-toluenesulfenyl chloride (3.37 g; 0.0125 mole -f- 10%), prepared
from p-toluene disulfide with chlorine gas in carbon tetrachloride (30 ml), was added dropwise
during 16 h, while stirring the mixture in an oil bath at 110 G (+5 °C). The reaction mixture
was refluxed further for 8 h. Dimethylformamide was evaporated in vacuum (water pump)
and the residue poured into water (200 ml), and extracted with benzene. A solution of S-ben-
zylisothiuronium chloride (10 g ; about 0.05 mole) in water (50 ml) was added to the aqueous
phase which was then refrigerated and the S-benzylisothiuronium p-toluenesulfonate was fil-
tered off and dried (7.14 g ; 85%), m.p. 180—182 °C. The benzene fraction was dried, concentrat-
ed and transferred to a silicagel column, eluted with petroleum ether and benzene ; thus the
disulfide (5.7 g; 94%), m.p. 44—45 °C, and unchanged thiolsulfonate (0¥5 g; 6.4%), m.p.
76 °C, were isolated.

Reaction of p-toluenethiolsulfonate with p-toluenesulfenyl bromide in acetonitrile

p-Toluenethiolsulfonate (6.95 g ; 0.025 mole) was dissolved in acetonitrile (50 ml) and
a solution of p-toluenesulfenyl bromide, prepared from p-toluene disulfide (3.37 g; 0.0125
mole -f- 10%) with bromine (2.2 g; 0.0125 mole -(- 10%), was added to it dropwise during 1 h,
under stirring in an oil bath at 75 °C. The reaction mixture was refluxed further for 2 h, the
solvent was evaporated in vacuum (water pump), the residue was dissolved in dry benzene and
saturated with ammonia gas. The benzene was then evaporated, petroleum ether was added to
the residue and the precipitate was filtered off, washed thoroughly with petroleum ether and
dried. Ammonium bromide was removed by washing the precipitate with water on the filter,
and the residual p-toluenesulfonamide was dried (3.26 g; 75%), m.p. 139 °C. The petroleum
ether solution was subjected to chromatographic separation on a silicagel column using petro-
leum ether and benzene as eluants; thus the disulfide (5.8 g; 96%), m.p. 44—45 °C and un-
changed thiolsulfonate (0.35 g ; 5% ), m.p. 76 °C were isolated.

Reaction of p-toluenesulfonyl chloride with sodium p-toluenesulfinate in
dimethylformamide

p-Toluenesulfonyl chloride (9.53 g; 0.05 mole) was dissolved in DMF (100 ml) and
sodium p-toluenesulfinate (26.7 g; 0.15 mole) was added. The reaction mixture was then refluxed
in an oil bath at 110 °C (£ 5° C) under stirring with a magnetic stirrer for 24 h. The di-
methylformamide was evaporated in vacuum (water pump) and the residue was extracted
with benzene after pouring it into water (200 ml). A solution of S-benzylisothiuronium chloride
(40 g ; about 0.2 mole) in water (100 ml) was added to the aqueous phase, it was refrigerated
and the crystals were filtered off and dried. S-Benzylisothiuronium p-toluenesulfonate (31 g;
183%, calculated for p-toluenesulfonyl chloride) was obtained, m.p. 180—182 °C. The benzene
phase was evaporated and the residue recrystallized from petroleumether to obtain p-toluenethi-
olsulfonate (11 g; 79%, calculated for p-toluenesulfonyl chloride), m.p. 76 °C.

The compounds synthesized in the above experiments were identified, after repeated
recrystallizations, on the basis of m.p., mixed m.p., TLC (adsorbent: Kieselgel 60 G, Merck;
developing mixture: benzene-petroleum ether (5:5); detecting agent: alkaline potassium
permanganate) and elemental analysis.

Separation of the disulfide.thiolsulfonate mixture was achieved either by fractional
recrystallization from petroleum ether, or by chromatographic separation on a silicagel column
(“Kieselgel 40 fur die Sdulen-Chromatographie”, 0.062—0.20 mm, Merck), using petroleum
ether and benzene as eluants.
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Some examples of the application of the'thermoelectric method have been pre-
sented. By this method, for compounds in the srriectic mesophase, the special anomaly
of conductivity, the memory effect, has been determined and qualitatively interpreted.

The temperature dependence of the permittivity or conductance of a
given sample may be studied by thermoelectric analysis (TEA). As is known,
phase and polymorphic transitions are accompanied by sharp anomalies in
electrical conductivity [1]. Equilibrium phase transitions may be induced by
the change of temperature, pressure and composition.

This paper summarizes our results obtained in the course of TEA studies
on polymorphic and phase transitions of ionic type organic salts as a function
of the temperature. Greater changes in the electric conductivity (EC) could
bé observed generally in the phase transitions of ionic melts than in polymorphic
transitions. By the appropriate choice of the experimental parameters, the ef-
fect of the latter may be made negligible. In polymorphic transitions the EC
signal is generally registered as a peak, while a phase transition is recorded
as a jump followed by a steady shift. The temperature dependence of the con-
ductivity of a given phase and the activation energy calculated from by the
Arrhenius plot is dependent also on the structure of the phase. A characteristic
feature of the compound under investigation was that some possessed a smectic
mesophase. This property was also dependent on the number of carbon atoms
in the fatty acid molecule and on the nature of the cation. Thermoelectric
methods have been widely applied for studying the characteristics of liquid
crystals, mainly in the case of nematic and cholesteric phases [2], while rela-
tively few data are available in the literature for the smectic phase. The reported
data refer rather to the investigation of the structure of lyotropic systems.
The thermotropic amphyphilic phase of alkali and heavy metal soaps have
been studied only recently by this method [3—8]. Our earlier investigations
performed by the TEA method on non-mesophase fatty acids have also been
extended to compounds in the mesophase [9, 10]. Our studies were performed
by continuous low frequency a.c. measurements, often with the simultaneous
application of TEA and differential thermal analysis (DTA) [11—13].
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Experimental

We have studied alkali metal and thallium acetates, propionates and butyrates as well
as sodium and thallium salts of open chain fatty acids containing 5—9, 12, 14, 16 and 18 carbon
atoms. Data on preparation, purification, analysis and thermal stability have been reported
earlier [9 —15]. TheTEA-DTA device has been described in a previous paper [16], its flow chart
being presented in Fig. 1. Capillary cells were used [9, 10] and the microcell with gold electrodes
evaporated onto glass surfaces is presented in Fig. 2a. W ith special regard to the organic sub-
stance investigated, the following remarks are pertinent to the measuring technique used.

Fig. la. General view of simultaneous DTA—TEA apparatus. (1) Temperature program;
(2) furnace; (3) reference material; (4) sample; (5) conductometer; (6) amplifier; (7) recorder

-Electric confects
-Ceramic isolator

-Screw

-Pt electrodes

_Sample holder
(electrode)

-Sample
-Furnace

-lsolator

-Thermocouple

-Wall of furnace

Fig. Ib. Detailed view of the measuring cell
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The reliability and reproducibility of the TEA measurements greatly depend on the
purity of the samples. The presence of contaminations, the solvent and its water content have
dramatic effects on the data measured. Perfect contact between the sample and electrodes
must be ensured. The frequency dependence of the data must be studied and the possibility
of electrode reactions must also be taken into consideration. We have found that small amounts
of the initial substances, free fatty acids, metals, metal oxides do not affect the conductivity
values measured. The water content should, however, be reduced to a minimum. The compounds
were, therefore, prepared and crystallized in anhydrous solvents. Volatile traces of the solvent
were removed in vacuum and measurements were carried out in a dry inert gas atmosphere.
In this way the temperature range of thermal stability could also be increased. On reproduction
of the measurements, some decomposition reactions could be observed and the samples were
mildly decolourized. The measurements ceased to he reproducible, however, only upon thermal
decomposition, involving also intensive gas evolution at higher temperatures. Satisfactory
contact was ensured by melting the sample prior to the measurements. In some cases, however,
this excluded the possibility of observing polymorphic transitions at lower temperatures.
W hen studying the frequency dependence ofthe EC curve for some of our compounds, we found
the effect of frequency change to be negligible in the range between 80 Hz and 20 kHz. By
means of the simultaneous system, identification of the phase transition of salts with many
polymorphic transitions could be easily carried out. From the DTA signals recorded by the de-
vice, no quantitative caloric data could be obtained. EC curves indicated phase transitions
unambiguously in a well reproducible way. For derivatives with liquid crystal properties,
corresponding to the two phase transitions, two EC jumps have been recorded while the
simple solid to isotropic liquid transition was indicated only by a sharp shoulder.

During application of the simultaneous measuring device, using a crucible as sample
holder, it could be observed that upon transition from an isotropic liquid to a mesophase,
during the cooling cycle, the EC curve of the mesophase was affected by the rate of cooling.
Although the phenomenon was found to be partly reproducible, unambiguous investigations
could be carried out only by applying a capillary type cell. Results as well as their inter-
pretation are also supported by the data obtained with the cell shown in Figs 2a, b.

EC,

Fig. 2a. Schematic electrode arrangement in the microcell. EC, = on[opposite slides; EC2= on
the same slide

Fig. 2b. Electrical conductivity of T1(lI) laurate measured between two glass slides.
A — parallel to the smectic planes; B = perpendicular to the smectic planes
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In some instances, cell constants were not taken into account in the evaluation of the
results. The routine technique, determination by means of a potassium chloride solution, did
not afford reliable data as measurements were carried out at much higher temperatures than
during calibration. In addition, as will be seen, the geometry of the cell has a specific effect
on the measurements and has an active role in the development of conductivity.

Results and Discussion

The thermoelectric properties of alkali acetates having no mesophases
have been described [9.10]. Changes in the EC curve assigned to phase transi-
tions and the activation energy of the conductivity of melts have been deter-

Fig. 3. Simultaneously measuredjDTA and EC signals of potassium butyrate

mined. The activation energies of viscosities have been similarly identified.
From these values correlations have been deduced for the structure and ther-
mal decomposition of the melts as well [9,.10].

The thermoelectric investigation of C3—C4 alkali salts pointed to the
presence of a mesophase. Literature data on salts with given cations recorded
the smectic phase only for those having C5 or higher carbon numbers [2, 17,
18]. In addition to the not too satisfactory DTA data, thermo-optical studies
with polarized light [5] and simultaneous DTA-TEA measurements applied
by us gave unambiguous evidence (See e.g., Fig. 3) on these points.

In the following, data obtained in the investigation of sodium and thal-
lium fatty acid salts, containing 5 or more carbon atoms and having a meso-
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phase in a relatively wide range of temperature, will be presented and eval-
uated. For both sodium and thallium(l) salts, the EC curve obtained from
data measured in a device equipped with a crucible approximately correspond
to the expected values. It can be observed in Figs. 4a, b and 5a, b that the
transition to the mesophase as well as its cessation is indicated by a jump in
the curve. The conductivity of the mesophase showed a not quite linear change

Fig. 4a. DTA—EC curves of sodium valerate

both in the heating and cooling cycles. In the cooling cycle an unusual change
could be observed in the conductivity of the mesophase, viz. a constant dis-
placement of the curve. These shifts were not reproducible for sodium salts
but could be repeated in the case of thallium salts. Based on our hypothesis
on the phenomenon, a capillary type measurement cell was applied for the
study of this anomalous behaviour. Our findings can be summarized as fol-
lows.

The two jumps corresponding to the two phase transitions are unambig-
ously reproducible whereas their relative size could be reproduced only under
strictly identical experimental conditions. Diring repetition of the measure-
ments, the conductivity was constant for both the isotropic liquid and solid
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phase of given compounds. The EC data obtained in the mesophase showed a
strong dependence on the cooling rate applied during the transition from the
isotropic liquid to the mesophase. This dependence, well reproducible for thal-
lium salts but less reproducible for sodium salts, was modified by the form of
the measuring cell used. With a capillary cell the conductivity of the mesophase
increased with the increase of the cooling rate (see Fig. 6a, b). The shift of the
curve was smaller and less pronounced with the crucible type cell and even an

Fig. 4b. DTA EC curves for thallium (1) pelargonate. DC = direct current; AC = alternating
current; S = solid phase; M = mesophase; L = isotropic liquid phase (in all Figures)

opposite trend could he observed. Another difference observed with the two
different types of cells was that with the microcell, highest EC values were
measured in the isotropic liquid phase, whereas with the capillary cell, the
conductivity of the mesophase was found to he higher at cooling rates higher
than the given value. This latter phenomenon was observed, however, only for
thallium salts. At an arbitrary temperature corresponding to the mesophase,
the application of shear force along the length of the capillary resulted in a
maximum EC value at a given temperature (Fig. 6b). The EC curve obtained
in a cooling cycle at a given rate and up to room temperature could be unam-
biguously reproduced in the next heating cycle eveu if the cooling rate was
arbitrarily changed after transition from the isotropic liquid phase to the meso-
morphic state. From these observations it may be assumed that the structure
developed in the phase transition from i. liquid to mesomorphic as a function
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of cooling rate, determines the structure affecting also the electric conductivity
of the mesophase. In other words, the mesomorphic compounds studied seem
to “remember” the cooling rate applied in the previous phase. At the same
time, the enthalpy and entropy values belonging to the phase transition in
question were well reproducible and independent of the rate of heat treatment.
Another important finding isthat the electric field of the conductometer does

3 | u
100 150 180
T 1°C)

Fig. 5a. EC vs. temperature correlation measured in a crucible type sample holder in the case
of thallium (1) stearate as a function of the cooling rate applied during the mesomorphic transi-
tion of the isotropic liquid. Cooling rate: A = 0.5 °C/min; B — 10 °C/min; C = 20 °C/min

not alter the results. Application of the microcell provided data corresponding
to our earlier observations. The phenomena observed are due to the fact that
these salts in the melt phase dissociate also as a funtion of the temperature
and the smaller metal ions with high ion mobilities relative to the anions are
responsible for the electric conduction. Another important observation is that
in solid mesomorphic transition the crystalline solid system is only “half“-
molten and the polar-headed fatty acids carrying an electric charge maintain
their structure of ordered arrangement [8, 18]. In the mesophase, the macros-
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copic mobility of the metal ions is determined by the different structure of the
texture. The discrepancy in the structure may be assigned to the orientation,
affected also by the material, surface properties and geometry of the measur-
ing cell as well as by the rate of transition from the statistically disordered
state to the mesophase.

If a shear force i§ appbed, the resulting maximum conductivity as well
as the measurements presented in Fig. 6b show that the smectic planes are

EC (TS

Fig. 5b. Same as 5a. in the case of thallium(l) miristate. 1= Cooling rate: 5 °C/min;
2= heating rate: 5°C/min; 3= cooling rate: 20 °C/min; 4 = heating rate: 5 ° C/min;
5= cooling rate: 0.5 °C/min; 6 = heating rate: 10 °C/min

nearly parallel to the wall of the capillary and the channels formed between
the planes offer a most favourable possibility for cation migration. At lower
cooling rates the development of the domain structure is less oriented by the
wall than during rapid cooling. The explanation of this is the formation of
crystal centers starts at the cell wall due to the relatively high temperature
gradients, while at lower cooling rates the process takes place in the bulk of
the capillary. These less ordered domains are less favourable for the movement
of the conducting ion. With the increase of capillary diameter, the orientation
effect of the cell wall becomes much less pronounced; the dependence of EC
plotted on the rate of coobng in the mesophase gave much less discrepancy.
With measurements in the crucible cell the difference in the geometry and
material of the wall and the much less favourable bulk to wall surface ratio,
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EC(pS)

Fig. 6a. Electrical'conductivity vs. temperature correlation of thallium(l) stearate, measured
in a capillary type'cell, as a function of the cooling rate applied during the liquid mesomorphic
transition. Cooling rate A = 10 °C/min, B = 1 °C/min, C= 0.2 °C/min, D = 0.05 °C/min

Fig. 6b. Same as in Fig. 6a, for thallium(l) miristate. Cooling rate 1= 0.5 °C/min;
2=1 °C/min; 3=5 °C/min; 4 =8 °C/min; 5= effect of shear force
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these effects could not be unambiguously detected as in the case of the capil-
lary cell. The difference in the thermoelectric behaviour of sodium and thal-
lium salts is due to the different abilities of these salts to crystallization.

The “memory’* effect may be attributed to the fact that the transition
arrangement determines also the fine structure of the real crystal phase.
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In order to optimize the investigation of the liquid phase hydrocarbon oxidation
processes, a modeling procedure is suggested. The procedure is arranged along three
black boxes the first including the mission oriented information collection of data
available from literature sources.

The data collection leads directly to the planning of experimentation, including
studies on the overall process as well as on subsystems and elementary processes.

The third box refers to the kinetic-mathematical treatment of data obtained
previously.

Oxidation of ethylbenzene served as a prototype for the modeling and results
published earlier in different periodicals were summarized.

Essentially, the study of a certain chemical transformation — within
the framework of chemical kinetics — means the “exploration” of a “black
box” operated by the following factors.

1) Species participating in the transformation and the elementary proc-
esses involved in it.

2) Internal interactions (internal conformities) of the system, such as

a) general interactions valid for any chemical system (e.g. principle of
the independence of elementary processes, principle of charge conservation,
etc.)

b) isomorphic interactions characterizing “similar” systems e.g. cage
effect, Avail effect, etc.

c) special interactions characterized by correlations between the con-
centrations of the species.

Based on this approach, the kinetic study of any chemical transformation
— the aim of which is the elucidation of the kinetics and mechanism of the
process under investigation — means the elaboration of an algorithm including
guestions addressed to the “black box” and methods for the assessment of
the answers.

1. Inducement of modeling

The fast evolution of research on degenerate branching chain reactions
and among them on hydrocarbon oxidation reactions — started after the
appearance of the monograph of Semenov [1]. Recently, mainly in the last
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decade, a demand arised for a new approach in these studies due basically to
three motivations ;

— accessibility of up-to-date and highly efficient equipment permitting
broad spectra of chemical analysis,
— the spreading of computers and accessibility of computer programs
for the treatment of multistep reaction systems,
— expansion of systems theory for treating complex phenomena.
A possible version of the new approach could be the modeling of the
processes defined as follows.

Modeling is a general conception expressing scientific approach to a given
group of reactions.

Accordingly, modeling can be characterized by the following features ;
it is not limited to a single overall reaction within the reaction group :its aim
is the acquirement of concrete information and discernment of scientific rela-
tions : it is attached to a certain group of reactions.

Obviously, with respect to its aims modeling does not differ from the
aims of scientific research in general, it is merely an instrument of scientific
research and consequently it must correspond adequately to the level of our
present theoretical and practical knowledge.

It is the hope of the authors that the modeling to be expounded in the
present paper is consonant with the demands for the new approach, that is,
(i) it is based on the information accumulated for the reaction group to be
studied, (ii) it takes into account the possibilities provided by computers and
(iii) it regards the given reaction group as a whole system considering both
the classical kinetic (inductive) as well as the deductive approaches based on
rational reduction.

Furthermore, modeling as a tool is justified only if it furnishes new in-
formation and enables the conscious planning of further experimental and
theoretical investigations.

These latter conditions, however, can be resolved only practically: by
its application for the study of a “prototype” being an overall process and
belonging to the reaction group.

2. The Modeling Scheme

The modeling scheme suggested is represented by Fig. 1. As can be seen
from Fig. 1, it can be grouped in three boxes ;

1. Mission Oriented Information Collection (MOIC) summarizing opera-
tions to be carried out in the first stages.
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2. Experimental Procedures (EXPERIMENTAL) containing different
types of experimentation.

3. Data Synthesis (SYNTHESIS) represents the kinetic-mathematical
treatment of the qualitative and quantitative values obtained “in” boxes
MOIC and EXPERIMENT.

Every box cotains several suboperations abbreviated accordingly and
discussed later.

Roxes are interconnected by information fluxes. It is assumed that
between MOIC and SYNTHESIS two types: direct and indirect  the latter via
EXPERIMENT — information fluxes are realized, while a counter-flux flows
from SYNTHESIS to MOIC. (The sole exception is the direct coupling be-
tween SNW and SS — explained later — called by analogy a tunnel effect.)

. it ill.
MOIC Exp. Synth,

Fig. 1

Although not apparent from the planar representation of the modeling
scheme, the information counter-flux always generates a new MOIC which is
more abundant.

The internal arrows in the boxes refer to information fluxes between
suboperations. Among them, as can be seen from Fig. 1, there exists one re-
versible arrow pair called by analogy pre-equilibrium, and indicating that the
reversibly coupled suboperations might reversibly and directly modify their
sources.

2.1 The Box MOIC

The first partial operation of MOIC is the collection of the Possible
Mechanism (PM) defined as the set of all those elementary steps which were
suggested according to literature data to participate in the overall process —
or in processes analogous to the prototype — in the experimental parameter
region independently of their quantitative weight in the overall process. The
exclusion criterion for an elementary process is the unambiguous experimental
proofthat it does not occur.
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In principle, the PM can he constructed by combinatorial analysis with
a fixed species space. However, this is recommended only if the prototype
seems to he aless studied overall process, otherwise the PM would be increased
superfluously, affecting harmfully the efficiency of the whole modeling proce-
dure.

The independence of the elementary processes of their weight played in
the overall reaction is fundamental. Namely, it is well known that this weight
varies with the conversion and modeling should not be limited to the initial
stages of the overall process.

The collection of the PM is followed by its Thermochemical Kinetic Treat-
ment (TKT) in order to reduce, eventually to extend the PM. This reduction
or extension is denoted by the reversible coupling of PM and TKT.

The PM modified possibly by TKT serves as a basis for the construction
of the Possible Reaction Network (PNW). This latter is a well defined system
of the chemical processes included in the PM in which system the single pro-
cesses are interconnected by their reactants.

Operation PNW includes also the construction of reaction subnetworks
and partial networks differing from the PNW by correspondence to reduced
PM’s. Reduction might be carried out in the light of chemical evidences or
practical requirements.

There is however, a special network construction which is of fundamental
importance regarding the planning of experimentation. This is the so-called
Sequence-Network (SNW) reflecting the entirety of the precursor — product
relations for species included in the PM and eventually reduced arbitrarily.
(In the literature, instead of SNW, the analogous expressions of reaction path-
ways or reaction scheme are used.)

2.2 The BoxEXPERIMENT

The completion of operations in box MOIC permits the rational planning
of the experimental work.

The first suboperation of this work should be Sequence Studies (SS) with
the aim the prove (or disprove) the SNW constructed from literature data (or
by combinatorial analysis) with the help of direct experiments including the
determination of the concentrations of the main products against conversion.

This task can be solved by rather different methods such as the Kinetic
Isotope Method (KIM) [2], Method of Open Systems [3] and in certain —
though very limited cases — by the simple kinetic analysis of the accumulation
curves of the products.

The reversible coupling between SS and SNW means that the results of
the former might correct directly the latter. If this occurs, the PM itself should
also be corrected by simple reduction or extension denoted by the dotted
arrow leading from SNW to PM.
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The left side operation in the box EXPERIMENT refers to the overall
reaction, while right side operations represent partial systems. First of them
is the study of the Sequence Network Defined Subsystems (SNDS).

The precursor — product relations in the SNW are denoted — as a rule
by arrows. These arrows represent no stoichiometric relations, but sets of par-
allel and consecutive elementary processes. (Only in very rare and fortunate
cases do they represent a single elementary process.) These sets can be easily
selected as subsets from the PM with the help of a special algorithm elaborated
for this purpose.

The subsystems can be studied creating “artificial” mixtures in which the
initial components are the precursors belonging to the “arrow” to be investi-
gated. The experimental conditions (temperature, pressure, etc.) should ad-
visably correspond to those applied for the overall system.

The main aim of the investigations of the SNDS is the extension of the
information with respect to the overall system by reducing the species space.

The adequacy of the data obtained by operations SS and SNDS, that is,
the mutual applicability of the quantitative results, must be checked perma-
nently, e.g. by the investigation of Environmental Effects (EE).

Namely, it can be assumed that inasmuch as the mutual applicability
of the data is not fulfilled, this is due primarily to internal structural changes
in the system, such as solvent effects changes in the radical balance, formation
of different complexes with hydrogen bridges, etc.

One of the basic aspects of the modeling procedure is the study of Ele-
mentary Processes (EP). This can be realized partly within the overall system
if a suitable physical method is accessible (e.g. chemiluminescence measure-
ments to follow the combination processes of peroxy radicals, application of
CIDNP, etc.).

Partly, however, artificial mixtures must be generated and the species
space drastically reduced (inhibitor method, “in situ” generation of radicals
by using azocompounds in the absence of substrates, etc.).

Operation EP should also be coupled to EE since the changes in the envi-
ronment affect strongly the adequacy of the data.

It should be emphasized that operations in box EXPERIMENT exceed
the usual classical approaches which limit the considerations to investigation
of the parameters of the overall reaction. Research on subsystems or elementary
processes, if any, was carried out detached both in time and space from the
studies on the overall process, that is, the mutual applicability of the data
had rarely been checked.

The approach suggested here is very essential if information is ifequired
at high conversions where the interaction of the intermediates and their com-
petition for the radicals become rather complicated and exclusive information
with respect to the overall process is insufficient.
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2.3 The Box SYNTHESIS

This box contains operations dealing with the kinetic-mathematical
treatment of data obtained earlier.

W ith respect to degenerate branching chain reactions, three different —
but in addition supplementary — tendencies can be observed.

a) Phenomenological treatment of the initial stages of the reaction
(PhT), elaborated for liquid phase oxidation processes by Emanuer and
coworkers [4]. This procedure starts with a “small” or “minimal” mechanism
and kinetic expressions derived from this mechanism should fit the initial
stages of the experimental curves. In the case of a “good” fitting, the rate
constants or their combination for the starting mechanism can be determined.
The choice of the starting mechanism is based on chemical evidences and the
application of the Bodenstein Semenov principle is a precondition of the
procedure. The starting mechanism might be improved by increasing the
number of elementary processes.

b) Computer simulation of the overall reaction (CS) uses a set of ele-
mentary steps, the size of which considerably exceeds that used in the previous
treatment, though being smaller, than the PM. Similarly to the previous pro-
cedure, the selection of the elementary processes is based on kinetic evidences,
and both measured and estimated rate constants and activation parameters
are used without the application of the steady state approach.

The kinetic curves of the accumulation of the products are simulated
by computer programs. Simulated and measured curves are compared and
their conformities serve as criteria for the proper selection of the elementary
processes and rate constants [5].

In the case of satisfactory conformity, so-called “sensitivity tests” can
be carried out by varying the rate constants of certain types of processes
(propagation, termination, etc.) and repeating the computer simulation. Thus
we obtain information on the products whose accumulation is most sensitive
to the actual values of the rate constants.

¢) Systems theory approach (STA). It starts from the PM as a whole
system and intends to reduce it by mathematical methods (e.g. mathematical
logical procedures). The reduced PM is used for computer simulation similarly
to the previous treatment.

The three above treatments are not controversial, although they differ
considerably. Their consistency increases in the given order, because the
subjective factors arc decreasing and the amount of information increases.

In spite of the differences, all three procedures are justified and the
proper selection should be motivated by the aims of the actual research.

Although prospectively the STA seems to become the most suitable for
the approximation of the “true mechanism” of the processes, at present ap-
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proaches (a) (at low conversions) and (6) (at higher conversions) provide
more and useful information.

3. Proper selection of the prototype

Although in principle any of the processes belonging to the reaction
group can be chosen, the efficiency of modeling depends strongly on the proper
selection of the prototype.

It is suggested that two demands should be primarily fulfilled when
choosing a proper prototype.

a) Theoretically the prototype should reflect the characteristic features
of the reaction group but should not represent an extremum. For example,
when studying the gas phase oxidation of hydrocarbons, the choice of methane
oxidation as a prototype would not be very suitable due to its extreme char-
acter: the excessive stability of methane toward oxidation, the lack of cool
flame phenomena during its slow oxidation, etc.

b) Practically it is important that the amount of the literature informa-
tion should be considerable, which is expedient especially in constructing the
PM and the different networks.

A further practical requirement is the suitable experimental treatment
including a possibly small species space.

4. Application of the modeling procedure to the
liquid phase oxidation of ethylbenzene

The following motivations for choosing the liquid phase oxidation of
ethylbenzene as prototype can he mentioned.

For this oxidation process, relatively many data are available in the
literature, among them rate constants of elementary processes included in its
PM with more or less acceptable accuracy. Its species space is reasonable,
contains only 13 species. Several new experimental techniques have been
elaborated using this reaction as a model process, among them, sequence
studies, chemiluminescence measurements, investigations of homogeneous
catalysts in such types of processes, etc.

Here we rewiev only very briefly the main results obtained by using the
liquid phase oxidation of ethylbenzene in the temperature interval 40—130 CC
as prototype for the modeling procedure suggested.

Its PM contains 52 elementary processes [6], which can be divided in
four groups; initiation processes, that is, interactions between the initial
substrates, chain propagation represented by radical attack on stable molecules,
degenerate branching which are decomposition processes of stable intermediates
into radicals, and termination processes, i.e. radical combinations. When col-
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lecting the PM, meticulous care was taken that the PM should be appropriate
in representing the overall process up to high conversions.

The carbon skeleton sequence network of ethylbenzene oxidation —
constructed according to a special algorithm published elsewhere [7, 8] —
indicates that the transport of the carbon skeleton proceeds from the substrate
to hydroperoxide molecules and also directly to both ketone and alcohol mol-
ecules [9, 10]. The transformation of the hydroperoxide yields also ketone and
alcohol, while an additional alcohol — ketone carbon skeleton transition should
be taken into account if the PM correctly represents the overall reaction.

Operation SS has been carried out by tracer methods, initially labeling
the alcohol (phenyl methyl carbinol) [11—14].

It has been established that the alcohol is, indeed, an intermediate formed
and consumed simultaneously during the oxidation. Its consumption
occurs only in one direction ; toward the ketone. Under the experimental
conditions the ketone (acetophenone) is the end product of the reaction and
the pathways of its formation are a) via alcohol molecules; b) via hydroper-
oxide or peroxy radical combination (direct route). The ratio of the pathways
a/b varies with the conversion ; in the initial stages, the direct route predomi-
nates and route a becomes important only at later stages.

The rates of these routes were determined quantitatively as a function
of conversion.

Experiments carried out in the presence of labeled hydroperoxide mole-
cules [15—18] necessitated the slight modification of the theoretical SNW.
It has been established, namely, that alcohol formation and direct ketone for-
mation are realized via two different routes ; partly by the transformation of
hydroperoxide molecules and partly by the interaction of peroxy radicals
formed as primary unstable intermediates from the substrate. These different
routes have been separated and their rates determined as a function of con-
version.

Data obtained by adding both labeled alcohol and hydroperoxide sup-
port the increasing role of secondary process: the further transformation of
stable intermediates with increasing conversion. This fact motivated our efforts
to study the reactivity of the stable intermediates toward radicals accumulated
in the system.

According to our values — obtained as a side product of the tracer experi-
ments [19—20] —the reactivity increases in the order ethylbenzene < a-phenyl
ethyl hydroperoxide <7 phenyl methyl carbinol in good conformity with the
increased role of the intermediates at higher conversions.

W ithin the framework of operation SNDS, the kinetics and mechanism
of the following systems have been investigated: transformation of alcohol into
ketone [21—22]; transformation of hydroperoxide into alcohol and ketone
[23—25]; rates of formation of radicals [26 271.
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It has been established [22] that the alcohol molecules undergo radical-
induced transformation, yielding ketone in a chain processes, presumably with
hydrogen peroxy radicals (HOj) as chain carriers. The latter are formed via
isomerization and decomposition of oxyperoxy radicals derived from alcohol
radicals.

The transformation of hydroperoxide molecules [25] was realized both
by their homolytic and radical-induced decompositions, where the latter pro-
cesses are predominant, while the former ones — though their role as initiation
reactions is of importance [15] — can be neglected as contributors to the con-
sumption.

Further results of operation SNDS were the determinations of certain
elementary rate constants such as those of processes between peroxy radicals
and hydroperoxide as well as alcohol molecules. Chemiluminescence studies
are under way in order to gain information with respect to the combination
reactions of radicals [28 —29].

Among operations EE, detailed studies have been carried out and are in
progress with respect to the H-bridged complexes of hydroperoxide molecules
as well as between hydroperoxide molecules and other stable compounds ac-
cumulated in the system. Although the quantitative evaluation of these data is
not yet finished, it can be stated already that alcohol and ketone molecules
affect strongly the environment of the hydroperoxide complexes interacting
with both monomers and dimers as well as in certain cases with the oligo-
mers, too.

In order to complete the kinetic-mathematical treatment of the overall
process, an algorithm has been elaborated to select the elementary processes
responsible for the different pathways [10]. It has been shown that in the
present system, under the conditions chosen, any product can be obtained by
no more than two consecutive steps from its precursor though the number of
parallel processes is not restricted.

The mathematical-logical treatment of the PM led us to the selection of
the minimal mechanims [30—31] summarizing in a qualitative form steps
which desciibe the consumption of the initial compounds, the formation and
consumption of the intermediates and the formation of the end products.

The computer simulation of the overall process has been started [32 —33]
and by using 40 elementary processes and their kinetic parameters — either
determined or estimated — fair agreement has been achieved up to about 20%
conversion between experimental and calculated product accumulation
curves.

Furthermore the contributions of the different steps with respect to
the overall process and the accumulation of the different products have been
calculated. It seems interesting to note that at 120 °C for the first 10 hours the
minimal mechanism including steps which contribute more than 95% to the
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different types of processes (initiation, propagation, branching, termination)
is nearly identical with the mechanism used for the phenomenological calcula-
tions and obtained from chemical evidences or intuition.

5. Conclusions

The advantages of the modeling procedure suggested in the present paper

are the following.
1. It can efficiently use literature information via systematizing and

synthesis.
2. It yields efficient help in planning experiments to provide maximum

information.

3. It contains new evaluation methods.

4. 1t is opposed to considerations widely used in chemical kinetics which
aim to “determine the mechanism” of a given complex process.

REFERENCES

[1] Semenov, N. N.: Chain Reactions. GNTI, Leningrad 1934 (in Russian)
[2] Neiman, M. B., Gal, D.: The Kinetic Isotope Method and Its Application. Elsevier-
-Akadémiai Kiad6, Budapest 1972

[3] Skibida, I. P., Maizus, Z. K., Emanuel, N. M.: Usp. Khim., 38, 3 (1948)

[4] Emanuel, N. M., Denisov, E. T., Maizus, Z. K.: Chain Reactions of Hydrocarbon
Oxidation in the Liquid Phase. Nauka, Moscow 1965 (in Russian)

[5] Artara, D. I, Edelson, D., Irwin, K. C.: Int. J. Chem. Kin., 4, 345 (1972)

[6] Ga1, D., Nemes, |I., Botar, L.: Magy. Kém. Folyéirat, 82, 326 (1976)

[7] Nemes, L, Vidéczy, T., Botar, L., Gal, D.: Magy. Kém. Folydéirat, 82, 332 (1976)

[8] Nemes, I.,Vidéczy, T., Botar, L., Gal, D.: Theoret. Chim. Acta, 45, 215, (1977)

[9] Nemes, I., Vidéczy, T., Botar, L., Gal, D.: Theoret. Chim. Acta, 45, 225, (1977)

[10] Nemes, L, Vidéczy, T., Gal, D.: Theoret. Chim. Acta, 46, 243 (1977)

[11] Garn, D., Danéczy, E., Nemes, |., Vidéczy, T., Hajdu, P.: Ann. N. Y. Acad. Sei., 213,
51 (1973),

[12] Danéczy, E., Vasvari, G., Gai, D.: J. Phys. Chem., 76, 2785 (1972)

[13] Danéczy, E., Vasvari, G., Gal, D.: Magy. Kém. Folydirat, 77, 632 (1971)

[14] Danéczy, E., Nemes, I., Gal, D.: Magy. Kém. Folydirat, 79, 73 (1973)

[15] Danéczy, E., Nemes, |., Vidéczy, T., Gal, D.: JCS Faraday Trans. |, 71, 841 (1975)

[16] Danéczy, E., Nemes, |., Gar, D.: JCS Faraday Trans. |, 73, 135 (1977)

[17] Danéczy, E., Nemes, |-, Vidéczy, T., Gal, D.: Magy. Kém. Folyéirat, 79, 545 (1973)

[18] Danéczy, E., Gal, D.: JCS Faraday Trans. | (In press)

[19] Nemes, L, Danéczy, E., Vidéczy, T., Gal, D.: Magy. Kém. Folydéirat, 81, 395 (1975)

[20] Nemes, |., Danéczy, E., Vidéczy, T., Gal, D.: Combustion and Flame, 27, 285 (1976)

[21] Vidéczy, T., Danéczy, E., Gal, D.: Magy. Kém. Folydirat, 79, 258 (1973)

[22] Vidéczy, T., Danéczy, E., Gal, D.: J. Phys. Chem., 78, 828 (1974)

[23] Rubajlo, V. A,, Nemes, |., Emanuel, N. M., Gal, D.: Magy. Kém. Folydirat, 80, 465
(1974)

[24] Hajdua, P., Gai, D.: Magy. Kém. Folydéirat, 82, 399 (1976)

[25] Hajda, P., Nemes, |I., Gal, D., Rubaylo, V. I., Emanuel, N. M.: Can. J. Chem., 55,
2677 (1977)

[26] Vidéczy, T., Gal, D.: Z. phys. Chem. NF, 106, 269 (1977)

[27] Vidéczy, T., Gal, D.: Z. phys. Chem. NF (In press)

mleta Chim. Acad. Sei. Hung. 101,1979



GAL et al.: LIQUID PHASE HYDROCARBON OXIDATION 199

[28] Simon, P., Vasvari, G., Kende, |., Gal, D.: Magy. Kém. Folyéirat, 78, 393 (1972)

[29] Simon, P., Gal, D.: Magy. Kém. Folydirat, 78, 611 (1972)

[30] Nemes, I|., Botar, L., Gal, D.: Z. phys. Chem., 255, 311 (1974)

[31] Nemes, I., Botar, L., Gar, D.: Z. phys. Chem., 255, 378 (1974)

[32] Rubaylo, V. A., Vidéczy, T., Nemes, |., Streho, M., Emanuel, N. M., Gal, D.: Magy.
Kém. Folydirat, 81, 75 (1975)

[33] Vidéczy, T., Lukacs, J., Nemes, |., Gal, D.: Magy. Kém. Folyéirat, 85, 97 (1979)

Dezs6 Gau

Laszl6 Botar

Eva Dané6czy

Péter Hajdu H-1025 Budapest, Pusztaszeri G4t 59 —67.
Jilia Lukacs

IstvAn Nemes

Tamas Vidoeczy7?

Acta Chim. Acad. Sei. Hung. 10194979






RECENSIONES

Polymerization of Organized Systems

Edited by Hans-Georg E lias, Midland Macromolecular
Monographs, Vol. 3. 230 pages

Gordon and Breach Science Publishers, New York. London, Paris 1977

Polymerization processes in organized systems are promising from both the theoretical
and practical points of view. Hence, it was quite obvious that this topic was covered by the
program of one of the first annual meetings of the Midland Macromolecular Institute. As
there are relatively few scientists engaged in this field in the world, it was a good opportunity
to assemble the representatives of the most active laboratories to present achievements and
unsolved problems. The discussions following the lectures are also included in the book; this
enables the reader to enjoy the feeling of active “participation” in the meeting.

The lectures dealt with the relationships of solid state polymerization, liquid crystal-
line polymerization, polymerizations in mono- and multilayers, polymerization on surfaces,
solid phase polycondensation and with polymerization of a monomer in interaction with a
polymer matrix. It is unfortunate that merely an abstract of the survey-like first lecture
(Herbert Morawetz : “Polymerization and Other Organic Reactions in the Crystalline State”)
can be found in this collection, since the complete text has been published elsewhere. In the
lecture of Bernhard Wunderlich, entitled “Polymer Crystal Nucleation and Growth from the
Gaseous and Liquid Monomer”, the role of structure formation and start of crystallization in
the polymerization process are treated. The outstanding results of the lecturer in this field
are well known. Investigations of polymerization procedures carried out in mono and multi-
layers, reflect the advantageous effect of the preordered monomer on the rate of polymerization.
Not too much can be learned about the structure of the polymers formed in this manner.

The lectures which concern polymerization reactions in mesophase collect the results
obtained up to that time, reflecting the knowledge then available. Speed-up of research work
in this area during the last one and half year has since resulted in a better understanding of
these phenomena. The lectures in question also reveal that the structures of polymers obtained
in polymerization processes in liquid crystalline medium were not examined sufficiently.
Besides, the term “liquid crystal polymer” became suddenly current in the literature, without
an explanation what is to be understood by this concept. When passing over to macromolec-
ular systems from low molecular weight liquid crystalline structures, the former required
exact definitions and unambiguous experimental evidence to prove one or other (nematic,
smectic or cholesteric) polymeric structure. None of the solid state, liquid crystalline and mono-
or multilayer polymerizations have been analyzed by the authors with sufficient attention from
the aspect of phase conditions. In all these cases the polymer formed in the ordered medium,
and the yet unreacted monomer give rise to a binary system, which changes with the progress
of polymerization affecting the kinetics and polymeric structure.

It is a pity that the problems of matrix polymerization are discussed only briefly and
those of the channel complex polymerizations not at all.

The book may be very useful for those who are interested in the problems of polymeriza-
tion processes in organized systems.

Gy. Hardy
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Proceedings of the Fourth Tihany Symposium on Radiation Chemistry

Edited by P. Hedvig and R. Schiller

Akadémiai Kiad6, Budapest 1977, 1085 pages

At the end of 1977 Akadémiai Kiad6 published the volume “Proceedings of the Fourth
Tihany Symposium on Radiation Chemistry” edited by Péter Hedvig and Robert Schiller.
The symposium was held in Keszthely, June 1—5, 1976. The Tihany Symposia on Radiation
Chemistry are classed in the international world of radiation chemistry among the more im-
portant meetings of high scientific level. These symposia are organized every 4—5 years.

The Tihany Symposia have become the traditional meeting place of researchers from
different parts of the world, and have achieved fames not only because of the topics of high
scientific level, animated discussions and debates, but also on account of the excellent organ-
ization, pleasant atmosphere and the splendid entertaining programs. The number of partici-
pators increased steadily and at the last, 4th Symposium amounted 173 persons from 22
countries.

Besides the conventionally represented European countries in the geographical vicinity to
Hungary and overseas countries (USA, Canada, Japan), Iragi and Turkish scientists par-
ticipated for the first time in this meeting.

Papers were read in four different sections, and accordingly, the subject of the recently
published volume is divided into four chapters :

1. organic substances — 33 papers,

2. polymers — 41 papers,

3. aqueous solutions — 33 papers,

4. other topics (not to be classed into the above chapters) — 15 papers.

Papers dealing with biochemical and biophysical problems were presented for the first
time at the Tihany Symposium.

The volume contains the full text of the papers and the ensuing discussions, which makes
more interesting the reading of the subject.

In this brief review it is practically impossible to enumerate and discuss the problems
dealt with in the papers and to evaluate the results obtained. It can be established in general
that the subjects reflect truly the modern trends of research in the field of radiation chemistry :
on the one hand, research on the elucidation of the nature of elementary processes is continued
(using more and more advanced techniques) at moments when these processes are just “in
statu nascendi”, the reactions of the excited and ionized molecules and particles with one an-
other,withthe matrix and the additives are further studied, while on the other hand, consider-
able effort is made to realize processes on an industrial scale on the basis of the theoretical
results attained so far. This proved to be particularly successful in the radiation chemistry of
polymers.

The multitude of results attained in the last twenty years in radiation chemistry makes
it possible to attempt on the basis of these data the formulation of general rules. Such attempts
in the volume are for example the elucidation of the effect of the state of aggregration, tempera-
ture and of molecular structure on radiolysis, or of the similarities and differences between
radiation chemical and photochemical processes, etc. The number of chemical models exposed
to radiation, as well as that of physical and chemical test methods increases. All these are
reflected in the book.

The lecture texts are published with care, in good English, the drawings and diagrams
are of excellent quality, and the endeavour of the editors to unify in the volume the units in
the drawings is to be particulary praised.

The volume contains the list of participants, arranged according to countries, and the
subject index at the end of the book facilitates orientation, a quick search for the theme
wanted.

The presentation of the book, its typographical execution reflect befittingly its rich
content of value. The book may be recommended to scientific researchers and postgraduate
students active in the field of radiation- and photochemistry, to students who with to specialize
in these branches of science, further to researchers studying elementary chemical reactions.

G. PUTIRSKAYA
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Siegfried Danhne and Siegried Kultpe

Structural Principles of Unsaturated Organic Compounds with Special Reference
to X-Ray Structure Analysis of Coloured Substances

Akademie-Verlag, Berlin 1977

This book was published by the Akademie-Verlag, Berlin, as item N-8 in the 1977-series
ofmathematical, natural science, and technical treatises of the Academy of Sciences ofthe GDR-

Bond length data of unsaturated compounds determined by X-ray diffraction analyses
also prove the existence of polymethine structures, even as they prove the existence of transi-
tion states between the polymethinic, polienic, and aromatic, i.e. the three limiting structures.
In addition to this, the novel, unexpected results of these analyses allow a deeper insight into
the molecular and electron structure of coloured organic compounds.

In cases of steric hindrance, the fundamental principles which govern the structures of
such compounds are comparatively easy to interpret. Of independent, energetically stabilized,
ideally aromatically structured groups, especially of -r-electron sextets, further of independent,
energetically stabilized ideal polymethine groups as many as consistently possible may be
identified in the compound, both these types at distances of about one and a half bond lengths
between the atoms.

When ideal structures are perturbed by a branching of the conjugated system, or by
bonding between groups of different structures, or by a growing asymmetry due to the sub-
stitution effect of ideal fragments, then according to Pauling’s rule — the sum of bonds
originating in one atom is constant. This explains the emergence of polyene bonds, with less
or more pronounced single-bond or double-bond character according to the extensiveness of
the conjugated -i-electron system in the compound. A deviation from Pauling’s rule is found
in the conjugated polymethines in which the bond distances are modified by coulomb forces
engendered by perturbations due to changes of the charge density, characteristic of ideal
polymethines.

Progress in the field of X-ray diffraction analysis aims at the construction of more
faultless and automated instrumentation and at the application of more sophisticated and
up-to-date mathematical and physical techniques in which programming and computerization
are also utilized.

A still more accurate elucidation of structures is promised by the use of the neutron
diffraction method.

The first and introductory chapter of this 128-page volume deals with the study of

chemical structures and X-ray diffraction analysis; the second chapter discusses structural
characteristics of coloured organic compounds. Using the cyanines, oxonols, S-terminal and
C-terminal polymethine derivatives as examples: the third chapter describes the structures of
the nearly ideal polymethine dye-stuffs. The fourth chapter deals with the intermediary prod-
ucts of polymethine-polyene structures. Here the groups with monomethine structure, merocy-
anines, thia-merocyanines, non-symmetrical monomethine oxonols, tri-, and pentainethine
meropolymethines, and derivatives with longer methine chains are revived. Substituted ben-
zene derivatives and conjugated heterocycles, as instances of polymethine-aromatic interme-
diates, form the subject of the fifth chapter. In the sixth the ideal polymethine-polymethine
bonding, the bonded meropolymethines, the polyene-polymethine and aromatic-polymethine
couplings, the coupling effects of naphthoquinone and anthraquinone, indigo-type dye-stuffs
and polymethines linked into cycles are discussed. In the seventh chapter polymethine radi-
cals, radical cations and anions, and complexes formed with radical-like polymethine structures
are dealt with. Hydrocarbons of a stable polymethine structure are treated in the eighth chap-
ters. Chapters 9, 10, and 11 contain a summary, addenda and the list of 939 references to the
literature.

This book may rightly claim the attention of researchers interested in the theoretical
questions of dye-stuff chemistry and the structural aspects of colouring matters.

l. Rusznak
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A kémia Ujabb eredményei (New Results in Chemistry), Vol. 37

Akadémiai Kiad6, Budapest 1977

This volume of the series, edited by Béla Csakvari comprises the
following two reviews

(1) P. Nanasi and J. Szejtli: Stereochemistry of di- and polysaccharides (168 pages
219 references)

This review covers a much wider field of stereochemistry than indicated in the title.
The first chapter (59 pages) deals with the basic principles of conformational analysis, starting
from the very definition of conformation and ending with the discussion of the stereochemistry
of polysubstituted cyclohexanes. The second chapter (64 pages) is concerned with the different
conformational aspects of the pyranose ring, putting special emphasis on the abbreviated
printed nomenclature which was suggested first in 1969 by one of the authors (J. Szejtli),
to be used instead of structural formulas in carbohydrate chemistry.

In the third chapter (24 pages) the authors deal at last with the topic given in the title,
i.e. with the conformational analysis of disaccharides, particularly with the conformational
energy maps of the most common dipyranosides maltose and cellobiose. This chapter, as well
as the last one, dealing with the conformation of polysaccharides (39 pages) gives a very up-to-
date review of these topics. Especially in the last chapter the authors are very fair in discussing
all the different hypotheses and the underlying experimental facts, independently, whether
they are in agreement with or in contradiction to the hypothesis published by one of the authors
(J. Szejtli) some years ago.

After having read this review, it is a very difficult task to decide whom it should be
recommended to. According to the subject-matter and the proportions of the four chapters,
it seems to be an introduction into conformational analysis in general, but the reviewer would
certainly not recommend it to any chemist, who is not already acquainted with this field of
stereochemistry. The opposition is based not so much on the content, but rather on the inac-
curate definitions and careless style, by which the reader will be rather confused and disappoint-
ed, and surely not encouraged to learn more about conformational analysis in general, and
about the stereochemistry of carbohydrates, in particular. In this respect this review is a com-
plete failure.

On the other hand, the last two chapters, amounting to about one third of the whole
review, are up to date and give a very useful aid to all chemists dealing with the stereochemistry
of di- and polysaccharides. This applies especially to the references, which are carefully se-
lected and enable the reader to get a full view of the rather debated shape (conformation) of
the different macromolecules.

(2) T. Dévényi: lon-exchange thin-layer chromatography in biochemistry (57 pages,
171 references)

The author is a well known expert in the field of ion-exchange chromatography and
played an important role in developing a new ion-exchange TLC system, which is produced and
marketed in Hungary under the name Fixion 50 X 8. The present review7is not only an excellent
introduction into this rather rapidly developing new field of TLC, but at the same time it gives
the historical background, the different practical applications and the necessary know -how of
this method. Every reader will be encouraged by the convincing results to apply ion-exchange
TLC in his own field of research. The special usefulness of this analytical method is based not
only on its accuracy and sensitivity, but also on its potency for using it at different places,
where a large number of samples have to be analyzed within relatively short time. For this
routine task especially the newly introduced videodensitometry is of great importance, which
wms developed by the active cooperation of the author with other institutes.

J. KUSZMANN
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J. A.Moore, T.J. Barton : Organic Chemistry: An Overview

W. B. Saunders Company, Philadelphia 1978, 384 pages

Starting from different aspects according to different demands, organic chemistry is
taught in the institutions of higher education and at the universities at different levels. The
author, writing a textbook for students who do not consider organic chemistry as a major
subject (medical students, students of agricultural sciences, biology, physics), seems to he in
this respect in an easier position. Actually, however, a task of this kind is very difficult, be-
cause the necessary restriction of educational and informative subject, fitted to the sphere of
interest, cannot lead to an apodictic or superficial discussion. The up-to-date conception system
of the branch of science must be distinctly accentuated in spite of the limited extent, moreover,
in addition to foundation of the material and to the communication of information arousing
interest, the subject discussed must give rise to thoughts, must stimulate thinking.

J. A. Moore (University of Delaware) and his co-author T. J. Barton (lowa State
University) have successfully met this manysided requirement, so that their textbook can be
recommended for students who do not consider organic chemistry as a major subject. This
book, containing excellent didactic suggestions, will be of value to all concerned with the
teaching of organic chemistry.

The handbook of almost 400 pages is divided into 16 chapters. Three chapters deal with
general problems (chemical bond, stereochemistry, determination of structure). Eight chapters
discuss in the traditional way compound families of fundamental importance, classed accord-
ing to functional groups. In addition to their correct and modern foundation, these chapters
are made particularly interesting by frequent references to compounds playing a part in
everyday life, and by sub-chapters, inserted as “Special Topic”, which, fitted to the given
chapter, deal with natural compounds of more complicated structure. At the same time, five
separate chapters are devoted to other groups of natural compounds of prominent importance
(carbohydrates, proteins, alkaloids, nucleic acids) and to their in vivo reactions.

Easy survey and the grasping of essentials are greatly facilitated by the “Summary and
Highlights”, to be found at the end of each chapter. In accordance with the requirements of
up-to-date teaching, the text is interwoven with almost 300 “Problems”, which can be solved
on the basis of acquired knowledge, or starting from the same. The miniature encyclopedia,
“Glossary of Terms”, at the end of the handbook is interesting and useful.

The nice presentation of the book, the red and black printing, motivated didactically,
the well constructed figures and the 12 coloured attractive interleafs, a feast to the eye, deserve
special mention.

A. Kucsman

T.Torok, J. Mika, and E. Gegus: Emission Spectrochemical
Analysis

Akadémiai Kiad6, Budapest 1978

This work is the organic sequel of the book : “Emission Spectroscopy Eundamentals”
published by Akadémiai Kiadd, in 1973. While the latter deals with the theoretical basis of
optical emission spectrometry and with the principles underlying the construction and opera-
tion of the instruments, the present book discusses the practical questions of chemical analysis
by emission spectra.

The volume comprises 692 pages ; it contains seven principal chapters and a part com-
posed of tables. The problems of the preparation of samples for analysis, the various radiation
sources used for excitation in various states, the parameters of and how these affect the inten-
sity of the spectrum lines are treated in detail. Further, the general aspects and the methods of
qualitative and quantitative analysis are discussed, together with methods severally specified
for the most current metals and alloys. Separate chapters deal with instruments and the method-
ology of spectrometry and spectroscopy. A brief summary of the fundamentals of calculating
the error and the mathematics of the statistical evaluation of spectrochemical analyses conclude
this work. At the end of the several sub-chapters the most important references to the litera-
ture are listed. The book contains about 100 tables and 220 figures, also a detailed subject
index.
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This book will be of great assistance to those engaged in the practice of analysis or
employed in research and development, because it discusses the most up-to-date methods
besides the proven and accepted ones and directs attention to questions yet unanswered. The
collection of tables at the end of the book enables the user to find all important relevant data
in a single volume.

Mrs |. Kerekes

Nicolaos D. Epiotis: Theory of Organic Reactions

Springer Verlag, Berlin, Heidelberg, New York 1978, 290 pages

The Woodward-Hoffman interpretation of pericyclic reactions has initiated the publi-
cation of an enormous amount of papers, reviews, monographs and handbooks since the
middle of the sixties.

The language of molecular orbital theory has entered the everyday organic chemical
literature. The theory has become more and more sophisticated, which, however, does not
necessarily mean that no better, more established aspect can be presented in this field.

The author of the present book has suggested just such a new approach. According to
him, the deficiencies of earlier approaches require the development of a new qualitative theory
of chemical reactivity which makes possible the construction of potential energy surfaces.
His aim is “to suggest ways in which gas phase and solution mechanistic chemistry, synthesis,
spectroscopy and theory can be united”.

The book is divided into the following chapters: 1. One-Determinental Theory of Chem-
ical Reactivity; 2.Configuration Interaction Overview of Chemical Reactivity: 3. The
Dynamic Linear Combination of Fragment Configurations Method; 4. Even-Even Intermolec-
ular Multicentric Reactions ; 5. The Problem of Correlation Imposed Barriers ; 6. Reactivity
Trends of Thermal Cycloadditions ; 7. Reactivity Trends of Singlet Photochemical Cycloaddi-
tions ; 8. Miscellaneous Intermolecular Multicentric Reactions; 9. Addition Reactions;
10. Even-Odd Multicentric Intermolecular Reactions; 11. Potential Energy Surfaces for Odd-
Odd Multicentric Intermolecular Reactions : 12. Even-Even Intermolecular Bicentric Reac-
tions ; 13. Even-Odd Intermolecular Bicentric Reactions; 14. Odd-Odd Intermolecular Bi-
centric Reactions ; Potential Energy Surfaces for Geometric Isomerization and Radical Com-
bination ; 15. Odd-Odd Intramolecular Multicentric Reactions ; 17. Mechanisms of Electro-
cyclic Reactions; 18. Triplet Reactivity; 19. Photophysical Processes; 20. The Importance
of Low Lying Nonvalence Orbitals; 21. Divertissements; 22. A Contrast of “Accepted”
Concepts of Organic Reactivity and the Present Work.

Undoubtedly, the book is not simply a re-expression of accepted ideas. Only time can
reveal, how will the great majority of organic chemists accept these new approaches, or find
them inacceptable.

There is one little thing, which seems to be superfluous in the reviewer’s opinion, and
this is the word “chorochemistry” introduced in the book ; this seems to be a synonym of
“stereochemistry”.

Reading of the book is undoubtedly a serious intellectual adventure for those who are
acquainted, at least in the main, with the literature of pericyclic reactions published in the
last 15 years.

Cs. SZANTAY
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M. L. Bender and M. Komiyama: Cyclodextrin Chemistry
X -j- 96 pages, 14 figs, 37 tables

Reactivity and Structure
Concepts in Organic Chemistry, Vol. 6.

Editors: Hafner, K., Lehn, J.-M., Rees, C. W., Schleyer, P.v.R.,
Trost, B. M. and Zahradnik, R.

Springer-Verlag, Berlin—Heidelberg —New York 1978

The first observation on cyclodextrins dates back to 1891. Since then an enormous
treasury of experimental material has accumulated on these amazing compounds. Notwith-
standing, their practical applications long remained inhibited by their high price and also by
the lack of appropriate theoretical fundamentals of cyclodextrin chemistry. It is just very
recently that cyclodextrins have acquired high actuality, as their industrial production has
been realized at a reasonable price and simultaneously — as shown by Bender —K omiyama’s
book — the experimental facts and their theoretical basis have become solid enough to permit
these compounds to pass from curiosity to industrial application.
Cyclodextrin research as well as any book written on this topic is therefore of high
actuality.
Contents: pp. 1—9: Nomenclature, structure and physical properties of cyclodextrins
pp. 10 —27 : The formation of inclusion complexes, their structure, determination of the dis-
sociation constans, and the complex-stabilizing forces

pp. 28—32: Some selected practical applications of cyclodextrin complexes

pp. 39 - 49: Covalent catalyisis: hydrolysis of phenyl esters, amides, organophosphates and
carbonates catalyzed by cyclodextrins

pp. 50 -60 : Non-covalent catalysis by cyclodextrins : microsolvent effect and conformational
effect

pp. 61 64 : Asymmetric catalysis by cyclodextrins, selective complex formation of D,L-stereo-
isomers, selective hydrolysis of esters and organophosphates, steric orientation of
addition and oxidation reactions

pp. 65—78: Covalent and non-covalent modifications of cyclodextrins resulting in increased
catalytic effects.

The 307 references cited in the book comprise nearly the half of the papers and patents
published up to 1978 on cyclodextrins, their derivatives and complexes. The book is an excel-
lent and compact survey on cyclodextrin catalysis ; however, the contents and title of the book
are not concordant.

Discussion of the following topics is omitted : the enzymic conversion of starch to cyclo-
dextrins, the purification, analysis, biological and toxicological effects of cyclodextrins, their
industrial applications (drugs, aromatics, pesticides, vitamins, etc.), and a great deal of the
patent literature is missing.

Considering that a widespread application of cyclodextrin inclusion complexes is expect-
ed in the near future in the pharmaceutical and food industries, a contingent second edition
of this book would need a thorough completion, considering that this well written book is at
present the only one on cyclodextrins.

J. SZEJTLI

Lecture Notes in Chemistry, Vol. 6.

I. Hargittai: Sulphone Molecular Structures

Springer Verlag, Berlin-Heidelberg-New York 1978, 175 pages

The author summarizes the electron diffraction (ED) and microwave spectroscopic
(MW) studies on sulphone molecules in gaseous phase. The book consists of two parts : Molec-
ular geometries and Structural variations. After a brief introduction to the basic ideas of
ED and MW the structure determination of 20 sulphone derivatives is reviewed in the first
part. The second part discusses the conformational properties, bond lengths and angles of
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these molecules. The geometrical parameters found for the S02X group are compared with
that of the analogous sulphoxides and sulphides. An attempt to find correlation between geo-
metrical and vibrational parameters concludes the book. References are given at the end.

The importance of combining MW with ED investigations is well documented. The
best part of the book is on the characteristic variations in bond lengths and angles where the
usefulness of the valence shell electron repulsion (VSEPR) model is illustrated. Unfortunately
the geometrical parameters obtained by X-ray diffraction for sulphone derivatives in crystal
phase are given in the book without e.s.d.’s and without any discussion. It would have been
very useful if a critical comparison of the data for different states had been given by the
author.

The book is recommended far theoretical chemists.

K. Simon

W. Carruthers; Some Modern Methods of Organic Synthesis, 2nd edition

Cambridge University Press

Cambridge 1978, 532 pages

The first edition of this book was reviewed on page 122, Volume 78 of this journal,
where | expressed the opinion that “the book may be of wide interest to practising scientists
in industry and in scientific research institutions whose work involves the synthesis of organic
compounds”. Nothing proves better the success of the book than a new and partly revised and
extended edition seven years after the first edition. In the preface to the new edition the author
explains the necessity of revision and extension as follows: “a considerable amount of new
material has been included to take account of advances in knowledge and of new synthetic
methods which have come into use since publication of the first edition. The increasing applica-
tion of organic derivatives of sulfur, selenium and silicon in synthesis and improvements in the
methods for selective alkylation of ketones and for reversing the polarity of functional groups
(“Umpolung”) are among the subjects discussed more fully in this edition.” In full agreement
with the aforesaid, the reader can but greet the publishing of the new edition of this book.

The new edition of this well-known textbook provides a survey of many of the most
useful methods and reagents recently introduced into synthetic organic chemistry. The scope
and limitations of each method, in relation to the structure and stereochemistry of the products,
are fully described and possible reaction mechanisms are discussed.

The first chapter deals with the formation of carbon-carbon single bonds, discussing
among others the following problems: alkylation of relatively acidic methylene groups,
y-alkylation of 1,3-dicarbonyl compounds, the enamine and related reactions. Umpolung
(dipole inversion), directed aldol condensations, coupling of organonickel and organocopper
complexes, synthetic applications of carbenes and carbenoids, and some photocyclization
reactions.

The next chapter discusses the formation of carbon-carbon double bonds, and within
this /~-elimination reactions, the Wittig and related reactions, the decarboxylation of /5-lactones,
stereospecific synthesis from 1,2-diols and the Claisen rearrangement of allyl vinyl ethers.

In the third chapter an excellent survey of the Diels-Alder reaction is given, the fourth
chapter is dedicated to the reactions of unactivated C—H reactions (the Hofman Loeffler
Freytag reaction, cyclization reactions of nitrenes, the Barton reactions and related processes,
reactions of monohydric alcohols with lead tetraacetate). The next chapter discusses exhaus-
tively the synthetic application of organoboranes and organosilanes, the sixth chapter deals
with oxidation reactions [oxidation of hydrocarbons, alcohols, ketones, oxidation of olefinic
bonds, oxidation with ruthenium tetroxide, nickel peroxide and thallium(lIl) nitrate]. Of the
reductive methods catalytic hydrogenation, reduction by dissolved metals and by hydride
transfer reagents are discussed.

In appreciation of the second edition we fully agree with the opinion of the review#r of
the J. Am. Chem. Soc. “ ... the author has been eminently successful in his aim to prepare a
text for advanced undergraduates and beginning graduate students. These and other “students”
of synthetic organic chemistry should find this book extremely useful”.

Gy. Deak
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Handbook of Analytical Chemistry (Edited by W. Fresenius)

Part Ill, Volume 4 ay
Tin
by J. W. Price and R. Smith
Springer-Verlag, Berlin  Heidelberg New York 1978
262 pages with 31 figures

The book is the newest volume of the well-known series : “eHandbuch der analytischen
Chemie, Dritter Teil, Elemente der vierten Hauptgruppe” written, in English, on the usually
high level of these handbooks. But the personality of the authors makes it even more excellent:
their remarks, attitudes, personal experiences, etc. give the book in several chapters nearly
literary worth over the highly scientifical and precise reviews.

Of course, not all the chapters are of equal quality’. E.g. among the 20 main chapters,
the first one dealing with the possibilities of the detection of tin and tin compounds does not
fit into the profile of the book, and later more and better informations can be found about the
qualitative analyis of tin in the special chapters as side notes.

The possibilities of the determination and the separation of tin are discussed in the
next 8 chapters : gravimetric, volumetric, photometric and electrochemical methods ; solvent
extraction ; atomic absortion spectroscopy ; emission spectroscopy; X-ray flourescence ; radio-
chemical and Mdssbauer methods ; that is to say all of the most important and at the same
time the most recent methods with several references. The authors do not try to enumerate
all of the publications, the data are ordered and emphasized. In chapters mentioned, their effort
is most successful in the chapter dealing with volumetric methods and less successful in chapter
of “Solvent Extraction”. It seems that the authors dislike the “Fart pour Tart” chemistry
and a lot of work done in solvent extraction neglect sometimes the practical background of the
possibilities. The best methods which can be used for solving practical problems are less dis-
cussed in this chapter but can be read in other chapters connected directly to special tasks.

These special tasks are grouped in the next chapters starting with the “Analysis of tin
ores and concentrates.” (The other main chapters of this part which can be called the practical
part of the handbook are as follow: analysis of secondary materials and intermediates;
analysis of tin alloys and solders ; analysis of ingot tin ; tin in copper-base alloys ; tin in ferrous
alloys ; tinplate.) All of the possibilities are accounted, but the authors’ experiences and their
attitudes gleam several times. W hat is more, the problem of sampling is discussed as a central
problem since exact determinations can not be performed without precise sampling.

As it follows from the grouping, there are several repetitions but they seem to be
unavoidable and make the book supposedly more usable for chemists interested in the concrete
problems.

The next chapter of the handbook dealing with the problems of organotin compounds
is perhaps its best one. Since the use of these compounds as PVC stabilizers (mono- and di-
methyltin and dibutyl- or dioctyltin compounds): as industrial biocides and surface disinfec-
tants in wood preservations ; as agricultural fungicides, particularly on potatoes ; etc. is more
and more increased and their analytical chemistry rather differs from that of other tin com-
pounds ; the separate summary is well motivated.

Although other chapters mention the tin pollution and the analytical possibilities of
its control, but most problems are discussed in this chapter: as the migration of organotin
compounds from PVC into foods ; residues on crops and in soils ; determination in air and water ;
etc. It is worth to mention that at the end of this chapter, which is the longest one in the book,
205, mostly very recent, references can be found.

It seems that the place of the two extremely short last chapters (“Tin and tin-alloy
electroplating solutions® and “Tin chemicals®*) is an editorial error after this excellent chapter
both logically and psychologically : they should have been placed earlier and in this case they
do not disturbe the closed whole of the book or, at least, this feeling of the reader.

In spite of the mentioned minor objections, this volume on the quantitative analyses
of tin is an extremely good survey, which can be used not only by specialists, but can be
recommended to libraries collecting books on analytical chemistry.

L. Barcza
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Advences in Polymer Science, Vol. 26. Conformation and
Morphology

Springer Verlag, Berlin —Heidelberg—New York 1978, 183 pages

The volume contains four lossely related papers. The first paper (W. Holzmiller :
Molecular Mobility, Deformation and Relaxation Processes in Polymers ; 63 pages, 60 refer-
ences) is a review of the theoretical interpretation of the viscoelastic flow, dielectric behaviour,
further on all the time dependent reactions of polymers based on statistical mechanics viz.
based on the so called concept of molecular displacement. After demonstrating the basic cor-
relations, the probability of the flip-flop motion of the molecular segments is calculated on
the basis of the unharmonicity of thermal motion of atomic groups and the Lennard-Jones po-
tential. The differential equations are solved among the limit conditions given by different
rheological conditions of the polymer. The equations derived based on this concept gave better
approximations of the experimental values than those obtained by other theories (e.g. WLF-
equation).

The paper is entirely theoretical, demonstrating an apparently comprehensive concept.
Experimental data are only occasionally presented, and then to support postulations. As the
theory is phenomenologic, the parameters may be chosen to preference, thus the theoretical
data generally fit the simple experimental results. Although the theory is considered general,
it seems doubtful that it can be applied to rigid chain polymers or polymers with bulky side
groups with essential mesomorphic structure.

The second paper (Yu. Lipatov : The Iso-Free-Volume State and Glass Transition in
Amorphous Polymers. New Development of the Theory; 42 pages, 109 references) presents a
critical discussion of vitrifying — one of the most disputed properties of amorphous polymers —
on the basis of the iso-free-volume state concept. The author points out that the free volume itself
is not a well-defined category and different volumes can be obtained from different ways of
estimation, but the experimental values obtained in different polymers scattered even more
than the theoretical ones. Applying these theoretical considerations to heterogeneous systems
(polymer blends, copolymers, filled polymers) the results are even less accurate than those
obtained for homogeneous systems. Lipatowv expresses his doubts on the model of free volume.
Accordingly Tg can neither be regarded as a temperature of iso-free-volume state nor of
iso-viscosity state. The iso-free-volume state concept gives correct qualitative but false quanti-
tative results. The iso-entropy state is proposed as a possible solution of the problems.

Lipatov’s criticism seems even more justified regarding properties of above listed speci-
fic polymers : where the specificities of the spontaneously ordered rigid chain polymers in the
glassy state are to he described. The mesomorphic polymers in glassy state are considered yet
as new materials, however, their number increases daily. Thus the question arises: which
structure represents the general properties of polymers (the structure of flexible chain polymers
or the structure of polymers with rigid chains or the structure of those with bulky side chains)?
Apparently the properties of the latter can not be extrapolated from the theoretical considera-
tions used in the case of flexible chain polymers.

The subject of the third paper (J. E. Herz, P. Rempp, W. Borchard : Model Networks ;
31 pages, 67 references) deals with the swelling and deformation of gels prepared from flexible
chains with a known length by adding branch points with known functionality and in a
well-defined number to them. The mode of the preparation of the model networks is described.
The structural changes during the swelling and those caused by mechanical deformation are
investigated by small angle X-ray scattering and by neutron diffraction (the Bragg formula on
p. 117 is erroneous! !) and these are examined as the function of the quality of the swelling
solvent and the density of the branch points (molecular weight of the flexible chain). The Tg
of the network is inversely proportional to the chain length. The modulus measured in the
deformed gels is a linear function of a power of the chain length. The value of the power is
determined by the quality of the solvent (0 or good solvent). The properties of the model
networks combined with swelling and deformation studies support the concept of high elasticity.

The paper presents a very useful method for the further investigation of rubbers and
rubber like behaviour of high molecular weight materials.

The fourth paper (R. Kitamura, F. Horii: NMR Approach to the Phase Structure of
Linear Polyethylene; 42 pages, 80 references) discusses the results obtained by the deconvolu-
tion of the measured broad line NMR spectrum of linear (high density) polyethylene. The
spectra resolved into three components with different breadth. The parameters of the broad,
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the narrow and the medium with line are very similar in polyethylene samples of different
molecular weights and temperatures. The relative weight of the three components depends on
the molecular weight and the temperature at bulk crystallized samples and fibers is, however,
independent of the temperature and the molecular weight of lamellas crystallized from solu-
tion, where even the narrow line has a very low weight. The line with medium breadth appears
parallel with the appearing of gamma relaxation by increasing temperature. Its relative weight
remains constant when beta relaxation as well as the appearance of the narrow line is observed.
When alpha relaxation is observed the characters of the lines differ from those observed at
lower temperatures. The authors conclude the PE consisted of different phases, their relative
amounts depend on the molecular weight and the temperature of bulk crystallized materials,
including fibers with different draw ratios. The lamellas crystallized from diluted solution have
only one phase which means that the structure of bulk crystallized materials can not be charac-
terized by the folded chain lamellas.

This isin agreement with other papers suggesting that the concept of folded chain model
widely accepted in literature needs strict criticism. The folded chain model was the only to
explain the observation on very thick lamellds grown from diluted solution, however, it seems
inapplicable to bulk crystallized materials and even less to modelling the structure of nonflex-
ible amorphous chain polymers. The presence of a medium breadth NMR line in the spectrum
suggests us to identify this phase as the nematic phase of linear polyethylene suggested earlier
by many authors.

The papers of this volume present very good review of the structural, the rheological
and the relaxation problems of flexible chain polymers in their different states (liquid —
Holzmuller, high elastic Herz et al., glassy Lipatov, and crystalline — Kitamura
and Horii) to all scientists and engineers interested in this field.

F. Cser

G. Deconninck: lntroduction to Radioanalytical Physics

Joint edition published by Akadémiai Kiad6, Budapest
and Elsevier Scientific Publishing Company, Amsterdam
1978, 242 pages

This book is the first volume of the Nuclear Methods Monograph series of the Journal
of Radioanalytical Chemistry and Radiochemical and Radioanalytical Letters. The editors are
identical with those of the periodicals mentioned. Drs. T. Braun and E. Bujdosé.

The main objective of the book is to describe the theoretical principles of nuclear reac-
tions induced by charged particles and high energy photons and to outline their possible
uses or chemical analysis, the practical realization of which was brought only by the techno-
logical achievements of the last decade. One may only welcome such an attempt to survey all
those nuclear methods which have extended the scope of radioanalytical techniques over the
classical neutron activation and tracer applications.

The book is divided into six chapters. Chapter 1 (34 pages) deals with kinematics, clas-
sification and mechanisms of nuclear reactions in general, and includes also a detailed descrip-
tion of reaction cross sections. Chapter 2 (26 pages) describes phenomena taking place in the
atomic shells following charged particle bombardment, that is ionization, X-ray emission,
secondary electron emission and related analytical applications (X-ray fluorescence, stop-
ping power, particle range and channeling effect measurements). Chapter 3 (35 pages) covers
elastic scattering of charged particles and the application of this technique in depth profile
analysis of surface layers and trace analysis. Chapter 4 (47 pages) is concerned with analytical
applications of nuclear reaction gamma-ray measurements. Methods, based on measuring both
prompt and delayed gamma photons induced by charged particle activation are discussed in
detail. A short description of the photon activation method is also given. Chapter 5 comprises
28 pages and describes analytical applications of detecting charged particles produced in (p, a),
(d, p), (d, a), (t, p), (t, @) and (p, n) reactions. This technique is particularly sensitive for light
elements and also suitable for profile analysis of thin surface layers. Activation analysis using
charged particles or photon induced reactions, the subject dealt with in the last (6th) chapter
(23 pages) seems to be in the author’s center of interst. This is shown by the entirely different
way of presentation as compared with the previous chapters, giving more analytically practical
points, more recent references, often to own papers, etc.
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Some 133 references, mostly from the period 1970 —75, help the reader to follow the
developments in more detail. “Solved problems” or “examples”, indeed, offer numerical fig-
ures as illustrations for the nuclear data, parameters and other quantities dealt with in the text.
The quality of graphical illustrations is satisfactory.

According to the author, the book “has been designed as a textbook for the use of scien-
tists of diverse scientific background ... ”, therefore, “prior knowledge of nuclear sciences is
not essential, apart from elementary courses on radioactivity.” From the point of view of an
analytical chemist, however, the approach adopted (excluding the final chapter) is rather
mathematical, and itis questionable whether the numerous complicated formulae given without
detailed derivation can be understood without previous or simultaneous quantuinmeclianical
and nuclear physical studies.

All in all, the book is supplying a deficiency indeed and contains a good deal of relevant
theoretical information, so it can be recommended as a textbook primarily for students of
courses on applied nuclear physics and chemistry. From this point of view, it is a pity that the
author did not undertake the pioneering work of presenting the material using the S. I. units.

T. Bereznai

H. Dachs (Eel): Neutron Diffraction (Topics in Current Physics, Vol. 6.)

Springer-Verlag, Berlin—Heidelberg —New York 1978
An offset printing on 357 pages with 138 pictures

This book, written by an international team clustered around the editor H. Dachs
covers almost every relevant field of the practical application of neutron diffraction (n.d.)
in structural research of condensed matter. Since the pioneering work of Wollan and Shull
(1946) n.d. has been used more and more frequently whenever the investigation of structures
of materials was difficult (e.g. localization of hydrogen atoms in crystal structures) or totally
impossible (e.g. study of solid state magnetism, localization of atomic nuclei, etc.) by means
of X-rays. This method has thus been developed into an important and powerful supplement
to X-ray investigations. The area of chemical binding has received a new impetus from the
union of X-ray and neutron diffraction. Neutron small angle scattering and the method based
on the deuteration of high polymers open new perspectives in protein research and in the biology
of macromolecules. Of equal importance is the application of n.d. is metallurgy and liquid
structures, as well.

A substantial and clear summary of the principles of n.d. in given by the editor in
Chapter 1 (pp. 1 40). He makes it clear that the readers are expected to be familiar with
X-ray diffraction and the interaction of neutrons with substances. For those who are not, prop-
er sources of knowledge (e.g. the known book of G. E. Bacon) are recommended. The pro-
duction and application of polarized neutrons (Chapter 2, pp. 41 69) are followed by the
description of “The study of charge density distribution in solids” in Chapter 3 (pp. 71 —111).
The substance of these very important (N-X and X-X) electron density calculations for
theoretical and modern structural chemistry is presented by P. Coppens with great skill.

In Chapter 4 (pp. 113—149) one can find a fascinating description of how magnetic
structures can be revealed by n.d. A comprehensive explanation and classification of Shubni-
kov groups helps to understand their important role in the study of magnetic momentsv
Topics of solid state physics known as “disordered structures, phase transitions and critical
phenomena” are compiled in Chapters 5 and 6 (pp. 151 242).

Chapter 7 (pp. 243—270) introduces the reader to the problems of molecular biology
from the aspect of a relatively new diffraction method in the analysis of fairly complicated
biological structures (e.g. viruses). G. Zaccai gives a good survey of the progress made so far
in this field with some hints at further possibilities.

The investigation of different sorts of liquids by means of neutron scattering is discussed
in Chapter 8 (pp. 271- 302). Several practical examples help to follow the developments in
this area. The last, Chapter 9 (pp. 303 —351) deals with the theory of dynamical neutron diffrac-
tion and its application (e.g. neutron topography, interferometry, etc.). Each chapter is accom-
plished by a list of useful references.

The reviewer is pleased to recommend this practical guide to the neutron diffraction
technique to all researchers, teachers and students interested in one or several possibilities of
its manifold application.

A. KALMAN
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D. I. Davies and M. J. Parrott: Free Radicals in Organic Synthesis,
Reactivity and Structure

(Concepts in Organic Chemistry, Vol. 7)

(Editors K. Hafner, C. W. Rees, B. M. Trost,J. M. Lahm,
P. von Ragué Schleyer and R. Zahradnik)

Springer Verlag, Berlin, Heidelberg. New York
1978, X 11 -f- 169 pages

The present book is a significantly supplemented version of a paper written by the
authors in 1975 under the same title, and it consists of 13 chapters. In Chapter I, a short general
survey is given (12 pages) on the preparation of free radicals and their reactions of different
types (Radical-Radical Reactions, Addition Reactions, Substitution, Fragmentation, Rear-
rangement, Oxidation), while in the following 12 chapters the reactions of free radicals suitable
for the preparation of members of various compound classes are discussed (Alkanes and
Alkenes, Aromatic, Heteroaromatic and Fluoroaromatic Compounds, Halogen Compounds,
Alcohols, Ethers and Hydroperoxides, Aldehydes and Ketones, Carboxylic Acids and their
Derivatives, Nitrogen-containing Compounds, Stable Free Radicals, Naturally Occurring and
Related Compounds). There is a list of references at the end of each chapter; the number of
references is 960, the latest dates are from 1976 and 1977. The book is also completed with
Author and Subject Indices.

The authors review several very useful data, positive and negative experiences (which
reactions of free radicals are used advisably, and which are not worth of experimenting in the
preparation of members of certain compound classes, or for the introduction of certain functional
groups); however, the limited space (on the average, chapters 2-13 consist of less than 12
pages each) did not allow the authors to be comprehensive ; rather illustrations of the synthetic
value of particular reactions are given.

An undisputed virtue of the book is that it strongly emphasizes and calls attention to
the importance of free radical reactions in preparative organic chemistry, which is - in spite
of several older monographs and comprehensive papers a very up-to-date task, in the re-
viewer’s opinion. Therefore, perusal of this book will be useful for many organic chemists.
It is another question, however, how many of them will use the volume systematically and
regularly. Most probably those who aim at the development of preparative methods based
on new reactions involving free radicals. For these chemists the data published and critically
evaluated in the present book will afford a good basis for the start, yet, the number of such
persons may not be very high. The great majority of synthetic organic chemists usually face
the task of finding the most suitable method for the introduction of a functional group into a
given skeleton. W hether this is done by free radical or other mechanism is of less importance
except when there is some reason, e.g., requirements in selectivity, which automatically excludes
the use of ionic reactions.

K. Lempert

Philipp Gutrich, Rainer Link and Alfred Trautwein:
Madssbauer Spectroscopy and Transition Metal Chemistry

(Inorganic Chemistry Concepts, Vol. 3.)

Springer Verlag, Berlin, Heidelberg, New York 1978. 280 pages

The monograph consists of 8 chapters and contains more than 500 references and
160 figures.

The 20th anniversary of the discovery of the Mdssbauer effect was celebrated by a
workshop organized by one of the authors (P. Gutlich) in April, 1977. The spectroscopic
method based on this effect has developed at an unparalleled rate and its application is con-
tinuously extending in chemistry, physics, metallurgy, biology, geology and other sciences.
The number of papers published yearly on topics of M&dsshauer spectroscopy is thousands, and
probably several dozens of monographs have been published only in the Russian and English
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languages, dealing with this method. Most of these books try to illustrate the possibly complete,
very wide field of applications of Mdssbauer spectroscopy, on the basis of more or less examples
and references. This aim can be achieved with more and more difficulties, hence it must be
regarded very useful that P. Gutlich and his co-authors describe the applicability of the
method only in a special, yet rather broad field, the chemistry of transition metals.

In the first five chapters of the book the physical fundamentals of recoil-free nuclear
resonance gamma absorption (Mdssbauer effect), the most important characteristics of Mdss-
bauer spectroscopy based on it and the techniques of measurement are discussed. The sixth
chapter introduces the interpretation possibilities of the Mdssbauer parameters of iron com-
pounds by means of several examples. It can clearly be felt when reading this chapter that
there is a chemist and a physicist expert in quantum chemistry, too, among the authors.
This chapter gives a lucid picture about the nature and importance of the information obtained
from the Mdssbauer spectra regarding the electron structure, chemical bonds and magnetic
properties, and on the quantum chemical apparatus required for the calculations starting from
these Mdssbauer parameters.

In Chapter 7, the literature dealing with the Mdssbauer spectroscopy of Mdssbhauer-
active transition metals other than iron, such as Ni, Zn, Ru, Hf. Ta, W, Os, Ir, Pt, Au, Hg
isotopes yielding stronger or weaker effects is given.

In Chapter 5, the authors present a group of M&dssbauer spectroscopic investigations on
transition metals (primarily on iron), which do not belong closely to the topics of chemical
structure investigation (solid-state reactions, frozen solutions, surface examinations, metal-
lurgy, aftereffects and biology). It seems that in this chapter the authors abandoned their
original intention to deal with a closer field instead of surveying the full scale of applicability
of Mdsshauer spectroscopy, and here they tried to show as much of the use of the method as
possible. This could, however, hardly be achieved, probably because of the limited volume of
the book : therefore, often only reference is made to the various problems. The list of references
attached to the subchapters is often longer than the actual text.

This chapter is suitable primarily for finding literature for the various topics.

In summary, it can be stated that the present book represents a monograph useful for
experts as well as for researchers engaged in related fields.

A. VERTES

Acta Chirn. Acad. Sei. Hung. 101, 1979
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ACTA CHIMICA

TOM 101—BbIN. 1—2

PE3IOME

MeTog BOCCTaHOBUTE/IbHOTO pasnoXXeHna opraHNYeCKnx COB,CI.I/IHGHI/IVI

n. MA3OP

Ecnu opraHuyeckue CoeaMHEHUs!, CoAepXKallue reTepossieMeHT, Nnogsepratb HarpeBy Co-
BMECTHO C METa/I/IMUeCKUM Ka/lMeM B BaKyyme, TO NpOTeKaeT HebypHasi peakuusi U retepoasne-
MEHTbI MOTYT 6biTb MpeBpaLleHbl B COOTBETCTBYIOLUME Ka/MeBble coednHeHus. lMocne B3auMo-
[eiicTBUSA cniaBa co CNMPTOM U BOAOI VOHbI OMNPeaenstoTca COOTBETCTBYIOLMM MUKPOAHAINTE-
YeCKMM MEeTOfoM. 3TOT METO/ MOXET 6biTb MCMO/Mb30BaH A/ MUKpOaHanM3a rasioreHoB, cepbl,
(hochopa, MblllibsIKa U METANIOB B OPraHUYecKUX COeAUHEeHMSIX.

(DOCCbI/IHVIMI/IHOBbIe Nnpon3BOAHbIE asibA0NMMpPaHO3 U3 asngocaxaBoB
M. KOBAY, N. MUHTEP, I. TOT, A. MECCMEP n ®. CETE

Peakuusa LUTayguHrepa gnsa auetvnanbao3nn asugoB 6blia pacrnpocTpaHeHa Ha Apyrue
asmgocaxapa M NpuMBOAUT K 06pa3oBaHnio (POCHMHMMMHOB caxapoB. XUMMUYECKOe U KOH(opma-
LMOHHOe noBefeHne (OCHUHMMUHOB ObIN0 M3YHEHO C MOMOLLbIO MX XapaKTepHbIX peakunin n
AMP cnekTpockonuu, COOTBETCTBEHHO.

CTpyKTypa rugpatvpoBaHHON NATUOKUCU CYypbMbl U MEXaHU3M
CENeKTUBHOM COpbUUM HATpUs
Nn.Ab. HAAb, I TEPEK NAb. ®OTU

Bbln paspaboTaH MeTof BOCMPOWM3BOAMMOIO TMOMYYEHUS TMAPATUPOBAHHOM NATUOKUCH
cypbMbl (HAP), ONTUManbHOrO0 KOMMYECTBA, a TakKXXe METO/ KOHTPO/NS KauecTBa KOMMeKca,
C TOW LeNbto, YTOBbI COPBEHT BbIAENAN HATPUIA 13 MHOTOKOMMOHEHTHbIX 06pa3LioB, aKTUBUPOBaH-
HbIX HEMTPOHaMK, C MaKCUMa/IbHOM CeNeKTUBHOCTLIO U ap(heKTUBHOCTLI0. Ha 0CHOBE AaHHbIX —
Cpeay Npounx Apyrux — aepusartorpagpuuecknx, MK cneKTpocKonuUeckux, peHTreHoangdpak-
LIMOHHBIX 1 MOFPYXKHO-Ka/IopUMETPUUECKUX U3MEPEHUIA BbII0 3aKMOUEHO, UYTO MEeXaHWU3M CBSi-
3bIBAHUS MOHA HATPUSI COOTBETCTBYET 3KBUBA/IEHTHON COP6LUN.

MoneKynspHoe Karcy/MpoBaHue NeTyuunx, NIErko OKUCSIHOLLMXCS,
HecTabu/IbHbIX AYLUUCTBIX BELLECTB C LMK/I0AEKCTPUHAMM

M. CENTNWN,N. CEHTE n 3. BAHKW-3NE]
Bblv NonyyeHbl KOMMEKCbl BK/IOYEHUA 25 pas/iMyHbIX AYLUMCTbIX BeliecTB (MpsiHble

BELLIECTBA PACTUTENLHOIO MPOMCXOXAEHUS U NleTyume Macna) ¢ /SUMKIoAeKCTPUHOM. CornacHo
pesynbTaTaM ra3oBO-XpOMAaTOrpagMuecknx WCCNefoBaHWi, cofepXKaHue 3PHEKTUBHOIO Be-



LLECTBA B KOMMJIEKCe BK/HOUEHWI cocTaBnsno 8—13%. McxoaHble KOMMOHEHTLI BCe BCTPOUINCH
B KOMI/IEKChI, B3AUMHOE OTHOLLIEHWE AYLUMCTbIX BELIECTB B KOMM/EKCE, C TOUKM 3peHNs NpaKTu-
YECcKOro MCMoJib30BaHUsl, B HE3HAUUTE/IbHOW Mepe OTK/IOHSETCS OT WMCXOAHOrO0 COOTHOLLEHUS
QYWNCTbIX BewecTB. akT KOMMIeKcoo6pa3oBaHnst MNOATBEPXKAANCA PeHTreHoang(paKLMOH-
HbIMWU WCCNEAOBaHUSMU, a TaKXe WCCMeJoBaHUAMU CTabUNbHOCTKU. [lornolleHne Kuciopoga
NO/lyYeHHbIMU KOMMeKCamm, U3MepeHHOe C MOMOLLbI0 TeXHUKKU Bap6ypra, cocTaBnsio 0Koso
10% OT MOr/OWEHUS KACMOPOAA UCXOAHBIMM YLUMCTbIM BELL,eCTBaMU. ApOMaTHbIe BELLLeCTBa He
MCNapsitoTCs M3 KOMIMIEKCOB BM/IOThL A0 Temnepatypbl 160°C, T. 0. B 06bIUYHbIX YC/OBUAX Xpa-
HEHUS NeTY4YeCTb, OKMC/EHME W PasfoXeHue Mo BAWSIHWEM Teria B 3HAUMTENbHOW CTeneHu
YMEHbLLAOTCS, M TeM CaMbiM MPOAYKT MOXET 6biTb COXPaHeH M UCMO/Mb30BaH B TeUeHue Mpo-
[O/IKUTENBHOrO BpemeHWU. KOMM/eKCbl apoMaTHbIX BELECTB — 3TO He3arpsi3HeHHble ¢ MUKPO-
OMONOTrNYECKOI TOUKM 3peHus], CTabubHble, CO CTaHAAPTHBLIM COCTaBOM, HeraGapuTHbIe, coxpa-
HAeMble B TeueHWe MPOAO/DKUTENIbHOrO0 BPEMEHW, Cpasy MCMosb3yemble AYLUMCTble MPOAyKTbl.
Bnarogaps BCEM 3TVM CBOICTBAM OHWM C YCMEXOM MOTFYT 6bITb MCMOMb30BaHbl B MULLEBON MpPO-
MbILLIIEHHOCTM.

Mpon3BogHbIe MOMNITUNEHT/IMKONA KaK KOMMJIEKCYIOLNE peareHTbl
N KaTanus ¢ nepeHocom ¢pasbl, IlI.

MoBefeHNe NPOM3BOAHBLIX MOMIMOKCUATINEHA B (ha30BbIX PaBHOBECUAX
YXMAKOCTb-XXMAKOCTb

N. TEKE, I'. T. CABO n K. LLOMOAWN-BEPHEP

ONs XapaKTepucTUKM 3PEKTUBHOCTM MNOMUIIMPOB B KAueCTBe COMEIKCTPArupyoLLmx
KaTann3aTopoB 6Gblfv NPOBe/eHbI U3MEPEHUsI PABHOBECUI XMUAKOCTb-XXWUAKOCTb. BblN0 f0Ka3aHo
UTO KOHEUHbIE FPYMMbl U CPEAHNIA MONEKYNAPHbIA BEC IMHEWHbLIX MOMU3MPOB OMNpeaensitoT ero
KaTa/IMTUYeCKylo CuUy B NepeHoce gasbi.

dnasoHongbl, XXXIII.

Peakunsa gnépommngoB 2’-(LLI-XanKoHOB C LUWKIOTEKANIAMUHOK.
CWHTe3 Xa/IKOHa3MPUAVMHOB N UX MpeBpaLleHmns

Ob. NUTKEW, T.MEWTEP, T. TATOHAW n P. BOFHAP

2-OWN-XankoH (la), AM6poMUabl XasKoHa (2a, b) a Takxke d-6poMXasikoH (3a) C LLUKIO-
reKCM1aMuHOM AatoT CMech Lmnc-(4a, b) U /NpaHC-a3pUaMHOB (7a, b). CoefyHeEHNE 7a He cTabub-
HO U CMOHTaHHO MpPeBPAaLLAeTCsl B TayTOMEPHbIA 3HAMUH (6a).

Peakumns 4a ¢ 0OCHOBaHVEM UM 06paboTKa 4b TPUPTOPYKCYCHON KMUCNOTOM MPUBOAUT K
06pa3oBaHUi0 aypoHa (9), a B3aMMofelicTB/E COeAMHEHUIA 6a N 7b C OCHOBaHMEM WK adupa-
TOM (pTOpMCTOro 60pa JaeT B KaUecTBe OCHOBHOIrO MpoAyKTa 3-LuKorekcunammHodnaBaHoH (11)

3KcnepuMeHTallbHble JaHHble MOATBEPAWIN MNPaBUYbHOCTb MeXaHW3Ma, MosiaraeMoro
paHee.

Crepeoxumundeckne mnccnegosaHma, XXXV. HacbuweHHble retepouukibl, XII.

CVHTE3 N CMEKTPOCKOMMYECKOe WUCCNeaoBaHWe UMC-TPUMETWAEH-, uuc- U
TpaHc-TeTpa- U NeHTameTwnieH-2, 3,5, 6-TteTparngpo-1, 3-okcasnH-4-0HoB

r.BEPHAT, ®. ®1ONEN,Ab. EPKOBUY n M. LULOXAP

M3 ync-2-rmgpoken-1-LmMKnoneHTaHKapboKeumnaa, a Takxe Lmc- u TpaHc-2-rugpokcm-1-
LMKnorekcaH- n 1-unknoneHTaHkapbokcammaos (la—e) ¢ NOMoLblO M-x0p6eH3angernga 6bim
nonyyeHbl 2-(N-xnopgeHnn)-u;c-5,6-TpuMeTnIeH-, L1C- U TpaHc-5,6-TeTpa- U NeHTamMeTUNeH-
2,3,5,6-TeTparngpo-1,3-okcasmH-4-0Hbl. B Tex >e cambiX YCA0BUAX [N/WHC-2-rngpokcn-1-



LMKIONeHTaHKapboKcamuy He faeT UMKIMYECKOro NpoayKTa. W3 npeablaylimx anmuukanyec-
KWUX 2-TUApPOKCU-1-KapboKcaMUAOB C MOMOLLBIO aleToHa WM afMUMKINYECKMX KETOHOB 6blin
noslydeHbl 2-3aMellieHHble TeTparuipooKcasvHOBble Mpou3BogHble (4a, b, 5a e€). Peakuus
2-rmapokcn-1-kapbokcamngos (la- €) ¢ napacopmanbaernioMm npuMBoAUT U 06pa3oBaHUIO
NPOM3BOAHbIX GMC-TeTparnagpoKcasMHoHa C MeTW/IEHOBbIM MOCTMKOM. Ha OCHOBe CMeKTpoB
AMP—H1 6bin1 ycTaHOBNEHbI MpeAnoYMTaeMble KOH(OPMaLuM LibIC-M30MePOB MOC/EAHMX CO-
eauHeHNiA. OBCYXAAI0TCA Pesy/bTaTbl MAcC-CNEKTPOrPafMUecKMX WCCNeAoBaHNA 3TUX COedu-
HEHWIA.

Peakuusi XpOMOHOUAOB C HYKNeOo(pUIbHBIMU peareHTamu, 1

Pa3pbiB MMPOHOBOr0 KO/bLj@ MPOM3BOAHbIX XPOMOHA B BOAHOM LLEMOYN

M. X¥YTA, B. CAEO, . NOPOAN n A. KLU

Bbin uccnegoBaH paspbiB KofbLa XPOMOHa, (hfaBoHa, M30(h/1aBOHa, 3-MeTUIXPOMOHA
N 3-heHOKCMXPOMOHA B BOAHON LLEMOYN.

PacKpbITre Ko/bLia HAUNHAETCA M303HTPOMUIAHBIM HYKe0(UIbHBIM NPUCOEANHEHNEM TUNA
AdN2, KoTopoe, B CBOK O4Yepedb, SABAAETCA CTYMeHbIO, NMMUTUPYIOLLE CKOPOCTb Mpouecca.
Kap6oHuoH (I1) 3aTem cTabunmsmpyeTcs B cornacum ¢ paBHoBecvem HI IV. KoHcTaHTa
CKOPOCTY paspbiBa KO/Mblia HaxoAuTCA B JIMHEWHOW KOpPensumMy ¢ KOHCTaHTON TepmoavHamu-
YeCKOro NPOTOHMPOBaHWA Kapb6oHWAbHOM rpynnbl Y-MMPOHOBOMO KOMbLa, YTO YKasblBaeT Ha To,
YTO 3/1eKTPOHHAsA MMOTHOCTb Ha C-2 CUMBbHO 3aBUCUT OT 3/IEKTPOHHOIO pacrpejeneHns B Kap-
60HUNBHOW rpynne.

CTepeoceneKTUBHbIA TMAPOreHo/In3 6eH3NNNLEHOBbIX aueTanein
TuNa guokcanaHa.

CWHTE3 Y4acTUYHO 3aMeLLeHHbIX NPOu3BOAHbIX raslaKTponupaHosnga

A. TUNTAK, N. AHOW W, M. UMPE u . HAHALIU

YacTMUHO 6eH3UIMPOBaHHbIE UM YaCTUYHO GEH3UIMPOBaHHbIE Y METUINMPOBaHHbIE MPO-
N3BOAHbIE a- U /i-D-ranakTonnpaHo3ngoB GbIIN MoMyYeHbl TMAPOreHOIN30M 3K30- U 3HA0-130Me-
poB 3,4-0-6GeH3unungeH-a- n /1-n-ranakTonMpaHo3ngoB. SK30-M30Mepbl Aat0T COOTBETCTBYHOLLME
3-  0-6eH3MN-4-rmapoKCU-NPon3BoAHbIE, B TO BPeMsi KaK ANs 3HA0-U30MepoB Obliv MOMYyYeHbl
4-  0-6eH3nN-3-rMapoKCU-aHanory Bo BCex cnyyasx. [ns ruaporeHonmnsa aletanei, cogepxatymx
He3aMeLLeHHYI0 TUAPOKCUIbHYIO Tpynny, nonaranacb M3oMepusaumsi B cnaboil cTeneHu, 3aBu-
csllasi OT BPEMEeHU MNPOTeKaHMs peakuuMu U M3bbITKa peareHTa. MeTog rugporeHonusa npea-
CTaBNsieT c060/ yA06HbIA NyTb ONpeaeneHnst 3K30- MM 3HA0-KOHDUIypaunin 6eH3NINAEHOBbIX
aueTaneld TMNa UoKcanaHa, Aaxe Mpy HIMUYUM UL OAHOTO K3 IBYX M30MEpPOB.

qDOTOGfIEKTpOI'II/B BOAbl NO/1IyNPOBOAHUKOBLIMW €1eKTpOoAaMK
T. TANKOLW W, N. MONbHAP, M. MAIb®U u P. LUWNNNEP

Bbin u1ccnenoBaH 3(h(eKT OCBELLEHWsI MoyNpoBOAHWUKOBBIX 3/1EKTPOOB B 3/1EKTPO/N3E
BOAbl. B KauecTBe BO3MOXHbIX (DOTOAKTUBHbIX 3/1EKTPOAOB GbIIN UCCNeA0BaHbI NMOYMNPOBOAHU-
KOBble BelecTBa CdS — Tuna-n, CdTe — TuNa-n U p U OKWCb Xenesa — Tuna-n. Namepsst ux
BO/IbTAMETPUYECKOE MOBE/IEHVE B 3aBUCMMOCTY OT COCTaBa 3/1IeKTPOMTA KaK Npy OCBELLIEHNM, TaK
1 B TEMHOTE, Ha6/110ja/0Cb YMeHbLLEHME TOKA 1 CMeLLiEHVe KPUBOI TOK-HaMpsieHne BCeacTBUe
nagatoLlero ceeta. bbiin onpeaeneHbl 3heKTbl MHTEHCUBHOCTU W A/IMHBLI BO/HbI CBETA Ha CTa-
6UNBLHOCTL 3N1eKTPoaoB. CdS n CdTe 6bICTPO KOPPOAMPYIOTCS, B TO BPEMSI KaK OKMCb XKefnesa
OKasanacb CTabu/bHbIM (POTOAHOAOM B 3/1€KTPONN3e Bofbl. Ee aptheKTUBHOCTL NpeBpalleHns Ge-
/IOro CBeTa B 3/1EKTPUYECTBO paBHA 0K0/o 1%



Koppenaumsa mexay nonvnyeHMeM U KaTaanTUHeCKMMU CBOMCTBaMU
KaTanusatopa PtFe/Si02

n.ryuu, K MATYWEK, . MAPTUT®ANIBU, M. 3CTEPNE n ®. TUAN

OpraHometannunyeckuin [Pt(CH3)3Cl, o6o3HavaeMblii A] 1 MoHHbIA [Pt(NH3)i2 o0603Ha-
Yaemblii B] nnaTuHOBbIE KOMM/IEKChI 6blIM UCMO/b30BaHbI A1 MPUTOTOB/IEHNSI BLICOKO AuUchep-
rMpPOBaHHbIX MNMATUHOBbLIX KaTa/M3aToOpOB, HAHECEHHbIX Ha OKWCb a/loMUHMA. B cnydae A
KO/INYECTBO a/IKU/IbHOTO KOMI/IEKCA CU/IBHO 3aBUCUT OT 3KCMEPUMEHTA/IbHbIX YC/IOBUA, TaKmX
KaK pacTBOpWTE/Nb U MpefBapuTenibHasi 06paboTka HocuTens. B aaeT katanusatop ¢ 60/ee Bbl-
COKOW JUCMEPCHOCTBLIO U ¢ 60/1ee BbICOKOM METa/IMYecKoi 3arpy3Kkoid, Yem B ciydae A. Vcnonb-
3ysl pasfInyHble UCTOYHMKM NNATUHbI, MOXHO OKa3blBaTb B/IMSIHME He TOMIbKO Ha 4YMC/0 aTOMOB
MeTasn1a, Ho U NpUpofa 3TUX MeCT TaKXe 3aBUCUT OT MCMO/Ib3yeMOro Komrsiekca niatuHbl. Ans
NPUroToB/IEHUS BUMETA/IIMUYECKUX KAaTasiM3aTopoB 6bI1I0 MCMO/Ib30BAHO XKee30 B Pas/INUHbIX
thopmax, B pe3ynbTaTe 4ero 6bi1 paspaboTaH HewnyulwniA cnocob NpUroToB/ieHUs. Ha ocHoBe
TT—MC uccnegoBaHuin, cneKTpoB Méccbayapa, a TakKe XeMOCOPOLMOHHbIX UCCNeA0BaHWUA Obin
noslyYeHbl [0Kas3aTe/ibCTBA METa//IMYeCKOro B3aMMOAEMCTBUSI MeXAy [ABYMSI MeTannamu. Bbl-
na HalijeHa Koppensiuusi Mexay KoHLeHTpauwveli aToMOB MeTasila Ha NOBEPXHOCTU M CKOPOCTHHO
rMAporeHonm3a ataHa v H-6yTaHa. [lo6aBKY Xenesa BAUAIOT Ha BHYTPEHHIOK aKTUBHOCTb NiaTu-
Hbl, OlHAKO, 3HaYMTe/IbHble OTK/IOHEHUS OT 3TOr0 MOBeAeHMS HabMAaNUCh NLb NPU BbICOKMX
3arpyskax >esesa.

LUnknoagayktel gurngponunpaxa, Il

PeaKuy LMK/ONEHTAHOHIHAMMHOB C GEH3UNAEHKETOHAMM

Ob. OCBAX, . CABEO n M. E. BUTAWN

LLMKIONeHTaHOHIHAMMWHBI C 6eH3MINAeHALETONEHOHOM AAK0T aaayKThl TUNa Muxasns, B 10
BpeMsi Kak C 6eH3UNMAEHLMKIOreKCaHOHaMM — faXkKe B 0UeHb MATKUX YCN0BUAX — 06pasytoTcs
LMK/IONeHTanmpaHbl. 3aK/oUeHNsi 0THOCUTENIbHO MPOCTPAHCTBEHHOW CTPYKTYPbl MOFYT 6biTh
cAenaHbl, MCX0AA U3 NPOAYKTOB X FMAPON3a.

KoMnnekcHoe mnccnefoBaHWe MPOMeXYTOUYHbIX MPOAYKTOB PasfoxeHUs
napasofbgpamaTa aMMOHUS

Nn. BAPTA, Ab. AbAPMATW, B. A. KWW, T. HEMET, A. WANNTAMOH n T. CANTAN

CWHSIA OKUCb — MPOMEXYTOUHbIA NPOAYKT TEPMUYECKOr0 Pas/ioXeHUs napasosibgpa-
yata aMmoHua (APT ¢« 5H2) — 6blna uccnegoBaHa € MOMOLLBIO PEHTreHo-AMMMPaKLNOHHOIO
aHanusa, MK cnekTpockonuu, pH-MeTpuy MOHO06MEHHbIX PeaKLuin 1 N3MepeHNeM OKUCUTE b-
HO-BOCCTAHOBUTE/bHbIX MOTEHUMaNnboB. Bblna BaifeHa cBA3b MexAy (ha3oBbIM COCTOSIHUEM U
XMMUYECKUM MOBEAEHUEM.

YTBeprKaeAcsi MpuUCyTCTBUE TeTparoHalbHOM BOAOPOAHON 6GPOH3bI BOMb(pama M rekca-
roHasibHOWM, CMeLUaHHOW C aMMOHWNHOBOAOPOAHOM 6pOH3bI BOMb(pama; XMMWUYecKasi peakTuB-
HOCTb CUHEN OKMCU CBSA3aHa C HUMMK.

MccnefoBaHme NBOLIECCOB aTOMM3aL MM 010Ba B pasnnyHbIX aToMusaTopax
N B/INAHNE MeON

®. ' XAPWAHW, n. nonow vn 3. NYHrore

M3yyann npouLeccbl aToMM3aL My 0/10Ba B CMECSIX aleTWUeHa C JBYOKUCbIO a30Ta, BOfo-
pogda ¢ BO3yXOM W BOAOPO/A C a30TOM. Bblfio YCTAHOB/EHO, UTO XUMUYECKME peakuum, ¢ yuacTu-
eM BO/JOPOAHbIX PaAVKaOB, UTPalOT BaXHYIO POfib Npy 06pasoBaHnM CBOGOAHbLIX aTOMOB 0/10Ba.
BbIfI0 UCCNEA0BAHO BMSIHE MeHO MaTPULIbl U aHWOHOB Ha OMpefieNieHne 0/10Ba B rPagUTHON
neun. YCTaHOBW/M, YTO, €CIM O/I0BO MPUCYTCTBYET B BWAE X/I0pMAa, TO Meab KaTasmsvpyert
OKMIC/IeHNEe 0JI0Ba.



HoBble MeTOAbI KOHTPOMS B XMMWUYECKON KOXXEBEHHOW MPOMbILIIEHHOCTH. |
r. TOT, . BAWOA u B. MOLUA

PaccmaTpumBatoTcsl Takue MeTofbl KOHTPOA NPOM3BOACTBA, KOTOPbIE MOTYT 6bITb YCMELHO
MCMO/b30BaHbl B 30/IbHbIX LieXax G0/bLUMX KOXEBEHHbIX 3aBO/0B.

MMOHWXEHVE COflePXKaHUA TMAPaTHOM BOAbl ChIPbIX KOX, KOHCEPBUMPOBAHHLIX COJbiO,
conpoBoXaaeTcsl 60/ee TPYAHOV 3aMOUKOW HECMOTPS! Ha TO, YTO PACTBOPEHME COMN YCKopsieTcs.
LN KOHTPONA 3aMOYKM CbIpbIX KOX 60/iee NPUrofHbIM SBNSIETCS ONpeAeneHue comepXaHus
CyXOro Matepuana B KOXe, HeXe/ln paHee UCMOo/b3yeMblil, TaK Has., «MOUN/bHbIV BeC».

KOHTpoNb 0T30M1a BeAETCS Ha OCHOBE OMpenenHUst KoHUeHTpauunm Na2S, oTHoLLeHUs
SH : OH, HaTsXXeHUs ToMbs, a Takke aNPEKTOB AeCTPYKLMM BOPca U PacTBOPEHWsI Ge/KOB.

O6CYXXAaeTCs MPUCOEANHEHME Pa3/IUHbIX 30/bHbIX BELECTB, MU WX BbIMauuBaHue, a
Takxke 6blna MoslyyeHa 3aBUCMMOCTb MEXAY HaTshKeHWeM rofibs U noTepein 6enkos. MpuBog-
ATCA 3KCNEPUMEHTbI OTHOCUTENBLHO OCNA6/MeHNsT TaK Has. «XWMa/lMH» CIosi, a TakXKe ero MoJsHoi

[ECTPYKLUMUM B KOHLEHTPMPOBaHHbIX pacTBopax Na2S, uTo 04YeHb BaXKHO C TOUKU 3peHUS TOLLECTU
NINLEBOI CTOPOHbI MATKOK KOXW.

HoBeiLine AaHHble OTHOCUTE/IbHO peaKunn TVIOI'ICyI'IbiOHOBbIX
3(*JI/IpOB CO WeNOoYHbIMWN TasioreHngamm
A. NA3AP u 3. BUHKNEP
TvoncynbhoHaTkbl Noj BAUSHWEM FanonioB UM pojaHuaa HaTpus B AUMeTUNdopMaMim-
HOM pacTBOpe MNPeBPaLLAOTCA B AWUCY/IbMUAbI U HATPUEBYIO COMb CY/b(IOHOBOW KMCMOTbI. Me-
XaHW3M peakUyUM OMNWCLIBAETCA TPEMs MOC/efoBaTeNlbHbIMKM W MNapane/lbHbIMU - peakLmsamm

NOATBEPAAETCS NMTEPaTYPHLIMU JaHHLIMM U MOAENbHBLIMU SKCNepUMeHTaMu. MepBas peakuust -
3TO HYK/eo(UNbHOE pacluensieHne TUOMCY/Tb(OHATOB:

Ar—S02—S—Ar + NaX-—»Ar—S—X + Ar—SO02Na (1)

BTopasi peakuusi — 9T0 3/eKTPonNbHAs peakLmUsa MCXOAHOIo TUoNcyboHaTa ¢ 06pasoBaB-
wymea B peakuuu (1) cynbheHWIoBbIM COeAMHEHMEM:

Ar—S02—S—Ar + Ar—S—X * Ar—S—S—Ar + Ar—So02X (HI)

TpeTbs peakuusi — 3TO B3aMMOAENCTBME CyNbPUHATHOM CONX, 06pasytoLLeiics B NepBOil peak-
LuK, ¢ CyNb(OHUIOBLIM COeAMHEHUEM, 06pa3yHOLLMMCSt BO BTOPOM peakumn:

Ar—SO,X + 3Ar—SO.Na PATr-S02—S-Ar + Ar-SO.Na + NaX (1v)

KoHeuHble NpoayKTbl peakuun 06BeaeHbl).

MpYMeHeHNe TEPMO3/IEKTPUYECKOTO0 METOAA B MCCMEeA0BaHUN (ha30BbIX
MepexofoB COMel XUPHBIX KUCOT

T. MEW3EN, K. WENBEONbLA n N. POT
MpuBOAATCA HEKOTOpble NPUMeEPbI MPUMEHEHUST TepMO3aieKTpuyeckoro metoga. C no-

MOLLbH0 3TOF0 MeTo/a A/ COeaVHEHUI B CMeKTUYeCKol Me3oghase Gbinv onpefesneHbl N KauecTBeH-
HO MHTEPMPeTUPOBaHbI CreLyaibHble aHOMaMM NPOBOAUMOCTY 1 3(PEKT MEMOPUN.



%

MogennpoBaHue MPOLECCOB XMUAKO(PAZHOr0 OKUCEHNS YTIEBOAOPOAOB

L. TAN, . BOTAP, E. JAHOUW, N. XANAY, N. NYKAY, N. HEMELW u T. BUAOLM

LN onTUManm3aummn uccnefoBaHunii NPOLLECCOB XNAKO(MA3HOr0 OKWUCIEHWSI YT1eBoaopo-
[0B npeanaraeTcs MoAeNbHas npoueaypa. Mpoleaypa CMOHTUPOBaHA B TPEX YepHbIX KOPOKax.
HasHaueHMWe NepBoii KOPOGKM 3aK/THOHAETCS B OPUEHTUPOBOUHOWMHMOPMALMHA OCHOBE laHHbIX,
B3ATbIX M3 NWTepaTypsbl.

C60op AaHHbIX BeAeT HEMOCPeACTBEHHO K MIaHMPOBAaHMIO 3KCMEPYMEHTOB, BK/IHOUas Uccre-
[0BaHMe CYMMapHOro rpouecca, a Takke Cy6CMCTEM U 3/1EMEHTapHbIX MPOLIECCOB.

TpeTba Kopo6Ka OTHOCUTCA K KMHETUYECKU-MaTeMaTUUecKo 06paboTKe AaHHbIX, Noy-
YEHHbIX paHee.

OKwucneHne 3TUN6eH30M1a CAYXXUT NPOTOTUMNOM MOAENMPOBaHKS. PesynbTaTbl, 0Ny6IMKOo-
BaHHblE paHee B Pas/fMYHbIX XypHanax, CyMMUPOBaHbI.
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ELECTROCHEMICAL BEHAVIOUR
OF ETHYLENE GLYCOL AND ITS OXIDATION PRODUCTS
ON A PLATINUM ELECTRODE, V

EXPERIMENTAL STUDY OF ELECTRO-OXIDATION AND OXIDATION PRODUCTS
OF GLYCOLALDEHYDE AND GLYCOLIC ACID

Gy.lnzelt and Gy.Horanyil

(Department of Physical Chemistry and Radiology, E6tvés Lordnd University, Budapest,
ICentral Research Institute for Chemistry of the Hungarian Academy of Sciences, Budapest)
Received April 13, 1978

Accepted for publication August 24, 1978

The electro-oxidations of glycolic acid and glycolaldehyde were studied on
a platinized platinum electrode in M HC104 background electrolyte. Two steps may
be observed in the initial section of the steady-state potentiostatic polarization curves.
This feature was also displayed in the polarization curves of glyoxal and glyoxalic
acid, studied previously. By analogy, in the present case too it is assumed that the
occurrence of the steps may be explained in part by the inhibitory effect due to chemi-
sorption, and in part to a change in the depth of oxidation. The results of various
analytical methods led to the finding that a process involving a charge transfer of
2F per mol predominates at not too high potentials in the case of glycolaldehyde.
Consequently, mainly glyoxal with less glycolic acid is formed. With the increase of
the potential, oxalic acid is to be found in ever higher proportions among the products
in the solution phase, and at potentials corresponding to the second step carbon dioxide
will be the end-product of the reaction.

In the potential interval corresponding to the first step in the case of glycolic
acid, glyoxalic acid and oxalic acid are to be found in the solution, while at the poten-
tials corresponding to the second step the formation of carbon dioxide similarly comes
into the foreground.

In previous publications we dealt with questions of the oxidation of
glyoxal and glyoxalic acid [1—3]. It was assumed of both compounds that
they are intermediates of the total electro-oxidation of ethylene glycol, lead-
ing to oxalic acid and then carbon dioxide. In the present publication, in an
attempt to confirm the assumed oxidation scheme, we deal with a study of
the products formed in the electro-oxidation of glycolaldehyde and glycolic
acid, and with the polarization properties of these compounds.

The nature of the products, and the ratios of the different products,
may vary to a considerable extent with the electrode potential. To elucidate
the mechanism of the oxidation process, it appears indispensable to establish
the connection between the electrode potential and the change in the product
composition. Few data relating to this are available in the literature, and even
these cannot he regarded as free of contradictions. The difficulty is primarily
caused by the fact that compounds fairly similar in chemical behaviour must
be detected and determined in the presence of one another in order that the

1 Act Chim. Acad. Sei. Hung. 10191979
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steps of the oxidation may be identified. Accordingly, it was regarded as one
of our essential tasks to select or elaborate appropriate analytical procedures.

It must additionally be noted that earlier investigations [4—6] were
primarily directed towards the establishment of the main regularities charac-
teristic of the strong chemisorption of these compounds. The investigations
of such a nature were generally based on the assumption that the strongly
(irreversibly) chemisorbed molecules play a key role in the steady-state
oxidation processes. An ever increasing number of signs now indicate that the
strong chemisorption and the oxidation of the chemisorbed molecules is
probably only a parallel reaction pathway to the chemically well distinguish-
able process resulting in the inteimediates. The phenomena observed in the
oxidation of glyoxal and glyoxalic acid were interpreted in the previous
publication in this way. In the cases of oxalic acid and glycolic acid, experi-
mental evidence too is available with regard to well distinguishable reversible
adsorption [7, 8]. Overall, therefore, we tend to place the emphasis not on
what transformations the chemisorbed molecules may undergo, but on what
components appear in the solution phase. Naturally, it is still necessary to
take into account the literature data relating to the composition and trans-
formation of the strongly chemisorbed molecules, so that the reaction path-
way proceeding via chemisorption may be differentiated more clearly from
the other reactions.

Experimental

A. Electrochemical investigation methods

The polarization measurements were made as reported in earlier publications, in M
HC104 background electrolyte. For purposes of analysis the products were prepared in a cell
with a cylindrical platinized platinum main electrode, having a geometrical surface area
of 160 cm 2 The auxiliary electrode placed into the center of the cylinder formed by the main
electrode was selected so as to have a surface area about two orders of magnitude lower than
that of the main electrode. The main and auxiliary electrode compartments were separated
by a glass filter. Because of the low surface area of the auxiliary electrode, the reduction of
oxidation products possibly diffusing through the glass filter could not have been appreciable,
and hence practically only hydrogen evolved, on the auxiliary electrode during the anodic
polarization of the main electrode.

B. Analytical investigation methods

The methods employed for the detection and quantitative determination of the products
of the individual reactions are listed below.

(a) Oxalic acid

Oxalic acid’was'determined by the method reported previously [9].

(b) Glycolaldehyde

Glycolaldehyde was determined by the Fehling—Schoorl method modified in accor-
dance with our purposes [10]. This method in effect serves for the determination of sugars.
Glycolaldehyde is a compound essentially analogous with sugars, and it is known [11] to
give the Fehling reaction. In our case it had to be taken into consideration that ethylene glycol,

Acta Chim. Acad. Sei. Hung. 101, 1979



INZELT, HORANYI: ELECTROCHEMICAL BEHAVIOUR OF ETHYLENE GLYCOL 217

glyoxal, and glyoxalic acid are also present in the examined solution, in’addition to glycolalde-
hyde. Ethylene glycol and glyoxal do not give the Fehling reaction. In contrast, if the reaction
mixture is boiled in the usual manner, glyoxalic acid reduces the Fehling solution to a slight
extent, and its presence may therefore interfere with the determination. To avoid this, boil-
ing must be avoided. In our experience, in the case of glycoladehyde the reaction proceeds
rapidly at 40—50 QC, but glyoxalic acid reacts only very slowly at such temperatures. Simi-
larly as for sugars, a strict stoichiometric correlation cannot be established between the amount
of glycolaldehyde and the Cu2 precipitated, because of the side-reactions (e.g. the Cannizzaro
reaction), and it is necessary to prepare a calibration curve or a table. Accordingly, the deter-
mination was carried out as follows.

2—15 cm3 Fehling 11 solution (346 g potassium sodium tartarate and 100 g NaOH
dissolved in distilled water and the solution made up to 1 liter) was added to 2—15 cm3Fehling
I solution (69.28 g CuSOj * 5H2 dissolved in distilled water and the solution made up to 1
liter). An appropriately selected quantity (2—10 cm3) of the sample, neutralized with 1 Af
NaOH, was added to the reagent. The reaction mixture was heated mildly (40—50 °C). As
mentioned above, boiling was avoided, as any glyoxalic acid present also consumes the reagent.
(Otherwise, conclusions as to the glyoxalic acid content can be drawn from the difference
between the results given by the boiled and the mildly heated samples, but the determina-
tion of glyoxalic acid is less accurate, since, depending on the concentration, the efficiency
of this reaction is 10—30% compared to that for glycolaldehyde.)

The reaction mixture was quickly cooled to 25 °C, 1—5 g K1 was added, and the solu-
tion was acidified with sulfuric acid. The liberated iodine was titrated with 0.01 or 0.1 N
Na2S2 3 until the mixture was pale-yellow. After the addition of 2 ml starch solution, the
titration was continued until the blue colour had disappeared. By comparison with a calibra-
tion diagram similarly prepared, the glycolaldehyde concentration of the sample was obtain-
ed with an accuracy of 2—6%. The determination is not disturbed by ethylene glycol, or
by its other oxidation products (glyoxal glycolic acid, oxalic acid).

(c) Glycolic acid

Glycolic acid was detected by paper chromatography With ammonia - water - ethanol
(1:3:16) as developing mixture in ascending chromatography on Whatman-1 paper, glycolic
acid is well separated from the other components, and can be developed with 1% acidic KMn04
solution. A butanone - acetone - water - formic acid (40:2:6:1) mixture can also be employed
effectively in a descending chromatography procedure. Details on these procedures are to be
found in the literature [12].

(d) Glyoxal

A reaction described in the literature pi3) was utilized for the qualitative detection of
glyoxal. A little freshly sublimed o-aminophenol and CaO were added to a few drops of the
solution under examination. The presence of glyoxal was indicated by a red colour. With given
reagent and sample proportions, there is a possibility for a rough estimation of the concentra-

tion of glyoxal on the basis of the intensity of the colour, with the aid of a suitable comparative
series.

(e) Glyoxalic acid

The glyoxalic acid intermediate was isolated frem ereorg the oxidation products o
glycolic acid, in the form of its dinitrophenylhydrazone. 0.1 g dinitrcphenylhydrazine dissolved
in 10 ml of 50% sulfuric acid was added to a 10—20 ml sample, with a concentration of at least
10-2 mol/dm3 as regards glyoxalic acid. Depending on the glyoxalic acid concentration, a
yellow crystalline precipitate separated out after a shorter or a longer time. The melting point
determined after filtration, washing and drying was compared with the literature melting
point value and with the melting point of the phenylhydrazore precipitated from pure glyoxal-
ic acid. (The melting point of the phenylhydrazore precipitated from among the oxidation
products of glycolic acid was 193—195 °C and 192—194 QC for two different samples; that
for the phenylhydrazone prepared from pure glyoxalic acid was 192—194 °C: and the literature
values [14] were 190—200 °C.) In our experience, the solubility of the dinitrophenylhydrazone
of glyoxalic acid is relatively high, and there was therefore no possibility for the quantitative
determination of glyoxalic acid in the form of its dinitrepherylhydrozone.

1* Acta Chim. Acad. Sei. Hung. 101, 1979



218 INZELT, HORANYI: ELECTROCHEMICAL BEHAVIOUR OF ETHYLENE GLYCOL

Results

The technique used to record the polarization curves was the same as
that employed in the cases of glyoxal and glyoxalic acid [1—3]. Just as in
the previous investigations, the variation of the rate of oxidation with the
concentration was studied by increasing the concentration by addition of the
compound in question at each given potential.

A. Polarization properties of glycolic acid

Curve a in Fig. 1is the polarization curve of glycolic acid, recorded at
a given concentration with the stationary potentiostatic method. An appreci-
able difference is not observed in the natures and forms of the curves recorded
at different concentrations. Similarly to the electro-oxidation of other organic
substances, the shapes of the potentiostatic polarization curves are not in-
dependent of the direction of the recording, i.e. a hysteresis can be observed.
This is illustrated by curve bof Fig. 1. The cause of the hysteresis is the irrevers-
ible adsorption of oxygen. It is striking in curve b of Fig. 1 that in a wide
potential interval the rate of oxidation is practically negligibly small. From
this, the conclusion may be drawn that the oxidation of glycolic acid on the
already developed surface oxide layer is an inhibited process, and the proba-
bility of direct reaction of the surface oxides and glycolic acid is also slight.
The increase of the current at potentials more negative than 900 mV can be
explained unambiguously by the electrochemical reduction of the oxide layer.

Fig. 1. Polarization curve of glycolic acid (1.25x10 1 mol/dm3). Recording in direction of
(a) increasing, (b) decreasing potentials
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In contrast -with the two compounds investigated previously (glyoxal and
glyoxalic acid), a maximum can be observed on the polarization curve recorded
in the direction of increasing potentials. This phenomenon can always be
observed by the increase of the potential in the case of the oxidation of alco-
hols, because of the inhibitory effect of the ever more significant oxygen
adsorption. Accordingly, the appearance of the maximum cannot be regarded
as surprising, for in the case of glycolic acid (at least as the first step) there
can hardly be any possible alternative to the oxidation of the alcoholic hydroxy
group. The further rise in the polarization curve, following the maximum and
then the minimum, can be interpreted by the opening of a new reaction path.
In the following we shall examine only those phenomena which occur in the
potential interval prior to the maximum. In this section, two steps are to be
found on the polarization curve, similarly as in the cases of glyoxal and gly-
oxalic acid. For these compounds, the occurrence of the steps was explained
in that the increase of the potential leads to the removal of the chemisorbed
molecules exerting the inhibitory effect (step 1), and to a change in the depth
of the oxidation (step 2). It may be presumed that this is also the situation
in the case of glycolic acid, but this question can be decided only in the knowl-
edge of the change in the composition of the products with the variation of
the potential. Our examinations of this nature are reported in the folllowing
section. However, the similarity is manifested not only in the shapes of the
polarization curves, but also in the concentration-dependence of the oxidation
current. Figure 2 presents current (i) vs. concentration (C) curves recorded at
different potentials. When the related current and concentration values are
plotted in the form 1/i vs. 1l/c, as in Fig. 3, straight lines are obtained, i.e.
it may be concluded that adsorption conditions of Langmuir type prevail.

c«102 (mol dm 3)

Fig. 2. Variation of the rate of oxidation of glycolic acid with the concentration at different
potentials; (1) 600; (2) 700; (3) 800; (4) 900; (5) 1000 mV

Acta Chim. Acad. Sei. Hung. 101,1979



220 INZELT, HORANYI: ELECTROCHEMICAL BEHAVIOUR OF ETHYLENE GLYCOL

T (dm3mol‘1)

Fig. 3. Data of Fig. 2 plotted as 1/i vs. 1/c. (1) 600; (2) 700; (3) 800; (4) 900; (5) 1000 mV

B. Chemism of the oxidation of glycolic acid

It was earlier demonstrated [1] that, under the same experimental
conditions, of all the two carbon atom-containing oxidation products of ethyl-
ene glycol (with the exception of oxalic acid) glycolic acid is oxidized the most
slowly at potentials more negative than 800 mV. This also emerges from a com-
parison of the polarization curve given in the preceding section and the polar-
ization curves relating to glyoxal and glyoxalic acid, reported previously [1].

In the course of the oxidation of glycolic acid at 600—800 mV, various
amounts of glyoxalic acid and oxalic acid can be detected, depending on the
duration of the electrolysis. Above 800 mV, an intensive evolution of carbon
dioxide can be observed. The formation of carbon dioxide is also apparent
at lower potentials; in this case the phenomenon can presumably be attributed
to the total oxidation of the chemisorbed molecules, similarly as observed for
glyoxalic acid.

On the above basis, the reaction series

HOCHa-COOH — OHC-COOH — HOOC-COOH — 2C02

may be assumed for the complete oxidation of glycolic acid. To check this
assumption, the current yield referring to oxalic acid was examined at different
potentials. The electrolysis was continued for such a time that at most 5—10%
of the initial quantity of glycolic acid should undergo transformation. The
amount of oxalic acid formed in the solution was determined by the method
given in the Experimental section. The current yield referring to oxalic acid
is presented as a function of the potential in curve a of Fig. 4.
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E (mV)

Fig. 4. (a) Current yield referring to oxalic acid in the case of the oxidation of glycolic acid,
as a function of the potential, (b) Current yield referring to carbon dioxide during the oxida-
tion of glycolic acid, as a function of the potential

It emerges from the Figure that even at 600 mV oxalic acid is formed to
a considerable extent. At the same time, the dinitrophenylhydrazone of glyox-
alic acid can also be precipitated from solution with dinitrophenylhydrazine.
In essence, therefore, the situation is that a part of the glyoxalic acid formed
is converted fairly rapidly to oxalic acid. This is otherwise in agreement with
the fact that at the potentials in question the rate of oxidation of glyoxalic
acid is higher than that of glycolic acid.

At 800—900 mV, however, the current yield referring to oxalic acid
decreases significantly. A similar phenomenon was observed during the study
of the oxidation of glyoxalic acid [2, 3]. In the case of glyoxalic acid the current
yield referring to oxalic acid at 600 mV was 90—95%; above 750—800 mV
this became smaller and smaller with the increase of the potential. The pheno-
menon can be explained clearly by the oxidation of oxalic acid. It is obvious
that this is also the situation in the case of glycolic acid. All this is well illus-
trated by the potential-dependence of the current yield referring to carbon
dioxide, shown in curve b of Fig. 4.

C. Polarization properties of glycolaldehyde

Figure 5 presents a polarization curve recorded at relatively high glycol-
aldehyde concentration. Here too the phenomenon of hysteresis is exhibited.
Two steps are again to be found before the maximum in the polarization curve
recorded in the direction of increasing potentials. The existence of the max-
imum at the same time permits the conclusion that the oxidation of the
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Fig. 5. Polarization curve of glycolaldehyde (2X 10— mol/dm3) recorded in the direction of
(a) increasing, (b) decreasing potentials, (c) polarization curve at a concentration of
2X 10-2 mol/dm3

—CH20H group too plays a role in the reaction, i.e. it is not probable that the
oxidation is restricted exclusively or primarily to the aldehyde group. In the
case of glycolaldehyde the shapes of the polarization curves are by no means
independent of the concentration. This follows from a comparison of curves a
and cin Fig. 5. The definite appearance of the two steps can be observed only
at concentrations much higher than 10~2 mol/dm3. At lower concentrations
a comparatively long plateau is obtained instead of the second step in a wide
potential interval, i vs. ¢ and 1/i vs. 1/c curves recorded in this concentration
range are presented in Figs 6 and 7. These curves do not differ as regards their
natures from those presented for glycolic acid, and the 1/i vs. 1/c plot is again
linear to a good approximation.

D. Chemism of the oxidation of glycolaldehyde

In the oxidation of glycolaldehyde we are primarily faced with the prob-
lem that the first step of the oxidation may occur in two ways, as illustrated
in the following reaction scheme:

aI,,OHC-CHO \V €
HOCH2-CHCF HOO€E-CHO

410CH,,-COOIF
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2 4 6 8 1012 14 16 18 20
¢»103 (mol dm"3)

Fig. 6. Variation of the rate of oxidation of glycolaldehyde with the concentration at different
potentials; (1) 600; (2) 700; (3) 800; (4) 1000 mV

Fig. 7. Data of Fig. 6 plotted as 1/i vs. 1/c; (1) 600; (2) 700; (3) 800; (4) 1000 mV

Reaction steps 5 and 6 have already been examined in the present and previous
publications, and there is no doubt as to their reality. We also know that
the rate of transformation via reaction 5 is higher in general than that via
reaction 6. We were unable to develop a suitable procedure for quantitative
examination of the products, i.e. for quantitative determination of glyoxal
and glycolic acid. By the tests described in the Methods section, however, it
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was established that both glyoxal and glycolic acid are formed in the course
of the reaction. As already mentioned, with the aid of an appropriate calibra-
tion series there is a possibility for the estimation of the amount of glyoxal
formed, on the basis of the intensity of the colour produced in the o-amino-
phenol test. Conclusions may also be drawn as to the quantity of glycolic acid,
on the basis of the paper chromatographic analysis. Overall, it could be estab-
lished that step 3plays a substantially greater role than reaction 4 in the trans-
formation. A comparison of the polarization curves reveals that the currents
measured in the oxidation of glycolaldehyde are generally larger than those
found in the case of glyoxal, and substantially larger than those determined
for glycolic acid. Clearly, this can only be explained in that the sum of the
rates of steps 3 and 4 (i.e. predominantly the rate of step 3) is larger than the
rates of the subsequent reactions, i.e. the initial section of the polarization
curve of glycolaldehyde reflects the rates corresponding to reaction steps 3
and 4. To prove this, we made a study of the variation (decrease) of the glycol-
aldehyde concentration as a function of the charge passing through the system.
The average charge necessary for the transformation of 1 mol glycolaldehyde
can de determined from the experimental data. It emerged that in the potential
interval of 600—700 mV the consumption of an average charge of only 2.2 —
2.4F per mol must be reckoned with, even if some 30 —50% of the initial quan-
tity of glycolaldehyde undergoes transformation.

In these experiments the variation of the concentration of oxalic acid
was also examined. It was found that with the increase of the potential an
increasing, but relatively slight extent of oxalic acid formation too may be
observed. Naturally, it is also necessary to take into account the formation
of the other intermediates between glycolaldehyde and oxalic acid. (As already
mentioned, glyoxal and glycolic acid can be detected in the liquid phase.)
In addition, the total oxidation of the strongly chemisorbing glycolaldehyde
also plays a role, as indicated by the similarly slight evolution of C02. When
all this is taken into consideration, the utilization of a charge of 2.2 —2.4F
per mol clearly points to the decisive role being played by a reaction involv-
ing a charge transfer of 2F, and this can only be the formation of glyoxal or
glycolic acid. It was mentioned previously that the proportion of glycolic
acid formation is subordinate to that of glyoxal. These results were obtained
at comparatively low initial glycoladehyde concentration (a few times 10~2
mol/dm3), i.e. when the second step has not yet appeared on the polarization
curve.

Discussion

The experimental results permit the statement that the reactions exam-
ined proceed in a stepwise manner, and that all of the chemically well defined
intermediates containing two carbon atoms appear in the solution phase.
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At all events, it may be concluded from this observation that the desorption
of the individual compounds (at least in the instants immediately following
their formation) is not a greatly hindered process. It is also known that these
compounds (with the exception of oxalic acid and glycolij acid) may be strongly
chemisorbed on the surface of platinum, and both their chemisorption and the
oxidation of the chemisorbed molecules result in a much more extensive
conversion than might justify the appearance of the products with lower
degrees of oxidation in the solution phase.

This contradiction can only be resolved if the chemisorption and the
chemical transformation are conceived of as parallel processes; both reactions
can be regarded as taking place via a common, weak adsorption state, similarly
as in the interpretation of the oxidation of methanol and its oxidation products
[15]. The two steps appearing on the polarization curve in the oxidation of
glycolic acid may be explained in essentially the same way as was done in
the case of glyoxalic acid. It was found above that in the potential interval
corresponding to the first step the reaction sequence predominantly occur-
ring is

HOCH2-COOH -U OHC-COOH -U HOOG-COOH.

The fact that the rate of oxidation of glycolic acid is lower than that of gly-
oxalic acid indicates that the rate constant characterizing step 1 in this scheme
is smaller than that for step 2. It also follows from this that even in the case
of relatively low glycolic acid conversions an appreciable’ amount of oxalic
acid is formed. One part of the glyoxalic acid formed from glycolic acid passes
into the solution by means of desorption and diffusion, while another part is
further oxidized to oxalic acid. As the steady state is approached, the glyoxalic
acid concentration must increase (assuming that the concentration of glycolic
acid may be regarded as practically constant), and it then becomes constant
in the steady state. It is probable that the steady state was still fairly distant
during the investigations relating to the current yield, for in the opposite case
higher values should have been obtained for the current yield referring to
oxalic acid. At any event, it emerged that the current yield referring to oxalic
acid does not depend on the potential in the potential interval of 600 —800 mV,
i.e. the ratio of the rates of steps 1 and 3 did not vary with the potential either.
The appearance of the first step in the oxidation of glyoxalic acid was explained
in that the rate of removal of the strongly chemisorbed molecules which are
formed in side-reactions from glyoxalic acid and which inhibit the main reac-
tion depends on the potential. On the other hand, the rate of the glyoxalic
acid — oxalic acid transformation was regarded as practically independent of
the potential. Since primarily glyoxalic acid is formed from glycolic acid,
the inhibitory effect of chemisorption must be displayed even if glycolic acid
were otherwise to have only aslight tendency to undergo strong chemisorption.
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The reason why this must be emphasized is that, as already mentioned, tracer
adsorption measurements relating to glycolic acid, carried out at low concentra-
tions, indicate that reversibility can be observed in its adsorption, at potentials
at which the oxidation of glycolic acid does not occur [8].

Similarly as for glyoxalic acid, the appearance of the second step here
too is connected with the fact that carbon dioxide will increasingly be the
end-product of the oxidation at the potentials corresponding to the second
step, i.e. the oxidation of oxalic acid plays an ever more important role.

Reference is made to earlier publications [2, 3] with regard to how the
main tendencies observed in the occurrence and shapes of the steps can be
interpreted on the basis of the above considerations.

In the case of glycolaldehyde, it must primarily be taken into account
that in a wide potential interval, particularly at low glycolaldehyde concen-
trations, the rate of the first step of the reaction, resulting in glyoxal (or gly-
colic acid), is substantially higher than that of any of the subsequent reaction
steps. The experimental data showed that even in the case of comparatively
prolonged polarization the charge passing through the system per mol of
reacted glycolaldehyde does not differ greatly from 2F. Accordingly, the second
step does not appear on the polarization curve at low concentrations, for the
participation of the oxalic acid — carbon dioxide transformation in the mea-
sured current is then not too significant, even above 750—800 mV. The ap-
pearance of the second step with the increase of the glycolaldehyde concentra-
tion can be explained in that the increase of the rate of the first reaction step
automatically results in an increase in the surface concentrations of the inter-
mediates, and at the same time in the rates of conversion of the intermediates.
Naturally, this also refers to oxalic acid and to the oxalic acid — carbon
dioxide transformation. On the basis of this consideration, it must also be
assumed that the rates of conversion of the intermediates increase to a greater
extent than that of the first reaction step.

In agreement with the earlier findings, the first step to be observed in

the polarization curve of glycolaldehyde may be explained by irreversible
chemisorption [2, 3]. Overall,the scheme on page 227 maybe given for the full
oxidation sequence starting from glycolaldehyde.
For the reasons already mentioned, chemisorbed forms were not assumed in
the cases of oxalic acid and glycolic acid. Because of the linearity of the 1/i vs.
1/c curves, it may be assumed that one adsorbing molecule does indeed take
part in the reaction, and that (similarly as previously) conditions of Langmuir
type hold for the adsorption.

It can be seen that for both glycolaldehyde and glycolic acid kinetic
relations may be given which are in principle of the same type as those written
for glyoxalic acid in our earlier publications. Attention must be drawn to the
difficulty that the adsorption displacement effects of the different components
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Solution
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on one another cannot be taken into account, while the possible variation in
the adsorption of the individual components with the potential can no longer
be neglected completely. The clarification of the roles of all these factors may
form the subject of further investigations.
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The electro-oxidation of ethylene glycol was investigated in acidic medium on
a platinized platinum electrode. In contrast with the earlier literature reports, it was
established that glycolaldehyde is formed in the first step of the oxidation reaction,
and the current yield relating to glycolaldehyde can attain even 70—80% at not too
high positive potentials. The further oxidation of glycolaldehyde results in glyoxal,
glyoxalic acid and oxalic acid. On the basis of these findings, it is necessary to modify
the earlier conceptions regarding the mechanism of oxidation of ethylene glycol. With
the utilization of the earlier results relating to the oxidation of the oxidation derivatives
of ethylene glycol, the shapes of these potentiostatic polarization curves were explained
in that the dehydrogenation reaction resulting in glycolaldehyde does not depend on
the potential of the electrode, whereas the coverage referring to the chemisorbed mole-
cules formed in the side-reaction, i.e. the magnitude of the surface area available for
the reaction, does depend on the electrode potential.

Experimental results were reported earlier [1—5] in connection with the
electro-oxidation and electro-reduction of two carbon atom-containing oxida-
tion derivatives of ethylene glycol (glyoxal, glyoxalic acid, glycolic acid, glycol-
aldehyde) in acidic medium on a platinized platinum electrode. An experi-
ment was also performed in an attempt to interpret the phenomena observed.
It was assumed that the compounds examined feature among the intermediates
of the oxidation of ethylene glycol resulting in carbon dioxide. In the earlier
work we succeeded in confirming that every compound with a higher degree
of oxidation appears in the course of oxidation of a compound with a lower
degree of oxidation, i.e. the oxidation proceeds stepwise, in a series of elemen-
tary steps.

On this basis, therefore, it would be expected that glycolaldehyde should
he formed as the first step in the electro-oxidation of ethylene glycol, and that
it should also appear in the solution phase. However, this expectation can by
no means be reconciled with the view widespread in the literature.

The literature relating to the oxidation of ethylene glycol can automat-
ically be divided into two parts, depending on whether the investigations were
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carried out in acidic or in alkaline medium [6—11]. We are interested in the
examinations performed in acidic medium. In connection with the applica-
tion of an alkaline medium, it should be mentioned here only that the liquid-
phase transformations of the intermediates of the electro-oxidation may disturb
to aconsiderable extent study of the process occurring on the electrode. Such a
transformation, for instance, is the intramolecular Cannizzaro reaction of glyoxal

CHO CH2H
| + H20 — |
CHO COOH

which proceeds even at room temperature. We must discuss primarily the
investigations by Bagotsky' et al. [6] and Vijh [7] relating to the oxidation
of ethylene glycol in acidic medium on a platinum electrode. Bagotsky et al.
state that the first step in the oxidation of ethylene glycol is a chemisorption
process accompanied by the splitting-off of four hydrogen atoms, which they
described with the equation

HOCH2-CH20H + 4* >HO-C-C-OH + 4H
** *%*

in which * denotes the surface sites. Glyoxal was detected in the solution phase
in the course of the oxidation, and this was considered to be in accordance
with the above chemisorption mechanism. Vijh too is of the view that glyoxal
is the lowest oxidation state that can he detected in the solution phase, and
he therefore regards it is probable that ethylene glycol is bound to the surface
of the platinum by both of its carbon atoms simultaneously, and that the for-
mation of glycolaldehyde does not occur. As regards the higher oxidation
states, only the presence of oxalic acid was demonstrated with absolute cer-
tainly in the solution phase.

Vijh examines the possibility of various mechanisms, but comes to the
conclusion that occurrence of the chemisorption reaction proposed by Bagots-
ky can not be excluded in any of the cases. In our view this finding is by no
means a sound one, for it is difficult to justify the appearance of glyoxal in
the solution phase of the chemisorption proceeding as the first step of the
reaction even is accompanied by a degree of oxidation equivalent to the for-
mation of glyoxal. The appearance of glyoxal could only be explained in that
the strongly chemisorbed molecule is nevertheless capable of desorbing from
the surface. Vijh gives a scheme which he considers to be in agreement with
the results of both his own kinetic studies and those of Bagotsky et al. He
assumes the following steps for the actual oxidation:

Pt+ H20 i; PtOH + H+ + e
PtOH + PtC products.
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The notation PtC means the chemisorbed surface complex produced by the
loss of four hydrogen atoms. It is obvious that the oxidation of a complex
from which four hydrogen atoms have already split off cannot result in glyoxal.
Hence, we do not know what the expression “products” in the right-hand
side of the equation actually means.

In addition to the above objections, attention must also be drawn to the
fact that we cannot be certain that glycolaldehyde was actually not formed in
the experiments of Bagotsky etal. and ¥YuH. Their publications do not contain
sufficient information as to the methods they used to he sure of this. As they
employed a bright electrode with a low surface area, the quantity of products
could not have been too high even in the event of comparatively long electroly-
sis times, i.e. there must have been appreciable difficulties in the detection of
the individual components. From the fact that the concentration of some as-
sumed intermediate in the solution phase does not achieve the lower limit of
detectability attainable with a given analytical method, it can certainly,
not be concluded that the reaction does not take place via this intermediate

It is clear to see that the possibdity of formation of glycolaldehyde must
of necessity be excluded if it is assumed that the first step of the oxidation
reaction is chemisorption accompanied by the splitting-off of several hydrogen
atoms. Detection of the various intermediates in the solution phase is therefore
the key question from the aspect of the investigation of the mechanism of the
oxidation. In an earlier publication we have already discussed the main
questions connected with the oxidation of glycolaldehyde. Accordingly, in
the present paper attention must primarily be devoted to the detection of
glycolaldehyde among the oxidation products of ethylene glycol, or to dem-
onstrating convincingly that it is not formed.

Results

The electrochemical methods employed were the same as described in
our previous publications. Reference is made to these too with regard to the
methods used to determine glycolaldehyde and oxalic acid, and to detect
glycolic acid and glyoxal [2—5].

Figure 1 presents polarization curves of ethylene glycol, recorded at
various concentrations. The Figure reveals that at not too low concentrations
a definite maximum appears in the polarization curves; this is generally char-
acteristic of the curves observed in the case of alcohols, and its appearance
can be explained by the inhibitory effect of oxygen adsorption. Similarly in
the case of high concentrations, a break too may be observed well before the
maximum in the polarization curve. The two steps occurring for the compounds
examined previously [2—5], therefore, can be observed only in this distorted
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Fig. 1. Polarization curve of ethylene glycol in M HC104base electrolyte at various concentra-
tions. (1) 5x10-3; (2) 2.5X10“2 (3) 10“1; (4) 3.6xH 1* mol/dm3 "'

form in the case of ethylene glycol. At low concentrations the maximum can
already be observed only very diffusely, and there is no trace at all of the
appearance of the step. Observations of such a nature were also made in the
case of the oxidation of glycolaldehyde [5].

Before we turn to further considerations connected with the polariza-
tion curves, an answer must be given above all to the question touched on
above: Just what oxidation products are formed, and is glycolaldehyde ob-
tained or not?

Even the first qualitative results led to the finding that the formation
of a significant amount of glycolaldehyde must be reckoned with in oxidations
in the potential interval 550—700 mV. On this basis, the quantity of glycol-
aldehyde formed in the course of the electrolysis was determined at various
potentials, care being taken that conversions higher than the transformation
of 5—10% of the ethylene glycol in the solution should not be reached, and
that the concentration of the intermediate formed should not be too high.
The current yield values referring to the glycolaldehyde are given in Table I.
As these tabulated data show, at low potentials (575, 625 mV) the charge
passed through the system is largely devoted to the transformation of ethylene
glycol to glycolaldehyde. At higher potentials glyoxal and oxalic acid too
are obtained in ever greater amounts, and the appearance of glycolic acid
can also be observed. The situation is the same in the event of prolonged
electrolysis. All this indicates, however, that primarily glycolaldehyde is formed
on the oxidation of ethylene glycol, and the glyoxal appears only as a re-
sult of the further oxidation of the glycolaldehyde. In principle, of course, it
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Table 1

Currentyield referring to glycolaldehyde as afunction ofthe potential in the oxidation o fethylene glycol

Potential (mV) Current yield (%)

57 85
625 75
675 63

cannot be excluded that the reaction path assumed in the literature exists,
in the course of which four hydrogen atoms split off simultaneously from the
ethylene glycol adsorbing and chemisorbing on the surface, with the formation
of glyoxal; however, because of the experimentally found high current yield
referring to the glycolaldehyde, the role of this can only be a subordinate one.

At any event, it may be stated that in the case of the oxidation of ethyl-
ene glycol primarily only one of the —CH20H groups reacts, and following
this reaction, depending on the potential and the experimental conditions,
the glycolaldehyde formed either diffuses into the solution or is further oxidized
to various extents on the surface of the electrode. As a result, all of the inter-
mediates up to and including oxalic acid which have previously been dealt
with [2—5] appear in the solution.

From the experimental results presented above and in our earlier publica-
tions, the conclusion must be reached that all those intermediates postulated
to occur [1] are formed in the oxidation of ethylene glycol. This scheme was
as follows:

OHC-CHO

HOCH2-C H 20H-"-> OHC-CHZOH\( 7HOOC-CHO->
3VHOOC-CH20 H /5
HOOC-COOH-~ CO2
It is characteristic of this scheme that the intermediates are formed stepwise.

In a stationary state the following equalities must hold for the individual
part-currents (i):

The experimental observations permit the conclusions that
i2 > i3 and i4>-i5.

The stationary state naturally means that the concentration is constant as
regards every component featuring in the series of reactions. dc,/dt ~ 0,
where c, is the concentration of the i-th component. Since this state is very
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difficult to attain, and different stationary concentration ratios should hold
at each different potential, strictly speaking a true stationary polarization
curve cannot be obtained, for the concentrations of the intermediates (or some
of them) in the solution increase because of the diffusion from the surface of
the electrode.

To return to the polarization characteristics of ethylene glycol, it may
be stated that essentially the same type of regularities are observed as for
the compounds studied earlier. Thus, the concentration-dependence of the
polarization current (Fig. 2) can be linearized in the plotting 1/i vs. 1/c, just

¢*102 mol»dm'3

Fig. 2. Concentration-dependence of the current at various potentials. (1) 600; (2) 700; (3)
800; (4) 900; (5)31000 mV

as in the previous cases, as can be seen in Fig. 3. It emerges from the foregoing
that, particularly at potentials more negative than 750 mV, the polarization
curve essentially reflects the transformation of ethylene glycol to glycolalde-
hyde. At low concentrations and thus at low reaction rates, i.e. even at higher
potentials in the case of low rates of formation of the intermediates, the forma-
tion of glycolaldehyde is faster than the rates of further oxidation of the inter-
mediates, and primarily oxalic acid. This is presumably the explanation for
the plateau-like section in polarization curves recorded at low concentra-
tions.

As already mentioned, such sections can also be observed in the polariza-
tion curve of glycolaldehyde. It was seen in the previous cases that the rate
of the dehydrogenation reaction does not depend on the electrode potential.
The rise occurring in the polarization curves at above 750 mV in the cases of
glyoxalic acid, glyoxal, glycolic acid and glycolaldehyde oxidations could be
explained in that the rate of oxidation of the oxalic acid formed in the series
of reactions depends strongly on the potential. A step therefore appears only
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if oxalic acid is formed at an appreciable rate, and its further oxidation also
takes place. This can only be reckoned with if the first reaction steps too proceed
at high rate, i.e. in the case of relatively high ethylene glycol concentrations.
Since the oxalic acid —»carbon dioxide transition forms only a small part of
the overall oxidation transformation (a charge of 2F compared to a charge
of 10F for the total oxidation), if a step-type increase appears at all it will be
a fairly diffuse one.

Fig. 3. Relation between 1/i and 1l/c at various potentials. (1) 600; (2) 700; (3) 800; (4) 900;
(5) 1000 mV

The section of the polarization curve preceding 750—800 mYV is naturally
to be interpreted in the same way as for the compounds investigated previously,
i.e. in this range it is the rate of chemisorption or of oxidation of the chemi-
sorbed molecules which, by regulating the number of free surface sites avail-
able, governs the rate of the ethylene glycol —mglycolaldehyde transformation
not dependent on the electrode potential. If the train of thoughts employed
in the earlier publications is followed [3—5], with the assumption that only
the ethylene glycol —glycolaldehyde transformation need be reckoned with,
the following reactions may be taken into consideration:

Liquid phase Adsorption phase

HOCH2-C H 201l al"mp't (HOCH2-C H 20H)a ,bemi°>-—V X
j oxidation

HOCH2-CHO . (HOCH2-CHO)a
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From consideration of this reaction scheme, if the coverage relating to the
product may be neglected (a condition that the concentration of glycolaldehyde
in the solution should be low), the rate of adsorption of ethylene glycol is

wt = ktc(l - 0 k-0e), (1)
where 0 k and 0e are the coverages relating to the chemisorbed and weakly-
bound molecules, respectively, and c is the concentration of ethylene glycol

in the solution.
The desorption rate is

Wd=*dO0e. @)

The rate of formation of the chemisorbed molecule from the weakly-
bound one is

MK = fcroe o 3)
The rate of oxidation of the chemisorbed molecule at a given potential is

4 - Kk\]Jow. 4)
The rate of oxidation of the weakly-bound molecule is

wl = klOe . (5)

If the considerations employed in [3] are applied, we obtain the relation

twh — KKC — 1 BC (6)
kd+ (! + p)Kc 1+ BC
in which
i gnd R (1 + p) k¥ )
1+p foel
and
BK _ K
. (8)
P~ ©a “

It follows from eq. (6) that, in the plotting 1/w vs. 1/c, a linear correlation
exists between the rate of oxidation and the concentration, i.e. a correlation
in accordance with the experimental results is obtained. Similarly, if the train
of thoughts outlined in [3] is applied to the potential-dependence of the rate,
we obtain a relation of the type
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1+Kc 1+ exp [6'(E- EQ)]’
Yc
where Q and bp are constant, and Eg — — In (Y = constant). At low
K 1+Kc¢

ethylene glycol concentrations, the shape of the polarization curve can indeed
be described approximately by a curve of the above type.

Figure 4 depicts the data of the experimental i vs. E curves in the plot-
ting log (im/i—1) vs. E (similarly as in the earlier publications, i)nis twice the
current value relating to the inflexion point in the initial section of the polar-
ization curve). In the case of a reaction rate which can be given by eq. (9),
a straight line must be obtained in this plotting. Figure 4 demonstrates that
this condition holds just as in the cases examined previously [3, 4].

Fig. 4. Potential-dependence of log (i'm/i—!)s (1) 3.6x10_t; (2) 3.25X10-2 mol/dm3

Discussion

On the basis of the experimental results presented in this paper and the
deductions drawn from the earlier publications, the conclusion must be reached
that the main part of the electro-oxidation process is the oxidation of ethylene
glycol via glycolaldehyde. This latter reaction is in essence a dehydrogenation
process:

HOCH2-CH 20H — HOCH2-CHOH + H-
H >H++ e
HOCH2-CHOH — HOCH2-CHO + H°*
H — H+ + e
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It is known from the literature that the dehydrogenation occurring on the
chemisorption of ethylene glycol is of a greater extent than that observed in
the reaction resulting in glycolaldehyde. From a chemisorbed molecule of
such a type, therefore, glycolaldehyde can not be formed in any way. Two
possibilities suggest themselves for resolution of the contradiction. One is to
assume a weak adsorption interaction too, independent of the chemisorption,
between the ethylene glycol and the surface, and to explain the oxidation
reaction by the transformation of these weakly-adsorbed molecules. The other
possibility is to regard the weakly-adsorbed molecule as a primary formation,
and to regard the chemisorption and the oxidation as parallel reactions of the
weakly-bound molecules. In this latter case, the complete reaction scheme can
be given as follows:

Liquid phase Surface phase
chemisorption oxidation
HOH2C-CH20H ;== [HOH,C-CH,OH]O X Co02
I chemisorption . oxidation
HOH2C-CHO [HOH2C-CHO]a X co2
OHC-CHO ~ [OHC-(]fHO]a chemisorption NG oxidation co?2
| . .
OHC-COOH — [OHC-COOH]a chemisorption X oxidation co2
|
HOOC-COOH = [HOOC-COOH]a
1
2C02

One of the possible schemes for oxidation of ethylene glycol, adsorption and
desorption being taken into consideration

For the sake of simplicity, the pathway proceeding via glycolic acid has not
been shown in the scheme. We can not speak of irreversible chemisorption in
the case of oxalic acid, and hence such a reaction cannot be included in the
scheme either.

The arrows pointing in both directions across the phase boundary do not
mean, of course, that an adsorption equilibrium is unconditionally established
when the reactions occur. These arrows merely indicate that, in the course of
their formation, the individual components definitely come into such a state,
when their desorption from the surface is not irreversibly hindered. The extents
to which the individual intermediates accumulate in the solution depend on
the ratios of the reaction rates, the desorption rates and the transport rates.
The essence of the mechanistic picture described here is that the chemisorption
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and the oxidation of the chemisorbed molecules act only as side-reactions. At
any event, the experimental results prove fairly conclusively that this is indeed
the situation, and the profound chemisorption changes play only a subordinate
role in the oxidation of ethylene glycol and its oxidation intermediates.
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The viscosity of seven pentanol isomers has been studied in the temperature range
of 20—70 °C. The activation enthalpy of viscous flow was calculated, and it was found
to increase with the number of branchings from n-pentanol (20.4 kj/mol) to 2,2-di-
methylpropane(l)-ol (30.3 kj/mol). From the study of the mixtures of 1-methyl-
butane-(1)-ol and I,I-dimethylpropane-(l)-ol with n-hexane, the conclusion can be
drawn that the activation enthalpy of viscous flow is related to the mean degree of
association of the alcohol also for the branched alcohols in the same way as it was found
for normal alcohols. The results show that the more branched isomers have a higher
degree of association. This can be explained by the fact that the formation of cyclic
multimers is sterically hindered by the hydrocarbon branchings, thus promoting the
formation of longer chain like multimers.

In spite of the great number of works concerning the liquid phase asso-
ciation of alcohols, even the basic question of the cydic or chain character of
polymerization at room temperature could not be clarified satisfactorily. One
main reason of the contradictory views is that only few authors have investi-
gated pure alcohols and, on the other hand, no methods are available by means
of which it would be possible to prove unambiguosly the cyclic or chain charac-
ter of the liquid phase association of alcohols. The experimental results, in
general, could be interpreted in both ways, as it occurred for example in the
case of dielectric relaxation, where from the same data certain authors con-
cluded on chain [1] and others on cyclic [2] structures. Opinions differ in the
same way when interpreting the results of infrared spectroscopic measurements;
according to one interpretation, the OH absorption band of the monomer
(near to 3650 cm “1) falls together with, or is to be found in the immediate
neighbourhood of the absorption bands of the terminal OH groups [3], con-
sequently, the pure alcohols are associated cyclically, because in these alcohols
that band is practically undetectable.

According to an other interpretation, however the band of the terminal
OH group is shifted to much lower wavenumbers, and pure alcohols are charac-
terized by chain-type association [4].

Our own investigations, by which we sought an answer to the question
exposed in the introduction, were based upon the recognition that the viscosity
and the enthalpy of viscous flow depend on the mass of the kinetic units tak-
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ing part in the molecular movement, that is on the number of the CH2, CH3
OH, NH, NH2 etc. atom groups in the flow unit [5].

From our investigations it became clear that in alcohols the associated
molecules represent independent kinetic units during viscous flow. In homolo-
gous alcohols higher than ethanol, the flow can he considered as following the
so-called segment motion mechanism, which has already been successfully
applied for hydrocarbons, and the mean life-time of the associates is several
orders of magnitude greater than the time needed for the jump of atom groups
from one lattice point into another in the case of a quasi-crystalline liquid
model. As the associated molecules flow together, the mean relative molecular
mass of the multimers can be calculated from the activation enthalpy of
viscous flow. Similar results have been obtained by the study of primary,
secondary and tertiary aliphatic amines and carboxylic acids, as well.

In this paper we report of investigations aimed at the study ofthe associa-
tion of various pentanol isomers in the pure state and in their mixtures with
ra-hexane. The viscosity coefficients (rj) of pure alcohols at 20 °C, activation
enthalpies of viscous flow (AHV) and the mean degree of association calculated
from AHW(a) are summarized in Table |I. Data concerning the dependence of
the viscosity coefficient on the temperature for 2,2-dimethylpropane-(l)-ol
are given in Table II.

Table 1
Mean degree ofassociation ofpentanol isomers in liquid phase

Temperature JHV 104 «i?20°

Component range [J/mol] [Pas] a
studied (°C)

Pentane(l)-ol 20-60 [6] 20 371+628 35.8 3.46
3-Methylbutane-(1)-ol 20-60 [7] 22 242+134 43.6 3.82
1-Methylbutane-(l)-ol 20-60 23 405167 375 4.04
2-Methylbutane-(1)-ol 19.3-70 [6, 8] 25 854+293 54.0 4.50
1,1-Dimethy1-propane-(1)-ol 20-60 28 562+753 35.3 5.02
I,2-Dimethyl-propane-(l)-ol 18.2-76.5 [8] 29 3491046 52.6 5.16
2,2-Dimethyl-propane-(l)-ol 55-70 30 353+753 solid 5.35
Table 11

Viscosity coefficient of2,2-dimethylpropane-(I)-ol as afunction ofthe temperature

t(°C) HP??[Pas]
55.0 20.2
60.0 17.0
65.0 14.6
70.0 12.5
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Ui)on evaluation of the results, it is immediately apparent that the
activation enthalpy of viscous flow is significantly influenced by the molecular
structure. From the most flexible i-pentanol to the more rigid 2,2-dimethyl-
propane-(l)-ol this value nearly doubles with the decrease in flexibility.

When applying the method worked out for the investigation of n-
alcohols, this result means that the average degree of association of the alcohols
studied increases in parallel to the increase of the activation enthalpy of
viscous flow in the following sequence:

pentane-(lI)-ol 3-methylbutane-(I)-ol I-methylbutane-(l)-ol
2-methylbutane-(lI)-ol I,I-dimethylpropane-(l)-ol
I,2-dimethylpropane-(lI)-ol 2,2-dimethylpropane-(l)-ol.

From these results it can be concluded that upon increasing the number of
chain branchings in the molecule, the formation of cyclic alcohol multimers is
supressed due to steric hindrance. Instead, chain like multimers are formed,
and in these the mean degree of association is greater than in cyclic multimers
of 1-pentanol. The question may arise whether it is allowed to conclude from
the activation enthalpy of viscous flow on the degree of association in cases
when the flexibility of the molecule is considerably restricted by chain branch-
ings. For it can also be supposed that the higher activation enthalpies found
in the case of pentanol isomers containing chain branching can simply be
explained by the more rigid molecular structure. In order to clarify this
problem, we have also investigated the activation enthalpy of viscous flow in

the mixtures of I-methylbutane-(I)-ol and Il,I-dimethylpropane-(l)-ol with
n-hexane. These results are presented in Tables I11—VI and Figs 1—3.
Fig. 1. Activation enthalpy of viscous flow for the I-methylbutane-(1)-ol (A) — n-hexane

(B) mixture as a function of the composition
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Fig. 2. Activation enthalpy of viscous flow for the I-I-dimethylpropane-(l)-ol (A) — n-hexane
(B) mixture as a function of the composition

It can be seen that the higher activation enthalpy of viscous flow is
not a characteristic of the molecule, but can be attributed to the properties
of the liquid structure, because the activation enthalpy of viscous flow for
the mixtures of the two, significantly different alcohols with n-hexane becomes
identical at an alcohol mole fraction of 0.88 (Xa). At lower alcohol concentra-

Table 111
Viscosity coefficient of the mixture methylbutane-(lI)-ol (A) — n-hexane (B) as afunction of the
temperature
T« 10* [Pas]
S I(K)
293 303 313 323 333
0.00 3.02 2.73 2.47 2.26 2.07
0.10 3.04 2.80 2.49 2.28 2.20
0.20 3.51 3.10 2.77 2.54 2.29
0.30 4.28 3.82 3.60 3.10 2.61
0.40 6.33 5.37 4.40 3.85 3.30
0.50 7.93 6.82 5.44 4.72 4.54
0.60 10.92 8.78 8.02 6.34 5.48
0.70 15.63 12.28 9.67 8.05 6.66
0.80 20.82 15.88 12.10 9.81 8.44
0.90 28.43 19.65 14.84 11.38 9.91
1.00 37.42 26.77 20.14 14.66 11.96
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Fig. 3. Mean degree of association of the mixtures of I-methylbutane-(l)-ol — n-hexane and
I,I-dimethylpropane-(I)-ol — n-hexane vs. the mole fraction of the alcohol

tions the shape of the curves is similar, and the starting slopes are also practi-
cally identical. If the higher activation enthalpy were characteristic for the
molecule, then (considering that this quantity has been found to be non-
additive for non-associated mixtures) this could not be possible. Thus, our
statement that the mean degree of association can be also calculated from the
activation enthalpy for the branched alcohols seems to be correct.

Table IV

Viscosity coefficient of the mixture 1,I-dimelhylpropane-(lI)-ol — n-hexane as a function of the
temperature

] » 104 [Pas]

*A T(K)
293 303 313 323 333
0.00 3.02 2.93 2.47 2.26 2.16
0.10 3.06 2.80 2.47 2.28 2.20
0.20 3.29 2.94 2.66 2.47 2.38
0.30 3.82 3.37 2.97 2.66 2.47
0.40 4.45 3.96 3.46 3.08 2.77
0.50 5.40 4.57 3.93 3.34 2.97
0.60 7.24 6.07 5.32 4.38 3.69
0.70 9.58 7.76 6.43 5.15 4.36
0.80 14.10 10.90 8.59 6.92 5.74
0.90 21.41 14.93 11.24 8.90 6.97
1.00 35.35 23.55 15.92 11.60 8.64
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Table V
Activation enthalpy of viscous flow, mean degree of association for the mixture and the alcohol in
the I-melhylbutane-(l)-ol — n-hexane mixture as afunction o fthe composition
AHS (J/mol) a aA
0.00 7308 1.02 -
0.10 7655 1.08 —
0.20 8496 1.24 —
0.30 9631 1.47 -
0.40 10.765 1.67 -
0.50 12.067 1.92 —
0.60 13.774 2.24 12.92
0.70 17.236 2.90 15.61
0.80 19.391 3.30 7.76
0.90 21.564 3.71 5.31
1.00 23.351 4.04 4.04

Hence our results can be summarized in that the association degree of
pentanols increases with the increasing number of branchings and the decrease
in the flexibility of the molecule. A reason for this may be that the branching
chains suppress the formation of cyclic multimers but do not hinder the forma-
tion of chain-like multimers with higher degree of association. As a result,
for the structure of pentanol isomers with more branchings the presence of
great amounts of chain-like multimers is characteristic.

Table VI
Activation enthalpy of viscous flow, mean degree of association for the mixture and the alcohol in
I,I-dimelhylpropane-(l)-ol n-hexane mixture as afunction of the composition

*A AH v [Jmol] a aA

0.00 7308 1.02 -

0.10 7701 1.22 —

0.20 8400 1.22 —

0.30 9015 1.43 —

0.40 9739 1.48 5.29

0.50 11.309 1.77 7.70

0.60 13.511 2.19 10.60

0.70 16.035 2.67 9.39

0.80 18.245 3.08 6.42

0.90 22.376 3.86 5.66

1.00 28.562 5.02 5.02
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The thermodynamic properties of CH30 ¢and « CH20H are calculated from
assigned vibrations of methanol. The values are compared with former calculations
done following different methods.

Introduction

The science of combustion has an interest in the thermodynamic proper-
ties of fuels and radicals of those fuels in order to enable the kinetic calculations
of the combustion processes.

In this study we will present the ideal gas thermodynamic functions
of two such radicals involved with methanol and methane combustion. Metha-
nol serves recently as a target for extensive investigation as a possible future
fuel [1]. Two of its most important degradation radicals are CH3 and CH20H.
The thermodynamic properties of both are little known. It is intended here to
provide values that can be used in conjunction with the Janat [7], or API
Project 44 tables, for thermodynamic and Kkinetic calculations.

Calculations

The thermodynamic properties of CH30 and CH20H were calculated
following a proposal by Forgeteg and Bérces [2] to use the vibrational
frequencies of methanol and omit the frequencies of OH for CH3 and of CH3
for CH20H. The proper methanol vibrations were taken from Shimanouchi [3]
and are listed in Table |I. The calculations were done with PAC2, the last
version of Gordon and McBride’s [4] thermodynamic programs, by the rigid
rotator harmonic oscillator (RRHO) method. The thermodynamic values are
presented in Tables Il and 11l for CH30 and CH20H respectively. For the
CH20H radical the RRHO calculation is corrected for the internal rotation
as explained below.

‘Permanent address: Department of Aeronautical Engineering, Technion - Israel
Institute of Technology, Haifa, Israel. To whom correspondence should be addressed.
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In Tables Il and 11l the H¥% column is the absolute enthalpy value
expressed in the engineering practice by assuming H”s = AL 298 thus

HT= AHfas + (HT- HMS)

This allows for immediate usage by engineers and easy calculation of the
Hr—H2S values.

Table 1

Selected values of physical and chemical molecular constants

Shimanouchi’s [3]

Vibration assignment v CHOH CH,0 CH2OH
OH stretch 1 3681 (1) 3681
CH3 a-stretch 2 3000 (1) 3000 —
CH3 s-stretch 3 2844 (2) 2844 (2) 2844
CH3 d-deform 4 1477 (3) 1477 —
CH3 s-deforin 5 1455 (4) 1455 (3) 1455
OH bend 6 1345 — (4) 1345
CH3 rock 7 1060 (5) 1060 (5) 1060
CO stretch 8 1033 (6) 1033 (6) 1119
CH3 d-stretch 9 2960 (7) 2960 (7) 2960
CH3 d-deform 10 1477 (8) 1477 —
CH3 rock 11 1165 (9) 1165 (8) 1165
AHf-m kcal (ref [5]) + 3.9 -4.0
1aX10® g cm2 0.6578 0.511 0.4041
1,,X 1039 g cm2 3.4004 3.83 3.0848
1cX 1030 g cm2 3.5306 3.83 3.1518
Irx 1040 g cm2 0.993 - 0.79
Potential barrier parameters
V,, kcal - - 2.0
V3 kceal 1.06706 - —
V6 kcal -0.00149 - -
B cm-1 28.182 - 35.4411
a 3 3 1
Ground State
Statistical Weight 1 2 2
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100
200
298.15
300
400
500

600
700
800
900
1000

1100
1200
1300
1400
1500

1600
1700
1800
1900
2000

2100
2200
2300
2400
2500

2600
2700
2800
2900
3000

BURCAT, KUDCHADKER:

ce

cal/mole °K

7.9490
8.1193
9.0867
9.1127
10.7314
12.4425

14.0152
15.4045
16.6193
17.6780
18.5983

19.3970
20.0896
20.6903
21.2119
21.6657

22.0616
22.4079
22.7119
22.9797
23.2163

23.4261
23.6129
23.7796
23.9290
24.0632

24.1842
24.2935
24.3927
24.4828
24.5650

HT-H®
cal/mole

0
794.9
1594.0
2431.2
2448.0
3437.6
4596.9

5921.3
7393.8
8996.4
10712.5
12527.4

14428.1
16403.2
18442.9
20538.7
22683.1

24869.9
27093.7
29350.0
31634.9
33944.9

36277.3
38629.4
40999.2
43384.7
45784.5

48197.0
50620.9
53055.3
55499.2
57951.6

Table 11

Formula Weight,

St
cal/mole °K

45.6909
51.2248
54.6174
54.6737
57.5094
60.0893

62.4996
64.7667
66.9048
68.9249
70.8362

72.6471
74.3653
75.9976
77.5505
79.0298

80.4410
81.7891
83.0787
84.3140
85.4988

86.6367
87.7309
88.7843
89.7995
90.7792

91.7253
92.6402
93.5255
94.3830
95.2144

(Cr  Hi)
cal/mole

0
3774.2
8650.9

13853.0
13954.1
19566.2
25447.7

31578.4
37942.9
44527.5
51319.9
58308.8

65483.8
72835.2
80354.0
88032.0
95861.6

103835.7
111947.7
120191.6
128561.7
137052.7

145659.9
154378.6
163204.7
172134.1
181163.3

190288.9
199507.4
208815.9
218211.4
227691.6

31.034.

Ideal Gas Thermodynamic Properties of CH.fO

HT
cal/mole

1468.8
2263.7
3062.9
3900.0
3916.8
4906.4
6065.8

7390.1
8862.7
10465.2
12181.3
13996.2

15896.9
17872.1
19911.8
22007.5
24151.9

26338.7
28562.6
30818.9
33103.8
35413.8

37746.1
40098.2
42468.0
44853.6
47253.3

49665.8
52089.8
54524.2
56968.0
59420.5

IDEAL GAS THERMODYNAMIC PROPERTIES

(AH}),
cal/mole

5794.3
5089.7
4558.4
3900.0
3886.8
3233.9
2660.3

2179.1
1784.7
1470.2
1224.3
1042.7

911.9
826.1
772.3
749.0
744.9

756.2
784.6
821.9
868.2
920.8

977.6
1034.8
1096.0
1155.1
1212.3

1269.8
1324.3
1376.7
14255
1470.5

251

Log K/

-13.7018

-8
-6
-6
-6
-5

.3434
.8048
.7869
.1339
.8102

—5.6332

.5304
4666
4256
.3981

.3786
.3645
3531
3443
.3367

3294
.3235
.3176
3124
3072

.3024
2974
.2930
.2887
.2839

.2801
2759
2719
.2685
.2646
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3100
3200
3300
3400
3500

3600
3700
3800
3900
4000

4100
4200
4300
4400
4500

4600
4700
4800
4900
5000

5100
5200
5300
5400
5500

5600
5700
5800
5900
6000

BURCAT, KUDCHADKER:

cal/mole °K

24.6400
24.7087
247717
24.8298
24.8832

24.9326
24.9783
25.0206
25.0600
25.0965

25.1306
25.1624
25.1921
25.2199
25.2460

25.2704
25.2934
25.3150
25.3353
25.3545

25.3726
25.3897
25.4059
25.4212
25.4357

25.4494
25.4625
25.4749
25.4867
25.4980

Hi- K
cal/mole

60411.9
62879.4
65353.5
67833.6
70319.2

72810.1
75305.7
77805.6
80309.7
82817.6

85328.9
87843.6
90361.3
92881.9
95405.2

97931.1
100459.3
102989.7
105522.2
108056.7

110593.1
113131.2
115671.1
118212.4
120755.2

123299.5
125845.1
128392.0
130940.1
133489.3
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Table 11 (contd.)

St

cal/mole °K

96.0211
96.8046
97.5658
98.3062
99.0268

99.7284
100.4122
101.0789
101.7294
102.3643

102.9844
103.5904
104.1828
104.7623
105.3293

105.8845
106.4282
106.9610
107.4832
107.9952

108.4975
108.9903
109.4741
109.9491
110.4158

110.8742
111.3247
111.7677
112.2032
112.6317

~(Gt—H¢t)

cal/mole

237253.6
246895.1
256613.7
266407.5
276274.4

286212.2
296219.5
306294.2
316434.7
326639.6

336907.0
347235.9
357624.7
368072.1
378576.7

389137.6
399753.2
410422.8
421145.2
431919.2

442743.9
453618.2
464541.7
475512.9
486531.1

497595.7
508705.7
519860.6
531058.9
542300.7

HT

cal/mole

61880.8
64348.3
66822.3
69302.4
71788.1

74278.9
76774.5
79274.5
81778.5
84286.4

86797.7
89312.4
91830.2
94350.8
96874.1

99399.9
101928.1
104458.6
106991.1
109525.6

112062.0
114600.1
117139.9
119681.2
122224.1

124768.4
127313.9
129860.9
132408.9
134958.2

IDEAL CAS THERMODYNAMIC PROPERTIES

(Hj)

i
cal/mole

1514.3
1551.8
1584.3
1613.5
1635.6

1654.0
1664.1
1671.5
1670.6
1664.4

1652.3
1633.0
1607.2
1575.8
1536.6

1492.5
1440.7
1383.1
1319.6
1249.1

1170.5
1087.6
997.9
900.8
797.7

687.4
571.0
447.4
318.0
182.7

Log Kf

2611
2577
.2544
.2513
.2483

.2454
2428
.2404
2379
.2355

.2332
.2313
2292
2272
.2253

2241
2227
2213
.2200
.2187

2177
.2166
.2162
.2152
2147

.2140
.2135
2132
2131
2127



100
200
298.15
300
400
500

600
700
800
900
1000

1100
1200
1300
1400
1500

1600
1700
1800
1900
2000

2100
2200
2300
2400
2500

2600
2700
2800
2900
3000
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cal/mole °K

8.62
9.78
10.80
10.83
12.15
13.48

14.68
15.73
16.66
17.49
18.23

18.88
19.46
19.98
20.43
20.84

21.20
21.53
21.82
22.08
22.33

22.55
22.75
22.93
23.11
23.27

23.42
23.56
23.69
23.82
23.93

Table 11

Ideal Gas Thermodynamic Propertiesof CHJIH

HT-K

cal/mole

0
811.8
1737.4
27447
2764.7
3912.5
5195.2

6604.6
8126.5
9747.3
11456.0
13242.7

15098.7
17016.3
18988.6
21009.4
23073.3

25004.1
27312.1
29479.9
31675.2
33895.8

36139.4
38404.2
40688.3
42990.4
45309.8

47643.8
49992.7
52355.5
54731.0
57118.7

Formula Weight, 31.034.

ST

cal/mole °K

47.44
53.81
57.89
57.96
61.25
64.11

66.67
69.02
71.18
73.19
75.07

75.84
78.51
80.09
81.59
83.01

84.36
85.66
86.90
88.09
89.23

90.32
91.37
92.39
93.37
94.32

95.23
96.12
96.98
97.81
98.62

~(C°r Hr)

cal/mole

0
3932.2
9024.6

14515.2
14623.3
20587.5
26859.8

33397.4
40187.5
47196.7
54414.9
61827.3

69425.2
77195.6
85128.4
93216.6
101441.6

109971.8
118309.9
126940.0
135695.7
144564.1

153532.5
162609.6
171808.6
181097.4
190490.4

199954.0
209531.0
219188.3
228917.8
238741.2

HT

cal/mole cal/mole Log K/

7 -2419.2 -

9 -3106.9 4.5941

3 -3511.8 1.0403
-4000.0 -4000.0 -0.2988

0 —4010.0 -0.3159

2 -4504.7 -1.0882

5 -4955.0 -1.6029

-140.1 -5351.1 — 1.9789
1381.8 -5696.2 -2.2652
3002.6 -5992.4 -2.4936
4711.3 -6245.7 -2.6795
6498.0 -6455.5 -2.8341

8354.0 —6631.0 -2.9636
10271.6 —6774.4 -3.0745
12243.9 -6895.6 -3.1697
14264.7 -6993.8 -3.2528
16328.6 —7078.4 -3.3270

18259.4 -7323.1 -3.3693

20567.4 —7210.6 —3.4497
22735.2 -7261.8 -3.5010
24930.5 —7305.0 -3.5470

27151.1 -7341.9 -3.5888

29394.7 -7373.8 -3.6283
31659.5 -7404.0 -3.6638

33943.6 —7428.4 -3.6950
36245.7 —7452.8 -3.7248
38564.6 —7476.4 —3.7505

40899.1 -7496.9 -3.7772
43248.0 -7517.5 -3.7997
45610.8 -7536.7 -3.8212
47986.3 -7556.2 —3.8426
50374.0 -7576.0 -3.8613
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T°K

3100
3200
3300
3400
3500

3600
3700
3800
3900
4000

4100
4200
4300
4400
4500

4600
4700
4800
4900
5000

5100
5200
5300
5400
5500

5600
5700
5800
5900
6000
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Ci
cal/mole °K

24.05
24.15
24.25
24.35
24.44

24.52
24.60
24.68
24.76
24.83

24.90
24.96
25.02
25.08
25.14

25.19
25.24
25.29
25.34
25.38

25.43
25.47
25.51
25.55
25.59

25.62
25.65
25.69
25.72
25.75

cal/mole

59517.8
61927.8
64348.1
66778.1
69217.4

71665.6
74122.1
76586.4
79058.4
81537.9

84024.1
86517.1
89016.2
91521.4
94032.4

96549.1
99070.7
101597.6
104129.3
106665.6

109206.3
111751.3
114300.6
116853.6
119410.3

121970.7
124534.6
127101.8
129672.2
132245.6
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Table 111 (contd.)

ST
cal/mole °K

99.41
100.17
100.92
101.64
102.35

103.04
103.71
104.37
105.01
105.64

106.25
106.85
107.44
108.02
108.58

109.14
109.68
110.21
110.73
111.24

111.75
112.24
112.73
113.20
113.67

114.13
114.59
115.03
115.47
115.91

- (GT—HT)
cal/mole

248653.1
258615.9
268687.7
278797.6
289007.4

299278.1
309604.7
320019.1
330480.1
341021.8

351600.4
362252.6
372975.3
383766.3
394577.2

405494.7
416424.9
427410.0
438447.4
449534.0

460718.4
471896.3
483168.2
494426.2
505774.2

517156.9
528627.9
540071.8
551600.4
563214.2

HT
cal/mole

52773.1
55183.1
57603.4
60033.4
62472.8

64920.9
67377.4
69841.7
72313.7
74743.2

77279.4
79772.4
82271.6
84776.7
87287.7

89804.4
92326.1
94852.9
97384.6
99920.9

102461.6
105006.6
107555.9
110108.9
112665.6

115226.1
117789.9
120357.1
122927.6
125500.9

(i

callmo?é

-7593.4
-7613.4
—7634.6
-7655.5
—7679.7

-7704.1
—7733.1
-7761.2
-7794.2
— 7828.7

-7866.0
7907.1
7951.4
7998.2
8049.7

-8103.1
-8161.4
-8222.5
-8286.8
-8355.5

- 8429.8
-8505.8
-8586.1
-8671.6

8760.8

8854.9
8953.1
9056.3
9163.4
9274.5

Log*,

-3.8784
-3.8963
-3.9108
-3.9269
- 3.9403

-3.9536
-3.9670
-3.9786
-3.9905
-4.0010

-4.0121
-4.0225
-4.0316
-4.0397
-4.0493

-4.0567
-4.0655
- 4.0739
-4.0819
— 4.0897

—4.0954
-4.1032
-4.1094

4.1173
-4.1236

4.1300
-4.1347
-4.1421
-4.1479
-4.1517
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The CH30 Radical

The moments of inertia for CH30 were taken from Forgeteg and Bér-
ces [2]. AH°Z&for CHgO was taken from Benson’s estimates [5]. The methanol
vibrations used for CH30 are listed in Table 1.

The thermodynamic properties of the CH30 radical were calculated by
Engteman [6] from the Janat [7] values for CH3F, taking zHf%9 = 3.0 kcal.
The calculated values of Engteman [6], Forgeteg [2] and Benson and
O’Nea1 [5b] are compared with the present ones in Table IV. The differences
can be attributed to the difference in the method. Being a more elegant method
of calculation than that performed by Engieman it suggests that both are
basically correct.

A second existing calculation of the CH3 radical thermodynamic
functions was presented by W atdman, Witson and Matoney [8]. This table
was calculated according to the Meghrebtian, Crawford and Parr Methods
[9], and it is completely wrong. Besides having logical mistakes (H°—H2%8 is
not 0.0 at 298°), it differs by as much as 5 to 25% from the values presented
here and by Engteman [6].

The CH20H Radical

For the CH20H radical, the RRHO thermodynamic functions had to
lie corrected for the internal rotation. In order to account for this effect only
8 of the methanol vibrations could be used for the RRHO calculations, thus
a reassignment of the vibrations was needed. Bernarai et al. [10] have re-
cently calculated energies and geometrical parameters for this radical. They
have found interatomic distances and angles similar to those of methanol thus
justifying the approach of using the methanol vibrations. They have found
however that the C—O bond is shorter and the stretching force constant bigger:
6.72 and 5.73 mdyn/A for CH20H and CH30H respectively. Therefore we
have changed this vibration (v = 8 in methanol) accordingly (v oC ]JAfc) from
1033 to 1119. From the rest of the methanol vibrations, those assigned purely
to the CH3 group were discarded while those related to the CH2 group were
retained (see Table 1I).

To find the correct moments of inertia and Ir we used Bernardi’s [10]
values. To the RRHO calculation the internal rotation contributions were
added using for rotational barrier V2= 2 kcal as given by Bernardi. The
internal rotation is complex involving two full rotations with two inversions.
Therefore it was better represented by V2 rather than the V3 barrier used in
methanol. The internal rotation contributions were calculated with Lanne’s
computer program [11]. AHpaB was taken from Benson’s estimates [5b].
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The thermodynamic properties for CH20H were previously calculated
by Bann [12] probably from graphical interpolation of similar homologues.
However Bahn has chosen a completely unreasonable AHj2s value of —14.0
kcal and low values of Cp at high temperatures. Also his compilation suffers
from oscillations which make them unacceptable as a whole. Comparison with
values of Benson and 0'Nea1 [5b] and Forgeteg et al. [2] are presented in
Table 1V.

Table IV

Comparisons of the Calculated Thermodynamic Properties with Different Sources

CH.OH
CH,OH Benson Forgeteg CH2H This
Pure RRHO & O’'Neal & BERCES Internal rotation* calculation
Cp298 8.93 10.2 — 1.831 10.8
*r208 56.13 58.6 55.21 1.759 57.89
CHXY
Engleman Benson Forgeteg ThiS»
& O’Neal & BERCES calculation
A298 53.25 54.3 54.75 54.63
C.. 300 — 9.1 — 9.09
A75500 12.256 12.6 — 12.44
% 80, —_ 16.8 — 16.62
'r—'pIOOO 18.44 18.9 —_ 18.60
(Hj— Atwstm 2131. — 2166.
(AT -A298)] 000 9975. - — 10096.
(At -7298/2000 31275. - — 31514,
(HT ~298)4000 80056. — — 80386.

* See text.

The older vibrational assignment by ivasn, Li and Pitzer [13] for metha-
nol was also used for comparison purposes. The values for the CH3 and
CH20H radicals with these vibrations were within 0.25% of the values present-
ed here, within the precision of the present calculation.

The present calculation is precise to within 1% of the values presented.
Roughly it should be stated that for CH3 table the last two digits in each
column are insignificant and they are presented here so that smoother curve
fitting polynomials may be generated.
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A set of polynomial fits calculated with Gordon and McB ride’s pro-
gram [4] are presented here for the range 300 —5000 K. The polynomials are
compatible with NASA’s highly popular programs of shock and detonation
properties [14], and kinetic calculations [15].

The polynomials given in Table V can generate the following thermo-
dynamic properties

T(£=A1+ AAT + A3T*+ AJ3+ A.JS
— = A.+ — T+ + — T+
5

= A, InT-fAZT+ -61 T2+ —kT3+ — [4+ A
1~ T2 T 2 3 4

R 7
G - Al(l _In T)— A& rpz ___ "4 __ "5 I ag _A
RT 6 12 20 T 7

The first seven coefficients belong to the 1000—5000 K range, and the last
seven coefficients to the 300—1000 K range.

Table V

Polynomial Coefficients of Thermodynamic Functions for CH3 and CH,OH in the range 300—
5000°K to be used with NASA Programs

Cn3o G uo06/78C 1H 30 1 0G 300.000 5000.000
0.37707996E+01 0.78714974E— 02-0.26563839E—05 0.39444314E-09—0.21126164E-13

0.12783252E+03 0.29295750E+ 01 0.21062040E+01 0.72165951E-02 0.53384720E-05
—0.73776363E-08 0.20756105E- 11 0.97860107E+03 0.13152177E+02

CH-,0. curvefitting analysis

Average error %

Function Maximum error % at 300 1000° at 1000-50005
range range
% %

C..,/R 0.51% at 400°
0.87% at 1300° 0.2 0.43

(H-HO/RT 0.14% at 300°
0.35% at 1700° 0.04 0.15

S/R 0.018% at 300°
0.089% at 1800° 0.006 0.046

(G-HOQ/RT 0.004% at 300°
0.044% at 2600° 0.0015 0.033
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H3CO G H 3C 10 1 O0G 300.000 5000.000
0.47235041E+01 0.61020441E-02-0.19132094E-05 0.27607427E-09-0.14548367E—13

—0.39329165E+04 —0.85243821E —01 0.33368406E+01 0.65881237E-02 0.29979328E—05
—0.58719714E —08 0.21229572E-11-0.33168267E+04 0.80668154E+01

CH20H curvefitting analysis

Average error %

Function Maximum error % at 300 1000°  at 1000—5000°
range range
% %
Cp/R 0.26% at 400°
0.66% at 1300° 0.12 0.32
(H -H QIRT 0.05% at 500°
0.44% at 1600° 0.027 0.12
S/R 0.017% at 300°
0.07% at 1900° 0.008 0.033
Og- h O/rt 0.016% at 300°
0.16% at 1600° 0.009 0.037

Alexander Burcat thanks Mr. D. L. Miller for computational help.
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The present paper gives the description of an infrared cell used for recording
the IR spectra of adsorbed ethylene. Ethylene was chemisorbed on silica-supported
Ni at 55 and 150 °C. The chemisorbed species appear to be attached to the surface
by a bonds exclusively. The spectral features of chemisorbed C2H4 are discussed in
terms of the reactivity of the surface species towards hydrogen.

Introduction

The investigation of the infrared spectra of adsorbed molecules has
proved to be a valuable method in the study of chemisorption processes. Its
increasing popularity may be attributed to the fact that the scientist can
observe the surface of the catalyst directly, while the classical catalytic
measurements (surface coverage, heat of adsorption, thermodesorption, etc.)
offer information on the level of the system only, rather than on a molecular
level. However, the amount and nature of information provided by infrared
spectroscopy seems to be somewhat limited due to experimental difficulties.
One of these problems is the energetics of the infrared spectrometer. Either
the signal to noise ratio and the intensity of infrared bands are very low in
the case of unsupported adsorbents (usually evaporated metal films) due to
their small surface area and, consequently, the small number of light-absorb-
ing molecules in the infrared beam, or, if metal catalysts finely dispersed on
the surface of silica or alumina powders are used, a large proportion of the
beam energy is lost owing to strong absorption by the support and the long-
wave region the spectrum (below 1300 cm-1) becomes unusable. For these
reasons, the use of a spectrometer of high sensitivity is necessary. Another
difficulty is the poor reproducibility of measurements. This problem may
arise from difficulties of sample preparation or contamination of the surface
of the adsorbent during experiments. As all the manipulations of preparation
and also the infrared measurement must be performed in the same adsorption
cell specially designed for the given purpose, the success strongly depends on
the design of the cell and sample handling.
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In the present publication a new type of adsorption cell for infrared
measurements is described and some spectra of adsorbed ethylene on Ni/Si02
are reported. This study was performed as the first stage of a more detailed
infrared investigation of hydrocarbons adsorbed on transition metals.

Apparatus and experimental methods

The adsorption cell (see Fig. 1) was made of Pyrex glass except forthe part containing the
heating wire, which was Rasotherm glass. An outer vessel, roughly of spherical shape, equipped
with KBr windows had two side-tubes, for gas inlet and vacuum connection (the windows
were sealed into the glass by Rhodorsil vacuum leak sealant produced by Rhone—Poulenc,
Inc.). Its upper side forms a wide neck 65 mm in diameter and can be closed by a cap. Vacuum-
tight sealing was achieved by a Viton O-ring situated between suitably worked and polished
glass profiles. Glass-covered tungsten rods as electrical leads were soldered into the cap and
the sample heater to the inner ends of rods at the height of the infrared beam. The heater is
a double-walled cylinder with Kanthal heating wire between the glass walls. The space between
the walls was evacuated and filled up with hydrogen to ensure a better thermal conductivity
and a more uniform temperature distribution. The sample pellet was placed in a stainless
steel sample holder, which slips into the inner cylinder of the heater. For the thermocouple
inlet, a glass tube of small diameter is introduced through the cap to the heater.

Most of the cells described in the literature [1] are designed so that the furnace section
is far from the infrared beam, requiring movability of the sample. Our arrangement has the
following advantages:

a) The fixed sample holder ensures the reproducible positioning of the sample;

b) The design is simpler as the cell has no moving parts;

c) It is possible to record spectra at elevated temperatures and also to monitor the
reduction process.

Fig. 1. Infrared cell. 1 — glass covered W rods; 2 — Viton O-ring; 3 - thermocouple; 4 —

spot welding between Kanthal and tungsten; 5 — Rasotherm glass internal furnace; 6 —

heating wire between mica foils; 7 — KBr windows; 8 — gas inlet; 9 — connection to the
vacuum system; 10 — stainless steel sample holder positioned in the furnace
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The cell was attached to a conventional all-glass vacuum system equipped with a mer-
cury diffusion pump and a rotary pump. The ultimate pressure in the cell was 5X 10~5Torr
measured by an ionization gauge. The gas pressure during adsorption was measured by an
absolute manometer (Datametrics Electronic Manometer). The cell was protected from contam-
ination by liquid N2 cooled traps. Greaseless Viton O-ring taps and connections were used
everywhere in the system.

Samples were prepared by the usual impregnation technique. Cabosil HS5 grade silica
was wetted with a solution of Ni(N032X 6H20. The slurry was dried to ca. 30 wt. water content
and pressed (1-1.5 tons/cm2) into self-supporting discs 25 mm in diameter, which weighed
60 —100 mg. The disc was placed into the cell and it was reduced in situ at 400 —450 °C for
6 hours in an atmospheric stream of hydrogen purified in a deoxo unit filled with BASF 11
contact. The water formed was trapped by molecular sieve previously evacuated at 300 °C
and then cooled to liquid N2 temperature.

After reduction the sample was allowed to cool in H2to the temperature of ethylene
chemisorption. Hydrogen was then removed (residual pressure 10-5 Torr) and the background
spectrum was recorded and stored. Then ethylene at a pressure of 30 Torr was admitted into
the cell. After 5 min contact, the cell was evacuated for ca. 20 min in order to remove physi-
cally adsorbed hydrocarbons.

The infrared spectra were recorded at room temperature by means of a DIGILAB
FTS-14 interferometer equipped with its own NOVA-1200 minicomputer. The computer
has a 128K disc as mass storage memory for storing recorded spectra. Spectra were measured
by collecting and signal-averaging 200 scans at an original resolution of 2 cm-1 which was
decreased by a factor of two in consequence of the subsequent smoothing procedure. This
resulted in spectra with a reasonably high signal to noise ratio. All runs were performed in
the single-beam mode and the computed spectra were stored on the disc.

The chemisorbed amount of ethylene was measured gravimetrically by means of a
Sartorius electrobalance (Type 4102). (For further details, see Refs2 and 17.) The removability of
the chemisorbed species was investigated in hydrogen using static as well as flow conditions.
The hydrodesorbed products were collected in a trap, filled with a small amount of silica gel,
at liquid nitrogen temperature. Their composition was checked by gas chromatography. For
chemisorption measurements a 0.274 g sample was used.

Results and discussion

1. Spectra of chemisorbed ethylene on an initially hydrogen-covered nickel

The spectrum of chemisorbed ethylene measured at 55 °C on a hydrogen-
covered Ni/Si02 sample is shown in Fig. 2a. The recorded spectrum, similar
to those reported by Erketens [3] and Primet [4], Shows bands at 2963,
2932 and 2884 cm-1. A weak shoulder appears also at ca. 2850 cm-1. The
three main bands have almost equal intensities. The band at 2884 cm-1 is
assigned to the CH2 symmetric stretching vibration in associatively adsorbed
ethylene with a configuration NIiCH2—CH2Ni [7, 18]. In addition to this
band, part of the band at 2932 cm-1 also belongs to this adsorbed species [8].
The relative intensity of the band at 2884 cm-1 strongly depends on the ex-
perimental conditions, especially on the temperature of adsorption (see e.g.
[3, 5-8, 18 20]).

The initial presence of a band at 2963 cm-1 assigned to CH3 groups
indicates the presence of partially hydrogenated species with the possible
configuration Ni3C—CH3, Ni2CH—CH3 or NiCH2CH3.
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Fig. 2.a) Infrared spectrum of C2H 4on Ni/Si02chemisorbed at 55 °C after evacuation of 30

Torr ethylene; b) After addition of hydrogen in the gas phase (25 Torr) at 35°C; c) After

hydrogenation at 180 °C for 5 min in a stream of atmospheric H 2; d) After 20 min of hydroge-
nation at 180 °C (Between c and d the sample was cooled rapidly to room temperature)

2. Spectra of adsorbed ethylene after hydrogenation

Hydrogen admission (Fig. 2b) — 25 Torr H2 at 35 °C — increases the
intensity of the 2963 and 2932 cm-1 bands by a factor of 2.4. Simultaneously,
a broad band develops at 2870 cm-1, whereas the 2884 cm “1band is missing.
At this temperature considerable part of the chemisorbed hydrocarbon can
be removed after hydrogen admission (Table I). At 55 °C the desorbed product
consists mainly of ethane. Only trace amount of CH4 (0.1 mol%) and n-butane
(ca. 0.15 mol%) can be detected. The observed spectrum (Fig. 2b) does not
change very much during prolonged hydrogenation at room temperature.
This observation is in agreement with chemisorption results, i.e. the chemi-
sorbed species remaining on the surface can be only slowly removed with hyd-
rogen (¢ .fcolumns 3 and 4 in Table I).

The two strongest bands (Fig. 2b) at 2966 and 2933 cm-1 belong to the
CH3 and CH2 groups, respectively, in the adsorbed layer [9].

The ratio of the absorbance of methyl and methylene bands (at 2966
and 2933 cm-1, respectively) obtained for the hydrogenated species at 35 °C
is about 1:1, which may be attributed to surface ethyl groups [4]. In this
case, the medium broad band centered near 2873 cm-1 is assigned to the low
frequency components of the CH stretching vibrations of methylene and methyl
groups, i.e. to the symmetric CH2 and CH3 stretching modes. This interpreta-
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Table |
Ethylene chemisorption on a nickel-silica catalyst (10 wt.% Ni/Cab—O—Sil HS 5)

Amount of ethylene chemisorbed “pg

Temp. Aft i After Aft hvd After i
(oC) er e\_/acua mon hydrodesorption / er y rogeng on
(10 %r:;) 10-e (PHa.= 30 Torr> 10 min H2flow  for 11580216n at
10 min) (pHa = 735 Torr)

(pa, = 735Torr)

25a 220d 120 no 0
25 210 160 160 15
55a 247 165 143 27
58 255b 215 205 55
145 605¢ — — 233
a — H2evacuated at the temperature of chemisorption, otherwise at 350 °C
b — chemisorption is time-dependent, measurement after 20 min. Rate of carbon deposit
formation R = 1.1 pg min-1
¢ — chemisorption is time-dependent, measurement after 7.5 min (J? = 8 fig min-1)
d amount of CO chemisorbed irreversibly at room temperature is 365—380 fig, con-
sequently, the surface coverage for CH 4is © = 0.4—0.42
e — all measurements were made in vacuum (10-c Torr) in order to avoid boyancy effects

tion would contradict, however, the apparent large stability of the chemisorbed
species.

We should take into account another interpretation as well. The spectrum
of the chemisorbed species formed after hydrogenation of ethylene (Fig. 2b)
on nickel at 35 °C is practically identical with the spectrum obtained for
chemisorbed 1-butene at 20 °C [10]. Based on this spectroscopic similarity,
it may well be suggested that in part the surface species have dimerized to C4
species [11,12]. In this case the C4surface species should have multiple carbon-
metal bonds, which could give a CH3CH2intensity ratio similar to that in sur-
face ethyl groups. [15]

We do not at this time wish to comment in detail on which interpreta-
tion is more reliable.

3. Spectra of adsorbed ethylene at high temperatures

Heating the sample at 180 °C for 5 min in an atmospheric stream of
hydrogen decreases the intensity of the 2963 cm-1 band; it appears as a weak
shoulder on a strong and broad band centered at 2933 cm-1, which has a fairly
prominent broad shoulder near 2860 cm-1 as shown in Fig. 2c. Desorption in
hydrogen reveals the predominant formation of CH4 The “hydro-desorbed”
product collected in the first 10 min contains 83 mol% CH4and 17 mol% C2He.
The larger part of C2He is foimed probably during the temperature rise to
180 °C, since further hydrogenation results in the formation of CH4 exclu-
sively.
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The broad band at 2933 cm-1 is an interesting feature of the spectrum
in Fig. 2c, which requires comment. Features of similar intensity and similar
profile have not been reported in earlier works. The broad absorption band at
2933 cm -1 probably belongs to hydrogen-deficient species either in C2 surface
species of type Ni2CH—CHNIi2 or more probably in C4 or longer species with
multiple carbon-metal bonds. Desorption of methane under the above condi-
tions shows that C—C bonds are being broken. The absence of the 2966 cm-1
band might be peculiar to Ni, since on this metal C—C bond dissociation takes
place exclusively at the end of the carbon chain [13, 14].

After a 20 min hydrogenation at 180 °C, an extremely weak spectrum is
obtained as shown in Fig. 2d. Overlapping broad bands around 2950 cm-1
and 2910 cm-1 are measured. In this spectrum the noise level is rather high
for these weak bands.

4. Adsorption on a bare surface at high temperatures

The high temperature infrared spectra of a hydrogen-covered surface
show some interesting features. For this reason we investigated the infrared
spectrum of chemisorbed ethylene at 150 °C in the absence of hydrogen. In
the case of adsorption at 150 °C (see Fig. 3a). a spectrum similar in intensity
to Fig. 2a is observed, although, according to the gravimetric results, the sur-
face coverage is considerably larger than at 55 °C. A relatively sharp band
appears at 2965 cm-1 and, beside this, a broad band at 2925 cm-1 and a weaker
one at 2870 cm-1 can be discerned.

The spectrum in Fig. 3a seems to fall between those observed on a hydro-
gen-covered surface at 55 °C (Fig. 2a) and on heated samples at 180 °C after
hydrogenation (Fig. 2c). This suggests that the species in the adsorbed layer
formed on a bare surface could be characterized by —CH3, CH2 and —CH
groups, but, in accordance with the absence of the band near 2885 cm-1,
associatively adsorbed ethylene is not dominant. The hydrogen-deficient spe-
cies —CHNi2 or ;> CHNi seem to be proved by the results on tritium ex-
change [16], since the tritium content of the ethane formed is greater than that
expected on the basis of hydrogen addition.

Hydrogenation of this sample at 180 °C for 7 min causes a greater in-
crease in the intensity of the 2925 cm-1 band than in that of the 2965 cm-1
and the shoulder at about 2870 cm-1 persists (Fig. 3b). The chemisorbed
species leaving the surface at 180 °C in a stream of H2 consists of 94.8 mol%
methane and 5.2 mol% ethane.

Addition of hydrogen leads to the “hydrogenated” spectrum shown in
Fig. 3b. The strongly overlapping spectrum profile makes it difficult to assign
the spectrum in detail. The surface species may occur as an intermediate in
the formation of various hydrogenated species.
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Fig. 3.a) Infrared spectra of C2H 4 chemisorbed at 150 °C after evacuation of 30 Torr C2H 4;
b) After hydrogenation at 170 °C for 7 min (pHr = 30 Torr)

The CH stretching frequencies and assignments of the infrared hands
are summarized in Table II.

It can be seen that the presence of the CH3groups can well be distinguish-
ed from the other surface species. It is more difficult, however, to distinguish
between the CH2 groups and the hydrogen-deficient CH surface species. A very
characteristic band of the CH2 symmetric stretching vibration of associatively
adsorbed ethylene appears in the narrow range near 2880 cm-1.

Table 11

Experimental CH stretching frequencies and assignments of infrared bands of adsorbed ethylene

Estimated surface

A B c D E Assignment species
2968 s 2966 vs 2965 sh 2965 s 2965 sh NiC-CH,
2932 s 2933 vs 2930 vvs, h 2925 s, b 2930 vvs, b vasCH2 NiCH,,-,

rCH Ni CH
2885 sa vsCH2 NiCH2 CHXNi
2875 sh
2873 m, s 2870 m, sh 2870 m VvgC H 3, Ni-C-CHj,
rsCH2, NiCHZ2,
vCH Ni-Cll

A) Ethylene adsorbed on a hydrogen-covered nickel surface at 55 °C; B) Hydrogen ad-
mitted at 35 °C; C) Heated sample at 180 °C for 5 min in an atmospheric stream of hydrogen;
D) Ethylene chemisorbed at 150 °C in the absence of hydrogen; E) Hydrogen admitted at 180 °C;

a) Usually a doublet band centered at 2884 cm-1

Notes: s — strong; m — medium; b — broad; sh — shoulder; v — very; tas — asymmetric
CH stretching; vs— symmetric CH stretching
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Our statements connected with the structure of the surface species
formed under different conditions can be summarized as follows:

1. At low temperatures (under 60 °C) on an initially hydrogen-covered
surface the presence of associative ethylene can be detected, but the appear-
ance of the CH3 species and the hydrogen-deficient ones is also considerable.
On a bare surface the hydrogen-deficient species are more dominant, the
associative ethylene being practically absent.

2. In the presence of hydrogen at 35 °C the intensities of bands both of
the CH3 and the CH, groups increase, which can be explained by the formation
of C—H bonds at the expense of C—Ni ones. The change in the intensity ratio
of CH3 and CH2 groups permits to suggest formation of C4 — having multiple
C—Ni bonds — or larger polymer species.

3. At higher temperatures (150—180 °C) the number of C—Ni bonds
increases, because mainly bands characteristic of the CH and CH2 groups
are dominant.

Thus, upon increasing the temperature, the relative quantity of the CH3
groups decreases.

4. Due to self-hydrogenation, the structure of surface species depends
more strongly on the temperature of chemisorption than on the presence of
hydrogen on the surface.

To identify more convincingly the estimated surface species, further
work is necessary. Detailed results will be presented in a subsequent part
of this series.
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On the basis of a generalized decomposition mechanism for normal paraffin
hydrocarbons, a kinetic model of thermal decomposition is developed. For the construc-
tion of this model, it is supposed that hydrogen atoms, methyl and ethyl radicals par-
ticipate in the hydrogen abstraction reactions and that decomposition is the only re-
action of radicals larger than ethyl. Among secondary reactions, the inhibitory reactions
of the propylene produced and the recombinations of methyl and ethyl radicals as
chain termination steps are taken into account.

Pyrolysis experiments carried out with n-butane serve as examples for the actual
application of this kinetic model. Experimental data satisfactorily agree in the entire
conversions range with data derived from the theoretical model.

The kinetic law for the thermal decomposition reveals that the kinetic order of
the term which describes the decomposition of the parent substance continuously de.
creases from 3/2 towards unity when the temperature is raised.

Introduction

Attempts at the construction of theoretical models of thermal decomposi-
tions have been made since decades on the basis of free-radical mechanisms
consisting of the primary reaction steps and the kinetic parameters of these
reactions. The first to develop such a model for the decomposition of hydro-
carbons, e.g. ethane, were Rice and Herzfeld [1] in 1934,

It was in the 1960’s that semi-empirical models based upon stoichio-
metric overall reaction equations (molecular reactions) and upon kinetic data
found for these were applied. Among such efforts the best known are those of
Myers and Watson [2], Andrews and Pollock [3], Snow and Shutt [4],
Shah [5], and Feigin et al. [6], which refer to the pyrolysis of light hydro-
carbons, viz. to that of ethane and propane. A model also based upon the
above principle was developed in recent years for the thermal decomposition of
ethane, propane, butane and the mixtures of these, by Froment et al. [7, 8],
further, for the description of the decomposition of propane, by Albright et
al. [9].

In the 1970’s again the theoretical models based on primary reaction
steps were discussed and then also the most important secondary reactions
between chain-propagating radicals and olefinic products were considered.
In this field the studies by Allara and Edelson [10], Seres et al. [11],
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Zalotai et al. [12] and the unpublished work of Benedek and Vaci should
be mentioned concerning models for the thermal decomposition process of
hydrocarbon gases via multistep primary reaction systems. Based upon these
models a description, in semi-quantitative agreement with empirical data for
the range of low or medium conversions, has been the result. In past years,
Feigin et al. [13, 14] developed a model, based upon a similar principle, for
re-paraffins of greater molecular weight and for the mixture of these: this
model, when applied to hydrocarbon gases, led to semi-quantitative agreement
with the experimental data.

In this paper we discuss a theoretical kinetic model worked out on the
basis of a general decomposition mechanism for normal paraffin hydrocarbons.
The practical application of this model is exemplified by pyrolysis tests [15,
16] with re-butane.

Kinetics model based on a decomposition mechanism

In order to facilitate the kinetic description, we write the decomposition
of re-paraffin hydrocarbons in a generalized form that conforms to the reaction
scheme shown in Table I.

Table |

Mechanism, of the decomposition of normal paraffin
hydrocarbons

1. A, -——wmCH3+ C2H5+ C2H,

kt
> b2]
3. A,+ H 7 + H2
line
*./Rp

I\
K*Rn

CHj

A, + C2H6/ + CH,
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5. Rnp »gjMt -f-a CH3+ BCtH5

K nl
Rns 07 gjMj + >-CH3+ 4C2H5

6 M+ H cHa+ CH3

MB+ CH3 C3H4+ CH4+ H
7. CH3+ CH3 C2H6

CH3 + C2H5 C3H8

CH5+ C2H5-i2*. CHHD

where An is the parent paraffin hydrocarbon; n is the number of carbon atoms in molecule
An, in primary radicals R™, and *h secondary radicals Rns. M3 is the symbol for C3H6, the
inhibitory olefin, a is zero, p is unity if n is an even number,y -)- 6§ = 1. M2 M3... Mj symbol-
ize olefins; gj is the weighting factor for the olefin yield.

According to the free-radical hain-theory propounded by Rice and
Herzfetd [1], and Kossiakoff and Rice [17], the most important reaction
steps of the primary decomposition of paraffin hydrocarbons are the thermal
dissociation of hydrocarbon molecules (reaction 1, in the reaction scheme),
abstraction of hydrogen from parent molecules by chain-propagating radicals
(reaction 3), isomerization of the alkyl radicals formed (reaction 4), and their
decomposition (reactions 5), further the recombination of the radicals (re-
actions 7).

Besides the primary reaction steps just mentioned also the two most
important inhibition processes (reactions 6) of the propylene (M3) produced
are included in the reaction scheme. According to the literature [19], when
paraffin hydrocarbons are subjected to pyrolysis, propylene and iso-butylene
exert the strongest inhibition effect, which consists of addition of propagating
radicals H and CH3, to olefins. However, practically no iso-butylene is formed
when normal paraffin hydrocarbons decompose.

In order to simplify the derivation, the radical decomposition reaction
R3s—»M3 -)- H, characteristic of the pyrolysis of propane exclusively is left
out of the generalized scheme thus making it valid for n-butane, and normal
paraffins with more carbon atoms. The description of the decompositions of
radicals in such a generalized form allows easier handling of the reaction
system and is suitable, at the same time, for the description of the actual
process of the decomposition of a given hydrocarbon, after the numerical
values are inserted for factors a, 8, y, 6, and for gj, the weighting factor for
the olefin yields. The scheme can be extended to branched-chain hydrocarbons
provided the hydrogen abstraction steps are complemented with the formation
of the tertiary radicals R,,(, and the series of the decomposition of radicals is
complemented with the decomposition reactions of these radicals, further
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provided that also the inhibitory effect of iso-butylene, besides that of propyl-
ene, is taken into account. This is disregarded here because the treatment and
the interpretation already ofthe kinetics according to the scheme given involves
serious difficulties. A further simplification consists in that secondary reactions
of olefins larger than propylene are not included into the scheme though
also slight amounts of 1-butene and of heavier a-olefins are produced in the
primary decomposition of n-pentane and heavier n-paraffins. However, the
thermal decomposition of these is rapidly accomplished through the fission
if the C—C bond in /3position weakened by the double bond.

It should be mentioned that the Kinetic treatment of the reaction scheme
generalized for normal hydrocarbons has been expounded by Feigin et al. [13].
In the hydrogen abstraction process these authors envisage the formation of
radicals of the types R15R2, and R3 and, according to the definition given by
them, radical Rx decomposes via the cleavage of a hydrogen atom, R2 via
that of a methyl, and R3via that of an ethyl radical. (R1? R2 and R3 may
belong equally to the group either of primary or of secondary radicals.) With
regard to the diverse activation energies of the decomposition of the radicals
just mentioned this grouping is quite logical but cannot be carried farther than
up to pentane because secondary alkyl radicals produced by hydrogen abstrac-
tions decompose through the simultaneous cleavage of methyl and ethyl radi-
cals. (Feigin et al. have applied the model actually to ethane, propane and n-
butane, further to mixtures of these with propylene.) On the other hand, a
grouping of radicals according to their having primary or secondary character
is advantageous from apoint of view focused on hydrogen abstraction reactions
also because thus the activation energies differ by about 2 kcal mol-1 (in the
case of primary vs. tertiary radicals this difference is about 4 kcal mol-1).

A further departure of our reaction scheme from the one given by
Feigin et al. consists in that the latter did not reckon with the participation
of ethyl radicals in the hydrogen abstraction reactions, thus did not reckon
with the formation of ethane. It would seem that this simplification is not
justifiable, even under the conditions (high temperature) of pyrolysis because
of the significant amount of ethane produced.

Application of a steady-state treatment leads to the following balance
equations for the concentrations of the radical to be written on the bases of
the generalized reaction scheme proposed.

For hydrogen atom:

k2[C2H5] + fB2[CH3|[M3] - (k3L + ~)[H][A,] - &I1[H][M3] = 0 1)
For CH3 radicals:
*i[A,,] + kb5la[Rnp] -f- &52y[Rns] + AGI[II][M3] — (k + ~3r)[CH3][AN] —
- bICH3[M3] - 2/d1CH3]2- [T2[CH3][C2H5] = O 2)
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For C2H5 radical.

*i[A,] + KsIB[Rnp] + AMA[Rni] - *2[C2H5] - (/s + &s3)[C:H:][A,] -
- *72[CH3][C2H5] - 2KT73[C2H5]2= 0. )

For Rnp radicals

*3i[H][A,] + TZ[CHI[A,] + *B[CH[A,] - *5lr np1 - O, @)
For R,,s radicals:
*a[H][A,] + f32[CH3][A,] + ~ 3[C2H5][AN] - f&2[Rns] = 0. (5)

Further, the concentrations of chain-carrying radicals H, CH3, C2H3
will be expressed in terms of kinetic constants and concentrations of the initial
substance An and that of propylene M3 which exerts the inhibitory effect.
For this purpose Rnp and Rns will be substituted from Eqs (4) and (5) into
Egs (1), (2) and (3). The first two equations thus obtained are then added
together, this sum is then added to the corresponding Eq. (3) (with R,,p and
R,,s substituted), and the equality k2= 2 I'k71k13is utilized to give the equa-
tion

©)
Following this, the corresponding Eq. (3) is subtracted from the corresponding
Eq. (2) (with R,,p and Rns substituted) and by utilizing Eq. (6) a new linear
equation results. Thus the set of linear equations (6), (7) and (8) becomes

available to replace with it the set of equations (1), (2) and (3), containing
squared terms, viz.

[C2HSJf2 + [CH3IK62IM3] - [H] [(*3L+ *b)[An] + kOI[M3]] = 0  (7)

[C2H5] [fc2+ f33(a - B+ 1)[A,] + k3(y- 6+ 1)[A,]] - [CH3] [*62[M3] +
+ kAR —a + 1[A,]+ *RAS—y - m 1) [A,] - 4y**TLA,]]
+ [H] [fe3U* -/3)[A,] + *3i(Y- <B)[A,] + *6UM3]] = -2* ,~] (8)

The coefficients can be written as
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as — k2 kB@a—B + 1)[A,] - kB(y—d - 1)[A,]

2= "R[AJ
b3 = —[&6rDK4] + k3R —a -f 1)[A,] + Kd —y + 1)[A,] -
+ 47 B [

Q = —(*3+ "8Y[An] —G[M3]
C3= fai(a —)[A,] + K3y — <5)[A,] -j- &1[M3] *

*1[AN]

d, d3— 2Kk3[A.].

With the new coefficients the set of linear equations (6), (7), and (8)
will be

[C2H5K + [CH3] = d,
[C2H3]a2 + [CH3]62+ [H]C2- 0 ©)
[C2H3]a3 + [CH3]63+ [H]C3= d3.

The solution of the set of equations (9) is the following

Fadij_ ~273 d1(b2C3  +b3C2)
a2”3~ a3"2  al(k2C3 - b3C2
[CH3] = d, - ai[C2H5] (10)
[H] = ~ [[C2H5](ai62- a2) - b2d3].
N2

Application of the kinetic model obtained on the basis of the
decomposition mechanism to n-hutane

Based on the general reaction scheme in Table I, and with the derivations
and relationships applied to n-butane, and the numerical Runge—Kutta
integration of the set of linear equations describing the change in time of the
three components, calculations can be carried out concerning the change in
time of the concentration of n.-butane, ethylene and propylene involved in the
secondary reaction, and concerning the changes of the yields of these as a
function of the conversion. With these computations, the characteristics of
the curves which represent the concentrations of the principal components
and the yields, can be studied and also it can be examined whether the theoret-
ically deduced model is appropriate to the experimental conditions obtaining
here.
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The program used computated the change in time of the concentrations
of n-butane, ethylene and propylene, according to the following relationships

rg, = M a;] - fc3l+ K3)[H][A,] -
" dr (n)

("2 ~2)[CHI[AN] — (kB  B[C2H5][AN]

d[MZ]

ar *x[A,] - [2[C2H5] + g2/5i[HNnp] + ~eifHI[M 3] (12

~® | = gKSARM] - fei[H][M3] - T6ACH3M3], (13)

where

The kinetic parameters of the primary reactions referring to the pyrolysis
of n-butane are collected in Table II.

Rnp and R,,s, taken from Eqgs (4) and (5), can be used for calculations
in Eqs (12) and (13); in other respects the relationships (10), which refer to
chain carrying radicals, are applicable. A type HP 9830 A computer was
used.

The diagrams in Fig. 1 allow a comparison of conversion curves for n-
butane as found at various temperatures with conversion curves computed
on the basis of the kinetic model for the same temperatures. The pyrolysis
of n-butane was carried out in a flow reactor under isothermal and isobaric

Actual reaction time 111,5
Fig. 1. Variation of the conversion as a function of the actual reaction time for the pyrolysis

of n-butane
------- curves calculated by means of the kinetic model
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conditions at temperatures between 602 and 810 °C, and at a pressure of 1 atnx
without any diluent [15, 16]. As this Figure shows, the computed curves prac-
tically coincide with data found by experiment, with the exception of 667
and 696 °C, where empirical data lie above and below, respectively, the theoret-
ical curve, i.e. are scattered in consequence of experimental errors. Thus the
model given describes correctly the overall rate of decomposition of re-butane
in the temperature and conversion range studied.

Actual reaction time (T),s Conversion , X

Fig. 2. Variation of the concentration of n-butane, ethylene and propylene as a function of
the actual reaction time (a); variation of the yield of ethylene and propylene as a function
of conversion (b) for the pyrolysis of n-butane, at 602 °C

Figures 2—5 show changes of concentration of re-butane, ethylene and
propylene, found by experiment, and calculated from the model, as functions
of the actual reaction times, and the curves representing the yields of ethylene
and of propylene as a function of the conversion. An especially good agreement
is to be seen for the experimental concentration vs. time curves with the corre-
sponding theoretical data for re-butane; also in the cases of concentration and
yield curves of ethylene and propylene this agreement is nearly quantitative.
A slight systematic error is in evidence for ethylene: all the experimental
values are higher than the calculated ones.

The concentration and yield curves for ethylene and propylene reveal
characteristic differences. In the initial period of decomposition the concentra-
tion and the yield of propylene is greater than those of ethylene; however, as
the decomposition proceeds, the concentration and yield of ethylene substaiv
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Fig. 3. Variation of the concentration of n-butane, ethylene and propylene as a function of
the actual reaction time (a); variation of the yield of ethylene and propylene as a function
of conversion (b) for the pyrolysis of n-butane at 667 °C
------- curves calculated by means of the kinetic model

tially exceed those of propylene. The concentration andyield curves of propylene
show a maximum; the maximum of the concentration curve shifts to shorter
reaction times as the temperature rises; the maximum of the yield curve
appears in the conversion range from 0.7 to 0.8 practically regardless of the

Fig. 4. Variation of the concentration of n-butane, ethylene and propylene as a function of
the actual reaction time (a); variation of the yield of ethylene and propylene as a function
of conversion (b) for the pyrolysis of n-butane at 742 °C
------- curves calculated by means of the kinetic model
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Fig. 5. Variation of the concentration of n-butane, ethylene and propylene as a function of
the actual reaction time (a); variation of the yield of ethylene and propylene as a function
of conversion (b) for the pyrolysis of n-butane at 802 °C
------- curves calculated by means of the kinetic model

temperature. The secondary reactions explain the significant deviation of the
concentration and yield curves for ethylene from those for propylene (the
two target substances). The reaction C3He+ H - C2H4-)- CH3 is the most
important among these secondary ones (cf. group 6 in the scheme of Table I);
in it some of the propylene formed by primary decomposition of re-butane is
converted into ethylene and methane. Due to this reaction, the relative amount
of ethylene increases and that of propylene decreases, when the conversion
becomes greater. This is very clearly shown in Fig. 3, where also the initial
slopes of the yield curves are drawn. The ethylene yield curve deviates progres-
sively upwards and the propylene yield curve downwards, from the respective
initial slopes.

The calculated and found yield curves for ethylene (Fig. 6) and propylene
(Fig. 7) are plotted against the conversion. The course of the curves, found
and calculated, and the absolute values of yields are in good agreement for
both of these compounds. A significant effect of temperature is put in evidence
by the yield curves for ethylene; with propylene a similar effect, but in a lesser
degree, is observable when the conversion is greater than 50%.

The production of ethyl radicals (reaction group 5 in the reaction scheme)
in the reaction sequence of the primary decomposition of n-butane is the pri-
mary reason why the ethylene yields significantly increase with the temperature
at a given level of conversion. According to reaction 2, ethyl radicals decompose
to give ethylene and hydrogen atoms or are converted into ethane by hydrogen
abstraction, according to reaction group 3. Since the activation energy (40 kcal

Ada Chim. Acad. Sei. Hung. 101, 1979



[DROZNEIN 277

Fig. 6. Yield of ethylene (found and calculated) as a function of the conversion in the pyrolysis
of n-butane at various temperatures

mol-1) of the decomposition reactions of ethyl radicals is substantially greater
the activation energies (10.4 and 12.6 kcal mol-1) of hydrogen abstraction,
higher temperatures increase the relative rate of decomposition and this in
turn increases the yield of ethylene. Though to a far lesser degree, in the same
sense are ethylene yields affected by the fact that the activation energy for
H-abstraction from a primary carbon atom is greater by about 2 kcal mol-1
than that from a secondary one; thus the relative quantity of primary butyl
radicals that decomposes with the formation of ethylene slightly increases
when the temperature is raised.

W ith propylene, which is formed through the decomposition of secondary
butyl radicals, consideration of this latter effect suggests a slight decrease of
the yield when the temperature is raised. The yields found (Fig. 7) reflect this

Fig. 7. Yields of propylene (found and calculated) as a function of conversion in the pyrolysis
of n-butane at various temperatures
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effect. In the case of calculated yield curves, the situation is the reverse:
higher temperatures slightly enhance the propylene yields. This can be ex-
plained on the basis of the diverse activation energies of the primary reactions
designed as the formation and the decomposition of propylene in the theoretical
model. The reaction marked f52, leading to the formation of propylene has an
activation energy (according to Table Il) of 31.9 kcal mol-1, -while the activa-
tion energies of processes k6l and k&which describe the decomposition of propyl-
ene, are 2.9 and 7.4 kcal mol-1, respectively.

The Figures shown permit the statement that the model developed on
the basis of the simplified scheme of Table I, describes the experimental data
even at high conversions with a satisfactory accuracy, provided that the kinetic
parameters are appropriately selected from the literature.

W ith relationship (11) as a basis, we can study the effect of changes in
the concentration of the parent hydrocarbon and that of rising temperature on
the overall kinetic order of decomposition in the initial period, viz. when
[A,,] A 10-2 mol dm-3, [M3] = 0, and in the reaction affected by the propyl-
ene produced, viz. when [An] = [M3] 3xHO -3.

The analysis of the overall kinetic relationship found for the rate of
consumption of the initial An hydrocarbon suggests the following general
statements.

Table 11

Kinetic parameters of the primary reactions in 7'able | for the pyrolysis of n-butane [10, 18]

coﬁggnt log A - Em oh1) Reaction rate
"8I3 K NOBK

*j 16.3 81 400 8.2x 10-5 0.52
K 17.0 85 400 4.1 X10-5 0.40
K.. 13.0 40 000 9.6x 10-2 7.0x 104
31 111 9 700 4.7 X108 1.3x10s
31 11.3 8 400 1.5x 10» 3.8x10s

9.1 11 600 1.5x 10G 5.4x10s
e 8.9 9 500 3.3x 10s 9.2x10s
Kj:t 8.0 12 600 7.0x104 2.7x10s
A33 8.0 10 400 2.4x10s 7.6 X105
51 12.2 28 000 1.5x 105 3.1x10s
Ks. 134 31 900 2.6x10s 7.9x10s
61 10.0 2 900 1.9x10s 2.5x10s
K, 8.5 7 400 4.4x10s 9.8x10s
kil 10.4 0 2.5 XI010 2.5x10»
k,, 9.8 0 6.3x10s 6.3x10s
73 8.6 0 3.9x10s 3.9x10s
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a) In the temperature range from 600 to 700 °C, this being the initial
temperature of industrial pyrolysis processes, the decomposition of the initial
substance Ancan be approximately described by a kinetic equation of the order
of 3/2.

b) With increasing the temperature besides the 3/2 order kinetic term,
a first order kinetic term xvill progressively gain in importance in the complex
decomposition process, thus the overall order of the reaction tends towards
unity. A similar effect results from the dilution of the reaction mixture (i.e.
of the initial concentration).

c) The statements in a) and b) unequivocally account for the fact that
the overall order of the decomposition of the parent compound changes contin-
uously with the changing conditions of the reaction, therefore, it is justifiable
to write the equation for the overall decomposition rate as (a form used in
a general form previously [15, 16, 20])

d* _ CA(1-x) T
rA,= =K
dco A+ (E,-1)*

(15)

The results obtained [15, 16, 20] by means of this equation are in good
agreement with conclusions a) and b) arrived at through derivations discussed
before, namely a figure close to 3/2 is obtained for the decomposition of n-
butane at abound 700 °C (cf. Fig. 8); this value tends to decrease towards
unity when the temperature is raised.

Fig. 8. Logarithm of the rate as a function of the logarithm of actual concentration in the
pyrolysis of n-butane

The authors wish to thank Mr. Antal Pukler, mathematician, for the programming
of the kinetic model.
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The petroleum ether soluble lipoprotein (lipopurothionin), the chloroform-
methanol soluble glycolipoproteins and water soluble glycoproteins of wheat were
studied.

The electrophoretic properties, amino acid composition and the nature of the
lipid and carbohydrate components were determined. The character of the protein-
lipid interaction was also investigated.

The results support the assumption that the complex is formed by electrostatic
interactions between the numerous polar side chains of protein and polar phospho-
or glycolipids. The effect of hydrophobic interactions may not be excluded.

Introduction

On the basis of the classical investigations of Osborne, five types of
protein are distinguished in wheat flours: albumin, soluble in water; globulin,
soluble in salt; gliadin, soluble in alcohol; glutenin, extractable with dilute
alkali or acid; and finally a more closely not defined protein type material,
called proteose.

The rapid development in the separation techniques of proteins, the
widespread application of various extraction, chromatographic, electrophoretic
and molecular sieve separation methods have brought some new results that
claim for the extension or revision of the classification used so far. The data
published in several reviews [1—9] lead to the conclusion that the classical
wheat protein fractions are not at all homogeneous, and can be separated to
several, possibly more than a hundred, further components. With regard to
biological function and related chemical properties, differences can be found
between the protein components of the germ, endosperm and aleurone layers.
Furthermore, not only the embryo part, but also the endosperm contains many
types of enzyme protein. As shown particularly by most recent investigations,
wheat flour also contains many complex proteins which have been ignored in
previous classifications.

Consequently, according to our present knowledge, the proteins of wheat
can be classified as shown in Table I.

5* Acta Chim. Acad. Sei. Hung. 101,1979



282 LASZTITY et al.. COMPLEX PROTEINS OF WHEAT

Table 1

Classification of wheat proteins

. Ou the basis of the On the basis of protein
On the basis of structure function of the proteins chemistry
Germ proteins Enzyme proteins Simple proteins

(Amylases, Proteases,

Aleurone proteins Oxydoreductases, etc.) Histones
Endosperm proteins Albumins
Globulins
Glutelins

Enzyme proteins

Storage proteins (Gliadin, Complex proteins

Glutelin) Nucleoproteins
Lipoproteins
Membrane proteins Glycoproteins
Regulatory proteins, etc. Enzyme proteins

A more detailed view about wheat proteins may be of interest for re-
search workers and practical experts dealing with cereal processing. Of the new
problems emerging, the question of complex proteins is extremely interesting
from both the chemical and technological aspects, not only because very little
research work has so far been devoted to the composite proteins of wheat
flour, but also because according to the most recent investigations these pro-
teins have a very important role in influencing the properties of gluten which
are important in food technology.

W ithin the project of wheat protein chemistry in our institute, consider-
able stress has been laid in the last few years on complex proteins, particularly
on lipo- and glycoproteins. Some of the results obtained are reviewed in this
paper.

Lipoproteins and glycoproteins in wheat

An increasing amount of practical experience and experimental results
indicate that wheat milling products and dough prepared there of contain
lipoproteins, protein-lipid complexes, which affect both the technological
properties of dough and the quality of bakery products.

The much different properties of the protein components of these com-
plexes from other proteins of wheat, and the presence of many apoprotein
fractions of biological activity detected so far, indicate that these substances
play a unique role, from physiological aspects too, in the development of wheat
plant.
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It is commonly known that the majority of protein-lipid complexes
detectable in dough, as first proved by McCaig and McCalla [10], are formed
in the presence of phosphatides during the hydratation of proteins. In addition
to these complexes, which are most important owing to their influence on the
quality of bakery products, various other “lipoproteins” have been isolated
by Balls [11, 12], Carter [13], Fischer and Broughton [14], Coockson
et al. [15], Hoseney et al. [16], Rohrlich et al. [17, 18], Garcia-Olmedo et
al. [19]. These complexes have in common that they can be extracted from
wheat flour by organic solvents, and even if the problem of artefact character
may emerge in connection with them, it is clear on the basis of the large number
of experiments that the protein components of the complexes show very
great affinity towards lipids.

Our research group has been dealing for several years with the most
widely studied wheat “lipoproteins”, the purotliionin-lipid complexes first
isolated by Baris.

Purothionin can be extracted from flour in the form of a lipid-protein
complex by petroleum ether. Extraction methods using sodium chloride [19,
20], or dilute acids [21, 22] are also known.

Purothionin is a mixture of basic protein fractions, which, although
in very small amounts, can be found in all wheat species, including diploid
wheat, which can be iegarded as primordial wheat. Purothionin differs in
amino acid composition from other wheat proteins; it contains about 20%
of cysteine, and more than 20% of basic amino acids (Arg -)- Lys), whereas
histidine, methionine and tryptophane are absent, and the amounts of glutam-
ic acid, aspartic acid and proline are also smaller in purothionin.

The most thoroughly investigated two purothionin fractions were the low
molecular weight fractions called a and B purothionin on the basis of gel electro-
phoretic mobility. The fractions A—I1 and A—IIl obtained by the isolation
method of okaaa [23] are identical with the a fraction and 8 fraction. The
amino acid sequences of the above purothionin fractions are known: Jones
and Mak [24] separated the a fraction into two subfractions and determined
the sequence: in a second paper [25] they reported the sequence of the R-
fraction. These sequences can be regarded to be the same as the primary
structure given by oiitani et al. [26].

The biological effect of purothionin has already been described by the
first isolator, Bari1s: the compound exhibits antimicrobial and uterus con-
tracting properties. As to the toxicity of purothionin the extensive studies of
Garcia-Olmedo €t al. [19] and okada et al. [23] have revealed many facts.
The most intensely studied field is its toxicity towards brewer’s yeast, the
mechanism of which is also known. Relatively little is known on the lipid
binding ability of purothionin, and on the protein-lipid complexes. A method
was described for the isolation of the complex by Redman and Fisner [27].
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The lipids of the isolate proved to he mostly polar lipids, whereas triglycerides
were absent.

The first studies on the purothionin content of wheat grown in Hungary
were published by Lasztity et al. [28]. The isolation method elaborated by
Batls was revised by Bekes [29], Smied and Bekes [30] compared the pro-
perties of products isolated by extraction with petroleum ether and dilute sul-
furic acid, respectively.

According to the results of Bekes [31, 32, 33, 34], several fractions,
similar in amino acid composition, can be found in addition to the two lower
purothionin fractions, and purothionin can be regarded as a mixture of four
proteins on the basis of molecular size, and of at least eight proteins on the
basis of electrophoretic mobility.

Table 11 shows the main characteristics of these fractions.

Table 11
Main characteristics of purothionin fractions

Fraction
Characteristic

All A2 B ciL cr2 D/I D/2 E
iV-terminal group Arg Asp Lys Glu Arg Lys Ser Ala
C-terminal group Asp Ala Leu Leu Val Lys Arg Gly
Molecular weight . 10"3 132 132 120 57.3 57.3 8.8 8.8 8.7

The primary aim of our investigations was to determine the types of
lipids with which these protein fractions may form complexes and to deteimine
the stoichiometry of complex formation. Therefore, the complex had to
be prepared and then its protein and lipid components studied.

An other type of complex proteins was isolated from wheats by Ronr-
tich and Niederaiter [17, 18]. A chloroform-methanol (2:1) mixture was
used for extraction. The protein part of the isolated complexes was similar
to some gluten protein fractions. In the lipid part phospholipids and unsatu-
rated triglycerides were found.

Many authors have successfully isolated carbohydrate-protein complexes
from wheat. Kundig and Neukom [37, 38] prepared an aqueous extract
from ground wheat, from which the fractions containing carbohydrate were
isolated after dialysis on DEAE cellulose column. In the carbohydrate unit
of the glycopeptide part arabinose and galactose were found, and of the amino
acids tyrosine and tryptophane were determined.

W rench [39] extracted glycoproteins, besides other proteins, from
a commercial flour prepared from Australian wheat with 0.01 mole pyro-
phosphate solution. The fraction containing carbohydrate was separated on

Acta Chim. Acad. Sei. Hung. 101, 1979



IAZI'MI& COREFROEN VA 285

Sephadex G-75 gel. The molecular weight was found to be around 40 000,
and as it had no UY absorption in the 278 nm region, the presence of tyrosine,
tryptophane and phenylalanine could be excluded.

The fraction was decomposed with pronase, and the peptide fractions
were separated by ion exchange chromatography. In the peptides of carbo-
hydrate content Leu, Val, Glu, Ser, Asp, and Ala were detected.

The carbohydrate part contained glucose, galactose and arabinose. The
glucose-galactose ratio was found to be 4:1. Interesting by, the peptide part
in the neighbourhood of the carbohydrate unit could not be decomposed en-
zymatically, probably owing to steric hindrance.

Rohrtich et al. [40, 41] investigated the properties and compositions
of glycoproteins in commercial flour and in flours prepared from four thorough-
bred wheats. The effect of proteins on the viscosity of the solutions and, by
farinographic methods, the water absorption capacity, were also studied.

The glycoprotein fractions (I—I1) were obtained from an aqueous
extract, by separation on Dowex 50 X and DEAE Sephadex gel. The amino
acid composition of the glycoprotein from the original agueous extract was
determined, and the quality and quantity of amino acids were found to be
similar to those of gliadin.

Our investigations were concerned with the water soluble glycoproteins
of 1lungarian n\beal species.

Experimental

Lipopurothionin

Isolation

Figure 1 shows the scheme of the investigations carried out.
Purothionin fractions were isolated from the petroleum ether extract in four ways,
(i) by conventional hydrochloric acid cleavage,

(ii) through the lipopurothionin isolation method elaborated by Fisher et al. [21]

using methyl acetate, by cleaving the isolated complex,

(iii) from the fractions obtained by the methyl acetate method and separated accord-

ing to the molecular size, and

(iv) directly from the petroleum ether extract, from the protein positive fractions

separated on a Sephadex LH-20 column.

The petroleum ether extraction of wheat flour was performed in the following manner.

2000 g of wheat flour (Type 112) was shaken with 1600 ml of petroleum ether (b.p.
40 -60 °C) for 2h. After 15 min of sedimentation the clear liquid phase was decanted, and
then the solid was filtered off. Adding again 1600 ml of petroleum ether to the flour, shaking
was repeated.

The petroleum ether solutions were evaporated in a rotating film vacuum still, and the
residue was stored at 10 °C for 2 weeks. During this time the steroid components precipi-
tated, and could be separated from the oil.

Purothionin was prepared by a modified version [13] of the dry hydrogen chloride method
developed by Balls [12]. The method consists in adding a sixfold amount of 1 N anhydrous
alcoholic HC1 solution to the extract dissolved in diethyl ether. The proteins precipitated
upon this treatment are then purified with various solvents to prepare purothionin.

Acta Cliim. Acad. Sei. Hung. 101, 1979



286 LAY d: CDREHOENS GVHEET

Fig. 1. Scheme of the investigations of lipopurothionin

Lipopurothionin was isolated by the methyl acetate method of Redman and Fisher [27]
Purothionin was separated from lipopurothionin by a semi-micro variant of the Balls method.
Bound lipids were separated by Folch washing.

Lipopurothionin and the petroleum ether extract were separated according to molecular
size on a Sephadex LH-20 column with chloroform containing 5% of ethanol.

As can be seen in Fig. 1, these treatments enabled us to isolate the “free” lipids and
those interacting with proteins. In addition the fractions prepared in four different ways
give possibility to determine whether all purothionin fractions take part in the formation of
the complex, and whether the complex contains any other protein in addition to the purothio-
nin fractions.

Investigations on proteins

For a comparison of the protein preparations produced in different ways, the follow-
ing investigations were carried out.

80 -

60 -

Hours

Fig. 2. Characteristic elution curve of purothionin on Sephadex G-75 column
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Fig. 3. The elphogram of purothionin obtained on PAG at pH — 3.1

(i) Separation according to molecular size on a Sephadex G-75 column. The charac-
teristic elution curve of purothionin is shown in Fig. 2.

(ii) Determination of the molecular weights of the fractions uniform in molecular size
by means of an ultracentrifuge, with low-speed equilibrium measurements.

(iii) Gel electrophoretic investigation of the fractions. The elphogram of purothionin
obtained on polyacrylamide gel at pH = 3.1 can be seen in Fig. 3.

(iv) Determination of the gross amino acid composition by means of an automatic
amino acid analyser.

(v) Determination of terminal amino acid: iV-terminal determination by the DNFB
method, C-terminal investigations by carboxypeptidase digeston.

All these investigations have been described in one of our previous papers [29].

Investigations on lipids

“Free” and “bonded” lipids were analyzed qualitatively and quantitatively by the
following methods.

(i) Group fraction on florisil column activated by acid treatment, with eluents of
varying polarity.

(ii) Further separation and quantitative analysis of group fractions by the TLC
technique. The eluents and detecting agents applied are described in detail in
another paper [34].

(iii) Micro analysis for phosphorus in the group fractions [33].

(iv) Determination of gross fatty acid compositions of the group fractions by gas
chromatographic analysis [30].

Glycolipoproteins soluble in the system chloroform-methanol

Isolation

The technique described by Rohrlich and Niederauer [17, 18] was applied, and
after extraction with petroleum ether the appropriate complex proteins were extracted with
a mixture of chloroform and methanol.

The preparation of the protein-lipid complex and the investigations carried out are
shown schematically in Fig. 4.
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Flour

Extraction (petroleum ether)

Extract
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Neutral lipids emaining part
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oV . C

Fig. 4. Scheme of the preparation and investigation of wheat glycolipoprotein complexes

Investigation of the lipid components

The lipid components were investigated by TLC. The chromatograms were developed
on Silica gel G layer with the solvent system acetone/benzene/water (91:30:10). The spots
were detected by five methods.

1. 1% a-naphthol in 90% ethanol, containing 10% H2504. At 100 cC glycolipids appear
in red colour.

2. Phospholipids were visualized with Dittmer —Lester [35] reagent on the basis
of the molybdenum blue reaction.

A) 16 g of (NH4H2M o004 was dissolved in 120 ml of water.

. B) 40 ml of cone. HC1 + 10 ml of mercury were added to 80 ml of solution A), shaken
for 30 min, and filtered on a G3 glass-filter.

200 ml of cone. H2S04 and solution B) were added to the rest of solution A): the solu-
tion was cooled and filled up to 1 litre.
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The plates sprayed with the reagent were heated at 110 °C in a drying oven. Lipids
containing phosphorous gave blue colour.

3. Steroid glycosides can be detected by spraying the plates with a chloroform solution
of antimony chloride. The spots are visible in UV light.

4. Amino groups and phosphatidyl cholamine were detected by 1% ninhydrine in

acetone.
5. Elementary iodine is adsorbed by most of the fractions, thus it can be used to make
visible all the spots in a nondestructive way.

Experimental conditions of TLC

System acetone/water/benzene (91:10:30)
Temperature 25 °C

Time 40 min

Layer Silica gel G (inactivated)

Determination of the carbohydrate components

For the determination of the carbohydrate content of the complex, the lipoprotein was
hydrolyzed, and identified by paper chromatography.

Hydrolysis: 0.6 g of air dry material was placed into two hydrolyzing test tubes. The
samples were hydrolyzed at 105 °C for 8 h with 10 ml each of 2N H2504. After hydrolysis,
the solutions were washed into glass vessels, and sulfuric acid was neutralized by warming
with solid Ba(OH)2. The BaS04 percipitate was removed by filtration on a G3 glass filter.
The pure, neutral filtrate was evaporated to a volume of 5 ml, and this solution was used in
the subsequent experiments.

Chromatography: On the basis of preliminary experiments, from the samples 50 /zl
and from the samples 50pi and from the standards 5p\ were applied on to the paper. Ara-
binose, galactose and ribose were used as standards in a concentration of 5 mg/ml.

Descending chromatograms were run in a cylindrical vessel of the usual size. Schleicher —
Schill 2043/B paper was used, from which strips of 10x45 cm were cut. The start line was
at a distance of 10 cm from the edge of the plate, the mixture were placed in a Petri dish to
the bottom of the solvents. After applying the sample, the paper strips were fastened into
the boat by means of a glass rod so that the start line was at the same height as the bottom of
the boat. This careful alignment before running the chromatogram is very important, since
it ensures well discernible, parallel running spots, even after long runs. After these prepara-
tions the boat was filled with the mixture, the vessel was covered, and the chromatogram
was run for 24 h. The spots of the chromatograms were detected with agents of different
sensitivities (diphenylamine-aniline phosphoric acid and silver nitrate reagents).

Gel chromatography and electrophoresis

The complex was separed on Sephadex G 150 gel. The parameters of separation were
the following:

Column height 40 cm
Internal diameter of column 20 mm
24 ml
125 ml
Flow rate 15 20 ml/h
Buffer 0.5% acetic -f- 7% Al lactate

Gel electrophoresis was performed on polyacrylamide gel at pH 8.9 TRIS-glycine
buffer of pH = 8.3 was used as the electrode buffer. The details of separation have been de-
scribed in another paper [36].

Amino acid composition and N-terminal groups
The amino acid compositions of the fractions were determined by an automatic amino

acid analyser (A 881 MIKROTECHNA PRAHA). The IV-terminal groups of the fractions
were determined with I-dimethylaminonaphthalene-5-sulfonyl chloride reagent (dansylation).
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Glycoproteins

The flour of “Besostaya-1"” wheat species (co. 70% extraction) was used for the inves-
tigations. The glycoproteins were extracted with distilled water at 20—25 °C. After centrifug-
ing, the aqueous extract was purified by dialysis. The purified extract was further separated
on Sephadex G—¥5 gel.

The carbohydrate content of the fractions was detected by means of the Molish reaction
and resorcine test. Paper electrophoresis was carried out with the following parameters.

Paper W hatmann 1

Buffer Acetic acid-pyridine-water
(pH = 5.6)

Voltage 220 V

Current 2 mA per strip

Time 6h

Sample 0.05 ml

introduced

After electrophoresis, the paper strips were dried at 105 °C, and a part of them was developed
with a fuchsine solution in acetic acid. As differentiating solution a 10% acetic acid solution
was used.

Another part of the paper strips was tested for carbohydrates, with a 4:1 mixture of
1% resorcine in alcohol and 2N phosphoric acid. Carbohydrates were separated by dialysis
after hydrolysis, and investigated by paper chromatography. The method was identical to
that described for glycolipoproteins.

The amino acid compositions were determined by an automatic amino acid analyser
(A 881 MIKROTECHNA, PRAHA).

Results and Discussion

Lipopurothionin

In the complex coagulated with methyl acetate a protein-lipid ratio of
3:7 was found. After cleavage by hydrochloric acid, the protein part could
be identified unambiguously with the purothionin fractions. The lipid part had
a polar character and a high content of phospholipids (about 90%). A small
amount of sterols was observed (Table IIl).

The main component of the lipid part was phosphatidyl etlianolamine.

Lipopurothionin coagulated with methyl acetate was separated accord-
ing to molecular size on a Sephadex LIl 20 column. As can be seen in Fig. 5,
the elution curve indicates a very inhomogeneous fraction. The elution curves,
as regards the fraction ratios, strongly vary with the age of the preparation;
in the experiment shown in the Figure 5, spearation was done immediately
after isolation.

Examination of the eight main fractions isolated has shown that their
protein and lipid compositions differ only in relative proportions, but all
components can be found in every fraction.
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Fig. 5. Elution curve of the (chloroform extract) on Sephadex LH-20 column

Table 111

Characteristics of lipopurothionin separated by precipitation with melhylacetale

Lipopurothionin

Characteristic Lipopurothionin
1. 1.
Quantity of the fraction (%) 100 411 32.3 26.5
Protein content (%) 27.4 30.4 26.4 25.7

Gel electrophoretic subfractions of the

protein part (%)

Purothionin A 49.8 59.8 41.3 19.7
Purothionin B 17.3 28.7 43.6 46.5
Purothionin C 18.3 6.9 13.2 19.7
Purothionin D 14.6 4.6 1.9 141
Purothionin E 14.6 4.6 19 14.1
Lipid content (%) 72.6 69.6 73.6 74.3
Phosphorus content (mg/mg) 20.0 21.3 18.4 19.2

Lipid subfractions

Phosphatidyl inosite - + +
Phosphatidyl choline + + + +
Phosphatidyl ethanolamine + + + +
Lysophosphatidyl choline + + - _
Lysophosphatidyl ethanolamine + + + +
Monogalactosyl diglyceride + + — -
Sterol glycoside + + _
+
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These results seem to support the assumption that the complex is formed
by electrostatic interactions between the numerous polar amino acid side chains
in purothionin and the polar lipids. The instability of the system and the almost
statistical composition of the lipopuroprotein fractions practically exclude the
existence of a covalent bond between the proteins and lipids.

This schematic picture was enriched in several aspects by the results
obtained in the direct fractionation of the petroleum ether extract.

Elution of the extract with chloroform on a Sephadex LH 20 column
gives the elution curve shown in Fig. 6. Of the separated fractions, only the
first two had a detectable protein content (Table 1V). According to the results
of more detailed investigations, this protein was undoubtedly purothionin.
The lipid composition of the fractions containing protein was significantly

Table 1V
Characteristics of the protein lipid complex isolated directly by fractionation of the petroleum ether
extract
Fraction
Characteristic
| 1" 1 v \% \!
Quantity of fraction (%) 11.7 53.3 11.7 15.0 3.3 5.0
Protein content (%) 14.9 10.6 — - - —
Quantity of the protein
subfractions (%)
A
1 485 79.2 - — R —
B
c 43.6 19.7 — — -
J 48.5 79.2 — — R —
Phosphorus content (/ig/'mg) 12.8 8.87 — — - —
Lipid content (%) 85.1 89.4 100 100 100 100
Lipid subfractions (%)
Polar lipids 46.5 32.2 19.2 16.1 17.4 13.7
Free sterols — — 8.8 10.1 8.8 8.7
1—2-diglycerides — — 11.4 13.0 14.9 6.0
1—3-diglycerides — — 14.8 12.6 10.3 6.2
Triglycerides 48.5 60.0 29.4 29.1 33.8 65.0
Sterol esters 4.8 7.8 16.4 19.1 15.4 5.4
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Fig. 6. Fractionation of wheat (petroleum ether) extract on Sephadex LH-20 column

different from that of the further four fractions: the proportion of polar lipids
was higher in the former. The difference was also characteristic in the fatty
acid composition; whereas with “free” lipids the main bulk consisted of linoleic
and linolenic acids, in the two fractions of protein content the proportion of
oleic acid markedly increased.

The composition of the protein-lipid complex prepared by this method
had one significant difference as compared with the preparate ion isolated by
methyl acetate coagulation: the former contained a substantial amount (more
than 10%) of triglyceride. For the interpretation of this fact our hypothesis
concerning the structure of lipopurothionin must be extended.

In addition to the electrostatic and perhaps hydrogen bond interactions
between polar lipids and the basic amino acid side chains in purothionin,
which occur very abundantly in wheat proteins, one must also assume the
presence of hydrophobic interactions between the fatty acid side chain of phos-
pholipids and triglycerides (lipid-lipid interactions). These interactions, being
very weak, may already be eliminated by mild environmental effects, such as
methyl acetate treatment.

Glycolipoproteins

The protein content of the complex was found to be 85.3%. Of the lipids,
the following 10 components could he separated:

phosphatidyl choline
phosphatidyl ethanolamine
phosphatidic acid
sulfoglycolipid

digalactosyl diglyceride
polyglycerine phosphatide
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monogalactosyl diglyceride
steroyl glycosides and neutral lipids.

One component could not be identified.

Of the carbohydrate constituents arabinose and galactose were identified
unanimously in the hydrolysate.

The complex was separated into two fractions on Sephadex G-150 gel,
of which the first fraction may presumably be decomposed into further frac-
tions. This seems to be supported by the iV-terminal amino acid analysis of
the fractions, too. The first fraction was glycine, phenylalanine, and unidenti-
fied; the second fraction contained arginine as the iV-terminal amino acid.

The iV-terminal amino acids of the lipid-protein complex were also deter-
mined from the undecomposed complex. The IV-terminal amino acids deter-
mined by means of I-dimethylaminonaphthalene-5-sulfonyl chloride (DNS—CI)
were as follows:

arginine
glycine
phenylalanine
unidentified

The complexes could be decomposed into four fractions by PAG electro-
phoresis. Electrophoresis was carried out at four gel concentrations. The
sample was dissolved in TRIS-glycine buffer of pH = 8.3, containing 0.1 g/ml
of urea. The best separation was observed for a gel concentration of 3.75%.

iV-terminal amino acid analysis and PAG electrophoresis both indicated
the presence of four fractions. The investigations of the iV-terminal amino
acids of the complexe have also shown four amino acids, of which three could
be identified qualitatively. The amino acid composition of lipoglycoprotein is
given in Table V.

Glycoprotein

By separation on Sephadex G-75, one fraction containing carbohydrate
could be isolated from the aqueous extract, with a molecular weight of ca.
16.000. This fraction could be separated further by electrophoresis into two
fractions, one practically carbohydrate-free and one glycoprotein fraction.
Of the carbohydrate components galactose, glucose and arabinose were identi-
fied, their ratio being 6:3:1.

The data on the amino acid composition (see Table VI) support the acidic
character of the protein complex observed in the electrophoretic investiga-
tions.
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Tabic V

The amino acid composition o fthe lipoglycoprotein complex

Amino acid S:;?gﬁ
Asp 1.17
Thr 2.76
Ser 1.22
Glu 23.40
Pro 22.20
Gly 1.55
Ala 1.65
Cys 8.20
Val 2.14

Amino acid

Met
Pe

Leu

Tyr
Phe
Arg

fiLys
His

Ammonia

Table VI

g/100 g
protein

0.45
531
4.60

1.60
4.71
2.20

2.35
1.22
1.46

Amino acid composition o f the wheat glycoprotein
(Acidic protein isolated from the wheat variety Besostaya-1)

Amino acid

Cys
Lys
Arg

Ser

His
Asp
Thr

Glu
Ala

Pro
Tyr
Met

Val
Phe
Leu

lie

g/100 g protein

11

11

.82
.82

.57

91
.40
.81

.00
.81

91

.14
.36
.81

.60
91
91

91
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Janos Liszi: Nemelektrolit folyadékok dielektromos tulajdonsagai
(Dielectric Properties of Non-electrolyte liquids)

A kémia UGjabb eredményei
(Advances in Chemistry) Vol. 38
Akadémiai Kiad6, Budapest
1977, 262 pages (A/5), 70 figures, 38 tables

The book of J. Liszi reviews the theories of dielectric polarization and relaxation of
dielectric liquids and relationships between the structure and dielectric properties of liquids
containing no charge carriers. It also deals with some relationships between structures of mole-
cules in, and dielectric properties of the liquid.

The second chapter (58 pp in length) discusses theories of the static relative permittivity
of liquids; the third chapter (of about same length) is concerned with the theories of dielectric
relaxation, i.e., the frequency dependence of dielectric properties.

The next two chapters discuss in more detail the relationships between the structure
and dielectric properties, illustrated by data and relationships pertaining to individual sub-
stances. The fourth chapter (53 pp) is devoted to liquids in which the molecules are not associat-
ed, and the fifth chapter (73 pp) to “associative” liquids.

The sections dealing with theoretical, semi-empirical and empirical relationships be-
tween structure and dielectric properties are particularly valuable.

The presentation of basic theories creates the impression as if they had not been quite
assimilated by the author. Some incomplete definitions (e.g. that of electric dipole, p. 15),
inaccuracies (e.g. identification of random distribution with equal radial distribution, p. 16;
or Equation 2.3.8, p. 20), and erroneous equations (e.g. Equation 2.5.6, p. 29 or Equation
2.5.14, p. 31) seem to confirm the above impression and suggest the lack of due care.

S. Lengyel

Lecture Notes in Chemistry, Vol. 5.
Ramon Carbo, Joseph M. Riera: A General SCF Theory

Springer-Verlag, Berlin—Heidelberg—New York, 1978, 210 pages

The subject of this book is the most important approximate method in modern quantum
chemistry, the self-consistent field (SCF) method. The reviewer is not completely happy with
this volume because the presentation is very heterogeneous. Strangely, the first part is the
most demanding one; as one proceeds, the presentation becomes much simpler. It is hard to
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see for whom the book was intended: the first part is simply too general and complicated for
the beginner, while a reader with a good background in quantum chemistry will find much
of the material already familiar.

After a brief historical introduction, the general SCF formalism, developed by Hirao
and by the authors, is described. Despite its occasionally poetical style, this is very hard read-
ing, and the present reviewer found it necessary to consult the original papers. Unfortunately,
the practical advantages of the general SCF theory are not stressed, and the examples treated
can be calculated by conventional Hartree —Fock routines. Disproportionally much is written
about the paired-excitation multiconfigurational SCF method which is little used nowadays.
This is no wonder considering that, as a result in this book shows, a 56-configuration paired-
excitation SCF wavefunction yields only about 4 per cent of the estimated correlation energy
inwater. SCF perturbation theory is well covered, as well as the multiconfigurational case for
two and three electrons. The final part of the booklet describes various practical devices, e.g.
basis sets, population analysis, etc., and contains a collection of fair-quality SCF calculations.
The latter should be quite useful for the novice.

There is a serious error on p. 32, which deserves separate treatment here. From the fact
that one can add to the Fock matrix an arbitrary projector which is diagonal in the SCF
orbitals, the authors conclude that Koopmans’ theorem has absolutely no significance, and
orbital energies are completely arbitrary quantities. If this were true, the approximate corre-
spondence between the observed ionization potentials and Hartree —Fock orbital energies
would constitute a mystery. In reality, an orbital energy is equal to the difference in the
energy expectation value of the ground-state determinant and a determinant in which the
corresponding orbital has been deleted. An arbitrary level-shift operator cannot have any
effect on this quantity. Thus, as far as orbital reorganization an correlation effects can be
neglected, Koopmans’ theorem remains valid.

P. PULAY

Heinrich Notn and Bernd W rackmeyer: Nuclear Magnetic Resonanec
Spectroscopy of Boron Compounds,

NMR Basic Principles and Progress, Volume 14
(P. Diehl, E. Fluck, and R. Kosfeld, Eds).
Springer-Verlag, Berlin—Heidelberg —New York, 1978, 461 pages

Over the last decade, boron chemistry, especially the chemistry of higher boranes, has
undergone major developments. To a fairly high extent, this has been due to the ever increas-
ing applications of boron-11 nuclear magnetic resonance (UB NMR) spectroscopic methods
iu the elucidation of composition, structure and dynamics of boron-containing molecules
and systems. Since the proliferation in the early 70’s of modern Fourier transform NMR equip-
ment providing UB NMR data on moderate quantities of samples within relatively short pe-
riods of time, a considerable body of UB NMR information has been accumulated. This in-
formation however is widely scattered in the literature. The remarkable task of collecting
these data had been undertaken by Il. Noth and B. Wrackmayar, well-known experts of
this field, and resulted in this impressive volume 14 of the NMR Basic Principles and Progress
series.

Data-oriented in the first place, the volume is built up around the collection of UB
NMR data for more than 3000 compounds listed in well-organized tables that occupy some
300 of a total of 460 pages. The descriptive part is divided into 8 chapters. After the introduc-
tory remarks outlining the major scope of the volume (chapter 1), a brief summary of the
NMR properties of boron is given (chapter 2) including the main empirical and semiempirical
correlations of 1IB chemical shifts and one-bond coupling constants [4 (IIBX)]. Chapter 3
surveys the few 11B NMR data on two-coordinate boron to be followed by a detailed account
on UB chemical shifts of three-coordinate boron (chapter 4) in a large variety of compounds
with special emphasis on correlations of IIB chemical shifts with substituent, anisotropy,
a and 71 bonding effects, the influence of ring size, steric hindrance. In this and subsequent
chapters, the description of the major trends and characteristics of 'B chemical shifts is care-
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fully matched with the organization of the data collection. Chapter 5 deals with the available
data on nB NMR of transition metal boron compounds, chapter 6 is devoted to nB NMR
of diborane and derivatives while chapter 7 disserts on compounds with tetra-coordinate boron
including, among others, metal borates, donor-acceptor complexes, boron adducts with
various donors, etc. Spin-spin coupling constants involving nB [ny(11B X)] are dealt with in
chapter 8. Discussion of this parameter is extended over boron-boron and boron-other element
coupling from the direct (n = 1) to long-range (n ]> 4) interactions.

The tables of nB NMR data (chapter 9) are organized as follows. At the head of each
table structural symbols are provided. These symbols show the atoms to which the boron atom
is directly bonded. In addition, the headlines of each table indicate the classes of compounds
treated. The combination of classes of compounds with the structural symbol allow for an
easy way of retrieving a specific compound. For this purpose, a compilation of compounds
according to Chemical Abstract formula is provided. The volume is complete with formula
and author index and references.

The book is a most valuable data collection for all those working in the field of borane
and organoborane chemistry.

L. Radios
J. Urbricht: Grundlagen der Synthese von Polymeren

Akademie-Verlag, Berlin, DDR, 1978
260 Seiten, 59 Abbildungen, 39 Tabellen

Die theoretischen und praktischen Kenntnisse der einzelnen Disziplinen sind in den
mittlerweile erschienenen Handbiichern zusammengefasst. Uber Entwicklungen wihrend
und seit ihrer Erscheinung berichten jedoch nur Fachzeitschriften, deren Studium viel Zeit
und Mihe beansprucht.

Die wissenschaftliche Behandlung der Polymerisationsreaktionen hat in den letzten
Jahrzehnten stark an Intensitdt gewonnen.

Verschiedene Fachrichtungen erforden eingehendere Kenntnisse auf diesem Gebiet,
die durch spezielle Vorlesungen, Ubungen und Praktika ermittelt werden.

Um eine gezielte Reaktionssteuerung verwirklichen zu koénnen, ist es erforderlich,
mehr Uber den Ablauf der Elementarreaktionen der Polymerisation zu wissen.

Im vorliegenden Buch werden die folgenden Themenkreise erdrtert: Einordnung des
Verlaufes der Polymerisationsreaktionen, radikalische und ionische Elementarschritte, die
Natur von lonen und lonenpaaren sowie deren Beeinflussung durch polare bzw. sterische
Effekte bzw. durch Eigenschaften des Mediums. Das Buch behandelt die Kettenpolymerisa-
tion, die Gleichgewichtslage, Strukturprinzipien sowie Mechanismus und Kinetik der homo-
genen und heterogenen radikalischen, ionischen und koordinativen Kettenpolymerisation.
Unter analogen Gesichtspunkten wird die Stufenpolymerisation und die Entstehung von
Leiterpolymeren, Prépolymeren. lonomeren und semiorganischen Polymeren besprochen.
Des weiteren werden noch die Multipolymerisation, die Abmischung mit anderen Polymeren,
polymeranaloge Reaktionen (darunter Pfropfungen) ur.d die Modifikation der Polymere
behandelt.

Das Buch behandelt das Thema logisch und konsequent. Ein grofes Verdienst des
Buches ist eine ausfuhrliche Beschreibung der Grundprinzipien. Der Stil des Buches ist klar
und knapp, die Tabellen sind Ubersichtlich, die Abbildungen und die sehr gut gewéhlten
Beispiele erleichtern das Verstandnis des Stoffes. Es liegt in der Natur des Buches, daB bei der
Erdrterung der einzelnen Begriffe auch auf deren praktische Anwendung grofes Gewicht
gelegt wird. Die Beispiele erleichtern die Aneignung des Wissensgebietes und fordern die sich
auf die praktische Verwendbarkeit beziehenden Kenntnisse.

Um den Lesern den Zugang zur Originalliteratur der behandelten Gebiete zu erleichtern,
sind den einzelnen Teilen Literaturhinweise angefiigt. Ein ausfihrliches Sachverzeichnis am
Ende des Buches erleichtert die Orientierung. Die Typographie und die Ausfihrung des reichen
Tabellen- und Abbildungsmaterials ist recht gut.

Das Buch ist als Lehrbuch fir die Ausbildung an Universitdten und Hochschulen der
DDR anerkannt.

Als Leserkreis kénnen fortgeschrittene Studenten, die sich bereits mit der makromoleku-
laren Chemie vertraut gemach haben, in Frage kommen. Praktiker in Forschungsinstituten
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und in der Industrie, die Uber die Frage der Polymerisationsreaktionsmechanismen informiert
sein mdéchten, ohne selbst als Spezialisten auf diesem Gebiet tdtig zu sein, kdnnten dem Buch
nitzliche Anregungen entnehmen. Dariber hinaus wird auch der Praktiker die Moglichkeit
eines Uberblicks tiber sein Arbeitgebiet wahrnehmen.

Auch die in der Lehre tatigen Leser werden in dem Buch viele geschickte pddagogische
Gesichtspunkte und ldeen finden, die ihnen zur Verbesserung ihrer Vorlesungen verhelfen
kénnen.

Der Erfolg eines Fachbuches wird neben der guten Verwendbarkeit und dem hohen
Niveau bei der Behandlung des Gegenstands durch einen leichtverstandlichen Stil und eine
klare und logische Ausfiihrung des Stoffes bestimmt. All diese vorteilhaften Eigenschaften
kénnen bei dem vorliegenden Buch, dessen Verfasser auf diesem Gebiet der Wissenschaft
ein allgemein anerkannter W issenschaftler ist eindeutig festgestellt werden.

Der Autor bereicherte die Fachliteratur mit einem Buch, das sowohl den Fachleuten
als auch den Lesern wertvolle und lehrreiche Kenntnisse vermittelt.

. GECZY

Structure and Bonding, Vol. 34

Novel Aspects

Springer-Verlag, Berlin—Heidelberg—New York, 1978
220 pages, figures 37, tables 39

This volume contains five compendious treatises which describe the present state of
some rather diverse fields of chemistry: from quarkonium chemistry to lantanide complexes.

S. Hubert, M. Hussonnois, and R. Guillaumont are the authors of the first paper,
entitled “Measurement of Complexing Constants by Radiochemical Methods”. The equilibrium
constants, determined by means of the classic extraction methods, and the formation constants,
are significantly affected by the pH of the aqueous phase and by several parameters of the
two-phase system: very often the accuracy, the reproducibility of experimental data leave
much to be desired. However, the stability constant can be determined very accurately pro-
vided the radioactive isotope ofthe element in question is introduced into the system at a very
low concentration, viz. at 10~e M or lower. The citrato- and the theonyl-trifluoroacetonato-
(TTA)-complexes of the lanthanides and actinides serve as models on which to demonstrate
the efficiency of this method. In the case of complexes of Me3+ ions with n f3'4 nf7, nfl01l
(n — 4, 5) electron configurations the 1g/3 vs. Z diagrams reveal the well-known “weak acci-
dents” : the phenomenon may be interpreted as a thermodynamic consequence of the nephel-
auxetic effect. Other methods which utilize radiating isotopes, e.g. radiopolarography or
radiocoulometry, also furnish accurate thermodynamic data. 29 references to relevant literature
are listed.

The second treatise, on “Predictable Quarkonium Chemistry”, is authored by C. K.
Jorgensen. By quoting 60 items of the literature, this author summarizes here quarkonium
chemistry on 18 pages. The possibility of concentrating quarks, their properties, their adducts
formed with atoms, ions, molecules are discussed. The fundamental differences between posi-
tive and negative quarks are explained. The properties of u-, d-, and s-quarks, also of the c-
quarks introduced by some authors, are described. The analogy between neutrinos, muons,
and other well known particles is dealt with; the principal features of the theories about quar-
konium chemistry are presented.

“Chemistry of Plutonium and the Transuranics in the Biosphere”, by R. A. Bulman,
is the third part, covering 30 pages. Here a very interesting and topical question is exposed.
After a short review of the electron structure and chemical properties of the transuranics
their occurrence in our biosphere, notably in the soil, the humic acids as lantanide-bonding
agents, their complexes, their incorporation by plant organisms can be read about. Further,
their occurrence and distribution in water and their incorporation by animal organisms are
mentioned. The possibility of removal of actinides from organisms by means of medication
is reviewed in the last, short chapter. 193 references help to get acquainted with this very
interesting topic.

J. W. Buchuer, W. Kokisch, and P. D. Smith write about “Cis, Trans, and Metal
Effects in Transitional Metal Porphyrins”. Principal parts are: electron-effect in the case of
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metal-porphyrins; cis-trans effect in the case of Os-, Co-, Fe-, and Ru-porphyrin systems.
Three types of the spectra are dealt with, giving a detailed account of compounds which
correspond, respectively, to a “normal type” spectrum, i.e. those of central metals with d and
d 10 electrons, to a “hypso type” spectrum, i.e. those with low spin d5d9 metal ions and to
a “hyper type” spectrum, i.e. those with Cr(Ill), Mo(V), W(V), Mn(lll), Re(V), Fe(lll),
Os(1V), and Os(VI1). “Backbonding” plays an importantrole also in metal porphyrins. Chemical
shift in H-NMR for the series of central metals follows the sequence Fe > Mn > Cr; for the
series of axial ligands this sequence is | > Br > Cl > N3> F > OPh; the phenomenon is
interpreted as a change of the a-interaction between metal and porphyrin, respectively, metal
and ligand. A short survey of hemo-/hemi-chromic systems completes this chapter. 158 items
from the literature are cited.

“Complexes of the Lanthanides with Neutral Oxygen Donor Ligands” is the title of
the fifth article, by D. K. Koppikar, P. Y. Sivapullaiah, L. Ramakrishnan, and R. Soun-
darajan. The complexes are classified according to donor atoms, viz. C-O, N-O, P-O, As-O,
S-0O, Se-O. The method of preparation, the stoichiometry of the complexes, the possibilities
of spetial arrangements follow. Among the techniques here applicable, vibrational spectra,
viz. ligand-, anionic-, metal-oxygen vibrations, electron spectra, fluorescence emission spectra,
H-NMR spectra and results of these are discussed, also data found by measurements of con-
ductivity, determinations of molecular weight, and X-ray diffraction are reviewed. These
complexes are formed with co-ordination numbers 6, 7, 8, 9, 10, and 12. Experimental results
suggest that bonding in the complexes is chiefly electrostatic. 406 references close the article.

These five comprehensive papers offer a very good survey of the interesting topics
they deal with: also this volume of the series “Structure and Bonding” is a valuable and useful
addition to the scientific literature.

J. Csaszar

W. Bartknecht: Explosionen — Ablauf und SchutzmalRnahmen
Springer-Verlag, Berlin—Heidelberg—New York, 1978. 264 Seiten

Est ist schwierig die Gefahr von Explosionen fir Menschen und Sach giter einzu-
schatzen; die Gefahr ist um so grésser desto wenigere Hinweise der eintretenden Explosion
vorliegen. Zum Schutze des Lebens und materieller Guter ist es also von aufBerordentlicher
W ichtigkeit, Explosionsgefahren dort, wo explosible Stoffe vorliegen und verarbeitet werden,
erkennen, den Explosionsablauf unter kontrolle zuhalten und vor allem die Entstehung einer
Explosion zu verhintern.

Das Buch “Explosionen — Ablauf und Schutzmalnahmen” wurde mit der Absicht
geschrieben, die Kenntnisse der Fachleute (iber das Gebiet der Sicherheitstechnik zu erweitern,
und zwar nicht so sehr auf der theoretischen Ebene, als vielmehr in der alltdglichen Praxis.
Der Verfasser — ein seit 25 Jahren auf diesem Gebiet tatiger Spezialist — stiitzt sich bei der
gemeinverstandlichen Beschreibung der Kennzeichen von Staubenexplosionen, auf die neuesten
wissenschaftlichen Ergebnisse und technischen Erfahrungen.

Auf brennbare Gase und Dampfe wird nur dort hingewiesen wo sich eine. Gegeniber-
stellung, ein Vergleich als notwendig erwit. Der Verfasser tritt jedoch selbst hinsichtli desch
bearbeiteten Gebietes nicht mit dem Anspruch auf Vollstaindigkeit auf, zumal zahlreiche
Fragen noch auf ihre Klarung warten.

Einige solcher Probleme sind:

— Kennzeichen der Ausbreitung von grofen entflammten Gaswolken,

— Ablauf der Explosion von brennbaren Gasen und Stauben in mit Rohrleitungen
untereinander verbundennen Behaltern,

—Entwicklung eines Laboratoriumsverfahrens, das die Bestimmung von Kennwerten
der Explosion von explosiblen Stauben ermédglicht.

Das Buch ist in drei Teile gegliedert.

Im Ersten Teil behandelt der Verfasser die Vorbedingungen und den Ablauf von Explos-
ionen in geschlossenen Behdltern und in Rohrleitungen.

Die Heftigkeit des Ablaufs der Explosion in geschlossenen Behdltern gegenwartig
fur brennbare Gase und Staube mittels einer kubischen Gleichung mit hinreichender Genauig-
keit annédhernd bestimmt werden, falls
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a) die Art brennbaren Stoffes,

b) der Rauminhalt des Behé&lters und sein Fillungsgrad mit dem explosiblen Gemisch,
c) der Turbulenzgrad,

d) der im Moment der Einwirkung der Zindquelle herrschende Druck sowie,

e) die Art und GréRe der Zindquelle bekannt sind.

Die berechneten Werte kénnen auch im Laboratorium mittels kugel- oder wirfel-
formigen VersuchsgefdBen erhalten werden, wobei die Zindquelle im geometrischen Mittel-
punk angebracht wird. Der Rauminhalt dieser GefdBe darf bei brennbaren Gasen hdchstens
einen Liter betragen.

Fur brennbare Staube sollen die Versuche in einer neuentwickelten Laboratoriums-
anlage mit einem Rauminhalt von 1 m3durchgefiirt werden, um wirklichkeitstreue Ergebnisse
zu erhalten.

Sogenannte “Hybridgemische”, bestehend aus Staub, Luft und Gas bzw. Dampf,
missen mit besonderer Aufmerksamkeit behandelt werden, selbst wenn ihre Gas- bzw. Dampf-
konzentration tief unter der unteren Explosionsgrenze liegt. So kann z.B. ein nicht-explosibler
Staub und ein nicht-explosibles Gas-Luftgemisch ein explosibles Hybridgemisch bilden.

Der Ablauf von Gas- und Staubexplosionen in am einen Ende geschlossenen Rohr-
leitungen ist stark davon abhangig, ob der Brand sich vom offenen Rohrende zum geschlosse-
nen oder in entgegengesetzte Richtung bewegt. Der Ablauf wird auferdem durch die Art
der Stromung (laminar oder turbulent), durch die L&nge und den Durchmesser der Rohr-
leitung, durch die Verbrennungs-geschwindigkeit usw. beeinfluf3t.

Im zweiten Teil untersucht der Verfasser Mdglichkeiten von MaRnahmen zur Verhin-
derung der Explosionen bzw. zur Abshwéchung ihrer Auswirkungen.

Da der Leser im ersten Teil die Bedingungen der Entstehung und den Ablauf der Ex-
plosionen kennen gelertn hat, stehen nun die Daten zu Verfigung, aufgrund derer die ent-
sprechenden SicherheitsmaBnahmen fiir den Schutz der Behdalter und Rohrleitungen und dam it
fur den Schutz der gesamten Produktionsanlage ergriffen werden kdénnen.

Eine der aussichtsreichsten Methoden der Vorbeugung ist die Inertisierung. Zur Ver-
hitung der Explosion sowohl von brennbaren Gasen als auch von brennbaren Stauben kénnen
als Inhibitoren Stickstoff, Kohlendioxid, halogenierte Kohlenwasserstoffe, Ldschpulver auf
Ammoniumphosphat-Basis, in bestimmten Fallen auch Léschpulver auf Natriumhydrogencar-
bonat bzw. Kaliumhydrogencarbonat-Basis verwendet werden.

Ein unfachgemaBes Umgehen mit diesen Stoffen birgt jedoch die Mdglichkeit einer
Vergiftungsgefahr in sich.

Der Explosionschutz von Behé&ltern kann dadurch gewéhrleistet werden, daR sie aus
einem W erkstoff hergestellt werden, der dem maximalen Explosionsdruck widersteht. Ist
dies unmadglich, so muB irgendeine Vorrichtung zur Ableitung des bei der Explosion enstehen-
den Uberducks gewdihlt werden. Fiir einmaligen Gebrauch werden zur Ableitung des Uber-
drucks Berstscheiben, fir mehrmaligen Gebrauch Klappdeckel verwendet. Fir denselben
Zweck werden bei Gebduden spaltoffnende Fldchen ausgebildet.

Die verschiedenen Losungen zum Ableiten des Uberdrucks und die Methoden fiir ihre
Dimensionierung werden im Buch ausfihrlich behandelt.

Vorrichtungen zum Ersticken der Explosion (im allgemeninen elektronische Vorrich-
tungen) sind anspruchsvoller in der Wartung, teurer und vielleicht gerade deswegen in der
Industrie noch wenig verbreitet. Das Wesentliche dieser Vorrichtungen ist ein Ansprech-
system m it thermoelektrischen, optischen oder Druck-Fihler, das die Ldschvorrichtungen
automatisch in Betrieb setzt.

Bei Rohrleitungen und Armaturen werden ebenfalls verschiedentlich Sicherheits-
vorrichtungen zur Verhinderung von Explosionen bizw. zur Abschwéachung ihrer Auswirkun-
gen angewendet, so unter anderem mechanische Feuerabschliisse, automatische Auslisung
des Loschvorgangs verschiedenartige druckableitende Ventile, Deckel usw.

Im dritten Teil des Buches werden SchutzmaBnahmen fur Apparate und Anlagen be-
handelt. Auch hier hebt der Verfasser die sog. priméaren und sekunddren SchutzmaBnahmen
hervor, also jene, die sich auf die Vorbeugung, und jene, die sich auf die Abschwéchung der
Auswirkungen beziehen. Bei der Vorbeugung von Explosionen soll neben der Anwendung von
Inhibitoren soweit als nur irgend moglich der Ausschlu von Zindquellen (menschliche Nach-
ldssigkeit, Betriebs-Zindquellen wie Funken, Reibungswérme, elektrische Defekte, elektro-
statische Aufladung usw.) beachtet werden.

Insofern Betriebszindquellen nicht auszuchlieRen sind, missen sekundére Schutz-
maBnahmen getroffen werden: explosionssichere Konstruktionen, Vorrichtungen zum Ableiten
des Explosionsiuberdrucks bzw. zum Ersticken der Explosion oder eine Kombination von
Feuerabschlussen, Ldschmittelauslésungen, Schnellabschlissen, Sperren.

Acta Chim. Acad.Sei. Hung. 101, 1979



REENIOES 303

Die in der schemischen Industrie anzutreffenden mdoglichen Explosionsgefahren und
die Methoden ihrer Bekdmpfung erldutert de Verfasser anhand von dblichen Verrichtungen,

wie z.B. Sackéffner, Wirbelschicht-Trockner und — Mahlanlagen, Taubabtrenner-Filter usw.
AbschlieBend stellt der Verfasser fest, dal von absolut explosionssicheren Anlagen
trotz aller Schutz — und sonstigen MaBnahmen keineswegs gesprochen werden kann. Es

Besteht stets ein Gefahrenrisiko dessen GroBe zahlenmafig kaum bestimmt werden kann.
Inwiefern die bestehende Gefahr noch “ertraglich” ist, hangt von den Erfahrungen und den
Ergebnissen von systematischen experimentellen Untersuchungen ab. Keineswegs kann
jedoch geduldet werden, daR Produktion und W irtschaftlichkeit um jeden Preis tGber die
Betriebssicherheit gestellt werden.

K. KITTRICH

Springer Series in Chemical Physics 3

Advances in Laser Chemistry

Ed. A.Il. Zewail, Springer-Verlag, Berlin—Heidelberg—New York, 1978
463 pages, 242 figures

The book contains the Proceedings of the Conference on Advances in Laser Chemistry
held at the California Institute of Technology, Pasadena, March 20—22, 1978. Divided into
five sections, it gives an account on the recent applications of lasers in chemistry.

The first chapter, “Laser Induced Chemistry” deals with chemical reactions induced
or enhanced by laser radiation. The introductory plenary lecture by S. A. Rice summarizes
our knowledge on the internal energy transfer in isolated molecules, which is of particular
importance in interpreting the results of laser induced chemical reactions. Contributed papers
report on laser synthetic chemistry, photogeneration of catalysts, isotope enrichment. Several
speakers treated the questions outlined in the plenary lecture in detail, presenting data on
the partitioning of electronic, vibrational, rotational and translational energies in unimolecular
processes.

The second section of the book is devoted to picosecond processes and techniques. The
plenary lecture by R. M. Hochstrasser comprises several closely correlated topics, involving
picosecond exitation and detection. The paper of Robinson et al. is a valuable summary of
how a picosecond system should be set up. Picosecond phenomena are of particular importance
in the following areas: early stages of bacterial photosynthesis, mechanism of vision (photo-
reaction of rhodopsin), formation dynamics of charge transfer complexes and laser dye charac-
teristics. Information about solvent structure is deduced from measurements of picosecond
chromodynamics of electrons.

The third chapter, entitled “Non-Linear Optical Specroscopy and Dephasing Processes”,
starts with the theory of optical dephasing in condensed phases, delivered by K. E. Jones
and A. H. Zewail. Relatively little experimental work is reported on dephasing processes.
On the other hand a handful of novel spectroscopic methods is shown to yield valuable in-
formation. Coherent Anti-Stokes Raman Spectroscopy is utilized in many cases, and the ther-
mal lensing or thermal blooming method is frequented also. These new techniques, with their
exceptionally high resolving power in the visible part of the spectrum are growing in impor-
tance in order to obtain basic paraméteres of relatively simple molecules.

The next section deals with multiphoton excitation. Once again the fate of the absorbed
energy, i.e. its partitioning between different states is a major problem of the field. The ple-
nary lecture by R. A. Marcus, D. W. Noid and M. L. Koszykowski discusses the theoretical
aspects of the problem. Multiphoton ionization spectroscopy, Doppler-free two photon spectro-
scopy, two photon spectroscopy combined with intracavity dye laser detection are the main
areas which may be of interest to spectroscopists.

The last chapter is devoted to molecular dynamics by molecular beams. The plenary
lecture by R. B. Bernstein presents the possibilities of the utilization of lasers in molecular
beam experiments. Attention is focused on the so-called van der Waals molecules (e.g. Arl2).
New and improved techniques are discussed for the study of fast desorption processes from
metal surfaces.
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Altogether the book is devoted to new techniques employing lasers, therefore, the most
important application of lasers, viz. isotope enrichment does not receive special attention,
because of its well-known utilization. The conference supports the opinion that lasers alone
will not solve certain chemical problems of interest, but might prove to be a nearly ideal tool
in studying them.

The book gives an excellent cross-section of the work done in the field on the western
hemisphere — it is highly regrettable that the outstanding results of the Soviet and French
scientists are missing.

Everyone who is interested in the developments of spectroscopic techniques and of
reaction dynamics should read this book, because its fast publication assures the availability
of up-to-date research ideas and results.

T. vIDOCZY

Springer series in Chemical Physics 4

Picosecond Phenomena

Ed. C. V. Shank, E. P. Ippen, S. L. Shapiro

Springer-Verlag, Berlin—Heidelberg—New York, 1978
359 pages, 222 Figures

The book contains the Proceedings of the First International Conference on Picosecond
Phenomena, held at Hilton Head, South Carolina, May 24—26, 1978. The conference was
organized as a Topical Meeting of the Optical Society of America, and brought together scien-
tists dealing with widely varying disciplines who shared a common interest in studying ultra-
fast processes.

The book is divided into nine sections — six of these are dedicated to special areas,
two parts present poster sections and the last chapter is for the postdeadline papers.

The first section, “Interactions in Liquids and Molecules”, and the following poster
section might prove to be the most interesting to chemists. There are papers dealing with new
techniques for measuring Raman dephasing dynamics and transient optical phenomena.
A very active area is the study of the kinetics of light absorption and events taking place
immediately afterwards. The techniques employed differ essentially and they are interesting
in themselves.

In some cases experiment seems to be ahead of theory, e.g. two-pulse spectra (spectra
taken with two simultaneous pulses of different wavelengths) are readily obtained, but the
information contained them is not fully understood as yet. It is possible to capture clearly
unrelaxed spectra of the excited states of aromatic molecules. Fluorescence spectroscopy on
a subpicosecond time scale is reported, yielding data about short-lived upper states. IC. B.
Eisenthal commented on the picosecond chemistry of two small elementary particles: the
electron and the proton.

The third chapter gives an account on sources and techniques tunability being the most
important feature of the sources discussed. Anti-Stokes emission can serve as a source of
vacuum UV and even soft X-ray radiation.

Biological processes are discussed in the following chapter. As most of the papers deal
with photosynthesis, it is evident that this part is as interesting for chemists as for biologists.

The following poster section seems to collect those papers which could not he put
elsewhere — their subject ranges from ultrafast electrical switching to the design of a planar
streak camera.

Coherent techniques are collected in the sixth section. Papers on widely different areas
are included, e.g. electron localization in liquids, vibrational relaxation in SFe.

Solids are treated in the seventh chapter, mostly involving semiconductor materials.

The eight chapter is devoted to high power lasers and plasmas. Interesting considera-
tions are reported for designing a master oscillator for laser fusion research, and fifth harmonic
generation is considered as a source of extreme UV radiation. Plasma diagnostics with the
aid of lasers are discussed.
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From the postdeadline papers (last chapter) the work of S. L. Shapiro on excited
states proton transfer reactions, the so-called laser pH jump technique should be mentioned.

The diversity of the themes is reflected in the poor dividing of the papers into chapters.
It is impossible to give a full picture on the research involving ultrafast processes, nevertheless
the effort of the organizers of the conference (Editors of the book) to include as many areas
of interest as possible succeeded in a truly international and interdisciplinary conference.

The fast publication of the book, a credit to Springer-Verlag, ensures the availability
of up-to-date information in the field. The book cannot be considered as a reference book,
rather as an outstanding collection of ideas and techniques.

T. VIDOCZY

Curt Wentrup: Reaktive Zwischenstufen 1 und 11

G. Thieme Verlag, Stuttgart. 1979

459 Seiten, Taschenbuch-Format

Dass organisch-chemische Reaktionen nicht unbedingt direkt zu den Produkten fihren
mussen, sondern auch tber Zwischenstufen verlaufen kdénnen, weiss man schon lange (s. z.B.
die Hughes-Ingoldschen Arbeiten tber Sjvl- und EI-Reaktionen, die Whelandsche Lehre
Uber die intermedidren c-Komplexe bei der Sg-Ar-Reaktion, die Francisschen und Zelinski-
schen Arbeiten Uber gemischte Additionen an Olefine, die Roberts Kimballsche Lehre (ber
cyclische Halonium-lonen usw.). Eine wirklich stirmische Entwicklung unseres Wissens iber
die reaktiven Zwischenstufen der organischen Chemie setzte jedoch erst seit etwa Ende der
sechziger Jahre ein. Sie wurde, paradoxerweise, u.a. durch die Formulierung des Begriffs der
cyclischen Elektronverschiebungen und der konzertierten (dh. nicht Uber Zwischenstufen
verlaufenden) pericyclischen Reaktionen und der Aufklarung ihrer Besonderheiten (Wood-
ward-Hoffmann-Regeln) angeregt und durch die Entdeckung neuer Untersuchungsmethoden
(NMR, ESR, CIDNP, spin trapping, ESCA usw.) erméglicht. Diese stirmische Entwicklung
schlug und schlagt sich notwendigerweise u.a. in einer ansehlichen Reihe von Monographien
und Handbichern uUber reaktive Zwischenstufen nieder.

Das vorliegende Werk von C. Wentrup — Band 8 und 9 der Serie A, “Theoretische
und allgemeine Gebiete” des Taschenlehrbuches der organischen Chemie des Verlags G. Thieme
— ist die neueste Erscheinung auf diesem Gebiet. Wenn kurz nach dem Erscheinen in verhalt-
nisméssig rascher Folge von n-1 Zusammenfassungen uber ein bestimmtes Gebiet auch noch
eine rate erscheint, muss die Frage, ob dies tatsdchlich notwendig war, unbedingt auftauchen.
In Anbetracht einiger Besonderheiten des vorliegenden Werkes glaube ich, diese Frage mit
ja beantworten zu dirfen.

Besonders wichtig in diesen Zusammenhang ist meines Erachtens, dass neun von den
insgesamt zehn Kapiteln von ein und demselben Autor, einem Spezialisten dieses Gebietes,
bekannt vor allem durch seine Arbeiten Uber Carbene und Nitrene, verfasst worden sind.
(Das Kapitel tber Carbokationen hat P. Vogel geschrieben.) Dies ermdéglichte unbedingt
eine bessere Herausarbeitung der Zusammenhdnge und Analogien sowie die Vermeidung von
tberflissigen Wiederholungen. Sehr zu begrissen ist weiterhin, dass der Autor sich der Mihe
nicht gescheut hat, das Wesen und die Theorie der auf dem betrachteten Gebiet angewandten
neueren Untersuchungsmethoden wie ESR und CIDNP kurz zu beschreiben. Und nicht
zuletzt: der Preis der beiden Bande ist im Verhdltnis dazu, was in ihnen geboten wird, ange-
bracht.

Das Werk ist in erster Linie als Lehrbuch fiir fortgeschrittene Studenten. Doktoranden,
aber auch fir den Forschungschemiker gedacht und besteht aus den folgenden 10 Kapiteln:
1. Allgemeine Prinzipien (14 Seiten), 2. Radikale (94 Seiten), 3. Biradikale (27 Seiten), 4.
Carbene und Nitrene (67 Seiten), 5. Gespannte Ringe (23 Seiten), 6. Antiaromatische Systeme
(11 Seiten), 7. Carbokationen (122 Seiten), 8. Carbanionen (28 Seiten), 9. Zwitterionen (14
Seiten) und 10. Schlusshemerkungen (10 Seiten). Zu jedem Kapitel gehdrt eine Liste von
Literaturzitaten (insgesamt fast 500 Zitate; die Literatur wurde bis Ende 1976 berilicksichtigt,
einige wichtigere Arbeiten aus dem Jahr 1977 wurden ebenfalls zitiert). Das Buch schliesst
m it einem ausfihrlichen Sachregister (39 Seiten).
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Beschrieben werden in jedem Kapitel die Bildung, die Charakterisierung und die Re-
aktionen des betreffenden Typs der organischen Zwischenstufen sowie die benutzten Unter-
suchungs- und Charakterisierungsmethoden. Die wichtigeren physikalischen Daten sind in
insgesamt 28 Tabellen zusammengestellt. Am eingehendsten werden die Radikale, die Carbene
und Nitrene sowie die Carbokationen besprochen, was der Bedeutung dieser Zwischenstufen
auch entspricht. Die besonders in der Photochemie wichtigen Biradikale (warum eigentlich
nicht Diradikale nach dem Muster Dikation und Dianion?), Gber welche unser Wissen in der
letzten Zeit sich rasch bereichert, und die Carbanionen scheinen mir jedoch dabei etwas zu
kurz zu kommen. Nitrenium- und die noch diskutierten Oxenium-lonen werden Uberhaupt
nicht erwéhnt; die Radikalanionen, deren Bedeutung stdndig zunimmt (Sf*l-Reaktionen 0*
werden zwar verschiedentlich erwéhnt, aber in einer Neuauflage sollte letzteren vielleicht ein
eigenes Kapitel gewidmet werden.

Der Stoffist gut verstdndlich dargestellt, Druck und Papier und Uberhaupt die Qualitéat
der Ausstattung sind gut; leider ist jedoch die Anzahl der nicht ganz prazisen Formulierungen
und der auch nach eigener Erfahrung géanzlich nicht vermeidbaren, aber in einem Lehrbuch
ganz besonders storenden Druckfehler relativ hoch. Die folgende, sicherlich unvollstindige
Liste moge als Beleg fir diese Behauptung dienen und die Uberarbeitung des Textes fiir eine
spatere Neuauflage — ich bin davon Uberzeugt, dass das Werk mehrere Auflagen erleben
wird — erleichtern.

Auf S. 12., Zeile 1—3, wird ein hypothetisches Cyclohexatrien ohne Resonanz, jedoch
trotzdem mit konjugativen Effekten zwischen den Doppelbindungen erwdhnt — ist dies kein
innerer Widerspruch? In Formel 5 auf S. 22 fehlen die p-stdndigen t-Butyl-Substituenten der
beiden Phenyl-Gruppen unten. In Fussnote b) auf S. 23 lautet der Name des dritten Autors
Nauta, nicht Nanta. Formel 23 auf S. 35 ist unrichtig: beide /A-standigen H-Atome befinden
sich in Wirklichkeit hinter der Zeichenebene, das eine oberhalb, das andere unterhalb der
Ebene der drei C-Atome. Die perspektivische Formel 37 auf S. 37 ist stark verzerrt wieder-
gegeben, wie auch die der Ausgangsverbindung im selben Formelschema. Als Elementensymbol
fur Jod wird bald J (S. 52, erstes Formelschema), bald | (S. 53, Tabelle 2.7) verwendet. In
Gleichung (8) auf S. 58 handelt es sich um Acyloxy-, nicht um Acyl-Radikale, ebenso in Zeile
1, S. 59. Azo-Yerbindungen werden 6fters Diazo-Verbindungen genannt (S. 67, Zeile 3 und 6;
S. 72, letzte Zeile; S. 116, Zeile 11 und letzte Zeile; S. 134, Zeile 2). Aus den in Tabelle 2.17
fur die verschiedenen Stellungen des Pyrimidin-Radikalanions angegebenen Werten der
Hyperfein-Kopplungskonstanten folgt zwar (wie auf S. 103, oben, bemerkt), dass in der
nucleophilen Substitution des Pyrimidin-Molekiils - in Ubereinstimmung mit der Erfahrung
Stellung 4 gegeniber Stellung 2 bevorzugt sein sollte; doch wirde man aufgrund der in der
Tabelle angegebenen aH-Werte des Pyridin-Radikalanions fur das Pyridin-Molekil das gleiche
erwarten, was aber — wenigstens fir die Reaktion mit Amid-Anionen — der Erfahrung wider-
spricht. Ein Hinweis auf, geschweige denn eine Erklarung fir diese Diskrepanz fehlen leider —
oder sollten die angegebenen aj-j-Werte unrichtig sein? In der gleichen Tabelle ist weiterhin
der aj.j(3)-Wert des Pyridazin-Radikalanions in die falsche Spalte geraten. In Zeile 3 sowie
im ersten Formelschema auf S. 132 wird das J 1-1,2-Diazetin falschlicherweise als 1,2-Diazet
bezeichnet. Formel 46 auf S. 133 ist keine mesomere Grenzformel, wahrend die dartiber ste-
hende Formel eine Grenzformel desselben Biradikals darstellt; das Zeichen der Mesomerie
zwischen diesen beiden Formeln ist demnach nicht angebracht. Das Gleiche gilt fir das Zeichen
der Mesomerie zwischen Formel 53d auf S. 343 und der darunter stehenden Grenzformel;
und auch die auf S. 397 unten links abgebildete Formel ist keine Grenzformel und steht daher
mit den drei anderen Formeln im gleichen Formelschema nicht im Verhéaltnis der Mesomerie.
Auf S. 157, oben, wird das Problem diskutiert, auf welche Weise man entscheiden kann, ob
ein Produkt der Reaktion einer Diazoverbindung, welches sich im Prinzip tber eine Carben-
Zwischenstufe ableiten l&sst, auch tatsdchlich tUber eine solche entsteht; als Beispiel wird die
Reaktion eines Azids angefihrt. In der 2. Zeile unter dem Formelschema auf S. 190 fehlt das
Subscript 2 in der Formel des Carbens: CF2 Auf S. 191 liest man uber 1,3-Triplett-Radikale
statt 1,3-Triplett-Biradikale. Aus dem Befund, dass die Photolyse von zwei verschiedenen
mono-deuterierten Ausgangsverbindungen zum gleichen Deuterocyclobutadien fiihrte folgt —
im Gegensatz dazu, was man auf S. 233 liest — nicht, dass die statische rechteckige Struktural-
ternative des Cyclobutadiens ausgeschlossen werden kann; dies folgt erst aus den (ibrigens
ebenfalls in der zitierten Arbeit beschriebenen) analogen Resultaten bei der Photolyse der
entsprechenden di-deuterierten Ausgangsverbindungen. In der Formel des n-Propyl-Radikals
(zweites Formelschema, S. 250) fehlt das Subscript 2. Die Formel des Protoadamantyl-Produk-
tes (zweites Formelschema, S. 277) enthélt eine falsch eingezeichnete C—C-Bindung. In den
beiden letzten Formeln auf S. 278 fehlt je ein R-Substituent. Im Formelschema auf S. 327
sollten in den beiden letzten Formeln die Symbole -Tos durch -OTos ersetzt werden. Die im
Formelschema auf S. 340 besprochenen beiden Reaktionen kdénnen zwar tber die gleiche
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Zwischenstufe, nicht aber (wie unrichtigerweise dargestellt) Uber den gleichen, zu dieser
Zwischenstufe fihrenden Ubergangszustand verlaufen; die Formel in eckigen Klammern ist
der Ubergangzustand der Solvolyse des Cholesteryl-, nicht aber des Cyclocholestanyl-Deriva-
tes. Die Numerierung des Ringsystems in Formel 62 auf S. 341 ist falsch; daher ist der Aus-
druck tq_2”-Beteiligung im Formelschema unverstandlich; in der 6. Zeile unter dem Formel-
schema sollte es C-2,3-statt C-1,2-jr-Bindung heissen, ebenso zwei Zeilen spater C-2,3-HOMO
statt C-1,2-HOMO. In der folgenden Zeile wird die Stabilisierungsenergie mit e, in dem ent-
sprechenden MO-Diagram (Fig. 7.12 S. 343) mit < bezeichnet. In der zweiten Formel oben
auf S. 348 fehlt ein H-Atom. Die Mehrzahl der auf S. 363 und 364 aufgezahlten Lésungsmittel
ist nicht indifferent und kommt fur die Darstellung von metallorganischen Verbindungen bzw.
den entsprechenden Carbanionen nicht in Frage. Fir die Deprotonierung des Malonesters ist
die Wahl von Natriumhydroxid (S. 375, erstes Formelschema) weniger glicklich. In der Formel
des Ubergangszustandes der Reaktion von HgBr2 mit der quecksilberorganischen Verbindung
fehlt ein Brom-Atom (S. 381, zweites Formelschema); stérend wirkt hier ausserdem, dass zur
Symbolisierung einerseits der in Spaltung bzw. Bildung begriffenen, andererseits der hinter
die Zeichenebene weisenden, durch die Reaktion nicht betroffenen Bindungen die gleichen
gestrichelten Linien benutzt werden. Schlimmer ist, dass zudem aus dem angegebenen Bei-
spiel streng genommen eigentlich gar keine Schlisse Uber die Stereochemie der Substitution
gezogen werden kénnen ! (100% Retention kénnte auch dann beobachtet werden, wenn regio-
selektive Spaltung der zur Isopropylgruppe fihrenden Hg—C-Bindung stattfinden wirde.)
In der zitierten Arbeit wurde die Reaktion einer anderen Verbindung, ndmlich des ( )-sec.
Butyl-(-f-)-sec.-butylquecksilbers mit HgBr2 untersucht und aus den erhaltenen Resultaten
konnte dann tatsdchlich auf 100% Retention geschlossen werden. In Zeile 1, S. 389 liest
man Uber eine “optisch aktive CR3-Gruppe” (sic!).

Schliesslich noch ein Vorschlag fir die kiinftige Neuauflage: eine Liste der benutzten,
meist thermochemische Symbole wirde die Benutzung des Werkes sehr erleichtern.

K. Lempert
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ACTA CHIMICA

TOM 101—BbIT. 3

PE3IOME

DNeKTPOXMMNYECKOE MOBEAEHME STUNEHTNINKONSA M ero OKUC/IEHHbIX MPON3BOAHBIX
Ha nNaTMHOBOM 3NeKTpoge, V

VccnenoBaHve 3M1eKTPOOKUCTIEHNS TNIMKOMbaslbAernaa U rIMKOMEBON KUCMOTbI,
N NPOAYKTbI UX OKWC/IEHNS!

Ab. WH3EABT n Ab. XOPAHW

ONEKTPOKNCNEHNE TNIMKOMEBOW KUCMOTbl U FMKONbanbgervga 6bi1o MccnefoBaHO Ha

3N1eKTpoAe NNaTUHNMPOBaAHHOW NnaTuHbl B 1M-om pactBope HCHO4. Ha HauyasibHOM y4acTKe CTa-
LMOHAPHOW NOTEHLMOCTATUYECKOM NONSPU3aLMOHHOM KPUBOYM Habnoganocb fABe CTyMeHW. 310
ObI/10 CBOWCTBEHHO W MNONAPU3ALMOHHBLIM KPWBbIM, MONYYeHHbIM paHee B WCC/EA0BaHUAX C
rIMOKcanemM W r/IMOKCaNeBOM KUCIOTOM. Ha OCHOBe aHasiormm u B AaHHOM Cry4vae nosnaraem,
YTO NOsIBMEHWNE CTyneHeli 06BACHSAETCA, C OAHOW CTOPOHbI, MHIMOWMUMOHHBLIM BAWSAHUEM BCred-
CTBMe XemocopbLmm, a ¢ APYroi CTOPOHbI, M3MeHeEHNEM ry6uHbI OKMUCNeHNs. Onupascb Ha pe-
3yNnbTaTbl Pas/IMUHbIX aHAJIMTUYECKUX METOAO0B, 6blI0 YCTAHOBEHO, UYTO B C/lydae rNKObaslb-
fernga v nNpv He C/IMWIKOM BbICOKW/T NOTEHLUMaNax AOMUHUPYET npoLecc ¢ nepexofom fea F Ha
KaXblil MOMb. B pe3ynbTaTte 3TOro, B 60NbLUMHCTBE 06pasyeTcsl FNMOKCaxb U NLLb B MeHbLLIER
CTeneHW ravokcanesas kmcnoTa. C noBbllleHeM NoTeHLMana B yase pacTeopa cpean NpoayKToB
peakummn Bce B 60NbLUel cTeneHy 6blna o6HapyXXeHa Liasenesas KMCA0Ta, a Npu noTeHumuanax,
COOTBETCTBYIOLLMA BTOPOA CTYMEHW, KOHEYHbIM MNPOAYKTOM peakuun SABNSeTCA  [4BYOKMC
yrnepoga.
B cnyyae rnvkoneBoli KWCNOTbl B MHTepBane NOTEHLWANOB, COOTBETCTBYIOLLW MepBoi
CTyMeHu, B pacTBope 6bIIN HafeHb! rMOKCcaneBas W LWaseneBas KUCAO0Thbl, a NP NoTeHumanax,
COOTBETCTBYIOLLMX BTOPOI CTYMNeHW, ONATb-TakyM 06pasoBaHue [BYOKUCU Yriepoja CTaHOBUTCA
LOMUHUPYIOLLIM.

ONEeKTPOXMMUYECKOe TOBEfEHWe STWIEHIJIMKOMIA W ero OKMUC/IEHHbIX
MPON3BOAHbLIX Ha NIATUHOBLIM 3/1eKTpoje, VI

OKuCeHVe 3TUIEHTINKONA

Ab. WH3ENBLT N Ab. XOPAHWN

DNEeKTPOOKUCNEHME STUMEHTIMKONSA 6bl0 MUCCNEA0BaHO B KUC/OM Cpede Ha 3NeKTpoje
NNaTMHWPOBAHHOW NNaTUHbIL. B MPOTMBONONOXKHOCTL 60/1€e PaHHUM NUTEPaTYPHbIM 3aK/oYye-
HUAM 6bI/I0 YCTAHOB/EHO, YTO Ha NepBOi CTYMEeHW peakuun OKUCAeHUS o6pasyeTcs FIMKOb-
anbferni, 1 Ucnosib3oBaHWe TOKa M0 OTHOLLEHWIO K FINKObanbAerngy, npu He CAULLKOM BbICO-
KNX MOMIOXUTENIbHbI NOTeHUManax, MoxeT gocturatb 70—80%-0B. [anbHelillee OKUCNEHWE
rMKoNbasibAernaa NpUBOANT K 06pa3oBaHNMIO rIMOKCaNs, rMOKCaneBoin KUCN0TbI U LLaBeNeBoi
Ku1CNoTbl. Ha 0CHOBE 3TOro cnefyeT U3MeHWUTb 60/1ee paHHWe MpeacTaBeHUsl OTHOCUTEXbHO Me-
XaHM3Ma OKUCMeHUs 3TUNeHrnnKons. Onupascb Ha 6onee paHHWe pesynbTaTbl Aa/bHelLlero
OKMWCMEHNA OKUC/MEHHbIX MPOAYKTOB 3TWIEHTNKONA, XO4 MNOTEHLMOCTaTUUYeCKUX Monspu3a-
LMOHHbIX KPUBbLT 00BACHANM TeM, UTO peakumsa AerMapupoBaHuns, NpMBoaaLLan K 06pasoBaHuio
rVKoNbanbaernia, He 3aBUCUT OT 3/1EKTPOAHOr0 NOTeHUMana, 0fHaKo, MOKpbITUe XeMucopbu-
pOBaHHbIMW MOMIEKYNSIMU, 06pasyloWMc B NOBOYHON peakuun, T. €. pasmepbl MeCT, JOCTYM-
Hblli N8 peakumu, 3aBUCAT OT 3/1EKTPOLHOr0 MoTeHUmana.



WcecnegoBaHve accoupmalym M30MEpPOB MeHTaHoMa B KWKo (hase
®. PATKOBUWY nT. WWANTAMOH

B3A3k0oCcTb CeMW M30MEpPOB MeHTaHona 6blna WccnefjoBaHa B WHTepBane TemnepaTtyp
20—70°C. bblna pacuynmtaHa aHTaNbNWUA aKTUBaLWUsa aMWHAPHOTO TeYeHUA, KOTopas yBennymBea-
eTCAa C 4YMCNOM pasBeTBAeHWN: OT nN-neHTaHona (20,4 kax/monb) fo 2,2-gumeTunnponax-1-ona
(30,3 kax/monb). Ncxona mn3 mccnefoBaHnMin cmeceld 1-metunbyTtaHa u 1,1-gumetunnponaHa c
H-FeKCaHOM, MOXHO 3aKMIOUYNTb, YTO IHTANbNUA aKTUBaLWA NaMUHAPHOr0 TeYeHUs 3aBUCUT OT
cpeAHell cTeneHW accoumauumm cnmMpToB (TakXe M B CNy4vyae W3OMepPOB) TakuUM e 06pa3om, Kak
3T0 6bIN0 HalfeHO M AXSA HOPMaNbHbIX CNUPTOB. BbiNO HalAaeHO, 4TO M30MEpPbI, cogepxaliune
6onblwe pa3BeTBNeHWn 06nagatoT 60nee BbICOKOW 06LWel cTeneHblo accouymayum. 370 06bACHA-
eTCA MOBbIWEHHbIM 3KpaHWpPOBaHWEM, BCNeACTBME pPa3BeTBNEHUW YrnNepoAHOW LEnoYkM 4TO
CTepPMYECKN NpenaTcTBYeT 06pa3oBaHWMI0 LWKANYECKUX MONEKYn, B pe3ynbTaTe 4ero obpasy-
I0TCA accouMUpPOBaHHble MyNbTUMEpPbLl C 60Mee AANHHBIMU LLenoYyKamu.

TepmognHammnyeckme cBoicTBa paamkanoB CH30' n -CHMOH kak umagasibHbIX
rasoB

A. BEPK3T un W. KYAUAOLKEP

TepmogunHamnyeckune ceoiictea CH30 ' n 'CH20H paccumTaHbl M3 OTHOWEHHbIX Koneba-
HUA MeTaHona. Mony4yeHHble BENNUYUHBI CpaBHUBaOTCA ¢ 60/see paHHMMMW pacyeTamu, Npou3Bse-
OEHHBIMU APYTUMUWU MeToAaMu.

MK cnekTpbl yrneBogopoLoB, afcopbupoBaHHbIX Ha MNEepexofHblX meTannax, |

MKk Kamepa 1 xemocopbums Ha katanmszaTtope Ni/Si02

T.CUNALN, A. WWAPKAHb, I. MUHK n M. TETEHMU

OnucbiBaeTcs KloBeTa, Mcnonb3dyemas ANa mccnegosaHnini MK cnekTpos afcopbupoBaH-
HOro 3aTuneHa. 3TuneH 6bin xemocopbuposaH npu 55 m 150°C Ha HUKeNeBOM KaTanusartope,
HaHeceHHOM Ha Si02 CornacHo cnekTtpam, Ha MOBEPXHOCTW MMEKTCA COefMHEHUA NULWlb C 6-
CBA3bI0. HekoTopble XapaKTepHble CBOWCTBa CNeKTPOB afcop6uMpoBaHHOrO 3TUNeHa O6BLACHA-
NUCb Ha OCHOBe WUCCNefoBaHWIi peakKLUWOHHOW CMOCOBHOCTM MOBEPXHOCTHbIX COEfWHEHWI C BO-

LOPOAOM.

MogenmpoBaHvie TEPMUYECKOTO Pas/IoKeHVs1 YreBOA0POAOB

B. WNNEW n O. CANAN

Ha ocHoBe 0606LiEHHOr0 MexaHW3Ma pas3noXeHWs YrneBoAOPOAOB ApAfa HOPMaNbHbIX
napaguHoB, GblNa cOCTaBNeHa KMHETUYEeCKasn MOAEeNb, ONUChLIBaO L af TEPMUYECKOE pPasNoXeHue.
Mpu cocTaBneHUM MOAeNM nonaranu, 4To B peakyuu oTpbiBa H NPUHWMAIOT ydyacTue aToMbl
BOJOPOAA, MeTaNbHble U 3TU/NbHble pajuKanbl, a pagnkansl 607bue, 4YeM 3TWA, MPUHUMAIOT
yyacTue UCKNOUNTENbHO B peakunu pasnoxeHws. Cpeau BTOPUUHbLIX peakuwii NpUHUManu Bo
BHUMaHUe WHIUGMpPYIOLLNe peakunyW NponuneHa, Kak NpAYKTa M B KayecTBe 06pbiBa Lenn —
pekOMGUHaLNN MeTanbHbIX W 3TUNbHBIX PaguKanos.

KOHKpeTHOe NpuMeHeHNe KWHETUYECKON MOENU JEMOHCTPUPYETCA HA NpUMepe 3KCnepu-
MEHTOB NMpPONU3a H-6yTaHa. Cornacme N3MepeHHbIN U PacCYUTAHHbIX W3 TEOPeTUYECKOW Mogenu
LAaHHbIX ABNAETCA YAOBNETBOPUTENbHbIM BO BCEM WHTepBane KOHBepCUA.

PaccmaTpuBas KMHETWYECKYI 3aBUCHMOCTb, OMUCHLIBAIOLLYI0 TEPMUYECKOE pasnoxeHue,
MOXHO BMAETb, YTO KUHETUYECKMIA NOPSAOK BblpaXeHUs, ONUCHIBAIOLLET0 Pa3foXeHUe NCXOfA-
HOro BelecTBa, C MOBbILIEHWEM TeMMepaTypbl MNOCTEMEHHO YyMeHbLW aeTcs OT 3/2 40 efUHWLbI.



VccnefoBaHne KOMMMEKCOB Ge/KOB MLLieHa

P. NTACTUTW, P. BEKELW , . HEQENKOBWY u . BAPTA

Bblnu uccnefoBaHbl 6enKM NWeHa: NUNONPOTEMH (NMMMNONYPOTUOHWUH), PacTBOPUMbIN B
B NeTpofeiiHOM 3adupe, FAMKONUNONPOTEUHbI, PACTBOPUMbIE B CMECU XNopodupmMa ¢ METaHONOM,
N TMKONPOTEUHbI, PACTBOPUMble B BOJE.

Bbinu onpepeneHbl aneKTpodopeTuyeckme CBOWCTBA, COAEpXaHUe aMWHOKUCNOT uUUpK-
poja nunomupja, a TakXe yrneBoAHble KOMMNOHEHTbl. BbiN TakXe MccnefoBaH xapakTep B3aumo-
felicTBUIl 6enok-nunoung.

Pe3ynbTaTbl NMOATBEPXZAAOT TO 3aKNOUYEeHWe, UYTO 3a CYET 3/1eKTPOCTATUYECKMX B3aUMO-
0elcTBUIA, MeXAY MHOTOYUCNEHHbIMWU MONAPHLIMU GOKOBbLIMK LensMu GeNKoB W MNONSPHLIMU
octo- nnu raHKonmnougamum obpasyeTtcs komnnaekc. Henb3s ucknyvath M aphekT rngpodob-
HblX B3aMMOJENCTBUIA.
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SEPARATION AND DETERMINATION
OF RADIOACTIVE IODINE ISOTOPES BASED
ON ISOTOPE- AND ION-EXCHANGE

0. GIMESI and E. BANYAI
(Institute for General and Analytical Chemistry, Technical University Budapest)

Received June 26, 1978
Accepted for publication August 24, 1978

The authors elaborated methods of heterogeneous isotope- and ion-exchange
for the determination of radioactive iodine. The optimum experimental conditions of
reactions have been stated by step-by-step method (batch extraction), then a con-
tinuous measuring device based on the principle of Autoanalyzer was constructed.
In multicomponent systems the determination of radioactive iodine iso-
topes — first of all in biological samples — can generally be performed only
after previous separation. The case is similar when examining the primary
cooling water of reactors where, because of the presence of other radioactive
components of considerable activity, previous separation should be applied.

Various processes have been developed for the selective separation of
active iodine in different samples. Jaworowski [I] determined iodine-131 in
urine using asbestos mats. Fairman and Sediret [2] separated 1-131 in milk
on a silver chloride column. Brooks, Walker and Rennberg [3, 4] stripped
1-131 from anion-exchange resin with appropriate eluent, their methods have
been elaborated for milk. Brevnova et al. [5] used satin scraps coated with
silver iodide to retain the radioiodine. Eckhardt, Herrmann and Schissler
[6] utilized isotope or precipitate exchange reactions taking place in thin
layers of adequate, preformed precipitates for the rapid isolation of short-
lived radionuclides. Fission bromine and iodine activities were retained by
silver chloride. Schusster et al. [7] have developed an automatic equipment
for increasing the speed of separation by means of which 90—99% of radio-
iodine in iodide form can be retained in 2—3 seconds on a silver chloride layer
of 16 mg/cm2 thickness. Csada et al. [8] retained fission iodine isotopes from
reactor water on silver iodide precipitate fixed in paper. In order to separate
the fission iodine isotopes, Lavi [9] oxidized iodide ions to iodate, then they
were reduced to iodine using hydroxilamine hydrochloride. Afterwards, the
iodine was extracted with carbon tetrachloride. Following reduction and bring-
ing the iodine back into aqueous phase, the activity was measured in the form
of silver iodide. Ware, Ortdham and Bibby [10] oxidized iodide-131 to iodine
with dichromate in fast reactor coolant systems. The iodine volatilized was
collected on copper gause which was subsequently checked for activity. Bate
and Dyer [11] elaborated a method for the determination of iodine-131 in
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reactor dust particles collected on silver filters. Loveridge and Gordon [12]
developed an extraction method combined with oxidation and reduction for
the determination of radioactive iodine in reactor effluent. Jacobs and Leh -
mann [13] utilized isotope-exchange reaction taking place on silver iodide for
the rapid isolation of radioactive iodine present in water. Dobosz [14] applied
the following process for environmental samples: after mineralization he per-
forms extraction, then the iodine is retained on a thin film of anion-exchange
resin. The radioactivity is measured also in this form. Zaduban et al. [15]
measured directly the iodine-131 content of the aqueous phase after isotope
exchange with a liquid scintillator. Paragyi [16, 17, 18] thoroughly discussed
the separation and concentration of radioiodine by isotope exchange in hetero-
geneous liquid systems. He also used a liquid anion exchanger for the rapid
determination of iodine-131 in environmental waters.

For the separation of radioactive iodine isotope- and ion-exchange
methods have been elaborated by us applying chloroform solution of tetra-
butyl ammonium iodide (TBNI) and that of tetrabutyl ammonium bromide
(TBNBT):

TBNIlorg + *1-~ TBN *log + |-

TBNBrorg+ *1-~ TBN *lorg+ Br-

The optimum experimental conditions of separations have been stated
by step-by-step method, then a continuously operated apparatus based on
the principle of Autoanalyzer was constructed.

Step-by-step extraction experiments

Chemicals, solutions, apparata

tetrabutyl ammonium bromide (TBNBr)
tetrabutyl ammonium iodide (TBNI)
potassium iodide
carrier-free, sterile Nal3ll solution of 25 mCi/ml radioactive concentration
chloroform

For radiometric assay a nuclear spectrometer (type Nuclear Enterprise)
and a well-type Nal(TI) scintillator were used. The efficiency of exchange was
determined so that the intensity of the same phase was measured before
and after the exchange: Q°/0 = h~-nh 100, where 1ris the relative activity
of solution before, and 12 is the relative activity of solution after shaking.
Activity values presented in Tables are mean values of 6 measurements cor-
rected for the background values.
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Determination of radioactive iodine with
tetrabutyl ammonium iodide (TBNI)

Table I contains the value of exchange yields vs. concentration of TBNI

Table |

Variation of exchange yield on TB N | concentration

TBNI 7, 1

M cpm cpm Q%
io-3 71 526 41 466 42
io-2 70 530 19 746 72
io-1 72 900 5940 92

solution. In these experiments the aqueous phase was labelled with iodine-131
in the form of sodium iodide, its initial activity and the activity of the aqueous
phase following extraction were measured, and on the hasis of these values
exchange yields were calculated. Performing the experiment with 0.1 M tetra-
butyl ammonium iodide an exchange of 92% can be achieved, therefore later
on TBNI solution of this concentration was employed.

The time of attaining exchange equilibrium was determined using car-
rier-free aqueous iodine-131 (Na1l3ll), and applying mechanical shaking of dif-
ferent time periods. From Table Il it can be seen that exchange equilibrium
is instantaneously attained.

Table 11

Dependence of exchange yield upon the shaking time

s c;l)m cpm Q%
10 71 140 5 827 92
90 72 041 6 141 91
300 72 974 5 587 92
600 71 626 5902 92

Concerning the effect of the concentration of potassium iodide carrier,
if it is higher than 10~2M, the activity of the organic phase starts significantly
to decrease, while at a concentration of 10-1 M the total activity is halved
between the two phases. Similar curves are obtained in both cases, when either
the aqueous phase or the organic phase is labelled with iodine-131 in the ade-
quate form. In Fig. 1 a curve obtained by a series of experiments is demon-
strated, when the chloroform solution of tetrabutyl ammonium iodide con-

1* Ada Chim. Acad. Sei. Hung. 10141979



Fig. 1. Exchange yield as function of the carrier concentration; 0.1 M TBNI

taining radioactive iodide was shaken with inactive potassium iodide solutions
of different concentrations.

Determination of radioactive iodine with
tetrabutyl ammonium bromide (TBNBTr)

W hen labelled aqueous potassium iodide solution is shaken with a chloro-
form solution of tetrabutyl ammonium bromide, almost the whole activity is
transferred into the organic phase. The activity of the aqueous phase can
practically be decreased to the background value by two extractions. In Table
11l the exchange yield is to be seen as a function of TBNBr concentration.

Table 111

Variation of exchange yield on TBNBr concentration

TBICI‘Br c;?ra c;l)% Q%
5X 10-3 80 844 14 609 82
1x 10-2 81 627 11 537 86
15 x 10-2 82 114 7452 91
3x i0-2 79 921 5 582 93
5x 10-2 79 897 4 892 9
1x io-' 80 624 3277 96
15x 10- 81 014 1720 98

According to the data, the extraction is expedient to be carried out with a
reagent 10_1 M. The effect of the carrier concentration upon the exchange
yield is presented in Table IV. If the potassium iodide concentration is 0.1 M

Acta Chim. Acad. Sei. Hung. 101,1979
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in the aqueous phase, the maximum of the total activity, according to equi-
librium, is to be seen in the organic phase. As a matter of fact, in experiments

Table IV

Effect of carrier (K1) on exchange yield

C A J,
M cpm cpm Q%
1 X 10-* 70 104 2977 96
I x io-3 68 814 3336 95
I x io-3 64 064 2 946 95
1x io-1 69 868 2924 96
2 x io-1 70 094 9 222 87
1 X 10° 68 622 59 904 13
summarized in Tables IlIl and 1V, the aqueous phase was labelled with

iodine-131.

It has been stated that the exchange yield is not influenced by the pH be-
tween pH 0 and 14 (Q= 96%). Alkali-metal chlorides up to the concentration
of 1 M, sulphate, nitrate and chloride ions added as potassium salts similarly
up to 1 M concentration do not influence the high exchange yield.

Afterwards it has been examined by gamma-spectrometry whether some
radionuclides — Na-24, Cr-51, Co-58, Fe-59 and Zn-65 — added to the aqueous
phase as chlorides and sulphates, resp., will occur in the organic phase or not.
It was found that the above radionuclides added to the aqueous phase do not
occur in the organic phase, so in presence thereof the radioactive iodine iso-
topes can selectively be extracted from the aqueous phase.

Determination of fission iodine isotopes present
in the primary cooling water of reactors

To a given volume of the fresh reactor water potassium iodide carrier,
some diluted sulphuric acid and ascorbic acid are added, then the sample is
shaken with 0.1 M chloroform solution of tetrabutyl ammonium iodide or
bromide. Following the separation of phases, the gamma spectrum of the
organic phase is recorded on a 1024-channel analyzer and Ge(Li) detector.
In the spectrum only the photopeaks of the fission iodine isotopes (1-129, 1-131,
1-132, 1-133, 1-134 and 1-135) appear, on the basis of which their quantity
can be determined previously calibrating the detector and performing absolute
activity measurements.

Ada Chim. Acad. Sei. Hung. 1011979



Development of an automatic analyzer

Because of the high radioactive concentration of samples to be analyzed,
the plan of constructing an automatic analyzer has been realized. The apparatus
constructed by us (see Fig. 2) consists of the following units:

automatic sampler and feeder

peristaltic pump

spiral extractor with the separating vessel

special measuring tube placed into a well-type scintillator

of Nal(TI) detector

nuclear spectrometer with X — t recorder and printer

The automatic sampler puts into the sampler tubes doses of 10 mis of
each of the sample at atmospheric pressure and room temperature coming from
the primary cooling water of nuclear reactors. Previously, to the sampler tubes
some solid potassium iodide carrier (maintaining 10-3 M concentration of K1l),
some drops of dilute sulphuric acid and a few mgs of ascorbic acid were added.
The sample is sucked from here by a peristaltic pump into the mixing tube and
the extraction spiral, resp. where the extraction takes place with the chloro-
form solution of the reagent. The liquid stream is segmented by air addition.
From the extractor the liquid gets into the separating vessel, where the phases
separate. Underneath the chloroform phase is dropping out through a teflon

Fig. 2. Automatic Analyzer; 1 automatic sampler, 2 pump, 3 extractor, 4 separator, 5 measur-
ing tube, 6 detector, 7 radioactive organic waste solution, 8 nuclear spectrometer, 9 printer,
10 m — t recorder
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siphon and then reaches through a funnelled pipe a special measuring tube
placed in the detector. The volume of the tube is 13 mis. In operation the tube
is slowly filled — in the meantime the detector signals are processed by the
nuclear measuring device — then its content gets through a siphon into the
radioactive organic phase reservoir and thus a new cycle is starting. Each 10
mis of the sample is followed by adding 3 mis of wash water (see in the right
lower corner of Fig. 2).

The addition of the organic phase (reagent solution) is performed by the
substitute vessel principle. From vessel A water is sucked by a peristaltic pump
and pressed into the substitute vessel B, from where the organic reagent solu-
tion is pressed out. Vessel B is refilled in the following way: vessel A is eva-
cuated, then by properly turning the three-way cocks Tj and T2, the chloroform
reagent solution is sucked from reagent vessel C into the substitute vessel B.

The development of a dosing apparatus was necessary since the chloro-
form solution cannot be pressed through the peristaltic pump at a constant
volumetric rate, owing to the very short life-time of Solvaflex and Acidflex
pump tubes which swell rapidly and consequently their transporting capacity
is changing. However, the precondition of the good working of our device
is that the same volume streams of the organic and aqueous phases should
be ensured.

The faultless operation of the device was controlled in the way that
inactive chloroform iodine solution was extracted by an aqueous solution of
sodium thiosulphate. Working time was about 30 hours.

Afterwards an iodide solution — which was 10-3 M with respect to
K1 — of about 2000 cps/10 mis radioactive concentration was extracted by
10-1 M chloroform solution of tetrabutyl ammonium bromide. The radioactive
iodine was applied in the form of 1-131. (The nuclear spectrometer was adjusted
in ratemeter print position with an integration time of 10 s, F.S.D. 104). The
curves obtained by our measuring instrument are to be seen in Fig. 3. One
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measuring cycle lasts for 12 mins, during which the isotope and ion-exchange
equilibrium, resp., sets in. Reproducibility was determined on the basis of the
data given by the printer and by planimetring the area of the curves (Fig. 3).
Our experimental results are included in Table ¥. According to Table VI and
Fig. 4, linear relationship was found between the two signals and the radio-

Table V

Reproducibility of examinations performed by the use of automatic analyzer

Surface mea- Maximal deviation

Counting surement with Average of Aver_age of from average value
rate planimeter counting rate planimetry
cpm cm2 cpm cm2 Counting rate Planimetry
3323 101.6
3374 115.5
3231 95.7
3326 103.1 + 1-8% +10.6%
3387 116.0
3267 93.4
3311 96.4
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Table VI

Recording of calibration curve with automatic analyzer

1131 Counting rate ~ Surface measurement
nCi/10 ml m with planimeter
cm2
62 2296 715.1
31 1140 355.0
15.5 571 180.6
7.8 283 92.2
3.9 140 42.2

active concentration. The detection limit was found to be about 1 nCi which
is equal to a signal/noise ratio 2:1. Thus, our automatic analyzer is able to
determine about 1 nCi radioactivity of 1-131 contained in various samples after
appropriate preparation of samples.

We express our thanks to Mr. Peter Grandios for his valuable contribution to this

work.
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The Schmidt reaction of 19-norcholesta-1,3,5(10)-trien-6-one (1) or Beckmann
rearrangement of the corresponding oxime (3) gives 6-aza-B-homo-19-norcholesta-
-1,3,5(10)-trien-7-one(5). Similarly, 1-methyl-19-norcholesta-1,3,5(10)-trien-6-one (2) on
Schmidt reaction, and its oxime (4) on Beckmann rearrangement, give 6-aza-B-homo-I-
methyl-19-norcholesta-1,3,5(10)-trien-7-one (8). In view of the exclusive formation
of the 6-aza-lactams 5 and 8 from the oximes 3 and 4, the configuration of these oximes
is assumed to be anti with respect to ring A.

In keeping with interest [1] in the synthesis of steroids containing nitro-
gen as part of the ring system, we felt inclined to undertake the syntheses of
azasteroids from 19-norcholesta-1,3,5(10)-trien-6-one (1) and its 1-methyl ana-
logue (2). Schmidt reaction of the ketones 1 and 2, and Beckmann rearrange-
ment of the corresponding oximes 3 and 4, were employed to achieve the
desired end.

The Schmidt reaction of 1 carried out with sodium azide and sulfuric acid
in benzene gave a single lactam formulated as 5 on spectral evidence. The
lactam was analyzed for CBH3NO. Its IR spectrum gave bands at 3280,3150
(Nif), 1670 (CONH), 1645 and 1580 cm-1 (aromatic C=C) [2]. These values
are also compatible with the possible isomeric lactam 6. A distinction between
5 and 6 was obtained by PMR spectroscopy which gave a singlet at b 10.0 ppm
for one proton; this signal disappeared on the addition of D2, implying that
it was due to a proton on nitrogen. The four aromatic protons were observed
at $7.11 ppm as a broad singlet. A multiplet at d 2.2 ppm was ascribable to C7a-
methylene protons. These firmly support the structure 5. On deuterium
exchange, there was no appreciable change in any part of the spectrum, except
for the disappearance of the signal at 6 10.0 ppm. The alternative structure 6 is
expected to give a multiplet for —CONH—CH2 Moreover, in 6 a signal for
two protons should appear in the region around 035 ppm (CONH—CH?2) [3],
which would be simplified on deuterium exchange.

Beckmann rearrangement of the oxime 3 obtained from| by the usual oxi-
mation procedure, which was carried out by converting it to the oxime tosylate
7 by p-toluenesulfonylchloride-pyridine and then rearranging it on a column
of alumina. This also provided 5 as the sole product. The formation of single
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C>HI7
R X R X Y

1 H 0 5 H XH CO
2 Me 0 6 H CO XH
3 H XOH 8 Me XH CO
4 Me XOH 9 Me co NH
7 H N—OTs
10 Me X—O0Ts

lactam (5) from the oxime (3) shows that the oximino hydroxyl group is away
from ring A i.e. an anti oxime. Rearrangement of the syre-oxime (OH towards
ring A) would have resulted in the formation of the isomeric lactam (6).

The Schmidt reaction of I-methyl-19-norcholesta-1,3,5(10)-trien-6-one
(2) was carried out exactly by the method described for 1. The single lactam
(8) thus obtained was characterized on the basis of its spectral properties,
which were analogous to those of 5. A strong structural resemblance is thus
suggested between 5 and 8. By advancing the same arguments as in the case
of 5, it may safely be concluded that also in the present case the PMR spectrum
unambiguously supports structure 8, in preference to 9.

The ketone 2 was converted to its oxime 4 which, in turn, was trans-
formed into the oxime tosylate (10). Beckmann rearrangement of 10 over
alumina furnished only 8 and none of 9. This also requires 4 to be an anti oxime.

To the best of our knowledge, this study represents probably the first
instance of the synthesis of azasteroids from substrates where the ketonic
function is conjugated with the aromatic ring. A few reports [4—5] are avail-
able concerning the preparation of azasteroids from aromatic ketosteroids, but
these are restricted to the estrone series.

Experimental

All m.p.’s are uncorrected. IR spectra were measured on Perkin-Elmer 621 grating
infrared spectrophotometer and PMR spectra on a Varian A60D instrument with SiMe4 as
the internal standard. UV spectra were taken in ethanol on a Beckmann DK, spectrophoto-
meter. Thin-layer chromatographic plates were coated with silica gel and sprayed with a 20%
aqueous solution of Perchloric acid. Light petroleum refers to a fraction of b. p. 60—80 °C.
Anhydrous sodium sulfate was used as the drying agent. (IR: s, strong; w, weak. PMR: s,
singlet; d, doublet; m, multiplet).
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6-Aza-B-hoino-19-norcholesta-1,3,5(10)-trien-7-one (5)

A mixture of the ketone 1 (m.p. [8] 110 °C; 400 mg), dry benzene (5 ml) and cone.
sulfuric acid (2 ml) was heated to a temperature of 50—60 °C and sodium azide (100 mg) was
added slowly, with stirring. The reaction mixture was poured on to crushed ice. The benzene
layer was separated and the aqueous layer extracted several times with chloroform. The
chloroform solution was washed successively with water, sodium bicarbonate solution (5%)
and water, and dried. Removal of the solvent left a semisolid material which was chromatogra-
phed over silica gel (10 g), collecting fractions of 15 ml. Elution with benzene chloroform
(4 : 1) yielded the lactam 5, which was recrystallized from ligth petroleum to obtain (250 mg)
of the product, m.p. 88 °C.

CAHANO. Calcd. C 81.87; H 10.21; N 3.67. Found C 81.71; H 10.01; N 3.43%.

IR: vmax 3280, 3150 (N—H), 1670 (CONH), 1645 and 1580 cm "1 (aromatic C=C).

PMR: 6 10.0 s ppm (disappeared on the addition of D20, CONH), 7.11 br, s (4H,
aromatic, b 2.2 m (C7a—H?2), 0.71 (C13—CH3), 0.88 and 0.81 (remaining methyl signals).

UV: Amax 239 nm (e, 6000),

MS: M+ 381 (C26H 1K >).

19-Noreholesta-1,3,5(10)-trien-6-one oxime (3)

The ketone 1 (400 mg), hydroxylamine hydrochloride (700 mg), sodium acetate tri-
hydrate (800 mg) and ethanol (50 ml) were mixed together and heated under reflux for 1 h.
The excess of the solvent was removed under reduced pressure and the residue diluted with
cold water. The crude product thus obtained was recrystallized from light petroleum ether to
give (300 mgl of 3, m.p. 195 °C.

C26H 1a]40. Calcd. C 81.87; H 10.21; H 3.67. Found C 81.21; H 10.20; N 3.29%.

IR: i'max 3250 s (N—OH), 30.70 w (=C —H), 1620, 1600 cm-, (aromatic C=C).

PMR: b 8.26 ppm br (disappeared on the addition of D2, =N —OH), 7.5 hr, s (4H,
aromatic), 0.73 s (C13—CH:), 1.0 and 0.86 (remaining methyls).

UV: Amax 255 nm (f, 5500).

MS: M+ 381 (C"HANO).

19-1Vorcholesta-1,3,5(10)-trien-6-one oxime tosylate (7)

The oxime 3 (500 mg) was dissolved in pyridine (25 ml) and p-toluenesulfonyl chloride
(500 mg) was added to the solution; the reaction mixture was kept at room temperature for
15 h. It was poured into ice-cooled water, extracted with ether and the ethereal extract was
washed with water, dilute hydrochloric acid, sodium bicarbonate solution (5%) and water,
and dried. Removal of the solvent provided an oil (450 mg) which was chromatographed over
silica gel (15 g); fractions of 15 ml were taken. Elution with light petroleum benzene (4 : 1)
gave the oxime tosylate (7), which was recrystallized from light petroleum ether to obtain
(420 mg) of the product, m.p. 170 °C.

C3HIN 03S. Calcd. C 74.01; H 8.41; N 2.60. Found C 73.98; H 8.22; N 2.41%.

IR: rmax 1600 cm-1 (aromatic C=C).

PMR: 6 8.15 and 7.5 ppm d each (4H, typical of p-disubstituted benzene; J = 9 Hz
each), 7.48 (overlapping singlet, 4H, aromatic ring-A). 2.55 s (CH attached to benzene ring
of the tosylate part), 22 m (C7—H,), 0.71 s (C13—CH?J3), 0.96 and 0.88 (remaining methyls).

Beckmann rearrangement of 7

The oxime tosylate 7 (400 mg) was dissolved in light petroleum and kept over a column
of neutral alumina (25 g” for 10 h and then eluted in 15 ml portions. Elution with light petro-
leum benzene (5 : 1) gave the lactam, which was recrystallized from light petroleum to obtain
(320 mg) of 5, m.p. and mixed m.p. 88 °C.

6-Aza-B-honio-I-methyl-19-norcholesta-1,3,5(10)-trien-7-one (8)
To a solution of 2 (m.p. 140 °C [9]; 400 mg) in dry benzene (5 ml) and cone, sulfuric

acid (1 ml) was added sodium azide (70 mg) with stirring at 55—56 °C on a water bath. A
vigorous reaction ensued and after heating for 10 h, the reaction mixture was poured into
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crushed ice. The benzene layer was separated and the aqueous layer extracted several times
with chloroform. After the usual work-up of the organic extract, the solvent was removed under
reduced pressure and the semisolid substance (300 mg) thus obtained chromatographed over
silica gel (15 g). Fractions of 15 ml were collected. Eluation with light petroleum chloroform
(2 : 1) provided 8; recrystallized from light petroleum ether: 160 mg, m.p. 170—71 °C.

C2MH4INO. Caled. C 82.02; H 10.37; N 3.54. Found C 81.89; H 10.16: N 3.43%.

Ne : vmax 3190, 3130 (NH), 3030 w (=C-H ), 1670 (CONH), 1645 and 1585 cm"1 (aro-
matic C=C).

PMR $10.15 ppm s (disappeared on the addition of D2, CONH), 6.95 m (3H, aroma-
tic), 2.45 s (CI—CHJ3), 2.2 m (C7a—H>), 0.91, 0.85 and 0.80 (remaining methyls).

TXV: ;.max 240 nm (e 6200).

MS: M+ 395 (C2H4INO).

I-Methyl-19-norcholesta-1,3,5(10)-trien-6-one oxime (4)

A mixture of the ketone 2 (600 mg), hydrcxylamine hydrochloride (1.14 g), sodium
acetate trihydrate (1.6 g) and ethanol (50 ml) was heated under reflux for 2 h. Most of the
solvent has removed under reduced pressure and the residue thus obtained was recrystallized
from light petroleum to give (500 mg) of 4, m.p. 185 °C.

C,,H4INO. Calcd. C 82.02; H 1037; N 3.54. Found C 81.85; H 10.25; N 3.44%.

IR: rmax 3250 s (N-—OH), 3070 w (=C —H) and 1660 cm*“1 (aromatic C=C).

PMR: 6 9.45 ppm hr, s (disappeared on the addition of D20, =N —OH), 7.85—7.16
hr, s (3H, aromatic). 2.15 s (CIO—CH,), 0.68 s (C13—CHJ), 0.93 and 0.83 (remaining methyl).

UV: /Tax 255 nm (e 5750).

MS: M + 395 (C2H4INO).

Beckmann rearrangement of 4

To a solution of the oxime 4 (580 mg) in pyridine (12 ml), p-toluenesulfonyl chloride
(900 mg) was added and the reaction mixture allowed to stand at room temperature for 15 h.
It was then poured into ice-cooled water and worked up in the usual manner. Removal of the
solvent left an oil (450 mg). The crude material in light petroleum benzene was allowed to stand
over a column of neutral alumina (15 g) for about 15 h and eluted in 15 ml portions. Elution
with light petroleum chloroform (2 : 1) afforded the lactam, which was recrystallized from
light petroleum ether to obtain (400 mg) of 8, m.p. and mixed m.p. 170—171 °C.

We thank Prof. W. Rahman, Head, Department of Chemistry for the necessary facil-
ities and Prof. M. S. Ahmad for a helpful discussion. Financial assistance from TJ.G.C. is
gratefully acknowledged.
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The synthesis of 2-deoxy-(2-3H)-D-ribose (5), starting from 3,4-di-O-acetyl-D-
ribal (1), as well as that of 2-deoxy-di-(2,2-aH)-D-ribose (10) by treating 2-deoxy-D-
ribose under basic conditions with T20 is described. The stability fo the labelling of the
different derivatives was investigated by repeated recrystallizations from ethanol.
The great biological importance of 2-deoxy-D-ribose justified the syn-

thesis of the |-14C-labelled compound, which was first published in 1959 [1].
Another, independent synthesis has also been reported [2]. Interestingly, the
corresponding 3H-labelled analogues, which are much cheaper and also suit-
able for certain biological investigations, have not been synthesized so far.
Here we describe the synthesis of 2-deoxy-2-3H- as well as -2,2-di-3H-D-ribose
and its derivatives and our investigations concerning the stability of the
labelling.

Mono-tritiated D-ribose was synthesized by applying the route described
by Vargha and Kuszmann [3]. As starting material 3,4-di-O-acetly-D-ribal
[1] was used, which was converted by the addition of TCl [4, 5] into the
2-3H-labelled acetohalogen derivative 2; this compound gave, on treatment
with methanol in the presence of silver carbonate, the acetylated methyl-
riboside 3. The latter was deacetylated according to Zemp1én to 4, yielding on
hydrolysis with benzoic acid 2-deoxy-2-3H-D-ribose [5] which was isolated as
its crystalline iV-phenyl riboside 6.

For investigating the stability of the incorporated tritium, the anilide 6
was boiled in 20-fold ethanol for 1 h, and the activity of the compound obtained
after crystallization was compared with that of the starting material. This
procedure was repeated four times and the results (Table I, column A) proved
that the incorporated tritium is stable under these conditions.

Radatus €t al. [6] obtained similar results when investigating the mono-
2-2H-labelled anilide, and both the isotope proportion and the steric arrange-
ment of the incorporated 2H remained unchanged, even on hydrolyzing the
anilide by acid [7].

In the next experiment we investigated whether any activity can be
incorporated into the inactive anilide 7 by boiling it in T2 containing ethanol.
The resulting active material 9 was submitted to the same treatment as the

Acta Chim. Acad. Sei. Hung. 101, 1979



DI d: >H AR DA TOYERYE

Table |

Change in the specific activity (cpom/mmole m10*) on recrystallizations

1
B

1 4.129 100.0% 6.438 100.00%

2 4.218 102.2% 1.287 19.90%

3 4.151 100.5% 0.098 1.52%

4 4.307 104.3% 0.028 0.43%

5 4.210 102.6% 0.007 0.n%

2-3H analogue, but in this case a sharp decrease of the incorporated activity
was observed (Table I, column B), proving that only the protons reversibly
bound to the hetero atoms had been exchanged. (The NH proton can be
exchanged either directly, or via intermediate 8.)

For obtaining 2-deoxy-2,2-di-3H-D-ribose (1), first the free sugar 10 was
boiled in T2 containing ethanol and the activity of the separated crystalline
anilide was determined. In order to check the stability of the labelling, the
compound was recrystallized four times from ethanol. The activity decreased
rapidly during this procedure (Table Il, column C), proving that no C—H pro-
ton had been exchanged to tritium, consequently, the structure of the labelled
compound corresponds to 9.

Table 11

Change in the specific activity (opm/mmole ¢ 10*) on recrystallizations

C D
1 6.722 100.00% 7.533 100.00%
2 0.859 12.80% 4.196 55.70%
3 0.222 3.30% 3.071 40.76%
4 0.108 1.06% 3.019 40.08%
5 0.008 0.12% 3.078 40.86%

In our next experiment the free sugar 10 was treated in T2 containing
ethanol in the presence of NaOH (pH 7.8), as under basic conditions the pro-
tons at C-2 should be exchanged via the aldehyde 12 enolate 13 equilibrium,
according to the mechanism of the Lobry de Bruyn, van Ekenstein epi-
merization.*

The labelled sugar was again separated as its crystalline anilide 14 and
this was submitted to the recrystallization process, as described before. This

*In the case of 2-deoxy-sugars C-2 is not an asymmetric carbon atom, therefore no
epimerization takes place.
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time the original activity decreased only by 60%, i.e. only 3/5 part of the
incorporated tritium was bound exchangably (Table Il, column D). This is in
full agreement with the N-glycoside 14~="aldimine 16 equilibrium, according
to which three 3H atoms can be easily exchanged, leading to 15. On the other

10 R=H 12 13
11 R=T
14 R=H 10 17
15 R=T
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hand, the aldimine 16 does not undergo a tautomerization to 17, which is the
postulated intermediate of the Amadori rearrangement [8], as in this case the
3H at C-2 should be exchanged too.

Experimental

M .p.’s were determined on a Boetius hot stage and are uncorrected. Radioactivity was
measured with a Packard-TRI-CARB liquid scintillation spectrometer. TLC was carried out
on Silica Gel HF®4and a Berthold TLC scanner was used for evaluation. All evaporations were
carried out at diminished pressure.

A-Phenyl-2-deoxy-(2-3H)-D-riboside (6)

To benzoyl chloride (10 mI) T20 (0.54 ml; 30 mmoles, 8 mCi/mmole) was added dropwise
at 150 °C and the formed TCl was passed with a slow stream of nitrogen into an ice-cooled
solution of diacetyl-D-arabinal [3] (2 g; 10 mmoles) in benzene (10 ml). The organic solution
was then evaporated and the residue twice re-evaporated with benzene (2 x 10 ml). The yellow
syrupy residue (2.45 g) was dissolved in methanol (15 ml) and boiled in the presence of silver
carbonate (3 g) for 30 min. The pH of the cooled and filtered solution was adjusted with 1 M
methanolic sodium methoxide to 9. After standing at room temperature overnight, the solu-
tion was evaporated, the residue was dissolved in whter (30 ml) and 1 M hydrochloric acid
was added to adjust pH 6. The solution was boiled after the addition of benzoic acid (1.5 @)
for 45 min. Benzoic acid was filtered off from the cooled solution and the filtrate was extracted
with ether (3 X 10 ml). The aqueous solution was evaporated and the residue treated with
a solution of aniline (1.5 ml) in ethanol (15 ml). Next day the precipitated crystalline material
was filtered off and was washed with ethanol (5 ml), to give the chemically and radiochemically
pure compound 6 (1.5211 g; 73%); m.p. 171 °C (d.); Rp 0.78 (ethyl acetate-isopropanol 63 : 35).
Lit. [3]m.p. 171—173° (d.).

_Y-Phenyl-2-deoxy-di-(2,2-3H)-D-riboside (14)

To a solution of 2-deoxy-D-ribose (1.34 g; 10 mmoles) in ethanol (15 ml) 0.1 M sodium
hydroxide (1 ml) and T2 (0.3 ml) was added. The solution Was boiled for 1 h, cooled and then
aniline (1.25 ml) was added. Next day the precipitated crystals were filtered off and washed
with ethanol (1 ml) to give 1.3681 g of material. This was boiled in 20-fold ethanol for 1 h
and the deposited crystals were filtered off next day. This treatment was repeated four times
to yield 0.8348 g (4 mmoles) of the anilide 14. m.p. 171—172 °C (d.); TLC: identical with
compound 6.
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The specific volume, parachor and — in one case — the refractive index of
dimethylsiloxane (DMS) co-oligomers containing methylperfluoropropylbutyrosiloxane
(MPFPBOS), cyclopenthylsiloxane (SCPS), methyl-/?-cyanocthylsiloxane (MBCS) and
methylchloromethylsiloxane (MCMS) groups have been investigated as a function of
the chemical composition and the reciprocal molecular weight. These properties plotted
against the reciprocal molecular weight similarly to results obtained earlier for
monoalkyl-, and p-alkylphenyl polyethylene-oxides — give a straight line, the intercept
of which is characteristic of the repeating unit investigated, while its slope is propor-
tional to the partial degree of polymerisation of the other repeating unit.

The values obtained for the change of the slope of the straight lines as a funcion
of the chemical composition were compared with the values calculated on the basis of
the relationship derived earlier; a good agreement was found. As indicated by the inves-
tigations, the specific properties can possess only values falling inside the triangle
determined by the points ( p g p V.

It is illustrated by examples how the magnitude of hitherto unknown specific
properties can be estimatd on the basis of the results obtained, or how the accuracy
of already available data can be checked.

It has been shown earlier [1] for linear polymer homologous oligomeric
compounds, represented by the general formula

X (M),, Y

(where X and Y are identical or different end groups, M is the repeating unit,
n the degree of polymerization) that a relationship of general validity — sup-
ported also by deduction — exists between the molecular weight and the
specific properties derived from the additive ones:

AN AN (I)

where gep is some specific property (e.g. specific refractivity, refractive index,
specific parachor, specific volume, etc.), M is the molecular weight, a is a
constant implicitly characteristic of the end groups, while b is a constant

*Part XX X 1Il: Magyar Kém. Folyo6irat, 81, 177 (1975); Tenside, 14, 64 (1977)
** Paper presented at the session of the Macromolecular Commitee of the Hungarian
Academy of Sciences, January 17, 1977
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explicitly characteristic of the repeating units within the chain. It has been
shown that the equation is also valid for cyclic polymer homologous oligomeric
compounds represented by the general formula:

L (M)..-

The value of the constant b is characteristic also in this case of the repeating
unit, and its value is identical with that of the constant b referring to linear
compounds of similar structure [2]. Moreover, it has been established that the
equation is equally applicable to linear or branched polymer homologous oligo-
meric compounds represented by the following general formula:

Ry- [(ML- x]y

where R is a hetero atom or atomic group ofy valency. In this case, the con-
stants of the equation are characteristic of the segment between the hetero
atom or atomic group of the molecule and one of its end groups, and can be
calculated therefrom [3].

In our further investigations the relationship has also been applied to
non-ionic surfactants of the general formula:

X — (MYm - (M"L —Y,

i.e. essentially to such oligomeric molecules, in which the repeating units are
built up from two different building elements in varying proportion, and
where M’ represents the hydrophobic part of the non-ionic surfactant, while
M” is the hydrophilic part(monoalkyl-polyethylene oxides [4]; p-alkylphenyl-
polyethylene oxides [5]).

It has been shown that in this case Eq. (I) has the following form:

(mx™ + b"
<Psp M + vk (n)

where gk has the same meaning as earlier [constant b of Eq. (1)], the symbols’
and ”, respectively, refer to one (M’) or the other (M”) repeating unit, X is
the partial degree of polymerization of the repeating unit,

m = Mkk- €K, (L))
Mk being the molecular weight of the repeating unit,

b’ = 2Mvq- 1K), (1v)
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mwhere Mv is the molecular weight of the end group (in the case of identical
end groups); finally, indexes v and K refer to the end groups and to the repeat-
ing units, respectively.

On the basis of the equation (I1), we studied the change of the refractive
index, specific volume, specific refractivity and in the case of monoalkyl-poly-
ethylene oxides also the specific reciprocal melting point, as a function of the
molecular weight for the different surfactants. These properties were propor-
tional to the reciprocal molecular weight, and the intercept of the straight
lines obtained was characteristic of the repeating unit. It has been shown that
the slope of the straight lines is proportional to the partial degree of poly-
merization of the other repeating unit.

The results permit to predict the expected value of specific properties
for a given molecular weight, further the range of molecular weight within
which a given specific property can be realized by changing the chemical com-
position. These results are valid for oligomers of any chemical composition
and sequence, because deductions and conclusions show that the specific
properties depend only on the relative ratio of the different repeating units.

Recent investigations

Non-ionic surfactants based on silicone were developed rather recently
[6]. They reduce the surface tension of liquids, even in dilute solutions sub-
stantially more, than any of the conventional surfactants. The chemical struc-
ture of surfactants based on silicone is considerably different from that of
conventional surface active agents due to the complete absence of a long
hydrophobic hydrocarbon chain. Therefore, surfactants based on silicone
require a revaluation of a series of theoretical concepts [7]. On the basis of
these considerations, our aim was to investigate how far the relationships
established earlier for non-ionic surfactants are applicable to non-ionic sur-
factants based on silicone, which are essentially siloxane co-oligomers.

It must be mentioned in advance that as yet there are relatively few data in the litera-
ture concerning the polymer-homologous members of these co-oligomers; these are known
mainly from the recent Soviet literature [8, 9, 13, 14].

The dimethylsiloxane (DMS) co-oligomers investigated and their charac-
teristic properties are given in Tables I, Il, 11l and IV.* The specific properties
calculated on the basis of these characteristics are summarized in Table V.

Differing from the earlier investigations, both end groups of these co-oligomers are

identical [(CH3)3—Si—0,,,6]. Owing to this, it was to be expected that the relationships estab-
lished earlier can be further improved or will appear in a simpler form.

*MPFPBOS: methylperfluoropropylbutyrosiloxane
SCPS: silacyclopentylsiloxane
MBCS: methyl-/S-cyanoethylsiloxane
MCMS: methylchloromethylsiloxane
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Table 1

Density, refractive index, and surface tension of
the co-oligomers (DM S-MPFPBOS) ofthe composition

CKL CH3 \ CH.,
1 ( CHs3 \
~05 S 005 005 Si 005
CH3 CH3 In (CH.)3 CH,
\4 1 /
CooC3,

as afunction of n and m [8]

No. n m di° i f y20° (raN/m)
| - - 0.7640 1.3774* 15.48
i 1 — 0.8205* 1.3848* 16.96%***
hi 2 — 0.8536 1.3895* 17.60
\% 3 — 0.8780*** 1.3925 18.10*
\% 4 — 0.8910 1.3949 18.45
\ 5 — 0.9074*** 1.3962 18.60*
Vil 6 — 0.9130 1.3972 18.82
VIl 7 — 0.918*** 1.3983 19.24
IX 8 — 0.925 1.3989 19.35
X 9 — 0.930*** 1.3994 —
X1 15 —_ 0.9428 — 19.87
X 11 23 — 0.9617 1.4042** 20.86
X111 — 4 1.3260 — 21.43
X1V - 6 1.3645 — 21.89
XV — 8 1.3871 — 20.55
XVI 4 2 1.1453 — 20.82
XVl 3 3 1.2517 — 20.97
XVl 2 6 1.3202 — 21.77
* see [10],
** see [9],

*** see [11],
*x*k see [12].

Discussion

On the basis of the data contained in Table Y, the specific volume, specific
parachor, and where available, the refractive index have been plotted against
the reciprocal molecular weight for the different oligomers of the polymer
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Table 11

Density refractive index, and surface tension of
the co-oligomers (DM S —SCPS) ofthe composition

CH.- CH.
CH3 CH3 cle CH. CH3
CH3 I s—SIi—I On.s\ 5|/- Si-CH3
CH. éHS cIHs

as afunction of n and m [8]

No. n _ rfT nr' y20° (mN/m)
XX 8 1.0760 - 21.69
XX 18 5 0.9881 1.4159 21.88
XXI 13 10 1.0322 1.4421 22.12
XX11 21 2 — 1.4121 —
* see [9]
Table 111

Density and surface tension of the co-oligomers (DM S —MBCS) of the composition

CH3 ( CH, CH3
. i CHa ) !
CH3—Si—0 05— _005—Si —005 L 0.5 Si-005 -Si-CH3
: I
CH3 \Y; CH3 >n CHt-C H 2N/ CH3

as afunction of n and m [13]

No. n m d*e y20° (mN/m)
X X111 24 - 0.9557 20.00
XXIV 23.5% 2.5% 0.9732 21.62
XXV 21 4 0.9821 22.13
XXVI 15 7 0.9980 22.91
XXVII 9 9 1.0497 25.31
XXVIII — 20 1.1084 32.87

*Mean values (see [13])
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Table IV

Density of the co-oligomers (DM S —MCMS) ofthe composition

CH3 CH3 CH3
f CH’ \ f |
CH3 Si 005 005 Si 005 0(>,5+f:."poo©d
CH3 CH3 . CH2c1  / CH.

as afunction ofn and m [14]

No. n m d*
XXI1IX 4 1.1739
XXX — 8 1.2097
XXX — 13 1.2330
XX X1 18 1.2791
XX X111 12 1 0.9987
XXXIV 11 2 1.0091
XXXV 10 3 1.0266
XXXV 9 4 1.0590
XXXVII 8 5 1.0696
XXXV I 6 7 1.1102
XX XIX 4 9 1.1554
XL 2 11 1.1974

homologous series investigated (Figs 1—8). It can be seen from the Figures
that the corresponding points lie to a close approximation, along a straight
line. The Figures also clearly show that, in accordance with our earlier results,
the values of the intercepts are characteristic of the repeating units in the
case of dimethylsiloxane oligomers being identical with the corresponding
values found in our earlier investigations for homo-oligomers. In the other
cases, no comparison can be made for lack of data on the homo-oligomers.

Further on, it has been investigated whether the relation deduced earlier
for the slope of the straight line of Eq. (II) (mi” — 67) is valid also in this
case, i.e. how the slopes of the straight lines corresponding to various chemical
compositions depend on the number of the other repeating unit. Our results
are shown in Tables VI—VII and in Figs 9—14. The Figures also show the
slopes and intercepts of the straight lines obtained from the points by the
method of averages.

It must be mentioned that owing to the relatively few data available in
part of the cases, the slopes ofthe straight lines corresponding to various chemi-
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Table V
Reciprocal molecular weights ofthe compounds investigated and
their specific properties calculated on the basis of Tables I, Il, Il and IV
No. VAT « 10« Y0 (y'I'’d) 20°C

| 61.65 1.309 2.596

" 42,32 1.219 2.459

hi 32.22 1.171 2.398

v 26.01 1.139 2.357

\% 21.80 1.122 2.325

Vi 18.74 1.102 2.289

Al 16.48 1.095 2.281
VI 14.69 1.089 2.282

I1X 13.25 1.081 2.267

X 12.06 1.075 —

X1 7,85 1.061 2.240

X1 5.36 1.040 2.222
X111 7.05 0.7541 1.622
X1V 4.88 0.7328 1.585

XV 3.74 0.7209 1.535

XV 9.20 0.8732 1.865

XV 11 7.54 0.7990 1.710
XV Il 4.56 0.7575 1.636
X1X 10.38 0.9294 2.006
XX 5.01 1.012 2.189
XX 4.70 0.9688 2.101

XX11 5.22 — —
XX 11 5.13 1.046 2.213
XXV 4.57 1.028 2.216
XXV 4.61 1.018 2.208
XXVI 4.84 1.002 2.192
XXVII 5.41 0.9527 2.137
XXV I 4.12 0.9022 2.160

XX 1X 17.76 0.8518 —

XXX 9.70 0.8266 —

XX X1 6.35 0.8110 —

XX X1 4.72 0.7818 —

XX X111 8.62 1.0114 —

XXXV 8.37 0.9910 —

XXXV 8.14 0.9741 —

XXXVI 7.92 0.9443 —

XXXVII 7.70 0.9350 —

XXXV I 7.32 0.9007 —

XX XIX 6.96 0.8655 —

XL 6.66 0.8351 _

cal compositions in Figs 1—5, 8 have been calculated only from two points.
In spite of this, it can be seen from Tables VI—VII and from Figs 9— 14 that
the slopes in Figs 1—5, 8 are linearly proportional to the number of one or
the other repeating unit in the molecule, in accordance with our earlier results,
and just as expected and predictable from Eq. (I1). A somewhat larger scatter-
ing of certain points in Figs 9—14 can be attributed to the limited accuracy
of the determination of the slopes of the straight lines in Figs 1—5, 8.
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Fig. 1. Change of the specific volume of methylperfluoropropylbutyrosiloxane-dimethylsiloxane
copolymers with the reciprocal molecular weight as a function of the chemical composition

It follo\vs from the right- side term in parentheses of Eq. (11l) that when
the slope of the straight line obtained increases with increasing number of
one of the repeating units, the slope of the straight line obtained with increasing
number of the other repeating unit is decreasing, as can also be seen from
Figs 9— 14.

Fig. 2. Change of the specific parachor of methylperfluoropropylbutyrosilane-dimethylsiloxane
copolymers with the reciprocal molecular weight as a function of the chemical composition
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Fig. 3. Change of the specific volume of dimethylsilacyclopentylsiloxane copolymers with the
reciprocal molecular weight as a function of the chemical composition

Fig. 4. Change of the specific parachor of dimethylsilacyclopentylsiloxane copolymers with the
reciprocal molecular weight as a function of the chemical composition
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Fig. 5. Change of the specific volume of dimethylsiloxane-methyl-/?-cyanoethylsiloxane
copolymers with the reciprocal molecular weight as a function of the chemical composition

~1.487
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144
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139

137

Fig. 6. Change of the refractive index of dimethylsilacyclopentylsiloxane copolymers with the
reciprocal molecular weight as a function of the chemical composition
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Fig. 7. Change of the specific parachor of dimethylsilacyclopentylsiloxane copolymers with the
reciprocal molecular weight as a function of the chemical composition

Fig. 8. Change of the specific volume of methylchloromethylsiloxane-dimethylsiloxane copo-
lymers with the reciprocal molecular weight as a function of the chemical composition
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Table VI

Changes of the slope of Equation (11) as afunction ofthe number (x) ofthe dimethyl-
siloxane groups (DM S) in the case of co-oligomers o f different composition

Methylperfluoropropyl- . . Methyl-/3- Methylchloro-
butyrosiloxane Silacyclopentylsiloxane cyqnoethyl- methylsiloxane
(MPFPBOS) (SCPS) siloxane (MCMS)

(MBCES)

In the ease of In the case of In the case of In the case of In the case of In the case of
the spec, volume the spec, para- the spec, volume the spec, para- the spec, volume the spec, volume
on the basis of chor on the on the basis of chor on the on the basis on the basis of

Fig. 1 basis of Fig. 2 Fig. 3 basis of Fig. 4 of Fig. 5 Fig. 8

0 101.4 182.8 74.0 115.1 70.7 55.6
0 149.5 272.5 — — — 131.4
3 184.2 350.3 — — — —
4 197.5 365.1 — — — 172.8
6 — — — — — 212.1
8 —_ —_ — — —_ 263.1
9 — — — — 183.9 315.7
10 — — — — — 255.6
11 — — — — — 266.8
12 — — — — — 284.7
13 — — 246.4 455.3 — —
15 — — — — 196.0 —
18 — — 317.4 602.8 — —
21 — — — — 321.0 —
235 — — — 345.7 —

Since the values of the terms in relations (111) and (IV) are known or
can be calculated, this allowed a comparison of the values of the slopes and
intercepts of the straight lines in Figs 9—14 with the values calculated on
the basis of Eqs (I11) and (1V). To facilitate their survey, the values used in
the calculations have been summarized in Table VIII.

Values calculated in this way and those actually found are listed in
Table I1X.

It can be seen that there is a rather close agreement between the cal-
culated and experimentally found values of the slopes. As concerns the inter-
cepts, an agreement better than within an order of magnitude cannot be
expected; yet the agreement is remarkably good also in this case, with the
exception of three values.
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Table V11

Changes of the slope of Equation (11) in the case of dimethylsiloxane co-oligomers as a
function ofthe number ,(x) of the other group (co-monomer)

The other group
MPFPBOS SCPS MBCES MCMS

X In the case of In the case of In the case of In the case of In the case of In the case of
the spec, volume the spec, para- the spec, volume the spec, para- the spec, volume the spec, volume
on the basis of elior on the on the basis of chor on the on the basis of on the basis of

Fig. 1 basis of Fig. 2 Fig. 3 basis of Fig. 4 Fig. 5 Fig. 8

0 45.3 68.3 453 68.3 45.3 45.3

1 — — — — — 10.0
2 -159.6 338.0 — — — 34.6
25 — — — — 175 —

3 -293.1 -618.0 — — — - 56.4
4 -377.2 -785.8 — — 4.3 104.6

5 — — - 16.0 26.0 — -110.4

6 -588.5 -1593.8 — — — —

7 e — — - 37.2 -163.0

8 -799.7 -1713.9 - 873 -163.8 — —

9 — — — — 124.4 222.0
10 — — -108.9 -159.6 — —
11 — — — — 277.6
20 — — — — - 285.9 —

In view of the few data available at present, a closer agreement should
not he required for the time being. These investigations have shown that our
statements established earlier for monoalkyl and p-alkylphenyl polyethylene
oxides hold also for dimethylsiloxane copolymers of various chemical composi-
tion, and the relations thus derived can also be extended to the specific para-
chor. Furthermore — over and above the earlier investigations — it is unambi-
guously evident from the present work that specific properties only can possess
values which are inside the triangle determined by the points ks (p™; qw.

It follows from these results that the expected value of a specific prop-
erty is predictable.

This method is of particular interest when data concerning the homo-
polymer or homo-oligomer of one of the repeating units are still missing, e.g.
the value of ™ in the case of poly- and oligocyclopentylsiloxanes (see Table
Il and Fig. 6), i.e. one of the envelop lines is unknown, hut the data for the
co-oligomers are at once’s disposal.
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Fig. 9. Change of the slope (a) of Eq. (I1) as a function of the number of the methylperfluoro-
propylbutyrosiloxane (MPFPBOS) and dimethylsiloxane (DMS) groups (x) in the case of the
specific volume on the basis of Fig. 1.

Fig. 10. Change of the slope (a) of Eq. (I1) as a function of the number of the methylperfluoro-
propylbutyrosiloxane (MPFPBOS) and dimethylsiloxane (DMS) groups (X) in the case of the
specific parachor on the basis of Fig. 2.
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Fig. 11. Change of the slope (a) of Eq. (Il1) as a function of the number of silacyclopentyl
(SCPS) and dimethylsiloxane (DMS) groups (*) in the case of the specific volume on the basis
of Fig. 3.

Fig. 12. Change of the slope (a) of Eq. (I1) as a function of the number of silacyclopentyl
(SCPS) and dimethylsiloxane (DMS) groups (X) in the case of the specific parachor on the basis
of Fig. 4.
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Fig. 13. Change of the slope (a) of Eq. (Il1) as a function of the number of methyl-/J-cyanoethyl-
siloxane (MBCES) and dimethylsiloxane (DMS) groups (x) in the case of the specific volume
on the basis of Fig. 5.

Fig. 14. Change of the slope (a) of Eq. (I1) as a function of the number of inethylchloromethyl-
siloxane (MCMS) and dimethylsiloxane (DMS) groups (X) in the case of the specific volume on
the basis of Fig. 8.
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Table VIII

Values required for calculations on the basis of Equations (111) and (1V)

Reciproca molecular
weights (1/M * 104) belong-

Vk ing to the oligomers of the
Repeating unit W, given degree gp(} ot Po|y-
men/.atidn
v y>l4d =] 1/M *10*
CH3 74,1 1.020 2.176 13 8.88
1 18 6.68
-Si-0 - 21 5.82
1 235 5.25
CH3
Cli3 314.1 0.683 1.481 2 12.65
1 3 9.05
-Si-0 -
(CHJ)3—COOCG3F,
CHj-CHj 2 27.59
| 1 100.1 0.853 1.887 5 15.09
CH, CH, 10 8.60
\ /
-Si-0 -
CH3 2.5 22.47
1 113.1 0.873 -2.09 4 16.27
-Si-0 - 7 10.48
1 9 8.47
CHjCHjCN
CH3 1 36.93
1 108.6 0.766 - 2 26.36
-Si-0 - 3 20.49
1 5 14.18
ClijCl 7 10.85
9 8.78
11 7.37
End group Mo
CH3
CH3-S i-0 - 81.1 1.309 2.596
CH33

*see Figs 9—14
** from direct measurement (see values referring to substance No. 1)
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Table I1X
Comparison of the values ofthe slopes and intercepts calculated on the basis of Equations
(111) and (1V) with the corresponding values of the straight lines in Figs 9—14
1id y'I'/d 14
® DMS MPFPBOS DMS MPFPBOS DMS SCPS
m calc. -105.8 25.0 -218.3 51.5 -16.7 12.4
mfound -104.8 26.2 -246.6 51.4 -17.3 ~13.5
Acalc. 46.9 101.6 68.2 180.9 46.9 —
Mfound 385 99.3 115.1 177.8 58.0 —
i, 14 1ud
£
DMS SCPS DMS MBCES DMS MCMS
m calc. -28.9 21.4 -16.6 10.9 -27.6 18.8
m found -32.1 ~27.1 -17.1 10.5 -26.9 19.2
Acalc. 68.2 — 46.9 74.0 46.9 88.1
Mfound 127.4 — 56.6 80.3 221 85.5

In this case the intercepts of the straight lines obtained by connecting the available
points and the points of the molecular weights corresponding to the homo-oligomers on the
other envelop line — which are visibly converging approximately in the same point — will
provide the value of the specific property of the repeating unit, in our case the refractive
index (nf,°° = 1.487) of the repeating unit: CH2—CH?2 of infinitely high molecular weight.

| |
CH2 CH2

v
—Si—o —
On the basis of the envelop line plotted in this way, the unknown specific
property of the different liomo-oligomers can be estimated.
This method is also suitable for the estimation of the accuracy of data
to be found in the literature; thus the reciprocal molecular weights of some
homo-oligomers are also given in Table VIII.

One the basis of these values, it can be established that the individual straight lines
in Figs 1—8 actually cut the appropriate envelop line at a point approximately corresponding
to the molecular weight of the homo-oligomer. At the same time Fig. 7 shows that the values
given for the surface tension of the co-oligomers of the chemical composition corresponding
to Nos, XX Y Il and XXVIII are rather inaccurate; also inconsistent are the data in the original
paper [13] on the chemical composition of compound XXV III.
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By means of the measurement technique described in part I, the thermal pro-
cesses of cadmium salts (chloride, nitrate, sulphate and oxide) were investigated in
detail up to 1200 °C in argon atmosphere, using platinum and graphite crucibles, and
recording the cadmium signal of the vapour phase. Based on the characteristic conver-
sion temperatures established with the knowledge of the time —temperature function,
several processes (reduction, oxidation, thermal decomposition, evaporation, etc.)
could be identified. The thermal properties of mercuric salts (chloride, nitrate, sulphate
and oxide) were studied under lower heating rate up to 750 °C. Some results concerning
other thermal processes (evaporation of BeCl2, release of volatile fluorine compounds)
are mentioned.

Based on the experimental results, it was stated that essential differences exist
between the processes taking place in platinum and graphite crucibles, respectively,
and the surface quality and condition of graphite crucibles significantly affect the oxi-
dation—reduction, decomposition and evaporation processes.

Introduction

Several thermochemical processes were investigated between 150 and
1350 °C, such as evaporation, and reactions of several salts of selected metals
which volatilize in this range; tests were carried out by means of the resistance-
heated microreactor, stabilized d.c. arc source, as well as radiation resolving
and detecting system for recording the emission signal of the vapour phase,
described in a previous publication [1]. Microcrucibles made of platinum and
different graphite sorts were used, and the effect of several additives (acids,
salts) and conditions on these systems was tested. Main results of this investiga-
tion, and the conclusions are given as follows.

Investigation of cadmium salts

Detection and determination of cadmium as a significant toxic element
is of outstanding importance, and the behaviour of its compounds in the gra-
phite cuvette used in atomic absorption spectrometry causes many difficulties.
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To investigate thermal properties of these compounds, experimental conditions
were selected so as to arrive at conclusions at the same time also on the pro-
cesses occurring in the graphite cuvette.

For the tests, 25 pi solutions of chloride, nitrate or sulphate stock solu-
tions of 100 fig Cd/ml concentration acidified with the corresponding acid
(0.1 N), were weighed into the crucibles; thus each sample contained 2.5 pg Cd.
Beside solutions, experiments were carried out also with suitable solid salts
but with greater, irregularly fluctuating amounts of the samples weighed-in,

Fig. 1. Scanning electron micrographs of the inner surface of RW-crucibles (see text), N —
= 1500 X; a) unused crucible; b) three times heated crucible (with sample)

therefore the records are to be compared with the records of the solution sam-
ples only for estimation.

Beside the platinum crucible, two different sorts of graphite crucibles
were adopted of spectral purity, with different degree of graphitization and
porosity. The crucibles denoted RW were made of highly graphitized, dense
(slightly porous) spectral graphite of RW 1 type supplied by “Ringsdorff-
Werke GmbH” (G.F.R.), and the crucibles denoted Tc of less graphitized
and more porous spectral graphite of SU type obtained from “Elektrokarbon,
Kablo Topolcany” (Czechoslovakia). The original structure of the graphite
crucibles after the heating cycles was significantly changed; microcrystalline
grains and fragments, which were present on the freshly machined surface,
disappeared or burned out, and the porosity of the graphite increased. The
changes can be observed on the scanning electron micrographs of the surfaces
(Figs 1 and 2, a and b); further informations are given with the changes of
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emission signals, details of which will be dealt with at the discussion of the
results. As a rule, it was observed that in crucibles used for the first time,
cadmium evaporates earlier, i.e. the signal can be observed at lower tempera-
tures than in the case of repeatedly used crucibles.

In agreement with our experiences, important statements have been
made by Sturgeon and Chakrabarti [2] in connection with the role of surface
porosity of the graphite cuvette. They reported that, in contrast with a pyro-
lytic-graphite-coated surface of very low porosity, on an uncoated graphite

Fig. 2. Scanning electron micrographs of the inner surface of Té-crucibles (see text), N =
1500 X : a) unused crucible; b) three times heated crucible (with sample)

surface the porosity rapidly increased under use, and the solute more and
more penetrated into the pores, as a consequence of which the atomization
process became more difficult, detection was smoothed, and “memory effects”
took place.

At the discussion of results it is to be taken into account that under
heating of the microreactor there is no thermodynamic equilibrium in the
system. In spite of this fact, thermal decomposition and conversion processes,
in general, can be characterized more or less by equilibria, and temperatures
belonging to signal changes or maxima on the emission curves are charac-
teristic and reproducible. Well-defined identification (or appearance) tempera-
ture is observed with the increase ofthe spectral line intensity at the appearance
of cadmium in the gas phase, and the signal maximum shows decay of the
process (e.g. loss of the compound or the metal). Peak intensities and integrated
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intensities (areas below the curves), however, depend not only on the amount
of the sample but also on the characteristics of the detector system (photo-
multipliers).

For the sake of comparison, the records were normalized (Fig. 3). At the
repeated testing of cadmium chloride solution sample in the same RW-crucible,

Fig. 3. Normalized intensity —time curves of cadmium salts, with characteristic temperatures.
(The time —temperature axis on the diagrams is increasing left to right, in contrast with the
original records.) Comments to 1, 2, 1- 2- see Fig. 4

further changes were observed on the records of samples, as can be seen below
(Fig. 4); in all other cases the character of the records has not been changed
after the second heating. The test results are grouped and discussed according
to the cadmium salt types as follows.
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Cadmium chloride

It is striking on the records obtained using CdCI2 sample solutions (Fig.
4) that in all cases two peaks appear, i.e. evaporation occurs in two steps.
According to Sturgeon et al. [3], CdCL, under similar conditions does not
undergo thermal dissociation, so in our case, from a hydrochloric acid solution
it partly evaporates in a molecular form (first peak), and partly it is converted
into oxide by hydrolysis. Under heating in a platinum crucible (denoted as Pt
in the Figs), cadmium oxide itself undergoes thermal decomposition causing
a second peak at 1030 °C. On the other hand, in a graphite crucible (RW or
Tc) CdO formed from CdCI2 will be reduced to metal (second peak of lower
temperature). Partial evaporation of CdCI2 below its boiling point (960 °C) is
in accordance with the observation that the volatility of materials in thin layers
can be significantly enhanced (e.g. thin layer of cadmium metal begins to
evaporate at an increasing rate above 450 °C, though its boiling point is
765 °C [4]). Similarly to the appearance and peak temperatures of the first
peak, low CdCI2 evaporation temperatures (300—450 °C) have been given by
Y asuda and K akiyama [5], aswell asby Fegesg etal. [6]Jwho observed a signif-
icant loss in chloride at 490 °C at the atomic absorption electrothermal atom-
ization measurements.

On the serial tests performed by using RW-crucibles (Fig. 4, c) one can
observe that the second peak obtained after the first heating cycle with the
sample is of low intensity, i.e. only a small portion of CdCI2was converted into
oxide (RW 1). When the surface of the crucible became more porous (RW 2,
RW 5), the intensity ratio of the peaks changed so as the intensity associated
with the second peak, i.e. the signal of cadmium originating from the reduction
of oxide increased. Before the eighth cycle the crucible was heated on the
open air for 1 min at 1100 °C;thus, after this cycle, under visually observable
change of the upper graphite layer, the first peak almost completely disap-
peared. A similar effect could be observed in the serial tests performed with
the originally more porous Tc-crucibles, where the surface layer had become
loose much earlier. The rate of oxidation was determined by the rising amount
of water bound on the surface layer formed.*

On the records of tests performed with solid samples of CdCI2 « 2.5 H2,
double peaks could be identified only by using platinum crucible, where the
second peak of higher temperature refers to the oxide formation. According
to thermogravimetric tests, the water of crystallization of the chloride has
resulted in oxide formation in the solid phase already at 600 °C [3]. Since
water of crystallization evaporates early, and does not adhere to the surface,
on the reducing graphite surfaces hydrolysis does not take place in the absence
of water, and this is why only a single peak is observable.

*Ubbelohde and Lewis [7] called the layers obtained in the reaction of graphite

and water as “lamellar compounds”.
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Fig. 4. Test results of cadmium chloride solution, a) in platinum crucible, b) in graphite Tc-

crucible, c) in graphite RW -crucihle; I for the first weigliing-in, 2, 5, 8 at the second, fifth and

eighth cycle, 1- or 2- unchanged at the further tests,x before this test the crucible was heated

on the open air at 1100 °C for 1 min. (Original records, the time —temperature axis is increasing
right to left.)
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Cadmium nitrate

In platinum crucibles only a single peak was observable: the Cd(N03)2in
the solid sample or a nitric acid solution completely decomposed to oxide, which
underwent thermal dissociation above 900 °C. (A greater amount of solid
sample weighed-in caused the rise of the area below the curve.) As in the case
of chloride, especially for RW-crucibles (Fig. 4), the effect of the surface
changes was detectable here as well; the low-temperature peak obtained in
graphite crucibles on the first heating disappeared on the second heating (Fig.
3). According to the experiments of Yasuda and Kakiyama [5], with aqueous
solutions of cadmium nitrate the signal of cadmium was obtained at 100—
150 °C, and the signal of NO above 150 °C, i.e. a part of the nitrate decomposes
already at a low temperature, especially on an active surface.

Cadmium sulphate

Introduced in solution into a platinum crucible, CdS04resulted in asingle
peak starting above 900 °C, i.e. the evaporation and decomposition of the sul-
phate could not be resolved on the emission curve. The solid salt evaporated,
presumably as an undecomposed molecule above its melting point (1000 °C),
resulting from the greater amounts of the sample weighed-in. The effect of
the active surface at the first heating was strongly expressed using RW-cru-
cibles and less characteristic using Tc-crucibles, yielding peaks starting at low
temperatures (Fig. 3). The decomposition of the sulphate was highly sensitive
to surface quality; the curves at the first heating showed stronger variations
than for other salts (Fig. 5, 1A, 111, 1C). The peaks or breaking points visible
on the curves at about 740— 780 °C (as for the chloride — the oxide reduction)
refer to the boiling point of the metal (765 °C). Authors cited [5] found in
graphite cuvette tests of CdS04 solution a cadmium signal at 450 °C, and
others [8] at 440 °C, these being comparable to our characteristic tempera-
tures of about 400—300 °C.

Cadmium oxide

CdO weighed-in into a platinum crucible showed a cadmium signal only
above its decomposing temperature. On the fresh surface of an RW-crucible
was obtained a cadmium signal well below the decomposing temperature; in
these cases the reduction of the oxide occurred in one or two steps (dotted line
on Fig. 3). According to [9], the reduction of the oxide can take place already
above 577 °C (AG° <[ 0), and others [4] claim that it is between 600 and
700 °C, and the extent of reduction depends on the rate of heating and the
amount of the graphite (carbon).

Reduction of CdO, obtained from a small quantity of cadmium salts
weighed-in as an aqueous solution and formed via hydrolysis or thermal decom-
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Fig. 5. Test results of cadmium sulphate solution weighed-in into RW -crucibles; 1A, IB, 1C
new crucibles at the first heating, 2- typical curve at the second and further cycles.

position, yields in the case of rapid heating a metal vapour, and therefore a
signal can be observed below its boiling point (appearance temperatures of
oxide peaks on the curves of chloride, nitrate and sulphate). Having a smaller
contact surface area with the crucible wall, solid- phase CdO of greater quantity
showed a slower reduction in which a metal of solid or liquid phase is obtained,
and this is why a signal can be identified only above the boiling point of the
metal.

It need to be mentioned that tests were carried out with Cd-115 isotope
in chloride, nitrate and sulphate form, to check the amount of cadmium
remained in the platinum and graphite microcrucibles, after heating up to
1150 °C. The amounts remaining in graphite crucibles after the first heating
were as follows (average of 4 measurements): CdCI2 0.54%, Cd(N03)2 1.60%
and CdS043.98%. After the second and third cycles (weighing-in and heating),
the retention increased, e.g. in the case of Cd(N03)2from 1.6% to 4.2 and 6.1%.
In platinum crucibles the cadmium retention was slightly higher than in
graphite crucibles. It means that during the heating period up to the tempera-
ture range used in all experiments the total amount of cadmium was practically
volatilized.
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Fig. 6. Testing of mercuric oxide in platinum crucible at a rapid and smooth heating; intensity
(/) and temperature (T ) curves.

Investigation of mercuric salts

Conditions of investigations of mercuric salts were similar to those de-
scribed above for the cadmium salts. However, the much higher volatility of
the samples needed a slower heating-up, and to lower temperatures. As regards
the HgO sample, a rapid heating of the microreactor gave a record (Fig. 6)
which could be evaluated, but with other mercuric salts, owing to their higher
volatility, the heating of the reactor was not switched on at the beginning of
the test, i.e. the sample weighed-in into the crucible contacted at first only
with the heat transferred from the arc plasma and the electrode by conduc-
tion. The heating rate was optimal at an arc current of 8 A. The signal of
mercury was detectable also at the temperature of break-out of water and
acid vapours, and therefore the stabilization of the d.c. arc by an external
magnetic field had to be omitted (see the remark made on the experimental
conditions in [1]). Before the thermal equilibrium was attained, the tempera-
ture of the microreactor was raised by a slow heating to 750 °C, so that the
processes could be studied at a sufficient resolution; under these conditions,
the characteristic temperatures remained essentially unchanged (Fig. 7).
In graphite crucibles, in general, the first peak appeared at a lower tempera-
ture, obviously as a result of reduction, as can be seen in Fig. 8 representing
the normalized curves of the mercuric salts tested.
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The quality of the surface of the graphite crucibles, and its change dur-
ing the repeated use with solution samples of chloride and nitrate failed to
change the character of the curves, but in the case of solid samples of nitrate
and oxide the surface effect was detectable. The changes of the mercury signal
were studied in detail by using mercuric sulphate samples. Weighing in greater
amounts of samples in platinum crucibles, the first peak increased, but the
second one remained unchanged, along with the area below the curve, pre-
sumably because the excitation efficiency deteriorated with the rapid evapora-

Fig. 7. Testing of mercuric oxide in platinum crucible at areduced rate of heating: intensity (/)
and temperature (7) curves.

tion of mercury, whereas the emission intensity did not increase. The effect
of the active graphite surface on the decomposition process of the sulphate is
clearly illustrated on the curves of Fig. 8.

For studying rapid thermal processes of mercuric salts at low tempera-
tures, it seems to be practical to accomplish a programmable heating of the
microreactor which could better approach equilibrium conditions in this
system. The building of this device is planned later on.

Investigation of other compounds

Tentative tests were carried out to reveal the thermal behaviour of lead
salts. However, lead vapour was bound on platinum surfaces forming alloy
with it, and therefore the experimental system was not suitable for this in-
vestigation.
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When operated under appropriate conditions, the device dealt with here
was suitable for studying the volatility of beryllium chloride. In these tests,
beryllium chloride tended to form oxide, and for this reason it distilled out
only partly from a platinum crucible; the addition of graphite, or a greater

Fig. 8. Normalized intensity —time curves of mercuric salts, with characteristic temperatures;
a) enhanced (5 X) amount of sample, b) faster heating

amount of chloride ions (NaCl, HC1), completed the evaporation process.
Experimental results were similar as illustrated with cadmium salts.

The formation of volatile compounds of fluorine could be studied with
thermal reactions carried out in the device described. Preliminary spectro-
graphic investigations were performed on the decomposition of NaF, CaF2and
Al1F3 by the addition of Si02, and experiments were carried out with volatiliz-
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ing additives Na2aW207, W 03, Na3P 04 and V20 5. It was found that the applica-
tion of a mixture of sample: Si02:WO03in a ratio of 1 :1:3 by weight for
the release of SiF4yielded the optimal results. These investigations are dealt
with in another work [10].

Conclusions

Investigation of thermal processes of cadmium salts in argon atmosphere
in detail demonstrated that evaporation and conversion processes, as well as
thermal reactions, were clearly identified with the cadmium signal in the
experimental device elaborated; characteristic temperatures on the emission
curves were reproducible (;t200C), and the occurrence of several processes
was established. Investigation of thermal processes of mercuric salts under-
lined the statements.

The study of the correlation between the quality of the graphite surface
and the course of the thermal reactions needs further investigations for its
basic spectroscopic significance.
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In the first part of our work the experimental physico-chemical data (ultraviolet
spectra, dipole moments, ionization potentials, 13C chemical shifts) of phenol ethers
with general formula XC4H40CH3 (where X = H, o-, m-, p-CH3, CH30, CI, NO,, F,
NH2 and the input parameters of calculation methods (Del Re,'iterative PPP, Extend-
ed Hiuckel) were published.

The molecular structures of phenol ethers have been investigated by
several physico-chemical methods. This work is concerned with calculations by
guantum-chemical approximations, with the interpretation of the physico-
chemical properties of phenol ethers on the basis of these calculations, and with
the effect of substituents. Molecules of the general formula XC6H40CH3 were
studied, where X = H, 0-, m-, p-CH:, CH30, CI, N02 F or NH2

Experimental data

Ultraviolet spectra

The uv spectroscopic data of the compounds were taken from the paper
of Dearden and Forbes [1], and from two, slightly later publications of
Forbes [2].

The spectra were recorded in cyclohexane solution. Table | shows the
wavelengths of the maxima of a and p bands (AKand Ap). For m-nitroanisole
the maximum of the 8 band is also given.

According to the uv spectra of substituted anisoles, the maxima of @
bands show in most cases a bathochromic displacement with respect to anisole.
This shift is significant in the case of p-dimethoxybenzene, and in amino- and
nitroanisoles. In the case of 0- and m-fluoro derivatives hypsochromic displace-
ments can be observed. In the maxima of p bands quite significant bathochro-
mic effects can be seen with the amino and nitro derivatives, whereas from
the maxima of the other compounds no unanimous conclusion can be drawn.
The uv spectra of methyl and chloroanisoles are generally very similar to the

4* Acta Chim. Acad. Sei. Hung. 101,1979



360 HIBCH MO UANDATTG NAFDS |

Table |

The experimental data of phenol ether of type
CH =0 CeH 4X

Ultraviolet maxima Dipole moment

X [ 2 3, 4] potential [
Spinm) % (nm) MD) solvent* <(°C) 1P (eV)

H 220 275 1.25 average 8.39
2-C H 30 225 275 1.32 B 25
3-CH 30 220 271.5 1.60 B 20 8.17
4-CH 30 226 290 1.70 average 7.88
2-CH3 215.5 270 1.09 B 20
3-CHa 217 277.2 1.25 B 20 8.35
4-CH3 222.5 276.5 1.24 B 20 8.33
2-Cl 219 283 2.44 B 20
3-Ci 219 275 2.06 B 25 8.72
4-C1 228 282 2.32 B 20 8.52
2-NO,, 248.5 304 4.80 B 20
3-NOa** 260 313 4.0 B 20 9.09
4-NO 2 — 291 4.98 B 20 9.04
2-F 219.5 271 2.31 B 25
3-F 220 269.5 — 8.70
4-F 218.5 281.5 2.11 B 20 8.58
2-NHj 237 286 1.99 8
3-NHj 233.5 283 1.72 B 25 7.76
4-NHj 236 303 1.80 B 25 7.60

*B: benzene, **XB\ 223 nm

spectrum of anisole itself, indicating that these substituents do not affect the
electronic structure to a significant extent. Parasubstituted derivatives show
the following sequence of bathochromic displacement:

H< CH3< F< Cl< CH3 < NO,< NH,.

Dipole moments

The experimental dipole moments of phenol ethers were taken from the
comprehensive works of McCettan [3] and Osipov, Minkin and Garnovskii
[4]. Of the experimental data, if possible, the ones measured under the same
experimental conditions (at 20 or 25 °C in benzene) were selected. For anisole
and p-dimethoxybenzene, the mean values calculated from the most probable
experimental results given in the work of McCertran [3] were selected as
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experimental dipole moments. The data used are shown in Table I (1 Debye=
1/3 « 10~ Cm).

lonization potentials

The experimental ionization potentials of phenol ethers were selected
from the papers of Brown [5]. The data used are also given in Table I.

13C chemical shifts

Several papers deal with the 13C NMR spectra of phenol ethers [6—9].
The 13C chemical shifts of the aromatic carbon atoms of substituted phenol
ethers were selected from these papers. The data are shown in Table Il. Some
papers report chemical shifts with respect to carbon disulfide, they were con-
verted into chemical shifts with respect to benzene by the conversion factor
0c(C6HHECS2 = 65.0 ppm.

Molecular geometry

Of the phenol ethers, the molecular geometry of p-dimethoxybenzene is
known from the X-ray diffraction studies of Goodwin et al. [10]. The other
structural parameters necessary for the calculations were taken from the data
of substituted benzene derivatives [11]. Bond lengths and angles used in the

Table 11

The 13C chemical shifts of the aromatic carbon atoms ofphenol ethers
(ppm, related to benzene) [6—9]

X

X Cl G2 G3 G4 G5 G6

1 -30.2 14.7 - 09 8.1 - 09 14.7
2-CH3X -22.6 -22.6 155 6.9 6.9 15.5
3-CH30 33.3 27.0 -33.3 217 2.2 21.7
4-CHXO -26.4 13.1 13.1 26.4 13.1 13.1
2-CH3 -28.9 2.7 — 17 7.9 15 18.6
3-CH3 -30.9 141 -10.0 7.6 - 02 17.9
4-CHs -29.7 14.5 - 17 0.9 17 14.5
4-C1 -30.1 12.9 1.2 3.3 12 12.9
4-N02 -37.1 13.3 2.1 -11.3 21 13.3
4-F -27.1 13.2 13.2 -28.7 13.2 13.2
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calculations are givenin Table 111 (1 pm = 0.01 A). The molecules were assumed
to be planar, and therefore all substituents were placed in the plane of the
ring, except of course the hydrogens of methyl and methoxy groups. In the
calculation of dipole moments, a free rotation of methoxy groups was assumed.

Table 111
Geometry data [10, 11]

Bond Bond length (pm) Note
c-c 139.7 aromatic-aromatic
152 aromatic-aliphatic
C-H 108.4 aromatic
109.3 aliphatic
C-0 136
C-F 130.5
c-ClI 170.6
C-N 148 in nitro compounds
142.6 in amino compounds
-0 121
N -H 101.4

COC valence angle: 121°

Calculation methods
Del Re method

The a electron system of compounds was studied by the approximation
of Der Re [12]. Of the original parameters, the value of inductive parameter
YcH was modified, and the method was extended to more types of atoms and
bonds [13]. The Der Re parameters used in the calculations are given in
Table IV.

Iterative Pariser—Parr-Pople method

The n electron system of compounds was studied by an iterative PPP
method [14, 15]. During the calculation ionization energies were varied as a
function of effective nuclear charge, whereas electron affinities and resonance
integrals were constant. lonization energies were determined by exponential
functions of the Form 1,-= — atexp (6, Zf), where Zf is effective nuclear
charge, and constants a, and were determined from the isoelectronic series
of atoms and ions belonging to the same electronic state. Effective nuclear
charge was calculated by the method of Burns [16]. This method makes dis-
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Table 1V
Del Re parameters [12, 13]

i—j it w w
c-c 1.00 0.1 0.1 0.07 (sp3) 0.07 (spd
0.12 (spl) 0.12 (sp2
C-H 1.00 -0.2 0.4 0.07 (sp3) 0
0.12 (sp3)
C-0 0.95 0.1 0.1 0.07 (spd 0.40
0.12 (sp3
C-N 1.00 0.1 0.1 0.12 (sp2 0.30 (sp2)
C-F 0.85 0.1 0.1 0.12 (sp2) 0.57
c cl 0.65 0.2 0.4 0.12 (sp2) 0.35
N —O 1.00 0.1 0.1 0.30 (sp2) 0.40
N -H 0.45 0.3 0.4 0.30 (sp2 0

tinction between s and p orbitals, can also be used for d orbitals, and, in
contrast with the Slater rules, it produces smaller overlap between the orbitals.
Actual effective nuclear charges Z* necessary for the iteration were calculated
according to the equation

Zf = zfo + 035(11, + 9t - q!)

where Zf° is the effective nuclear charge given by the Burns method,

rif is the number of electrons supplied to the »n electron system by
the atom,

df is partial a charge from the Del Re approximation, and

qf is n electron density.

On the basis of Pariser [17], the one-center electron interaction integrals
YH were taken as the difference between the valence state ionization energies
/mand electron affinities Ay.

Yu= h — At

The atoms which supply two electrons to the rcelectron system of the molecule
(F, CI, N, 0) were accounted for with double electron interaction integrals yf m

where If is the second ionization energy.

Valence state ionization energies and electron affinities were calculated
by the empirical formula of Mataga and Nishimoto [21] from the correspond-
ing experimental ground state values [18—20]:
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Vij m
aa + Rt Ya + Yijj
where R/j is the interatomic distance.

Resonance integrals «-j were calculated by the Wolfsberg—Helmholz
relationship [22]

Bij= \k (h + 1j) S’

where K is constant, and

Sjj is the overlap integral.
The value of k was determined from the resonance and overlap integrals of
the C—C bond of benzene, to obtain Kk = 0.6426.

The most important parameters of IPPP calculations are given in
Table Y.

Table V

Parameters of iterative PP P calculations

i bi vu (V) i—

c 0.6133 1.0362 11.13 c-C 2.392-2.453
0+ 0.8660 0.8459 21.53 C-0 2.169-2.178
0 07093  0.8144 1523 ¢ -mnitro 1.868-1.874
N+ 09702 08723 1744  K—Nmito 2.057-2.065
F+ 0.7093 0.8144 21.713 o 2.550-2.551
Cl+ 0.4348 0.7417 12.949 C-F 1.850- 1.856

C-ClI 1.710-1.723

Extended Hiickel method

Phenol ethers were also investigated by the Extended Hiickel [EHT] all
valence electron method [23, 24]. The ionization energies required for these
calculations were taken from the work of Hinze [18] the orbital exponents
were determined on the basis of the rules of Burns [16]. The ionization energy
Id of the 3d orbital of chlorine was taken from the paper of Levison and Per-
kins [25]. The parameters of EHT calculations are given in Table VI.

The results of calculations, discussion and conclusions on molecular
structure are the subject of Part Il of this series.
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Table VI

Parameters of Extended Hiickel calculations

> («V) f. Ip eVJ tp 1d (eV) id
H 13.60 1.000 - - -
c 21.01 1.575 11.27 1.400 — —
N 26.92 1.900 14.42 1.725 — —
0 36.07 2.225 18.53 2.050 — —
F 38.24 2.550 20.86 2.300 — —
cl 24.02 2.266 15.03 1.733 2.20 1.083
Awf.-—
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Experimental physico-chemical data (electronic transitions, dipole moments,
ionizations energies and 13C chemical shifts) of phenol ether of the type XC6H40CH3

(X = 0-,m-,p-CH3, CH30, CI, N02 F, NHs) have been interpreted by means of quantum

chemical calculations. Del Re, iterative PPP, and EHT approximations were used, the

parameters of IPPP method were determined by new relationships. The calculations
were performed on planar model, and a free rotation of methoxy groups was assumed.

From the correlations between experimental and calculated data conclusions have

been drawn on molecular structure.

Part I of our paper [1] was concerned with the physico-chemical data of
substituted phenol ethers of the type XC6H40CH3 (X = 0-, m-, p-CH3 0CH3,
Cl, NO02 F, NHj), with the quantum chemical approximations, and the param-
eters used. This paper deals with the results of calculations, discussing the

conclusions drawn on the structure of molecules.

Results
Charge distributions, partial charges, bond orders

The partial charges obtained with the Del Re method show the follow-
ing characteristics. The partial charge of oxygen atoms is nearly constant,
dyp = — 0.3020, independently of the substituents. The partial charges of
hydrogens increase in the sequence of methyl, methoxy, aromatic, amino. The
partial charges of aromatic carbon atoms show already significant variation;
the highest value can be found in o-fluoroanisole, on the carbon attached to
the fluorine atom (+ 0.1799), and the lowest in p-methylanisole on the carbon
attached to the methyl group (—0.0588). The partial charges of aromatic
carbons are characteristic of the inductive effect of the substituents. The sub-
stituent effect can be studied most advantageously in metasubstituted com-
pounds. In metasubstituted phenol ethers da of the carbon atom between the
two substituents increases in the sequence

CH3< NO, < NH, < F< CH3 < CI.
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This sequence is identical to that of the inductive effects of the above sub-
stituents.

The partical charges an obtained with the IPPP method show the fol-
lowing features. The partial charge dnof the oxygen atom changes more strongly
with the substituents than da’, it is the lowest in o-aminoanisole (-(-0.1173),
and the highest in o-nitroanisole (-(-0.1482). Carbon atoms have generally
negative dnvalues, positive charges can be found only in nitroanisoles. The
I>Kcharges of aromatic carbon atoms can be correlated with the mesomeric
effects of substituents, in the following sequence (in metasubstituted phenol
ethers):

NH2< CH30 < Cl< CH3< F < NOo.

The combined an partial charges increase in the sequence
NH2< CH30 < CH3< Cl< F< NO2.

This sequence reflects the orientation effect of the substituents; amino, meth-
oxy and methyl groups are first- order substituents, chlorine and fluorine are
first-order desactivating groups, whereas the nitro group is a second-order
substituent.

IPPP calculations produced the following n bond orders. The C— O bond
order varies between 0.328 and 0.368, being only slightly modified by the
substituents. The C—C bond order in the aromatic ring was found to vary be-
tween 0.603 and 0.683. The substituents have the following ranges ofp”.

C—ClI 0.176—0.186
C—F 0.153—0.161
C Namino 0.399—0.413
C---Nnitro 0.216—0.233
N—O 0.602—0.611

The partial charges given by the EHT method correspond to unreason-
ablv strong shifts. For instance, the charge on the oxygen atom was found to
be — 1.06, that of the nitro nitrogen varied around -(-1.70, and widely different
charges were obtained for the carbon atoms: -(-0.31 in methoxy groups, —0.31
in methyl groups, and charges between —0.30 and -[-0.82 in the aromatic
ring. The sequence of the hydrogen charges was also different from that
obtained with the Del Re method: aromatic < methoxy <[ methyl < amino.
The results indicate that the partial charges given by EHT cannot be applied
to draw conclusions on molecular structure.

Electronic transitions

The singlet electronic transition energies obtained from IPPP calcula-
tions -were compared with the transition energies corresponding to the experi-
mental uv absorption maxima. [In the calculations configuration interaction
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2-CH3
3-CH3
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3-Cl
4-Cl
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Table 1

Experimental and IPPP results ofphenol ethers of type CH;iOC6H ,X

AEexp
(€

(Cl) was taken
energies are compared in Table I, and a plot of the experimental data vs cal-

culated values is shown in Fig. 1.

lexp
V)

0.050
0.180
0.061
0.171
0.053
0.175
0.077
0.233
0.048

l:'((é‘l\galc

4.56
5.59
4.34
5.20
4.39
5.42
4.23
5.27
4.56
5.59
4.57
5.60
4.56
5.60
4.52
551
4.54
5.57
451
5.52
3.14
4.82
3.44
4.80
5.70
3.80
4.55
5.57
4.54
5.58
4.55
5.55
4.09
4.81
4.16
5.06
3.92
4.92

(e

(6

4.0

4.98
231

kealc
o)

1.414
2.102
1.790
1.579
1.474
1.374
1.318
1.750
2.385
2.646
3.920
4.560
5.148
1.945
2.641
2.937
2.263
1.723

1.317

xm
(>

1.853
1.766
1.722
1.386
1.276
1.218
1.881
2.190
2.329
4.016
4.394
4571
1.794
2.093
2.228
2.093
1.892

1.782

Wf

8.39

8.35

8.33

8.72

8.52

7.76

7.60
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8.665

8.313

9.050

9.035

9.022

8.904

9.503

9.586

9.085

9.070

8.003

7.693

into account.] The experimental and calculated transition

As can be seen from the data, the agreement between experimental and
calculated transition energies is satisfactory, the average differences being
0.186 eV for the a hands and 0.159 eV for the p bands. For the total data set
the average difference is 0.173 eV (3.7%), and the correlation between the two
guantities is 95%. Differences greater than average occur with nitroanisoles
and o-bis-dimethoxybenzene. For these compounds the assumption of planarity
is unjustified, and thus the results of IPPP calculations disagree with the
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experimental data. Non-planarity is also indicated by the following facts. The
differences between the uv maxima of anisole and phenol derivatives substi-
tuted in the same way are as follows [2, 3]:

o-nitro 38 nin (a) and 185 nm (p)
m-nitro 6 nm (a)
p-nitro 4 nm (a)
o-methoxy 9 nm (p)

Fig. 1. Calculated tEcj values of phenol ethers as a function of experimental electronic transi-
tions

These differences are readily interpreted if it is assumed that substituted
anisoles are different in steric structure from the corresponding substituted
phenol derivatives. It can also be seen from the data of the table that the
calculated and experimental oscillator strengths of phenol ethers agree very
well, with an average difference of 0.02 for a bands and 0.10 for p bands.

Dipole moments

The dipole moments of the molecules were calculated from the partial
charges baobtained from Del Re calculations and the partial charges gnobtained
from IPPP calculations. It was assumed in the calculation of dipole moments
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that the methoxy groups of phenol ethers may execute free rotation around the
oxygen — aromatic carbon axis. The remainder of the molecule, including the
other substituents, is fixed, and thus the total dipole moment consists of a con-
stant vector and the rotating vectors of rotating groups (see Fig. 2).

The average dipole moment of a group executing free rotation can be

determined by integration:

Fig. 2. Calculation of dipole moment with free rotation

During rotation, the charge distribution of the molecule was assumed to be
invariant.

In addition to the charge distribution method, the dipole moments of
the molecules were also determined by the method of group moments. The
results can be found in column pm of Table I. According to the method, the
molecular dipole moment is assumed to he the vector sum of the moments
of atom groups. When a molecule contains two free rotating polar groups (see
Fig. 3), the resulting dipole moment is given by the equation [4, 5]

Jr = + i\ -(- 2/xxf12 COS ©! c0s 92c0S col2

where px and p2 are group moments,
and 02 are the angles between the directions of rotation axes and

the group moment vectors, and
col2 is the angle between the axes (60° for ortho, 120° for meta

and 180° for para substitution).
The values of pi and 0,- used for the calculations and given in Table Il were
taken from the literature [6]. The calculated dipole moments are shown in
Figs 4 and 5 as a function of the experimental values.
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fC 1A T T Fig. 3. Calculation of dipole moment from group moment

Fig. 4. Dipole moments of phenol ethers calculated from charge distributions, as a function of
experimental values

Table 11

Group moments [6]

C. 11S—X WD) a
CH, 0.37 0
CHio 1.28 72°
E -1.47 0
cl -1.59 0
NH, 153 48.5°
NO o -4.01 0
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The data of Table I and the plots in Figs 4 and 5 permit the following
conclusions to be drawn. The group moment method provides better results
than the calculated charge distributions. In the former case the average dif-
ference between experimental and calculated data is 0.252 D (11.2% ), whereas
in the latter case it is 0.375 D (18.4%). With either method, the largest dis-
crepancies were obtained for the orthosubstituted derivatives, indicating that
in these molecules the rotation of the methoxy group is hindered. The better
agreement obtained with the group moment method suggests that CH3, Cl, F,

Pexp D]

Fig. 5. Dipole moments of phenol ethers calculated from group moments, as a function of
experimental values

CH30 and NH2substituents have weak effect on the n bond system. The larger
difference obtained for nitroanisoles can be explained by the strong -M effect
of the nitro group.

lonization energies

As proposed by Koopmans [7], experimental ionization energies were
compared to the energy of the highest occupied molecular orbital. Experi-
mental and calculated data are given in Table I and Fig. 6. Calculated ioniza-
tion energies are higher by 0.4—0.5 eV, in average, than experimental values,
but the correlation between the two data sets is good, r = 0.952.

NMR correlations

The NMR chemical shifts of various nuclei (1H, 13C, 19, etc.) are usually
correlated with calculated electron densities. Thus, e.g. according to Karisson
and Martensson [8], there is a simple proportionality between the NMR
chemical shifts 41 or 13C and the charges on the corresponding carbon atoms.
It is most customary to correlate the total electron densities obtained from
CNDO or EHT calculations with 13C chemical shifts, but the results of PPP
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approximation can also be used for correlation. It is also possible to introduce
a relative paramagnetic shielding factor cr*j, and to use this quantity instead
of a direct comparison with electron density. According to Engethardt et al.
[9], cr*i of the carbon atoms of aromatic compounds is evaluated by the

expression
x 0.350 3

arel
Z*

Fig. 6. Comparison of calculated and experimental ionization energies of phenol ethers

where Pn is afunction of the hybridization and occupation of p orbitals, and
can be evaluated from bond polarities,
d is partial charge, and
Z* is effective nuclear charge (2.80).
On the basis of this equation, a%i can be evaluated for all carbon atoms, and
the results can be correlated with 13C chemical shifts.

The partial charges obtained for phenol ethers by Del Re and IPPP
methods are plotted against 13C chemical shifts in Fig. 7. EHT partial charges
are plotted against 13C chemical shifts in Fig. 8. Finally, relative paramagnetic
shielding factors cr*l are plotted against 13C chemical shifts in Fig. 9. The data
used in NMR correlations are given in Table I11.

As can be seen from Figs 7, 8 and 9, and from the data of Table II1I,
there is a relatively good correlation in all the three cases between 13C chemical
shifts and the calculated quantities. The best correlation was obtained with
EHT partial charges, for which the linear regression coefficient was r = 0.953,
whereas for the other two quantities r = 0.875 and 0.881, respectively. This
shows that although the EHT approximation produces unreasonable charges
for molecules containing hetero atoms, the tendencies of NMR chemical shifts
are reproduced quite satisfactorily by the relative charges of aromatic carbon

Acta Chim. Acad. Sei. Hung. 1011979



HECH d d: QANDAETCNAFDS Il 375

Fig. 7. Partial charges of the aromatic carbons of phenol ethers calculated bv Del Ee and IPPP
methods, as a function of 13C chemical shifts

Fig. 8. Partial charges of the aromatic carbons of phenol ethers calculated by EHT method, as
a function of 13C chemical shifts

Fig. 9. The relative paramagnetic shielding factors of phenol ethers as a function of 13C chemical
shifts
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Table 111
NMR correlation resultsfor phenol ethers oftype CH30C6H 4X

X Atom (pls(r;) oi (Del Re + PPP) 6t (EHT) °r*rel
H 1 -30.2 0.0469 0.7241 -0.0341
2 14.7 -0.0574 -0.1570 0.0062
3 - 0.9 -0.0420 -0.0521 0.0004
4 8.1 -0.0597 -0.1141 0.0071
2-C.HO 1 -22.6 0.0352 0.6419 -0.0302
3 15.5 —0.0584 -0.1521 0.0065
4 6.9 -0.0593 -0.1029 0.0069
3-CH30 1 -33.3 0.0435 0.7333 -0.0328
2 27.0 -0.0661 -0.2529 0.0089
4 21.7 -0.0754 -0.2063 0.0128
5 - 22 —0.0430 -0.0415 0.0008
4-CH30 1 -26.4 0.0319 0.6759 —0.0287
2 13.1 —0.0580 -0.1463 0.0063
2-CH3 1 -28.9 0.0504 0.6669
2 2.7 -0.0707 0.0738
3 - 17 -0.0387 -0.1188
4 7.9 -0.0580 -0.1112
5 1.5 -0.0428 -0.0930
6 18.6 -0.0563 -0.1569
3-CH3 1 -30.9 0.0470 0.7255
2 141 -0.0554 —0.2222
3 -10.0 -0.0543 0.1722
4 7.6 -0.0567 -0.1753
5 - 0.2 -0.0433 -0.0495
6 17.9 -0.0477 -0.1968
4-CH3 1 -29.7 0.0468 0.6858 -0.0340
2 14.5 -0.0564 —0.1543 0.0057
3 - 17 -0.0387 -0.1143 —0.0009
4 - 09 -0.0715 0.1131 0.0115
4-C1 1 -30.1 0.0458 0.6680 -0.0337
2 12.9 -0.0504 -0.1524 0.0035
3 — 1.2 -0.0167 -0.1953 —0.0093
4 3.3 0.0365 0.2513 -0.0309
4-N02 1 -37.1 0.0669 0.8200 -0.0414
2 13.3 -0.0434 -0.1419 0.0009
3 2.1 -0.0049 0.0084 -0.0136
4 -11.3 -0.0004 0.2721 -0.0165
4-F 1 —27.1 0.0506 0.6819 —0.0355
2 13.2 -0.0512 -0.1439 0.0038
3 13.2 -0.0148 -0.1383 -0.0099
4 -28.7 0.1036 0.7638 -0.0583
benzene 0.0 -0.0409 0.0

atoms. A comparison of Figs 7 and 9 shows that the relative paramagnetic
shielding factors derived from the partial charges do not give better correlation
than the an partial charges themselves.

Discussion

Experimental physico-chemical properties of phenol ethers were com-
pared to the results of quantum chemical calculations, and from the correla-
tions conclusions were drawn on the structures of molecules. From the Del Re
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partial charges 0a the inductive effects of substituents, from the IPPP partial
charges §,the mesomeric effects, and from the gross an partial charges the
orientation effects of the substituents could be interpreted. Experimental and
calculated transition energies were in good agreement. Discrepancies greater
than average were found for o-bis-dimethoxybenzene and for nitroanisole
derivatives, which could be explained by the non-planar structure of these
molecules. Assuming the free rotation of methoxy groups, the dipole moments
calculated from charges densities agreed satisfactorily with experimental dipole
moments. The agreement was poorer for orthosubstituted derivatives, indicat-
ing that the rotation of methoxy groups is hindered in these compounds. The
agreement of dipole moments calculated by the group moment method was
better, suggesting that the substituents, except the N02group, have only weak
effect on the n electron system. The poorer agreement observed with nitro-
anisoles can be attributed to the strong -M effect of the nitro group. An equally
good correlation was found to exist between experimental and calculated
ionization energies, as well as between the 13C chemical shifts of aromatic car-
bon atoms and the partial charges and relative paramagnetic shielding factors,
respectively. The satisfactory agreements prove the appropriateness of the
methods used for the calculations (Del Re, iterative PPP), the correct choice
of the basic quantities and relationships used for the calculation of the param-
eters, and the validity of the planar model.

Finally, it can be stated on the basis of the results that the majority of
phenol ethers has planar structure, and the rotation of methoxy groups is
free. With the exception of the nitro group, the effect of the substituents on
the electron distribution of the molecules is insignificant. The rotation is hin-
dered in orthosubstituted derivatives, and the structure of nitroanisoles is
non-planar.
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Photo-oxidation of Safranine T was observed during the TJV irradiation of dye
solutions containing iron(l11) ions as sensitizer. The possible steps of photo-oxidation
as well as the dependence of the fading on experimental conditions are discussed.

We have shown recently that the iron(lll)-catalyzed photo-oxidation of
Erioglaucin A is brought about by hydrolyzed iron(lll) species [1], while the
excited states of 02 and the dye molecule play only subordinate roles. In this
paper we present results obtained in connection with the catalyzed photo-
oxidation of Safranine T (henceforth S-T). This dye was chosen because its
y-radiolysis was investigated thoroughly [2—5], and this allows some com-
parison between radiolysis and UV photolysis.

Experimental

Chemicals. Compounds employed in the measurements were of p.a. purity. S-Ts
(Gribler preparation) was repeatedly recrystallized from aqueous alcoholic solution. Solutions
were prepared with triply distilled water.

Measurements. The apparatus used for irradiation was described elsewhere [1]. Solu-
tions of appropriate compositions were thermostated at 25 °C for 20—25 min during which
they were saturated with oxygen, or flushed with nitrogen to remove dissolved oxygen. Then
3.0 cm3of the solution handled as above was filled into a 1 cm quartz cell and irradiated for
10 min. During irradiation, the solutions were thermostated. After irradiation the change in the
absorbance compared to the unphotolyzed solutions was determined at 530 nm.

Results

S-T (3,6-diamino-2,7-dimethyl-10-phenylphenazoniumchloride) is a redox
indicator with a standard potential of E° = 0.235 V. Under normal conditions
S-T is present in the oxidized form, its aqueous acidic solution has an intensive
bluish-violet colour, but is brown in basic media. Its reduced form is colourless.
The oxidized form (R) has 3 peaks at 520, 275 and 247 nm in the pH range of
2—6 (Fig. 1, curve 1). In more acidic media (pH <7 1) a new peak can be
observed at 577 nm, which corresponds to the protonated form (RH +) of the
dye. The molar absorptivities of the oxidized forms are: £(r) = 43333, e(R°Ht) =
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= 13880, £(rh+) = 32330 dm3 mol-1 cm-1 [5]. Solutions acidified with per-
chloric acid, when the dye concentration exceeds 10“4 M, are not stable and
a colloidal precipitate is formed in a relatively short time.

S-T weakly luminesces when it is excited by irradiation at its 520 nm
absorption band. The maximum of the emission spectrum is at 590 nm (Fig. 1,
curve 2).

29
16
12
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04

00
200 250 300 350 450 550 650 750
nm

Fig. 1. Absorption and emission spectra of Safranine T Curve 1: 3.5 X 10-5 M dye, absorption
spectrum; curve 2: 3.5 X 10-5 M dye, emission spectrum excited at 520 nm

Fig. 2. pH dependence of the iron(Ill)-catalyzed photo-oxidation of Safranine T. Conditions:
8.0 X 10-5 M dye, 8.14 X 10-6 M Fe (C104)3 pH = 2.7, irradiation time 10 min

S-T is fairly photo-resistant, a decolourization of 2—4% can be observed
only after longer (>20 min) irradiation. In the presence of iron(l11), however,
a fading of considerable extent can be observed while the concentration of
iron(l1l) remains unchanged. It can be seen from Fig. 2 that in the presence
ofiron(111) the bleaching of S-T strongly depends on the pH. According to the
AE52 vs. pH and the zl[dye] vs. pH plots, the maximum of the fading is at
pH 2.7, which does not depend on the concentration of the dye, iron(ll1l) and
dissolved oxygen either.

The photo-decolourization depends on the dye concentration (Fig. 3).
The form of AE vs. zIl[dye] curve is determined by the cell thickness at which
the absorbance is measured: in the case of a longer optical path a maximum,
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while at short cell paths a saturation curve can be obtained. The dependence
on the dye concentration does not alter on changing the concentration
of iron(111).

The photo-oxidation strongly depends on the iron(lll) concentration.
Under the experimental conditions applied, the absorbance difference is pro-

Fig. 3. Dependence of the photo-oxidation of SafranineT on the dye concentration. Conditions:
8.14 X 10-5 M Fe (C104)3 pH = 2.7, irradiation time 10 min. Values measured at cell paths
of 1cm (1), 2 mm (2) and 1 mm (3), converted to 1 cm

Fig. 4. Dependence of the photo-oxidation of Safranine T iron(lIl) concentration. Conditions:
40 X 10-5 M dye, pH = 2.7 irradiation time 10 min

portional to the iron(l11) concentration in the range of 0.056—5.0 y Fe/cm3,
while at higher catalyst concentrations the decolonization approaches a limit-
ing value (Fig. 4).

The influence of foreign ions on the catalyzed photo-oxidation of S-T is
shown in Table I. According to these data, chloride ions do not influence the
photooxidation, while bromide, thiocyanate and nitrite ions exert strong inhi-
biting effects. Nitrate ions proved to be inert at low concentrations, but in
the presence of a larger quantity (>-2xHt -3 M) they promote the fading of
the dye in the absence of iron(ll1l) too. The effect of iodide and cerium(lll)
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Table |

Effect of various ions on the iron(lll)-catalyzed photo-oxidation of Safranine T
Experimental conditions: 8.0 X 10-5 M Safranine T, 8.14 X 10-5 M Fe(C104)3
pH = 2.7, 1.3 X 10155photon s”1, irradiation time 10 min

¢ X 10s AEwO

M) Cl- Br- SCN- no?2- NO,-
0.520 0.520 0.520 0.520 0.520

0.520 0.450 0.410 0.500 0.500

0.515 0.400 0.350 0.390 0.495

20 0.518 0.340 0.250 0.330 0.493
40 0.520 0.280 0.190 0.280 0.495
80 0.515 0.235 0.160 0.180 0.492
200 — — — 0.100 0.510
400 — — 0.080 0.530

ions could not be investigated by an optical method because the dye is pre-
cipitated in the form of colloidal particles. The photo-oxidation can also be
inhibited by copper (Il) ions, especially when their concentration exceeds
10~3 M. In the presence of copper, iron(ll) is also formed.

The photo-oxidation of S-T takes places in the absence of oxygen too
when the solution contains iron(l11). In such cases the decolourization of 1 mol
S-T is accompained by reduction of ca. 4 mol iron(lllp In the presence of
oxygen ferrous ions do not form, the photo-oxidation takes place at the expense
of dissolved oxygen: the mole ratio of oxygen reduced to the dye oxidized is
ca. 1.6— 1.8. In the presence of oxygen the fading of the dye is 1.4—1.5 times
greater than in its absence.

The photo-oxidation of S-T was also investigated in the presence of
Methylene Blue and fluorescein both in aqueous and in 4 : 1 benzene-methanol
solvent. In the absence of iron(l11) these additives did not give rise to per-
ceptible decolourization in an oxygen-saturated dye solution.

Attempts were made to establish the products of photo-oxidation by
separating them on silica gel thin-layer plates (Merck Silikagel G) pre-treated
in various ways and with runnung mixtures of chloroform or benzene-methanol
in various proportions. In samples irradiated for 10— 15 min the product(s) of
photo-oxidation could not be distinguished by TLC from the original dye.
At prolonged (exhaustive) photolysis, two main fractions were found: one
consisting of fragments moving together with the solvent front and the other
remaining near to the starting point.

In the difference spectra three bands were observed at 560, 450 and 290
nm (reference solution: unphotolyzed S-T solution diluted according to the
actual fading). The ratios of band intensities are 5 : 6.2 :12.5 (Fig. 5).
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Fig. 5. Difference spectrum of the photolysis product of Safranine T. Conditions: 1.0 X 10 ‘M
[dye, 8.14 X 10~5M Fe (CHO4)3, pH = 2.7, irradiation time 10 min

Discussion

For explaining the photo-oxidation of S-T, the direct photo-activation of
the 02 molecule cannot be assumed because at the wavelengths employed
(A > 250 nm) 02 does not absorb to a perceptible extent. According to our
experience, S-T exhibits a weak luminescence when excited at its 520 nm
absorption band. The energy of emitted photons (maximum at 590 nm) would
be high enough to excite the 0 2molecule, i.e. one could reckon with the activa-
tion of 0 2through excited dye molecule (S—»S*; S* -|- 02— S -f- O*). In the
absence of the iron(l11) photo-catalyst, however, a fading of only 2—4% was
observed even after prolonged irradiation, and the bleaching remained the
same when the photolysis was carried out under exclusion of oxygen. Further,
no change was found even in the extent of fading when irradiation was carried
out either in aqueous and non-aqueous solution in the presence of fluorescein
and Methylene Blue. These dyes are known, however, to be effective sensitizers
for the production of singlet oxygen, particularly in non-aqueous media, where
the life-time of excited oxygen is long enough to give rise to perceptible chemical
reactions. Since even these sensitizers did not enhance the fading of S-T,
it may be concluded that singlet oxygen does not participate or plays only a
subordianate role in the photo-oxidation of S-T.

The iron(l11)-catalyzed photo-oxidation of S-T exhibits a maximum at
pH 2.7 at the same pH at which the iron(lll)-catalyzed photo-oxidation of
other dyes shows an optimum [I]. In this system the pH optimum does not
shift if decolourization is measured at different wavelengths. This is obvious
because the spectrum of S-T in this pH range is independent of the pH. A band
shift and changes in the intensities can be observed only at pH <7 1. In agree-
ment with the iron(ll)-catalyzed photo-oxidation of other dyes, the oxidative
fading of S-T was observed only at wavelengths shorter than 350 nm. Based
on this finding, we have to assume that in this system too hydrolized iron(lIl)
species are responsible for the photo-oxidation:

Fe(OH)2+ + hv — Fe2+ + OH 1)
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If the kinetic energy of OH radicals produced in reaction (1) is high enough to
escape the solvent cage, the dye will be attacked. By analogy to the general
reactions of aromatic compounds with OH radicals, it is assumed that S-T reacts
similarily and substituted cyclohexadienyl radicals are formed:

The dye radical can be further oxidized at its amino or methyl group, leading
to extended conjugation in comparison to the original molecule. This can be
concluded from the appearence of the 560 nm band in the difference spectrum.
In the absence of oxygen the fading of 1 mol dye is accompanied by the forma-
tion of about 4 mol of iron(l1). According to this stoichiometry, 4 OH radicals
are consumed by each S-T molecule.

In the presence of oxygen it is probable that dye radical reacts with 02
very rapidly and a dye peroxide radical is formed:

R(OH) + 0 ,- R(OH)0~ (3)

Since iron(ll) ions are not formed during the photolysis if sufficient oxygen is
present, it must be assumed that the dye peroxide radical oxidizes the iron(Il)
back to iron(lll). This is why we speak of photo-catalysis. Besides, dye per-
oxide radicals react with each other, giving stable product.

According to our experiments, only one oxidation product is formed up
to 35— 40% bleaching. This can be seen in Fig. 6: spectra taken after different
irradiation times show 2 isosbestic points, at 572 and 442 nm. Only longer
(exhaustive) irradiation results in the destruction of the primary product of
photo-oxidation. In such cases the spectra no longer show isosbestic points.

If the yields of decolourization, both in the presence and absence of oxy-
gen, are compared and it is assumed that the OH yield is the same in both
cases, one has to conclude that 02 exerts a multiplicative effect on the dye
radicals formed in reaction (3). The enhancing factor amounts to 1.4—1.5.
The data at hand are not sufficient to elucidate this multiplicative effect,
however, it is conceivable that dye peroxide radicals play an important role,
in analogy to autooxidation processes.

It should be mentioned that during the y-radiolysis of S-T solutions
containing 02 G(-Safranine T) = 0.65 was found at pH = 3 by Marketos
and Rakintzis [3]. Having compared this value with the generally accepted
Goh = 2.6 (pH = 3) the conclusion was drawn that 4 OH radicals are con-
sumed per dye molecule during the radiolytic oxidation. At lower doses only
one oxidation product was found by the above authors but the isosbestic points
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of the spectra were found at 558 and 445 nm. (In our y-radiolysis study the
isosbestic points were found at 556 and 450 nm). Upon y-radiolysis at lower
doses, the difference spectra show new bands at 558, 450 and 292, the ratios
of the peaks being 5 : 7.2 : 17. The absorption hands of the y-radiolysis product
and the iron(lll)-catalyzed photo-oxidation of S-T agree perfectly well but
the intensity ratios are different. This latter and the fact that the isosbestic
points are shifted from 556 to 572 and from 450 to 442 nm can be explained

Fig.'6 'Absorption spectra of Safranine T after different irradiation times. Curves 1to 7 : 0. 1,
2, 4,5, 16 and 33 min

by interaction between the dye and iron(lll) ions. Another reason for the
observed deviation may be that during the iron(lll)-catalyzed photo-oxida-
tion, only OH radicals are produced, while the y-radiolysis of a dye solution
saturated with oxygen results in both OH and H 02radicals. According to the
literature [2—4], S-T is not attacked directly by H 02radicals, but the primary
product of the reaction of OH radicals may react with HO., radicals present in
the radiolyzed system. In our experiments, the addition of H20., causes strong
decolourization of the dye during photolysis.

The results show that the decolourization varies according to a maximum
or a saturation curve, depending on the dye concentration (Fig. 3). This can
he explained, assuming that in more concentrated dye solutions polymeric
species are present. These colloidal particles scatter the light and this apparent
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absorbance may compensate the decrease in absorbance accompanying photo-
oxidation.

The extent of photo-oxidation is proportional to the concentration of the
photo-catalyst. The probable cause of saturation at higher catalyst concentra-
tions (see Fig. 4) is that the solution becomes depleted in oxygen. A further
cause may be aslight change in the stoichiometry of decoulorization.

The photo-oxidation yield remains the same when chloride is added to
the reaction mixture. This is in good agreement with the fact that the quantum
yields of FeEOH 2+ and FeCl2+ ions are equal. Bromide, thiocyanate and nitrite
ions act as inhibitors, possibly because they scavenge OH radicals rapidly,
whereas their oxidized forms react more slowly with the dye molecule than do
OH radicals.

The inhibiting effect of copper(ll) ions is probably due to the faster
reaction of the dye peroxide radical with copper(ll) than with iron(ll). In the
course of this reaction copper(l) is formed, which reduces iron(l11). This latter
reaction may be responsible for the appearance of iron(ll) in the system in
spite of the presence of oxygen.

Analytical conclusions

The iron(lll)-catalyzed photo-oxidation of S-T can be used to determine
iron(l111) on a micro scale (0.05—5.0 yFe/cm3) and in the presence of other
transition metal ions. The procedure is similar to that described earlier [1] and
has no special advantage over the Erioglaucin A method. The precision of the
estimation depends primarily on the stability of the light emission source.
In favorable cases, the reproducibility can be kept within i2% .

Luminescence spectra were taken by Gabor Laczké (Institute of Biophysics, A. Jézsef
University, Szeged) to whom the authors express their sincere thanks.
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The reduction of the adduct obtained from the enamine of type 2a and nitrile
yielded the derivatives 4a and 5a, which undergo epimerization in methanolic sulfuric
acid when converted into the ester. In alkaline media the conversions -»4b -»4c and
5a -»5b — 5c proceed with retention.

In our previous work, the intermediates of the synthesis of vinca alka-
loids were adducts formed from the enamine 2a, obtained from the salt la,
and from oc-acetoxy-acrylic ester [2] or acrylic ester [3], and the reduction
products of these adducts.

The possibility of application of acrylonitrile as the addition component
has now been investigated.

The addition product of the enamine 2a and acrylonitrile was isolated
as the perchlorate (3a) in a satisfactory yield. Reduction of the adduct 3a
either catalytically or with sodium borohydride was achieved in about 80%
yield, and two stereoisomers (4a and 5a) could be isolated. The isomeric ratio
(4a :5a) was 64 :20 in the catalytic (Pd/C) reduction, and it varied between
77 : 15 and 43 : 29 when sodium borohydride was used, depending on the rate
of adding the reagent. In order to confirm the steric structure and to convert
the main product trans-4a into the well-known vincamine intermediate, 5c,
having cis configuration, the nitrile group was to be transformed into an
ester group.

When compound 4a was refluxed with methanolic sulfuric acid, a 3 :2
mixture of the known 4c and 5c stereoisomeric esters [3] was obtained. The
reaction thus gave no unambiguous evidence for the steric structure of 4a.

The homogeneous esters 4c and 5c¢ prepared earlier were then refluxed
separately in methanolic sulfuric acid, whereupon the above mixture was
again obtained; thus it corresponds to the thermodynamic equilibrium. It fol-
lows that under the given conditions the derivative 4c carrying the annella-
tion hydrogen and the ethyl group in trans position is the more stable isomer.

*For Part X, see Ref. [1]
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R1 R2
a H C2Ha
b H ii-CjH)
c CH;|0 CVH-,

il 1t2

4,5 a H ghb

b H GH,

c H C2H5

d Ham GH-,

e H C2H3

f H n-CiHo

g H A -CiHo

h CH:tO CiHj

In acid media the epimerization takes place probably at the 12b annella-
tion site, according to the mechanism studied by Gaskel and Joule [4] in

connection with the isomerization of reserpine.

Epimerization in sulfuric acid medium also rendered possible the iso-
merization of the undesired isomer 4c, appearing in the synthesis of vincamine,

Ri
cXx
COOH

COOCHa
CHi—\Ho
/ICH
CH..--\.; H-

cXx
CHiX’Ha

CcX

into the desired 5c, improving thereby the effectiveness of the procedure.

In order to establish an unambiguous correlation between the nitriles 4a
and 5a and the esters of known structure, hydrolysis was then effected in
alkaline medium, and the carboxylic acids 4b and 5b, obtained in satisfactory
yields, were esterified with diazomethane. As a result of these reaction steps,
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ester 4c or 5c was isolated exclusively, depending on the starting material;
thus the steric structure of 4a and 5a can be regarded as confirmed.

The result is in accordance with our earlier observations, which indicated
that the higher the space requirement of the substituent entering position 1
during the addition on the enamine 2a, the greater is the extent of the formation
of the ethyl *m12bH cis compound during the reduction of the >C = N—
bond. Of the reactions examined so far, one extreme of the series is the reduc-
tion of the adducts formed with ethyl a-acetoxyacrylate or t-butyl acrylate,
where the cis selectivity is 9 : 1; acrylonitrile is on the other extreme side giv-
ing 3a which can he reduced with preponderant trans selectivity.

The addition and subsequent reduction were also effected starting with
two other enamine derivatives, 2b and 2c. The reduction of adducts 3f and
3h yielded practically one single product in this case; their probable structures,
4f and 4h, are suggested on the analogy of the above results.

In order to prepare samples for pharmacological tests, the nitriles 4a
and 4f were reduced to the amines 4d and 4g [7]. Amine 4d can also be prepared
by the direct, one-step reduction of adduct 3a and it can be converted into
the iV,iV-dimethylamino derivative (4e) by the Leuckart—Wallach reaction.

Experimental

The IR] spectra were recorded in IvBr pellets with a Spektromom 2000 instrument;
the NMR spectra were obtained with a Perkin-Elmer R12 (60 MHz) spectrophotometer,
the UV spectra were taken on a Unicam SP 800 spectrophotometer.

I-Ethyl-1-(2-cyanoethyl)-1,2.3,1.6,7-iievalivdro-12//
indolo[2,3-a]lquinolizin-5-ium perchlorate (3a)

Compound la (10 g; 28.4 mmoles) was suspended in dichloromethane (100 ml) and
distilled water (75 ml) and 2iV sodium hydroxide (20 ml) were added to it under continuous
stirring in argon atmosphere. The reaction mixture was stirred for 10 min, the organic phase
which separated was removed and dried over anhydrous potassium carbonate. The solution
was filtered from the drying agent and mixed with freshly distilled acrylonitrile (10 ml; 149
mmoles) added slowly; the system was flushed with argon and allowed to stand at room tem-
perature. After standing for 2 days (whereupon the colour of the solution strongly deepened
and no starting material could be detected in it by chromatography) the solution was evaporated
in vacuum and argon atmosphere (max 40—50 °C, water bath) to leave a dark red oil (9.6 g).

The oil was dissolved in hot methanol (180 ml), 70% aqueous perchloric acid was added
dropwise in an amount equivalent to thf base (the pH of the solution was 6—6.5). A yellow
crystalline product separated on cooling (10.08 g; 87.5%), m.p. 210—212 °C. After recrystal-
lization from methanol, the m.p. rose to 211—212 °C.

C20H,,ACIN304 (405.86). Calcd. C 59.18; H 5.96; N 10.35. Found C 59.08; H 5.71; N
10.43%." (+)

IR(KBr): 3250 (indole NH), 2260 (—C=N), 1596, 1612 cm"1(>C =N —).

UV(MeOH): Amax log e: 248 (3.8639); 253 (3.8041); 366 (4.2624).

la-Ethyl-1|9-(2-cyanoethyl)-1,2,3,4,6,7,12,12b/3-0octahydroindolo[2,3-a]Jquinolizine (4a)
and la-ethyl-1/S-(2-cyanoethyl)-1,2,3,4,6,7,12,12ba-octahydroindolo[2,3-a]quinolizine (5a)

(a) 5% Pd/C catalyst (about 1 g) thoroughly washed with distilled water then with
methanol was prehydrogenated in some methanol. After the absorption'of hydrogen had stop-
ped, a solution of 3a (1.88 g; 4.64 mmoles) in methanol (150 ml) was slowly added to the cata-
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lyst. Hydrogenation teas effected at room temperature and atmospheric pressure. The calcu-
lated amount (115 ml) of hydrogen was absorbed in 15 min. At the end of the reaction the
catalyst was filtered off and the solution concentrated in vacuum. Distilled water was added
to it, then the pH of the solution was adjusted to 9—10 with saturated sodium carbonate solu-
tion. Dichloroethane was added, the solution was shaken, the organic phase was separated and
dried (M gS04). The dichloroethane solution was filtered from the drying agent and evaporated
solution was in vacuum to obtain a solid product (1.35 g).

Recrystallization from twenty parts of methanol gave 4a as a white crystalline sub-
stance (0.92 g; 64 5%), m.p. 228—229 °C.

C”HjjNg (307.42). Calcd. C 78.13; H 8.20; N 13.67. Found C 78.36; H 8.39; N 13.38%.

IR (KBr): 3370 (indole NH); 2248 cm", (-C=N).

NMR (CDC13): $7.91 (s, 1 H, indole NH); 7.62—7.09 (m, 4H, aromatic H); 3.42 (s, 1H,
12b/3H); 0.87 (t, 3H,-CH 2C H 3).

On concentration of the mother liquor, an additional amount of a crystalline product
(5a) (0.28 g; 19.63%) was obtained, m.p. 160—164 °C.

CjoHjjNg (307.42). Calcd. C 78.13; H 8.20; N 13.67. Found C 78.33; H 8.04; N 14.07%.

IR(KBr): 3380 (indole NH); 2305 ¢m '1 (—C=N).

NMR(CDC13: 6 7.69 (s, 1H, indole NH); 7.60—6.94 (m, 4H, aromatic H); 3.29 (s, 1H,
12baH); 1.12 (t, 3H, -CH 2C H 3).

(b) Compound 3a (1.88 g; 4.64 mmoles) was suspended in methanol (100 ml) and cooled
to 0 °C. Sodium borohydride (1.00 g; 26.5 mmoles) was added to the suspension in small por-
tions, with continuous stirring. The mixture was stirred for 1 h more after the end of addition
and the reaction mixture was acidified with 5/17HC1 to pH 3. The acid solution was concen-
trated to 10 ml in vacuum, the residual suspension was mixed with distilled water (50 ml)
and made alkaline with 40% NaOH solution to pH 9—10, with cooling; it was then extracted
wdth dichloroethane (30, 20 and 10 ml). The organic phase was dried (MgS04) and evaporated
to dryness in vacuum. The solid residue was crystallized from methanol to obtain 0.97 ¢
(68.0%) of compound 4a, m.p. 228— 229 °C.

Concentration of the mother liquor yielded 5a (0.25 g; 17.54%), m.p. 160— 164 °C.

The products were identical in all respect with those described under (a).

Conversion of 4a and 5a in methanolic sulfuric acid

Compound 4a or 5a (11.30 g; 36.9 mmoles) was suspended in anhydrous methanol
(140 m1l), cone, sulfuric acid (45 ml) was added dropwise and the solution was then refluxed
for 11 h. The hot reaction mixture was poured onto ice and the pH was adjusted to 9— 10 with
cone, ammonium hydroxide solution.

It was then extracted with dichloroethane (80, 50 and 30 ml), and the organic phase
whas dried (MgS04). The solvent was evaporated in vacuum to leave an oil (11.80 g) which was
rubbed with methanol (25 ml), whereupon it became crystalline. Filtration with suction gave
a mixture of the esters 4c and 5c (8.60 g; 68.6%). Fractional crystallization from methanol
yielded 4c (3.15 g; 25.1%), m.p. 150— 152 °C.

C2,H ,8N202(340.45). Calcd. C 74.08; H 8.29; N 8.23. Found C 74.18; H 8.37; N 8.16%.

IR(KBTr): 3303 (indole NH); 1708 cm-1(>C=0).

NMR(CDCi3: S 7.75 (s, 1H, indole NH); 7.60-6.87 (m, 4H, aromatic H); 3.52 (s, 3H,
—OCHD3); 3.35 (s, 1H, 12b/?H); 1.15 (t, 3H, -C H 2=C H 3).

W hen the mother liquor was concentrated to one-third volume, compound 5c (2.00 g;
15.9%) separated, m.p. 139—141 °C.

C2,H 8N202(340.45). Calcd. C 74.08; H 8.29; N 8.23. Found C 74.17; H 8.50; N 8.26%.

IR(KBr): 3400 (indole NH); 1730 cm-1(>C=0).

NMR (CDC13): 08.83 (s, 1H, indole NH); 7.67—6.95 (m, 4H, aromatic H); 3.77 (s,3H
—OCH3); 3.32 (s, 1H, 12baH); 0.67 (t, 3H, —CH2C H 3).

Epimerization (4c -- Ic -f- 5¢ - - 5¢)

Compound 4c or 5¢ (0.35 g; 1.03 mmoles) was dissolved in a mixture of anhydrous
methanol (4 ml) and cone, sulfuric acid (1.30 ml). The solution was refluxed for 12 h. The
vellowish-brow'n solution was poured onto ice, then made alkaline (pH 10) with solid potassium
carbonate. It was then extracted with dichloroethane (20, 15 and 10 ml) and the organic phase
was dried (MgS04). The solution W'as evaporated to dryness in vacuum, and the residual oil
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(0.32 g) vas crystallized from methanol to obtain compound 4c (0.18 g; 51.5%), m.p. 150—
152 °C and compound 5c (0.08 g; 22.7%), m.p. 139—141 °C.

The isomers were identical in all respect with the products described in the foregoing
paragraph.

la-Ethy]-l/i-[(2-methoxycarbonyl)ethyl]-1,2,3,4,6,7,12,12b/i,
-octally(lroindolo[2,3-ilJquinolizine (4c)

Compound 4a (1.00 g; 3.27 mmoles) was suspended in ethanol (30 ml) and a solution
of sodium hydroxide (1.30 g; 32.6 mmoles) in distilled water (10 ml) was added to it. The reac-
tion mixture was refluxed for 16 h, then the mixture! was evaporated to dryness in vacuum.
The residual paste was dissolved in distilled water and the pH of the solution was adjusted
to 7 with 20% acetic acid. The separation of crystals started on scraping; this continued during
standing at room temperature. After standing for a few hours, the white crystals were filtered
off and washed with distilled water, to yield compound 4b (1.00 g).

The crude 4b was dissolved in dioxan (100 ml), and ethereal diazomethane solution
was added to it (until the yellow colour of the solution persisted) and it was allowed to stand
overnight. The excess diazomethane was decomposed with glacial acetic acid and the solution
was evaporated in vacuum The residual oil was suspended in distilled water, dichloroethane
(50 ml) was added to the solution, and it was made alkaline with 40% NaOH solution to pH
9—10. The organic phase was separated and dried (MgS04). The solution was evaporated in
vacuum and the residual oil crystallized from methanol to give 4c as a crystalline powder
(0.75 g; 67.2%;, m.p. 150—152 °C.

The product was in all respects identical with that described above.

la-Ethyl-1/?-[(2-inethoxycarbonyl)ethyl]-1,2,3,4,6,7,12,12ba-
-ortahydroindolo[2,3-a]quinolizin (5c)

Compound 5a! (1-00 g; 3.27 mmoles) was dissolved in methanol (30 ml) and a solution
of sodium hydroxide (1.30 g; 32.6 mmoles) in distilled water (10 ml) was added to it. The
solution was refluxed for 16 h. The mixture was evaporated to dryness in vacuum, the residual
mixture was dissolved in distilled water and the pH of the solution was adjusted to 7 with
20% acetic acid. Crystallization started on scraping. After standing for a few hours at room
temperature, the crystalline product was filtered off and w'ashed with distilled water to obtain
5b (0.95 g).

The crude product 5b was dissolved in dioxan (100 ml), the solution was filtered and a
solution of diazomethane in ether was added to it. After standing overnight, the excess diazo-
methane was decomposed and the solution evaporated to dryness in vacuum. The residual oily
material was suspended in distilled water, dichloroethane (50 ml) was added, and the pH was
adjusted to 9—10 with 40% NaOH solution. The organic phase was separated and dried
(MgS04). The solution was evaporated to dryness in vacuum, the residue was crystallized
from methanol, to give 5¢c (0.62 g; 55.7%) m.p. 138—141 °C.

The product teas in all respect identical with that described above.

I-n-Butyl-1-(2-<Yaiieethyl)-]2,3,4,6,7-hexahydrc-12Ji-
eirdolt [2,3-0]iuii olizin-i-irm perdilerate (3f)

Compound Ib [5] (5.00 g; 13.1 mmoles) was suspended in dichloromethane (50 ml),
then distilled urater (40 ml) and 2iV NaOH solution (10 ml) were added to it under continuous
stirring in argon atmosphere. The reaction mixture was stirred for 10 min, the organic phase
was separated and dried over anhydrous potassium carbonate. After filtration, freshly distilled
acrylonitrile (5 ml; 71 mmoles) was poured to the solution, the system was flushed with argon
and allowed to stand at room temperature. After standing for 2 days, the solvent was evapor-
ated in vacuum and in argon atmosphere, on a water bath of maximum 40—50 °C tempera-
ture. The residual oil was dissolved in hot methanol (80 ml), and an amount of 70% aqueous
perchloric acid equivalent to the base was added to it dropwise (the pH of the solution was
6—6.5). On cooling, a yellow crystalline substance separated (3.70 g; 64.1%), m.p. 225—230 °C.

Recrystallization from methanol gave substance with m.p. 230—231 °C.
C2H 28C1IN30 4 (433.91). Calcd. C 60.87; H 6.50; N 9.68. Found C 60.60; H 6.29; N 9.82%.

IR(KBr): 3335 (indole NH); 2310 (- CAN); 1629, 1609 cm-1 (> C = #-).
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la-n-Butyl-1/S-(2-cyanoethyl)-1,2,3,4,6,7,12,12b"i-
-octahydro-indolo[2,3-a]Jquinolizine (If)

Compound 3f (5.60 g; 12.9 mmoles) was suspended in methanol (200 ml) and cooled
to 0 °C. Sodium borohydride (2.80 g; 73.9 mmoles) was then added to the suspension in small
portions under continuous stirring. Stirring was continued for 1 h more; the pH was then ad-
justed to 3 with 51V HC1 solution. The acid solution was concentrated in vacuum, the residual
suspension was mixed with distilled water (100 ml) and the solution was made alkaline with
21V NaOH (to pH 9—10), then it was extracted with dichloroethane (100, 70 and 50 ml). The
organic phase was dried (MgS04) and evaporated to dryness in vacuum. The residual solid was
crystallized from methanol to obtain a white crystalline substance (2.30 g; 53.1%), m.p.
190— 192 °C.

C22H 29N 3 (335.48). Calcd. C 78.76; H 8.71; N 12.53. Found C 78.98; H 8.72; N 12.34%.

IR(KBr): 3400 (indole NH); 2310 cm"1(—C=N).

NMR(CDC13): 6 8.80 (s, 1H, indole NH); 7.60—6.64 (m, 4H, aromatic H); 0.82 (t,
3H, CH3—).

I-Ethyl-1-(2-cyanoetliyl)-9-nieth»xy-1,2,3,4,6,7-hexaliydro-12.fi-
indolo[2,3-a]quinolizin-5-ium perchlorate (3h)

Compound Ic [6] (3.00 g; 7.8 mmoles) was suspended in dichloromethane (30 ml),
distilled water (22 ml) and 21V NaOH solution (6 ml) were added, and the mixture was shaken
vigorously for 10 min. The organic phase was separated and the aqueous phase was extracted
twice with dichloromethane (10 and 5 ml). The combined organic solution was dried (K2C03),
then acrylonitrile (6 ml; 90 mmoles) and t-butanol (1.2 ml) were added to it and the mixture
was allowed to stand at room temperature for 2 days in argon atmosphere. The solution was
evaporated to dryness in vacuum and in argon atmosphere on a water bath of maximum 40
50 °Ctemperature, the residual red oil was dissolved in some methanol, and the pH was adjusted
to 6 with 70% aqueous perchloric acid. The crystals which separated on cooling were filtered
off, and recrystallized from methanol. A yellow crystalline product was obtained (2.00 g;
58.0%), m.p. 201—202 °C.

C21H 26C1IN305(435.90). Calcd. C 57.86; H 6.01; N 9.64. Found C 58.01; H 5.71; N 9.26%.

IR(KBr): 3230 (indole NH); 2280 (—C=N); 1620 cm*“1(>C =N —).

Ix-Kthyl- L,4-(2-cyatmel liyl)-9-metlioYv-1.2.3,1.6.7,12.1264-
-octahydroindolo[2,3-0] quinolizine (4h)

(a) 10% Palladium-on-carbon catalyst (about 1 g) was washed with water and methanol,
and then prehydrogenated in methanol. A solution of the base (m.p. 172—174 °C) liberated
from the salt 3f (1.00 g; 2.84 mmoles) in methanol (150 ml) was added slowly to the catalyst
and hydrogenation was effected at room temperature and atmospheric pressure. The calcu-
lated amount ofhydrogen (68 ml) was absorbed in 20 min. At the end of the reaction the catalyst
was filtered off, the solvent evaporated in vacuum and the residue crystallized from methanol,
to give a white crystalline substance (0.70 g; 73.0%) m.p. 201—203 °C.

C2IH 2N 30 (337.47). Calcd. C 74.74; H 8.06; N 12.45. Found C 74.47; H 8.23; N 12.19%.

IR(KBr): 3370 (indole NH); 2800—2710 (Bohlmann bands); 2300 cm-1 (—C=N).

NMR(CDC13): $7.78 (s, 1H, indole NH); 7.40—6.75 (m, 3H, aromatic H); 3.88 (s, 3H,
—OCH3); 3.20 (s, 1H, 12b,SH); 0.68 (t, 3H, -CH 2-C H 3).

(6) Salt 3f (1.00 g; 2.84 mmoles) was suspended in methanol (50 ml), and sodium boro-
hydride (0.60 g; 15.8 mmoles) was added to the suspension in small portions, with continuous
stirring, at 0 °C temperature. After having completed the addition, the mixture was stirred
further for 1 h at 0 °C, then the solution was acidified with 51V HC1 to pH 3. The solvent was
evaporated in vacuum, the residue was dissolved in a mixture of dichloromethane (30 ml)
and distilled water (30 ml), the pH was adjusted to 10 with 21V NaOH solution and the organic
phase was separated and dried over MgS04. The solution was evaporated to dryness and the
residue crystallized from methanol to yield a white crystalline substance (0.60 g; 63.0%),
m.p. 202— 204 °C.

The compound was in a respects identical with that described under (0).
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la-Ethyl-1/9-(3-aminopropy])-1,2,3,4,5,6,7,12,12b/i-
-oetahv<lroin<]olo[ 2,3-«] quinolizine (4d)

Compound 4a (3.10 g; 10.1 mmoles) was dissolved in methanol (250 ml) with gentle
heating, then Raney nickel catalyst (2 g), wdiich had been washed with distilled water then
with methanol, was added to the solution under continuous stirring at 48—50 °C. A suspen-
sion of sodium borohydride (0.50 g; 16.3 mmoles) in 81V NaOH solution (2 ml) was poured to
the mixture. Fizzing started immediately after the addition, and continued for about 30 min.
Then more Raney nickel catalyst (2 g), prepared as above, was added together with a suspension
of sodium borohydride (0.50 g; 16.3 mmoles) in 81V NaOH solution (2 ml). The reaction mixture
was refluxed for 4 h, then the catalyst was removed by filtration, washed with methanol and
the solvent was evaporated in vacuum. The residual oil w'as dissolved in some methanol and
acidified to pH 4—5 with methanol saturated with hydrogen chloride gas. On the addition
of ether, the product separated as the hydrochloride (3.50 g). Recrystallization from a mixture
of methanol and ether gave the white dihydrochloride (3.20 g; 83.5%), m.p. 249—251 °C.

C20H,9N3+ 2 HC1 (384.38). Calcd. C 62.48: H 8.12; N 10.93. Found C 62.22; H 7.90;
N 10.71%.

IR(KEr): 3305 cm-1 (indole NH).

la-n-Butyl-1/1-(3-aminopropyl)-1,2,3,4,6,7,12,12b/?-
-octahydroindolo[2,3-<i]quinolizine (49)

Compound 4f (6.17 g; 18.4 mmoles) was suspended in methanol (500 ml), and Raney
nickel catalyst (8 g), which had been washed with distilled water and methanol, was added.

The mixture was heated to 48—50 °C, a suspension of sodium borohydride (8.0 g¢;
210 mmoles) in 81V NaOH (32 ml) was added. After having maintained the above temperature
for 3 h, a further amount of prepared Raney nickel catalyst (8 g) and sodium borohydride
(8.0 g; 210 mmoles), suspended in 8V NaOH solution (32 ml), were added to the reaction
mixture. It was refluxed for 3 h, then the catalyst was filtered off. The solution was concentrated
to 50 ml in vacuum, distilled water (200 ml) was added, and the solution was extracted with
dicliloremethane (100, 70 and 50 ml). The organic phase was dried (MgS04), then evaporated
to dryness in vacuum The oily residue was crystallized from methanol to give a white crystal-
line powder (3.20 g; 51.0%), m.p. 161—164 °C.

C,.»H,,N3(339.51). Calcd. C 77.82; H 9.80: N 12.38. Found C 77.78; H 9.83; N 12.14%.

IR(KBr): 3310 cm -1(indole NH).

NMR(CDCIg): $7.72—6.98 (m, 5H, indole NH and aromatic H); 3.46 (s, 1H, 12b/?H).

la-Ethyl-10-(3-dimethylaminopropyl)-1,2,3,4,6,7,12,12b/?-
-octahydroindolo[2,3-a] quinolizine (4e)

Compound 3a (2.00 g; 6.20 mmoles) was suspended in methanol (100 ml), and Raney
nickel catalyst (2 g), which had been washed with water and methanol, was added to it. The
solution was stirred and heated to 48—50 °C and a suspension of sodium borohydride (2.00 g;
53 mmoles) in 8V NaOH solution (8 ml) was added to it. The mixture was refluxed for 3 h.
It was then cooled to 50 °C and Raney nickel catalyst (2 g; prepared as above and a suspension
of sodium borohydride (2.00 g; 53 mmoles) in 8iV NaOH solution (8 ml) were added. Then
mixture was refluxed for 3 h, and the catalyst was removed by filtration. The solution was eva-
porated to dryness in vacuum, the residual oil was dissolved in a small amount of methanol,
and acidified to pH 4 with methanol saturated with hydrogen chloride. On the addition of
ether a crystalline salt (2.20 g) separated. Recrystallization from a mixture of methanol and
ether gave the white, crystalline dihydrochloride (4d <2 HC1) (1.85 g; 77.8%), m.p. 248—
251 °C.

Compound 4d (6.95 g; 22.4 mmoles) liberated from the dihydrochloride salt was dissolved
in 98% formic acid (14 ml; 368 mmoles), and 30% aqueous formaldehyde solution (6.30 ml;
63.2 mmoles) was added to the reaction mixture. It was refluxed for 4 h, the hot solution was
poured onto ice and made alkaline (pH 10) with 40% NaOH solution. The solution was extracted
with dichloroethane (70, 50 and 30 ml), the organic phase was dried (MgS04) and the solvent
evaporated in vacuum. The residual oil was dissolved in anhydrous benzene (150 ml) and hyd-
rogen chloride was passed into the solution, whereupon a pale yellow salt (7.85 g) separated.
The pure dihydrochloride of 4e (7.15 g; 78.1%) was obtained on recrystallization from a
mixture of methanol and ether, m.p. 276—278 °C.
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C2jH 33N 3+ 2 HC1 (412.42). Calcd. C 64.06; H 8.55; N 10.19. Found 63.97; H 8.27;

N 10.44%.
IR(KBr): 3385 cm-1 (indole NH).
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PHOTOKATALYTISCHE SYSTEME, XVII*

SPIN-TRAPPING VON RADIKALEN BEI DER PHOTOLYSE VON
CER(IV) IN ALKOHOLEN

D. Rehorek
(Sektion Chemie der Karl-Marx-Universitat Leipzig, DDR)

Eingegangen am 8. Mai 1978

Zur Veroffentlichung angenommen am 11. Oktober 1978

Unter Verwendung von Nitrosodurol Jjzw. Phenyl-iV-ter(.-butylnitron als Spin-
Traps wurden die bei der Photolyse von alkoholischen Cer(IV)-Losungen entstehenden
Radikale ESR-spektroskopisch nachgewiesen und identifiziert.

Bei Zimmertemperatur wurden neben Alkoxylradikalen sowohl Alkyl- als auch
Hydroxyalkylradikale beobachtet, was auf Reaktionen der primdar entstandenen Al-
koxylradikale zurickgefuhrt wird.

1. Einleitung

Obwohl die Photooxidation von Alkoholen mittels Ce(lY) in den letzten
Jahren sehr intensiv ESR-spektroskopisch sowohl in flussiger [1] als auch in
gefrorener Losung [2] untersucht wurde, bestehen noch einige Unklarheiten
beziliglich des Mechanismus dieser Reaktion.

So wurden in gefrorener L6sung hauptsédchlich Hydroxyalkylradikale
beobachtet, wogegen in flissiger Losung vor allem durch C—C-Bindungsspal-
tung entstandene Alkylradikale nachgewiesen werden konnten.

Diese Unterschiede wurden von Greatorex et al. [1] mit der im Ver-
gleich zur C—H-Spaltung groReren Aktivierungsenergie fir die C—C-Bindungs-
spaltung erklart.

C—C-Bindungsspaltung sollte demnach vor allem bei héheren Tempera-
turen beobachtet werden. Allerdings kann damit das Fehlen von Hydroxv-
alkylradikalen nicht erklért werden.

Wir vermuten vielmehr, da die Hydroxyalkylradikale bei héheren Tem-
peraturen unter den gegebenen Bedingungen fur einen direkten ESR-Nachweis
wegen ihrer geringen Stabilitdt in zu niedrigen Konzentrationen vorhan-
den sind.

Wir haben daher versucht, die Spin—Trapping-Methode [3, 4] fir den
Nachweis der Radikale zu verwenden.

*XVI1. Mitteilung: Rehorek, D., Salvetter, J., Hantschmann, A., Hennig, H.:
J. prakt. Chem. 321, 159 (1979).
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Hierbei werden die bei der Reaktion entstehenden Radikale R- an die
N=0-Bindung einer Nitrosoverbindung bzw. an die C= N-Bindung eines Aldo-
nitrons zu stabilen Nitroxiden addiert (vgl. Gin. la und b).

0
R- + Ri—N =0 RiI—N—R (1a)
0] 0
. 1
r.+ R2CH=N—R3 R2—CH—N—R3 (1b)
R

In friheren Mitteilungen dieser Reihe [5—8] konnten wir zeigen, daR die von
Terabe et al. [9] bzw. Janzen und Blackburn [10] eingefUhrten Spin-Traps
Nitrosodurol (2,3,5,6-Tetramethylnitrosobenzol, ND) und Phenyl-1V-tert.-butyl-
nitron (PBN) fur die Untersuchung von photoinduzierten Redoxreaktionen
von Metallkomplexen geeignet sind.

2. Experimenteller Teil

Es wurden L6sungen von (NH42Ce(N03)6(YEB Laborchemie Apolda) in verschiedenen,
nach Standardmethoden [11] gereinigten Alkoholen untersucht. Diesen Ldsungen wurde der
in Methylenchlorid geléste Spin-Trap zugesetzt, so daR die Gesamtkonzentrion des Spin-
Traps im Bereich von 0,005 M bis 0,1 M variierte. In einigen Féllen wurde anstelle von Methyl-
lenchlorid auch Chloroform als Ldsungsmittel fir den Spin-Trap verwendet.

Die fur die Untersuchung glinstigste Konzentration an Ce(l1V) betrug etwa 5 x 10-4Af
bis 5 X 10~3 M. Bei hoheren Konzentrationen an Ce(lY) ging die ESR-Signalintensitat der
erhaltenen Spin-Addukte stark zurick.

Als Spin-Traps wurden Nitrosodurol (ND) und Phenyl-1V-ieri.-butylnitron (PBN) ver-
wendet. Die Darstellung der Spin-Traps erfolgte nach [12, 13].

Die Proben wurden mittels einer Quccksilberhdchstdrucklampe HBO-200 (YEB Narva
Berlin) direkt im Resonator eines ESR-Spektrometers vom Typ JES-2BQ (Jeol, Japan)
bestrahlt.

Alle Spektren wurden bei Raumtemperatur im X-Band aufgenommen.

Die Feldeichung erfolgte mittels Protonenresonanz.

Alle Losungsmittel wurden direkt vor der Messung etwa 20 Minuten mit Stickstoff
gespult.

3. Ergebnisse

Bei der Bestrahlung beobachteten wir die Bildung charakteristischer
Spin-Addukte, deren ESR-Parameter in Tabelle | angegeben sind. Durch Ver-
gleich mit friher nachgewiesenen Spin-Addukten [7—9, 14] konnten diese in
den meisten Féllen auch identifiziert werden.
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Tabelle 1

ESR-Parameler der Spin-Addukte

Addiertes Radikal Spin-Trap “N
«CHjOII ND 1,34 +
*CH2C6H (CH3)2NO ND 1,32 +
CHJCHOH ND 1,38 +
140, ND 1,43 +
*CH3 ND 1,43 +
*C,H5 ND 1,42 +
CH3CH,CHOH ND 1,48 +
no?2 ND 1,42 +
(CH32Co0I11 ND 1,42 +
CH3 ND 1,44 +
CH3CH2CH2CIIOH ND 1,39 +
CH,CH2CH3 ND 1,42 +
*C,H5 ND 1,43 +
CH3C(C2H50H ND 1,43 +
CH3CH(OH)CHCH3 ND 1,38 +
*CH(CH3), ND 1,42 +
C(CH32CH,OlIl ND 142 +
(CH32CHCH20 ND 2,65 +
(CH3)3COo- ND 2,77 +
*CH3 ND 1,40
(CH3)3C- ND 1,40 +
CH2C(CH3)20H ND 1,41 +
*CC13 ND 1,08 +
«C0C1 ND 0,81 +
CHX- PBNd) 1,42 +
ch3xh,o PBN& 1,44 +
CH.,CH2CH20 PBNd) 1,43 +
(CH3,CHO PBNd) 1,44 +

CH3CH2CH2CH 0
C,H5CH3)CHO
(CH3),CHCHD

(CH33CO-

mT: in Klammern: Anzahl der wechselwirkenden H-Atome
Ukoholen wurden dieselben Radikale beobachtet, vgl. Text

aufspaltung

PNBd) 1,43+
PBNd) 144+
PBNd) 1,44 +
PBNd) 1,40 +

0,02
0,02
0,02
0,02
0,03
0,02
0,02
0,02
0,02
0,03
0,02
0,02
0,02
0,02
0,02
0,02
0,02
0,05
0,03
0,03
0,02
0,03
0,03
0,01
0,02
0,02
0,02
0,02
0,02
0,02
0,02
0,02

0,81
0,59
0,69

1,31

109
0,27

1,31
0,69
1,16
1,18

0,94
0,91

1,30

0,33
0,13

0,27
0,26
0.25
0,22
0,25
0,22
0,23
0,14

o+

I+

+ + I+

oW+

I+

((H

0,02
0,03
0,02

0,03
0,02
0,02

0,03
0,02
0,02
0.02

0,02
0,02

0,02

0,02
0,02

0,02
0,02
0,02
0,02
0,02
0,02
0,02
0,02

(2H)
(2H)
(1H)

(3H)
(2H)
(1H)

(3H)
(1H)
(2H)
(2H)

(1H)
(1H)

(3H)

(2H)
(3c1)

(1H)
(1H)
(1H)
(1H)
(1H)
(1H)
(1H)
(1H)

397

i den hier angegebenen Radikalen wurden noch Spin-Addukte von Alkyl-
iikalen beobachtet, die jedoch nicht identifiziert werden konnten.
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3.1. Bestrahlung in Gegenwart von Nitrosodurol

Die folgenden Ergebnisse beziehen sich auf die Untersuchungen der Alko-
hol/Methylenchlorid-Gemische.

Bei der Photooxidation von Methanol konnten in Gegenwart hoher
Spin-Trap-Konzentrationen (0,1 M) zwei Spin-Addukte beobachtet werden,
von denen das eine als -CH20H-Addukt (1) identifiziert wurde. Bei dem zwei-
ten Addukt handelt es sich ebenfalls um das Addukt eines -CHjR-Radikals an
ND. Da bei Verwendung von Chloroform als Ldésungsmittel (siehe 3.2.)
dieses Addukt ebenfalls beobachtet wurde, kann es sich hierbei nicht um
das -CH?2C1-Addukt handeln. Es ist denkbar, daR es sich bei dem Addukt
(2) um das Spin-Addukt des durch H-Abstraktion aus Nitrosodurol ent-
standenen <CH2C6H(CH3)3NO-Radikals an ND handelt. Fiur diese Annahme
spricht die Tatsache, daB 2 bei geringen ND-Konzentrationen nicht nach-
gewiesen werden konnte. Allerdings konnte die Bildung von 2 im Falle anderer
Alkohole nicht beobachtet werden.

In Ethanol wurden bei Bestrahlung hauptsachlich das Addukt des

CH3CHOH-Radikals (3) sowie ein einfaches Triplett mit = (1,43 ~ 0,02)
mT (4) beobachtet. Bei letzterem handelt es sich wahrscheinlich um das
N 02-Addukt an ND (vergleiche [8]). Nach ldngeren Bestrahlungszeiten konn-
ten zusatzlich -CH3-Addukte (5) registriert werden.

Bei der Bestrahlung von Ce(l1V) in n-Propanol werden Ethylradikale und

1-Hydroxypropylradikale (CH3CH2CHOH) gebildet, die mittels ND abgefan-
gen und als Spin-Addukte 6 bzw. 7 nachgewiesen werden konnten. Daneben
wurde das Triplett des N 02-Addukts (8) beobachtet.

In iso-Propanol konnten (CH32ZCOH-Radikale (9) und Methylradikale
(10) registriert werden.

In n-Butanol wurde neben der Bildung von 1-Hydroxybutylradikalen
(11) das Entstehen von Propylradikalen (12) nachgewiesen.

Die Bestrahlung in sec.-Butanol lieferte dagegen in groRer Aus-
beute Ethylradikale (13) neben geringen Mengen CH3C(C2Hs)OH- und

CH3CH(OH)I'HCH3-Radikalen (14 und 15, siehe Abbildung 1). Der Nachweis

der CH3C(C2H5O0H-Radikale war wegen der Uberlagerung durch die ESR-
Signale des Ethyl-Addukts erschwert. Die Untersuchung der Zeitabhéangig-
keit der ESR-Spektren ergab jedoch eindeutig, dalR den Ethyl-Signalen ein
einfaches Triplett geringer Stabilitat Gberlagert ist.

In iso-Butanol wurde zunachst ein aus insgesamt sechs Linien bestehen-
des ESR-Signal (16) beobachtet, welches thermisch und photochemisch aufRer-
ordentlich stabil ist. Hierbei handelt es sich um das iso-Propylradikal. Daneben
wurde ein intensives Triplett registiert, das dem Addukt des -C(CH3)CH20H-
Radikals an Nitrosodurol (17) zugeordnet werden kann. Weitere Linien gerin-
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ger Intensitat, die an den R&ndern des Spektrums auftraten, lassen sich dem
iso-Butoxyl-Spin-Addukt (18) zuordnen.

Die Bestrahlung von Ce(lV) in tert.-Butanol lieferte folgende Radikale:
(CH3)3CO- (19), -CH.. (20) und (CH3)3C- (21) sowie bei geringeren iVD-Konzen-
trationen das CH2C(CH320H-Radikal (22).

Abb. 1. ESR-Spektrum der Spin-Addukte, die bei der Bestrahlung von Ce(IV) in sec.-Butano
erhalten wurden. (0,05 M Nitrosodurol; o kennzeichnen die ESR-Linien eines nicht identifi-
zierten Spin-Addukts)

3.2. Bestrahlung in Alkohol Chloroform-Gemischen
in Gegenwart von Nitrosodurol

Die Bestrahlung der alkoholischen Ce(1V)-Ldsungen ergab bei Zusatz von
Chloroform-Lésungen des Spin-Traps Nitrosodurol neben den in Abschnitt 3.1.
aufgefuhrten Radikalen zusatzlich das -CCI3-Addukt (23), welches sich nach
einigen Minuten in ein einfaches Triplett (24) mit aN= (0,81 + 0,01) mT
umwandelte.

In Anlehnung an [15] nehmen wir an, daB es sich hierbei um das Addukt
des -COCI-Radikals an Nitrosodurol handelt, welches durch Oxidation von
23 entsteht.

AufGrund des Linienreichtums des Spin-Addukts 23 war die Ausweertung
der in Gegenwart von Chloroform erhaltenen ESR-Spektren auBerordentlich
erschwert. Chloroform mufR deshalb als ungeeignetes Loésungsmittel fur den
Spin-Trap angesehen werden.
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3.3. Bestrahlung in Gegenwart von Phenyl-N-tert.-butylnitron (PBN)

Bei Verwendung von PB N als Spin-Trap konnten in allen Fallen Alkoxyl-
radikale (vgl. Tabelle 1) nacbgewiesen werden. Daneben wurden ESR-Signale
mit etwas groBerer /S-H-Hyperfeinaufspaltung (aH~ 0,4 mT) beobachtet, bei
denen es sich sowohl um Alkyl- als auch Hydroxyalkyl-Spin-Addukte handeln
kdénnte [10, 14]. Eine genaue ldentifizierung ist nur sehr schwer mdglich und,
da diese Radikale mit Hilfe von ND wesentlich besser identifiziert werden
kdénnen, auch nicht unbedingt erforderlich.

Bereits nach 30 Sekunden Bestrahlungszeit wurde zusétzlich zu den oben
erwahnten Spin-Addukten des ESR-Signal des Di-fert.-butylnitroxids [aN =
= (1,59 £ 0,02) mT] beobachtet. Hierbei handelt es sich um ein Zerfalls-
produkt des PBN [16].

Mit zunehmender Bestrahlungszeit wird das Signal des Di-tert.-butyl-
nitroxids intensiver, so dal? eine Auswertung der ESR-Spektren nur bei relativ
kurzen Bestrahlungszeiten (t <C 30 s) mdglich ist.

4. Diskussion

Obwohl die bei der Bestrahlung von Ce(lV) in Alkoholen erhaltenen
Spin-Addukte bedeutend instabiler sind als im Falle des kurzlich von uns
untersuchten Uranylnitrats [8], konnten bei Zimmertemperatur auswertbare
ESR-Spektren erhalten werden, die eine Reihe von Aussagen Uber den Mecha-
nismus der photoinduzierten Alkoholoxidation gestatten. Verglichen mit
direkten, d. h. ohne Verwendung von Spin-Traps durchgefihrten ESR-Unter-
suchungen [1, 2] erfordert jedoch die Spin-Trapping-Methode einen wesentlich
geringeren experimentellen Aufwand.

In Tabelle Il sind die mit den einzelnen Methoden (Photolyse in flUssiger
und gefrorener Lésung sowie Spin-Trapping) nachgewiesenen radikalischen
Reaktionsprodukte der Alkohole zusammengefal3t.

Die Bildung des tert.-Butylradikals, das bei der Photolyse von Ce(lV) in
tert.-Butanol beobachtet wurde, lat sich auf den thermischen Zerfall des tert.-
Butyldurylnitroxids zurtckfihren [17]. Die Bildung von N O02wurde auch bei
der Photolyse in gefrorener Ldsung beobachtet [2] und entsteht wahrschein-
lich durch die Reaktion von Hydroxyalkylradikalen mit NO”- In [8] konn-
ten wir zeigen, dall die Bildung der Spin-Addukte des Typs 4 und 8 auf die
Reaktion von ND mit freiem N 02 zurickzufihren ist, wenn auch Uber die
genaue Struktur des Spin-Addukts-Unklarbeiten bestehen.

Wie Tabelle Il zeigt, konnten mit Hilfe der Spin-Trapping-Methode alle
VOn Greatorex Und Kemp [2] in gefrorener Lésung gefundenen organischen
Radikale nachgewiesen werden. Durch ESR-Messungen an flissigen Lésungen
konnten ohne Verwendung von Spin-Traps [1] lediglich die durch C—C-Bin-
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Alkohol

Methanol
Methanol

Ethanol
Ethanol
Ethanol

rc-Propanol
n-Propanol
n-Propanol

iso-Propanol
iso-Propanol

i.o-Propanol

n-Butanol
n-Butanol
n-Butanol

iso-Butanol
iso-Butanol
iso-Butanol
iso-Butanol

sec.-Butanol
sec.-Butanol
sec.-Butanol
sec.-Butanol

sec-Butanol

terl.-Butanol
tert.-Butanol
terl.-Butanol
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Tabelle 11

Vergleichende Ubersicht iber die bei der Photolyse von

Ce(lIV) in Alkoholen zu beobachtenden Radikale

Spin-TrappmgA

CH3o-
CH..OH

CH3CHX
CH3CHOH
*CH3

CH3CH2CH]jO
CH3CH2CHOH
mCH2CH3

(CH3)2CHO-
(CH3)2COH
mCH3

CH3CH2CH2CH20-
CH3CH2CH2CHOH
*CH2CH2CII3

(CH3)2CHCH ,0-
(CH32CH
+C(CH3)2CH20H

C2H 5CH3)CHO-
CH3C(C2H 50H
CH3CH(OH)CHCH3
«CH2CH3

(CH3)3co-
«CH3
CH2C(CH320H

Gefrorene Losung®) Flissige Lésung®)

CH..OH keine Radikale
CH3CHOH —
mCH3 *CH3
CH3CH2CHOH —
CH2CH3 CH,CH3
(CH.,)2COH -
CH3 *CH3
CH3CH2CH2CHOH —
R CH2CH2CH3
(CH3)2CHCHOH —
*CH3 -
CH3 —

CH,C(CH3(20H R

a) Diese Arbeit, MeRtemperatur ca. 300 K
b) GREATOREX und KEMP [2], MeRtemperatur 77 K
¢) GREATOREX et al. [1], MeBtemperatur ca. 200 K, direkter ESR-Nachweis

dungsspaltung entstehenden Alkylradikale registriert werden, wobei die MeR-
temperatur etwa 200 K betrug. Die Tatsache, dal wir bei wesentlich héheren
Temperaturen (ca. 300 K) in den meisten Féllen sowohl Alkyl- als auch Hy-
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droxyalkylradikale nachweisen konnten, spricht gegen einen merklich tempera-
turabhéangigen Konkurrenzprozel? [GIl. (2)] bei der Bildung von Alkyl- und
Hydroxyalkylradikalen.

R- + CH2 + H+ + Ce(lll) (2a)
RCHoOH + Ce(1V)
RCHOH + H+ + Ce(lll) (2b)
Vielmehr nehmen wir auf Grund vorliegender Ergebnisse an, dal sowohl Alkyl-
ais auch Hydroxyalkylradikale Produkte von Sekundérprozessen sind.
Im ersten Schritt wird ein Elektron vom Alkohol zum Ce(lV) Ubertragen
(vgl. Gin. 3a und 3b).

o
RCH20H + Ce(lV) — > RCH20H + Ce(lll) (3a)

RCH20H —* RCH2- + H+ (3b)

Das hierbei entstehende Alkoxylradikal, das auf direktem Wege ESR-spektro-
skopisch nur schwer nachgewiesen werden kann [18], wurde von uns mittels
Spin-Trapping mit PBN und teilweise auch mit ND nachgewiesen (vgl.
Tabelle 1). Dieses Radikal kann fragmentieren (GIl. 4) oder unter H-Abstrak-
tion mit dem Alkohol unter Bildung von Hydroxyalkylradikalen reagieren
(GI. 5).

RCHoO- — »R-+ CHX (4)

RCHXY- + RCH20H — RCH20H + RCHOH (5)

Im Falle primarer Alkohole entstehen nach Gleichung 4 die um ein C-Atom
kirzeren Alkylradikale. Bei unsymmetrisch substituierten sekundaren Alko-
holen, z. B. sec.-Butanol, ist dagegen die Bildung zweier verschiedener Radikale
maoglich. In Ubereinstimmung mit den Ergebnissen von Gilbert et al. [19]
und friheren Untersuchungen am Uranylnitrat [8] finden wir ausschlieBliche
Bildung von Ethylradikalen. Greatorex et al. [2] beobachteten dagegen
Methylradikale. Wir kdnnen zur Zeit noch keine plausible Erkladrung fur diesen
Widerspruch angehen.

Da die nach Gleichung 5 entstehenden Hydroxyalkylradikale starke
Raduktionsmittel darstellen, ist eine thermische Folgereaktion (6) sehr wahr-
scheinlich. Diese Reaktion ist unserer Ansicht nach der wesentliche Grund
dafir, daR in flussiger Lésung Hydroxyalkylradikale nicht mehr auf direktem
Wege ESR-spektroskopisch nachgewiesen werden konnten.

RCHOH + Ce(IV) —* RCHO + H+ + Ce(lll) (6)

Durch Einfrieren der Lésung wird die Reaktion 6 unterdrickt und der ESR-
Nachweis der Hydroxyalkylradikale méglich.
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Die entsprechende Bildungsreaktion fiir die Hydroxyalkylradikale (Gl. 5)
sollte durch das Einfrieren in weit geringerem Male beeinflulRt werden, da die
Konzentration des Alkohols wesentlich groRer ist als die des Ce(lY). Daruber
hinaus sind auch Isomerisierungsreaktionen vom Typ (7) zu berucksichti-
gen [20].

CH30- —* CH20H @)

Dafur, dalR der Reaktion 6 gréRere Bedeutung zukommt, spricht auch die
Tatsache, dal? die Ausbeute an Hydroxyalkyl-Spin-Addukten mit zunehmender
Cer(l1V)-Konzentration bei konstanter Konzentration an Spin-Trap stark her-
abgesetzt wird. In diesem Fall konkurrieren Ce(IV) und Nitrosodurol um die
Hydroxyalkylradikale. Zusétzlich ist auch eine Reaktion des Ce(lV) mit den
Spin-Addukten in Betracht zu ziehen.

Die Oxidation der Alkylradikale wirkt sich dagegen erst bei Ce(1V)-Kon-
zcntrationen von groRer als etwa 10~2M merklich auf den ESR-Nachweis aus.
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The complexes of ruthenium (IlI), rhodium(l11), platinum(1V), palladium(ll)
and platinum (Il) of two potential pentadentate ligands, 2,6-dipicolinic acid hydrazide
(DPH) and A7*iV’-dibenzylidene dipicolinic acid hydrazide(DBPH) have been synthe-
sized and characterized. The ruthenium (1), rhodium (I11) and platinum(TV) complexes
are found to be hexa-coordinated, while the bivalent palladium and platinum complexes
are penta-coordinated, as revealed by their elemental analyses, magnetic susceptibility,
ultraviolet-visible and infrared spectral measurements. In the far infrared region
v(M-py), v(M—O0O) and i'(M—N) vibrations have been assigned and an attempt has heen
made to assign the stereochemistry of the complexes on the basis of 6a and 16h vibra-
tions of the pyridine ring.

Introduction

The penta-coordinated complexes of ruthenium(lll), rhodium(lll), pal-
ladiumul) and platinum(ll) are known [1, 2], but the chemistry of such
complexes of platinum metals has not received as much attention as the
complexes of the metals of the first transition series [1, 3]. No systematic
study has been made of the penta-coordinated complexes of these metals,
except those of palladium(ll) and platinum(Il) with phosphines and arsines
[4—7]. The lack of higher multidentate ligands complexed with platinum
metals is noteworthy and a survey of literature reveals that no penta-coordi-
nated complexes involving pentadentate ligands have been reported to date.

In this paper, we wish to report the synthesis and characterization of
the complexes of ruthenium(l11), rhodium(l11), platinum(lY), palladium(11),
and platinum(ll) with two potential pentadentate ligands, 2,6-dipicolinic acid
hydrazide(DPH) and IVMV-dibenzylidene dipicolinic acid hydrazide(DBPH),
involving all “hard” donor atoms. The structures of the ligands, DPH and
DBPH are given in the figure.

*For correspondence at 10 Shikshak Niwas, Meerut College, Meerut-250001 (India)
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(DBPH)

Experimental

M aterials: Dimethyl ester of dipicolinic acid was procured from Midland Yorkshire
Tar Distillers Ltd. Co.,, U.K. All other chemicals and solvent used were of reagent grade.

Synthesis of ligands: The ligands, 2,6-dipicolinic acid hydrazide(DPH) and N, ,N'-
dibenzylidene dipicolinic acid hydrazide(DBPH) have been synthezised by the methods given
in the literature [8]. The purity of the ligands has been confirmed by TLC and elemental
analysis (Table I).

Preparation and isolation of the complexes

(a) Monochloro monodipicolinic acid hydrazide ruthenium(111) dichloride

DPH (0.3 g) dissolved in ethanol (95%) was added to 1% ethanolic solution of ruthe-
nium trichloride (60 ml). A yellow colour deepens on refluxing the reaction mixture (pH ~ 2.5).
The mixture was digested on a water bath for half an hour when the dark brown precipitate
separated out. It was filtered and washed successively with hot water and ethanol and dried
at 85 °C for three hours. Yield ~75% .

(b) JAfonodipicolinic acid hydrazide rhodium (I11) trichloride

The solution of DPH (0.3 g) in hot ethanol (200 ml) was added to an ethanolic solution
(1% ) ofrhodium chloride (60 ml) when a cherry-red colour developed. The mixture was refluxed
on a water bath and concentrated to half of its volume (pH ~3.0). A yellow coloured mass
which separates out was filtered, washed several times with distilled water and ethanol, and
dried at 85 °C. Yield ~70%..

¢) Monochloro monodipicolinic acid hydrazide platinum (1V) trichloride

The clear solution of chloroplatinic acid (0.2 g) in ethanol (100 ml) containing 1 ml
hydrochloric acid was treated with a solution of DPH (0.2 g) in ethanol (50%), 100 ml) at
pH ~2.5. Immediately, a golden yellow colour appeared. The reaction mixture was refluxed
on a water bath for half an hour which, after evoporation, gave fawn precipitate. It was washed
with hot water, ethanol, and dried at 85 °C. Yield ~70% .

(d) Monodipicolinic acid hydrazide palladiumull) dichloride

A solution of DPH (0.2 g) in distilled water was treated with a solution of palladium
chloride (0.2 g) dissolved in water (25 ml) with a trace of concentrated hydrochloric acid at
pH ~3.5. Immediately, the mixture became canary yellow which, on stirring, gave yellow preci-
pitate. The mixture was digested on a water bath for one hour when the colour of the precipi-
tate changed to brown. It was filtered, washed successively with distilled water and ethanol,
and dried at 80 °C. Yield "85% .
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(e) Monodipicolinic acid hydrazide palladium dichloride dihydrate

By following the procedure outlined in (a), palladium (ll) chloride gave a canary yellow
precipitate which was filtered and washed thoroughly with hot water and ethanol. The complex
was dried in an oven at 115 °C for five hours and weighed to a constant weight. It changed
its colour to dark brown and was found to contain two molecules of water of crystallization.
Yield ~80% .

(D\Monodipicolinic acid hydrazide plalinum (I1) dichloride

Platinum (11) chloride (5 mole) in aqueous ethanolic solution (50%, 25 ml)~was added
to ethanolic solution of the DPH (5 mmole) and the pH of the reaction mixture was brought
down by adding dilute hydrochloric acid (pH ”~-3). The reaction mixture was refluxed for an
hour, concentrated to a small volume to yield yellow precipitate. It was filtered, washed with
hot water and ethanol, and dried. Yield ~70% .

Same procedures were adopted for the synthesis of DBPH complexes with different
metals. All these preparations were carried out in absolute ethanol or acetone. The analytical

esults are given in Table I.

Methods of measurements and analysis

Magnetic susceptibility was determined by the Gouy’s method, using copper sulphate
pentahydrate as a calibrant. Diffuse reflectance spectra were recorded on a Beckman DK-2A
spectrophotometer. Infrared spectra in potassium bromide pellets were recorded on a Perkin
Elmer-621 (4000—650 cm-1) and in Nujol mull (650—200 cm-1) smeared on a polyethylene
disc on a Beckman IR-12 spectrophotometer.

The metals were determined by the methods outlined in the literature [9]. The micro-
analysis of carbon, hydrogen and nitrogen was performed by Microanalytical Divisions of
Central Drug Research Institute, Lucknow, and Department of Chemistry, Banaras Hindu
University, Varanasi (India).

Results and Discussion

Elemental analysis indicates the 1 : 1 metal-to-ligand stoichiometry for
all these complexes. The complexes of palladium(ll) and platinum(ll) have
the formula of the type [M(L)CIl,]JnH2, where L = DPH or DBPH and n= 0
or 2, while ruthenium(I11), rhodium(l11) and platinum(1V) may be represented
by [M(L)CI]CIn, where n = 2 or 3. The proposed formulations are supported
by infrared spectra.

Infrared spectra

The infrared spectra of the ligands have not been reported, but studies
on similar compounds are available [10]. The present assignments are based
on these studies.

The ligands are 2,2’-disubstituted pyridine derivatives. The vibrations
generally affected [11] on pyridine-nitrogen coordination to metal ions are
the four r(C=C), v(C= N) bands observed between 1450 and 1610 cm-1, the
ring-breathing mode ~990 cm-1, a skeletal mode around 740 cm-1 and an
out-of-plane C—C deformation vibration ~410 cm-1.

7* Ada Chim. Acad. Sei. Hung. 101,1979



6.6T 'TOT "Buny "18S "pedy "wiyd ey

Compound

cthh ,n50 2
C2iH 1IN 50 2

[Ru(CTH AN 50 2C1]ICI2
[Ru(C2IH 17N 60 2)C1]C12
[Rh(CTHAN50 2Cl]Cl,
[Rh(C2IH IN 60 2)C1]CI2
[Pt(CTHN 50 2)SIICI3
[Pt(C2IH IN 50 2CI]ICI3
[PA(CTHIN 50 2)]CI2
[PA(CTHANS0 2]CI2« 2 H 20
[Pd(C12H 1N 50 2)]CI2
[PL(CTHIN &0 2]CI2
[Pt(C2iH IN50 2]CI2

Colour

Dark brown
Brown
Yellow

Pale yellow
Fawn
Brown
Brown
Canary brown
Brown
Yellow
Yellow

43.07
67.92
20.86
43.53
20.77
43.41
16.91
35.58
22.55
20.56
45.95
18.21
39.55

4.61
4.58
2.23
2.93
2.22
2.92
1.81
2.40
241
3.18
3.09
1.95
2.66

Table

Analytical data

Calculated %

N

35.89
18.86
17.38
12.09
17.30
12.06
14.09

9.88
18.79
17.14
12.76
15.18
10.98

Cl

26.45
18.40
26.33
18.34
21.44
20.05
19.06
17.38
12.94
15.39
11.14

25.10
17.47
25.44
17.73
39.28
27.55
28.57
26.05
19.40
42.31
30.62

43.01
68.05
21.12
43.40
20.80
43.37
16.70
35.65
22.12
21.02
46.05
18.72
39.65

4.70
4.70
2.42
2.95
2.19
2.95
2.02
2.42
2.29
2.30
3.12
1.82
2.62

Found %

N

35.62
18.78
17.50
12.01
17.42
12.01
14.21

9.91
18.61
17.32
12.71
15.02
11.04

Cl

27.09
18.38
26.01
18.40
21.12
20.01
18.82
17.72
13.02
15.55
11.19

25.32
17.50
25.12
17.70
39.71
27.48
28.92
27.01
19.45
42.02
30.50
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The four p(C=C), r(C=N)bands are found -~1580, ~1560, and 1440 cm -1
in the spectra of the ligands. The 1580 cm-1 band shows an upward shift
(10—15 cm-1) in the spectra of the complexes. The ring-breathing band ~990
cm-1 is replaced by a new band ~1020 cm-1. Two strong bands in the spectra
of the ligands 790 and 730 cm-1 are assigned to Y(C—H) and ®(C—C) vibra-
tional modes [12], respectively. On complexation, the later band splits into
two components lying between 720 and 760 cm -1, while the ~790 c¢cm-1 band
appears as a broad band at 800—810 cm-1. The 415 cm-1 band also shifts
towards higher frequencies (~430 cm-1). All these changes in the vibrations
of the pyridine ring indicate coordination of pyridine-nitrogen to metal atom
[11, 13]. The magnitudes of “shifts”,though small, are meaningful. This small
“shifts” may be interpreted in terms of weak interaction between pyridine
nitrogen and metal atom [14].

Amide group vibrations: An amide group can coordinate either through
nitrogen or oxygen atom, depending upon the experimental conditions. The
vibrations of interest in an amide group include [15] amide | band (consisting
mainly of vC=0) near 1680 cm-1, amide Il and Ill bands (arising from
rCN -f~ ON—I11) around 1520 and 1240 cm-1, respectively; amide IV and VI
bands near 690 and 480 cm-1 (originating from C =0 out-of-plane and C=0
in-plane deformation vibration modes, respectively) [16]. In the spectra of
complexes, amide | band shifts to lower frequencies (1640—1650 cm-1), while
amide Il band increases in frequency (1535— 1540 cm-1) and amide 111 band
splits into two components appearing between 1200—1210 and 1380— 1388
cm-1, respectively. The position of amide IV band remains unchanged, while
the amide VI band shows an upward shift. These changes in the amide group
vibrations reveal the coordination of the amide-oxygen to the metal ions [15].
The various changes occurring on amide-oxygen coordination may be explained
by assuming the decrease of the double bond character of C=0 group and the
subsequent increase of the C=N double bond character [17].

Hydrazinic and azomethine group vibrations : The spectrum of DPH con-
tains sharp bands between 3000 and 3210 cm -1, while two bands of medium
intensity at 3200 and 3030 cm-1 are observed in the spectrum of DBPH.
These bands may be assigned to symmetric and asymmetric NH strectching
vibrations, respectively. The hands appearing 980 cm-1 are attributable to
V(NH) vibrational modes. In addition to these bands, another two bands at
1630 and 840 cm-1 (in the case of DPH only) appear which may be assigned
to NH deformation coupled with OCN antisymmetric vibrations and NH
out-of-plane bending modes [18], respectively. In the spectra of the complexes
of DPH, the bands assigned to NH stretching vibrations exhibit a downward
shift and appear as a broad band between 3200 and 3030 cm-1, the band at
1630 cm -1 disappears altogether and the NH out-of-plane bending at 840 cm "1
diminishes appreciably in its intensity. All these changes show coordination
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of the hydrazinic nitrogen to the metal atom. The changes in the various NH
vibrations are a consequence of drainage of electrons from nitrogen atom,
resulting in the weakening of N—H bond [19].

The spectra of DBPH show one strong band 1640 cm-1 with a shoulder
at 1630 cm-1. These two vibrations may be assigned to symmetric and asym-
metric stretching vibration modes of the azomethine linkage [20] by comparing
its spectra with that of the hydrazide. In the spectra of the complexes of
DBPH, the 1640 cm -1 band shifts to lower range by 15—20 cm-1. This lower-
ing may be taken as an indication that the azomethine nitrogen is coordinated
to the metal atom. The “shifts” are small, but it is expected in view of the
stronger force present in the (C=N) bond [21].

The presence of broad bands 3600—3450 cm-1 in the spectra of
[Pd(DPH) CI2] 2 H2 indicate the presence of water of crystallization [21].

Far infrared spectra (650—200 cm¥*1)

in the infrared region, the bands appearing at 610, 550, 415 and
280 cm-1 may be assigned to in-plane ring deformation, NH 2-rocking, C—C
out-of-plane deformation and C—C torsional mode [18], respectively. Some
unassigned bands occur around 495, 360, 235 and 204 cm-1.

New bands are observed in the far infrared spectra of the complexes.
These bands appear in three regions: 270— 295, 325—345 and 440—480 cm-1.
The bands appearing at 295, 290, 275, and 290 cm-1 may be assignhed r(Ru-py),
r(Rh-py), r(PtiV-py), v(Pd-py) and r(Ptn-py) vibrations [22], respectively.
The bands around 340, 328, 345, 332, 335 cm-1 are tentatively assigned to
Vv(Ru-0), r(Rh-0O), r(PtIV-0), r(Pd-O) and r(Pt-O) vibrations, respectively.
Similarly, the new bands appearing 478, 438, 480, 455 and 460 cm-1 may be
assigned to r(Ru-N), r(Rh-N), r(PtIV-N), v(Pd-N) and r(Pt-N) vibrations,
respectively. The intensity of these bands vary from medium to weak and the
assignments are comparable to those reported earlier [22—24].

The values of these various metal-oxygen and metal-nitrogen stretching
frequencies observed for Pd and Pt complexes are different from 4-or-6-co-
ordinated complexes of these metal ions and are in between these two geo-
metries. These values indicate that the complexes are penta-coordinated.

Various metal chlorine stretching frequencies are observed 302 and 315,
325 and 355, 345 and 358 cm-1 may be assigned to v(Ru-Cl), r(Rh-Cl) and
r(Pt-Cl) frequencies.

The changes observed in the i.r. spectra of the complexes indicate that
DPH and DBPH are pentadentate ligands. The coordination sites are the
pyridine nitrogen, amide-oxygens and hydrazinic or azomethine nitrogen. Both
the side chains are symmetrical.
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Stereochemistry and faf infrared spectra

Gint et al. [25] and crark etal. [22] have shown that the 6a (an in-plane
pyridine ring deformation) and the 166 (an out-of-plane ring deformation)
vibrations suffer significant shifts towards higher frequencies on coordination
of pyridine to a metal atom. The magnitude of the shifts depends on the stereo-
chemistry of the complexes and on the metal atoms, but are virtually inde-
pendent of coordinated halogen atoms. Accordingly, the stereochemistry of a
large number of tetra- and hexa-coordinated complexes of the first, second
and third row transition metals has been established on the basis of 6a and
166 vibrations. But no such attempt appears to have been made in the case
of five-coordinate complexes.

In the spectra of the ligands 6a and 166 bands appear 610 and 415 cm-1,
respectively. The bands observed in the spectra of the complexes are noted
against each metal: ruthenium(lll) (650, 425 cm-1), rhodium(l1l) (650, 432
cm-1), platinum(1V) (645, 425 cm-1), palladium(Il) (648, 425 cm-1) and plati-
num(ll) (640, 425 cm-1). The shifts observed for 6a and 166 vibrations are
comparatively small on account of weak interactions between metal atoms
and pyridine nitrogen. Thus, these values are of little diagonistic value for
assigning the stereochemistry of the present complexes.

Magnetic and electronic spectral studies

It has been found that, owing to the greater oxidizing power of the metal
ions of the fourth and fifth transition series, the charge-transfer bands in
complexes appear at much lower wave numbers [26]. In addition, the extinc-
tion coefficient of the bands in the spectra of IV and V transition series metal
ions are large. Thus, it becomes difficult to make definite assignments to the
bands which appear as shoulders [27].

Ruthenium(111) complexes

The magnetic moments of ruthenium complexes lie in the range 1.98—
2.02 BM at room temperature (300 °K). These values are close to the spin-
only value of 2.10 BM (calculated, using a value of — 1180 cm-1 for the free
ion at 300 °K) normally observed for hexa-coordinated ruthenium complexes
[27]. Spin-orbit coupling plays an important role in describing the magnetic
behaviour of 4d5 (configuration of ruthenium) complexes. The value of spin-
orbit coupling constant can be calculated by the following equation [26]

2K, 8KXT\
10Dq Dg )
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as applicable for 2T term for the low-symmetry molecules and neglecting
the last term EK—Z(I . The values of spin-orbit coupling constant are in the
range suggested [27] for pseudo-octahedral ruthenium(ll1l) complexes and
suggest distortion along one of the axes of the octahedron [26].

Four well defined bands are observed in the electronic spectra of these
complexes. The bands are observed in the regions 17 000, 21 700, 25 900 and
32 500 cm-1, and may be assigned to 2T2,—m2A29, 2T2y—»2Eg, 2T2y—»2Alg
and n —mt2g{n*), respectively, in an octahedral field [28]. The hexa-coordinated
nature of the ruthenium complexes is revealed by the far infrared spectra
which show characteristic band [28] of r(Ru-Cl) around 315 cm-1. The values
of ligand field and Racah interelectronic parameters have been calculated by
methods suggested in the literature [30,31] and are given in Table III.

Platinum(1V) complexes

The platinum(lY) complexes are hexa-coordinated. The hexa-coordinated
nature of platinum(lY) complexes is revealed by far infrared spectra which
contain band at 345 cm-1 assignable to v(PtIV-Cl) vibrations. The complexes
are diamagnetic as expected.

The platinum(lV) complexes show hands 20 000, 27 500, 36 500 and
40 200 cm-1. The first three hands may be assigned [28] to 1Alg —»2Tlg,
¥Aig —»1Tlg and xAlg —miT2g, in the order of increasing energy. The band
~40 200 cm-1 appears to have its origin in charge-transfer phenomenon [27].

The values of ligand field splitting energy (10Dq) and Racah inter-
electronic repulsion parameters have been evaluated, using the equations [30].
applicable to low-spin complexes of de systems. The values of 10Dg, B and C
are given in Table 11l and they are consistent [31] with the pseudooctahedra-
geometry of the platinum(1V) complexes.

Rhodium(I11) complexes

The magnetic measurements of the rhodium complexes at room tempera-
ture show that they are diamagnetic. The rhodium complexes are hexa-coor-
dinated. The five donors are provided by the ligands DPH and DBPH and
the sixth ligand is Cl as revealed by far infrared spectra which contain a
band 325 cm-1 assignable to r(Rh-Cl) vibrations [24].

Rhodium(1l11) is a d6 system like cobalt(lll). However, relative to
cobalt(lll) the crystal field bands of rhodium(lll) move to higher energies,
whilst the ligand-to-metal charge-transfer bands move to lower energies [30].
In the spectra of rhodium complexes five bands are observed in the regions
12 500. 20 000, 27 000 and 33 000 cm-1. The bands are very distinct, and first
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two bands appear as shoulders. The first four bands may be assigned [30] to
*Alg —m3T lg, 1A |g —m3T2g, *Alg—=*1T1? and iAlg-+ 1T2gin the order of increasing
energy.The 33000 band is probably duetoligand-to-metal charge-transfer [27].

The values of various ligand field and nephelauxtic parameters have been
calculated, using the equations suggested by Lever [30] for d6 spin-paired
systems. The values of these parameters are given in Table I11.

Palladium(Il) and platinum(l1) complexes

The magnetic measurements of palladium and platinum complexes reveal
the diamagnetic nature of the complexes. These two metal ions have d8electron-
ic configuration, but unlike nickel(ll), they form diamagnetic complexes
both with “hard” and “soft” donor atoms. Thus, the magnetic properties of
these metal ions do not help in the assignments of the stereochemistrv of their
complexes and to ascertain their coordination number.

The electronic spectra have been of specific use in establishing the stereo-
chemistry of such complexes. The electronic spectra of palladium complexes
contain bands in the regions 20 500, 26 300, 27 700, 34 400 and 40 300 cm-1.
These bands resemble those of tetra-coordinated square planar complexes of
palladium(I1). But the presence of a well defined band 20 500 cm -1 is puzzling.
Penta-coordinated palladium(ll) complexes show [5] a characteristic band
around 20 500 cm-1. Similarly, platinum complexes show bands 24 000,
28 000, 31 000, 34 000 and 39 500 cm-1. The 24 000 band is characteristic of
penta-coordinated platinum (11) complexes [6]. Thus, it appears that palladium
and platinum complexes are penta-coordinated.

The molecular models of the complexes were constructed which showed
that the square-pyramidal structure is the most likely structure to result
when the two amide-oxygens and two hydrazinic-nitrogens form the basal
plane, with pyridine-nitrogen being present on the Z-axis. Thus, a square pyra-
midal geometry may be assumed for these complexes. The electronic absorp-
tion and circular dichroism spectra of square-pyramidal complexes have been
reported [32] and various assignments can be made, assuming the energy level
sequence as dxy dxa, dyi, d2><( dx2_y2. Accordingly, various assign-
ments can be made as 1Al 1Bl (20 500. 24 000 cm-1), (d,2 — dx2y2,
1A1-+ 1£ (26 300, 28 000 cm-1), (dx, dyi — dx2-\v9 and IAT-* KA (27 700,
31 000 cm-1), (dxy —»dx-_y2 for palladium and platinum complexes, re-
spectively assuming th? effective symmetry to be C4p. The calculation of ligand
field parameters can not be attempted in the absence of energv level equation.

*
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Lecture Notes in Chemistry, Vol. 8
E. E. Nikitin and L. Zulicke: Theory of Chemical Elementary Processes

Springer-Verlag, Berlin, Heidelberg, New York (175 pp)

During the last decade quantum chemistry has made an impressive progress in the
quantitative interpretation of the electronic structures of atoms, molecules and ions. The
quantitative treatment of these stationary systems is, however, much less problematic than
to apply quantum chemistry to processes in which electronic structure and nuclear motions
rapidly change in time. Reaction kinetics, discussed in this volume, belongs to the latter group.
Nevertheless, despite the difficulties emerging, several research groups deal with the rigorous
theoretical interpretation of chemical reactions. Fortunately enough, anumber of experimental
methods, primarily the method of Molecular Beam Spectroscopy, may be of help in understand-
ing reaction mechanisms and testing theoretical results.

Nikitin and Zulicke are concerned with the theory of gas phase reactions. In the first
chapter of the volume the authors discuss classical and quantum chemical models with such
eloquence that even for those unfamiliar with the authors’ activities and reputation it becomes
clear that the knowledge of the authors is far beyond the level of the present treatment. The
chapters discussing approximate methods are somewhat more difficult to read. It is also stressed
by the authors that for the full understanding of these chapters the original papers given in
the references should be consulted.

In accord with the title of the volume, but perhaps not quite properly, the experimental
methods do not receive an attention deserved by their great importance.

In my opinion, the book is hard to understand for those completely unfamiliar with
the fundamentals of quantum chemistry and the theory of vibrational and rotational spectra.
Those, however, with sufficient theoretical background, receive a very clearly compiled review
of the present state of reaction theory.

F. Torok

Dynamic NMR Spectroscopy: Alois Steige 1, Mechanistic Studies of Rearrange-
ments and Exchange Reactions by Dynamic NM R Spectroscopy; Hans Wolfgang
Spiess, Rotation of Molecules and Nuclear Spin Relaxation

NMR Basic Principles and Progress, Vol. 15
(P. Diehl, E. Fluck and R. Késfeld, Eds)
Springer-Verlag, Berlin, Heidelberg, New York, 1978, 214 pp.

Historically, dynamic NMR (DNMR) spectroscopy encompasses two major fields of
research activity: chemical studies based on NMR band shape phenomena in liquids under
steady state conditions and physical studies of the motion of spins in liquids and solids through
measurements of the nuclear relaxation times. Recent developments of NMR instrumentation
and theories, however, have rendered such a clear distinction between the two groups of studies
somewhat arbitrary. Theories now allow for the extraction of detailed relaxation information
from band shapes of multispin NMR spectra, while Fourier transform NMR relaxation spectro-
scopy may provide detailed motional description of fairly complex molecules including the dyna-
mical parameters for internal motions of individual groups.
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In the present volume, two specific topics of DNMR are dealt with. The first part (56 pp.),
written by A. Steigel,isdevoted to the uses of modern band shape analyses to obtain mechan-
istic informations on rearrangements and dynamical exchange processes. After introductory
remarks (chapter 1), the author outlines the basic experimental requirements and generj
mathematical procedures (chapter 2). The formulation of the exchange problem in terms of
a kinetic exchange matrix (chapter 3) is illustrated by two classical DNMR studies (chapter 4)
to show that dissimilar kinetic matrices are a necessary but not sufficient precondition for a
clear-cut difference in DNMR behaviour. Another classical DNMR approach, the use of pro-
chiral CH2Y -groups as mechanistic probes is dealt with in chapter 5 and illustrated by exam-
ples taken from recent literature. Permutational approach to polytopal rearrangements (i.e.
rearrangements proceeding via intermediates whose spatial arrangements can be described in
forms of idealized polyhedra) is presented in chapter 6 and comparison of the known methods
of analysis for NMR-differentiable permutational isomerization recations is made on the basis
of literature examples. Description of the chemical-shift-based band shape analysis is completed
with a brief account un split modes of rearrangement (chapter 7) using examples from spiro-
cyclic phosphoranes. Mechanistic analyses of exchanging systems in which spin-spin couplings
are used as a tool are dealt with in chapters 8 (first-order spin systems) and 9 (non-first-order-
spin systems) to be followed by a brief outline of the mechanistic analysis of intermolecular
exchange reactions (chapter 10). The presentation of the entire material is extremely clear and
well-balanced and the reader interested in mechanistic studies will certainly find a number of
stimulating new ideas for his own research. The bibliography contains 76 references and includes
citations of earlier review articles and monographs.

The second part of this volume (150 pp.), compiled by H. W. Spiess, presents the theore-
tical background necessary to obtain information about the types and rates of molecular rota-
tions in solids and nonviscous liquids through analysis of the NMR line shapes in solids and
nuclear spin relaxation times in solids and liquids. Introduction (chapter 1) and formulation
of nuclear spin Hamilton operators (chapter 2) are followed by calculations of the NMR spectra
of solids (chapter 3) for the cases of various types of interactions: chemical shift anisotropy,
spin-rotation, quadrupole, dipolar and scalar couplings. Attention is focussed on the anisotropic
part of the spin Hamiltonian providing dynamic informations about molecular motions. Chap-
ter 4 is of particular interest. Here a detailed description is given of how to calculate NMR
line shapes for slow rotational jump motions in solids, and a uniform derivation of the spin
relaxation rates in liquids for all the internuclear couplings, and completely anisotropic rotation
of the molecules in liquids using irreducible tensor calculus. The derivation of relaxation rates
closely follows Abragam’streatment for, as the author points out, it provides explicit formulas
directly applicable to the analyses of relaxation data. For such analyses, the coupling constants
of the respective relaxation mechanisms have to be known. The theory and experimental
determinations of the various coupling tensors are discusses in chapter 5, with particular
emphasis on anisotropic couplings derivable from solid state measurements. Representative
experimental examples illustrating the applications of the theory given in preceding chapters
are discussed in chapter 6, which is followed by a series of appendices (chapter 7) devoted to
some of the fundamental mathematical relationships. The references contain some 300 cita-
tions covering the fundamental works, monographs as well as original papers up to mid-1976.

Among the merits of this report one should point out the uniformness of presentation,
the highly practical approach of the author in discussing the interrelations beween theory and
experiments. This work may be recommended both as a good introduction to the field of nu-
clear relaxations and as a comprehensive reference book for readers interested in molecular
motions.

L. Radics

Topics in Current Chemistry, Volume 76

(Managing Editor: F. L. Boschke)

Aspects of Molybdenum and Related Compounds
by G. A. Tsigdinos and G. MoH

Springer-Verlag, Berlin, Heidelberg, New York, 1978 159 pp withJ71 figures

The book consists of three nearly independent reviews:

1) G. A. Tsigdinos: “Heteropoly Compounds of Molybdenum and Tungsten”
1—64; with 275 references)

Acta Chim. Acad. Sei. Hung. 101, 1979

(pages
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2) G. A. Tsigdinos: “Inorganic Sulfur Compounds of Molybdenum and Tungsten
(Their Preparation, Structure and Properties)” (pages 66—105; with 228 references)

3) G. MoH: “High-Temperature Metal Sulfide Chemistry” (pages 107—159; with 261
references).

In spite of the titles, the most important and sometimes the only element discussed is
molybdenum.

The three reviews are good examples how different such summaries could be: the first
one is a general, well undcrstandanble, “professional” work (with its mistakes, too); the second
one deals with a more special field but deeper; the third one is a survey about the results of
a very special technique on a very special field.

The more detailed references about the book are as follows.

The firts part entitled as “Heteropoly compounds of molybdenum and tungsten”
summarizes the classification and nomenclature principles, typical properties of heteropoly
anions; gives a short survey on preparations and structures in solid and solution phases. (All
of these take only 18 pages but the most important — not always the newest — informations
are given.)

The short reviews about preparations, structures chemical and physical properties of
different polyanions, as those of the 12- (both series A and B), 11-, 10-, 9-, 6- (again both
series) and dimeric 9- and other (sometimes mixed) heteropoly anions are collected in the next
chapters of this part, which closes with some rather short summaries on general properties of
heteropoly compound. This part is not complete at all excepting the last chapter about uses
in practice.

It is easy to read and understand this review — but several mistakes and misprints
can be found. As an example: the most disturbing mistake is made about R,AsM040 4(0H)2-,
which is a 1 : 4 heteropoly anion in reality, in the original paper and on p. 52, but in an incor-
rect form the representative of 1: 1 heteroanions in Table 2 (and in the legend of Fig. 25).

The second review deals with the inorganic sulfur compounds of molybdenum and
tungsten, but very typical is that e.g. the first main chapter on sulfides (altogether 15.5 pages:
nearly 40% of the whole part) contains 10 pages about MoS2and only six lines about the sul-
fides of tungsten. The other topics are: oxysulfides, thiohalides, thiomolybdites, reaction prod-
ucts of molybdenum compounds with H2S/H2, thiomolybdates and thiotungstates.

This review differs from the first one by its style, too: more recent data are summarized
for a definite aim. So it is understandable that the MoS2, its lubricating and catalytic proper-
ties as well as the catalytic effects of other Mo—S compounds in hydrodesulfurization proces-
ses are emphasized.

In the third part which has a very general title: “High-temperature metal sulfide chem-
istry”, the most important chapter is a very short one about the experimental procedures,
as all results summarized in the next chapters could only be reached by a special, new and
very effective method, by the so-called “tube-in-tube-in-tube” procedure.

In a chapter binary systems, the Cr—S, Mo—S and W —S systems are discussed; in
that about ternary systems the systems containing Fe or Cu beside the three mentioned metals
(and sulfur); and in the third one about the quaternary systems, the Fe—Cu—Mo—S, Fe—
Cu—W —S systems and Zn—Mo—W —S phase equilibria (some of them even up to 2000 °C).

The author tries to refer to all recent results of this very special field with the highest
expertness and precision.

The 76th Volume of “Topics in Current Chemistry” (“Aspects of Molybdenum and
Related Chemistry”) contains three review papers of very different styles but on rather high
level corresponding to their own objects.

The first part summarizes data of nearly general interest for inorganic chemistry;

the second part is less general but interesting for several specialists;

the third summary is very special but could be extremely interesting for a few people,
first of all for researchers in geochemistry.

L. Barcza

Acta Chim. Acad. Sei. Hung. 101,1979
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Kremmer, Tibor—Boross, L&szIo:

GEL CHROMATOGRAPHY

The authors give a general and detailed description on the origin, character and
utilization of gels. The book is divided into three parts: 1) Theory; 2) Methods and
Techniques; 3) Applications of Gel Chromatography. A detailed subject index and a
bibliography complete the work. The diagrams, tables and connexion schemes given

may be of great help in numerical calculations and in the everyday work of spe-
cialists.

In English — Approx. 290 pages — 338 figures — Cloth —ISBN 963 06 1738 8
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SYSTEMS. Its application to problems
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The chemoton theory represents a conceptionally new approach to the
deduction of the simplest physical —chemical, macromolecular super-
systems satisfying those criteria of life which have been reformulated by
the author almost axiomatically, in a more exact presentation than
commonly known from the literature. The prospects of the further develop-
ment of the theory are promising, because the principles of the chemoton
model are simple and clear, making the deduction of many basic bio-
logical phenomena possible already in its present form, and offering a
feasible explanation for the origin of living systems from which the out-
lines of the strategy for the artificial synthesis of living systems also emerge.
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Cloth
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ACTA CHIMICA

TOM 101—BbIN. 4

PE3IOME

M3oTonHoe M MNOHO-06MeHHOE pasgenedHne 1 onpeneneHmne
PagnoaKTUBHbIX M30TOMOB MOAa

O. TMMEWW n E. BAHbAN

Bbin paspaboTaH MeTof M30TOMHOTO M MOHO-06MEHHOr0 OMpeaeNieHnsl PagnoaKTUBHOIO
M0AA, UCMOMb3Ysl TEXHUKY IKCTPAKLUMU. ONTUMa/IbHbIe 3KCTNepYMEHTa/IbHbIE YC0BUA BbIIN Or-
pedeneHbl C MOMOLLBHO CTYMEHYaToOro MeToAa (NopLYOHHAs 3KCTPaKLMs), Ha OCHOBE KOTOPbIX 6bis
CKOHCTPYMpOBaH anmnapat HenpepbIBHOTO M3MepPeHUst Mo MpUHUMMIY ABToaHanmsaTopa.

CwuHTe3 6-a3a-B-romo-19-Hopxonecta-1,3,5(10)-TpueH-7-0Ha 1N ero
1-MeTWUbHbIX NPOU3BOAHbBIX

WAPUYNAX n UCNAMYOONH

Peakuusa Lwvmgra ans 19-Hopxonecta-1,3,5(10)-TpueH-6-oHa (1) wnm 63KMaHoBCKast
neperpynnmpoBKa COOTBETCTBYHOLLLErO oKcuma (3) gatoT 6-a3a-B-romo-19-Hopxonecta-1,3,5(10)-
TpueH-7-oH (5). MofobHbIM obpa3om 1-meTun-19-Hopxonecta-1,3,5(10)-TpreH-6-0H (2) B peak-
uun Wmnara v ero okeum (4) B 63KMaHOBCKOW nNeperpynnupoBKe faloT 6-asza-B-romo-1- me-
Tun-10-Hopxonecta-1,3,5(10)-TpueH-7-oH (8). B COOTBETCTBUM C WUCKAOUMTENbHbIM 06paso-
BaHMeM 6-a3a-naktamoB 5 1 8 13 OKcMMOB 3 1 4, nonaraeTcs, YTo KOH(opMauma B 3TUX OKCU-
Max iIBNSEeTCA aHTW MO OTHOLUEHWNIO K KonbLly A

CuHTe3 2-Ae0KCU-4-pubo3bl U ee NMPOU3BOAHbLIX, MeYeHHbIX H3

r. 30MOMU, 4. BAH®WN n . KYCMAH

OnucbiBaeTca CuMHTe3 2-AeoKcu-(2-H3)-0-pmnbosbl (5), ucxogs u3 3,4-gu-O-auetun-o
pubana (1), a TakXe CUHTe3 2-Ae0KCcU-AM-(2,2-H3I)-L-pnbo3bl (10) 06paboTKOM 2-A€0KCU-0-
pr603bl T B LLENOYHBIX YCI0BUSIX. CTabWIbHOCTL MEUEHHOCTU Pas/IMyHbIX NPOU3BOAHLIX 6biia
nccnefoBaHa NMOBTOPHOV NepeKpucTaM3aLmeil u3 aTaHona.

CVIHTETMYECKME JIMHEWHbIE nonumepbl, XXXIV

M3meHeHVe yaenbHbIX CBOWCTB CO0/TMromMepoB ANMETUCU/IOKCaHa
B 3aBMCMMOCTW OT COCTaBa M pasmMepa MOJSIeKys

n. TELUWN

YaenbHblli 06beM, YAenbHbIA Mapaxop U — B OAHOM criyvae — KO3(hhULMeHT pedpak-
LM COONNTOMepPOB AMMETUICUIOKCaHA,CofepXKaLLMX rpynmnbl MeTUAMeptTOPoNnponunéyTMpocu-
JIOKCaHa, LIMKOMeHTUCUIOKCaHa Y MeTUN-"N-LMaH3TUCUNI0KCaHa,6bIN UCCNef0BaHbl B3aBUCK-
MOCTM OT COCTaBa, a Takke 06paTHON BeMUMHBLI MOJIEKY/IIPHOTO Beca. JTW CBOWCTBaA, M306pa-



YKEHHbIEe B 3aBMCUMOCTU OT 06paTHOl BeNMUYMHBI MONEKYNAPHOr0 Beca, — MNofobHO paHee Mosy-
YeHHbIM pe3y/ibTaTaM C MOHOANKW/- U N-afIKUAMEHNANONN(3TUNEHOKCUAOM) — AatoT MpsMyto,
OTPE30K Ha OCY OpAVHAT KOTOPO SIBNSETCS XapaKTepHbIM AMs MOBTOPSIOLLErocs 3BeHa, a
HaK/IOH NPOMNOPLMOHaNeH MNapLMaibHOW CTemneHn NOMMEPU3aLIMmM APYToro NoBTOPSIHOLLErocs
3BeHa.

CpaBHMBANNUCL BeMMUMHbI, MOMYyYeHHblE U3 WM3MEHEHWs HaK/IOHOB B 3aBUCUMOCTM OT
M3MEHEHUs! COCTaBa, C BeNMYMHAMM, PACCUMTAHHBLIMI HA OCHOBE paHee BbIBEAEHHbLIX YPaBHEHWIA.
W3 nccneaoBaHmii BUAHO, UTO yae/bHble CBOCTBA MOTYT NPUOGPETaThb NULLIb 3HAYEHUS, Haxoas-
Wpecss B TPEYrosibHWKe, OrpaHUMYeHHOM TouKamMu K, 4K, {v. Ha npumepax AemMoHCTpupyeTcs,
KakK MOXEeT 6bITb OLEHEH Ha OCHOBE MO/yYeHHbIX Pe3y/bTaToB MOPSAOK YAE/bHbIX AaHHbIX,
OTCYTCTBYIOLMX HA AaHHOM 3Tane, a TakXe Kak MOXEeT 6bITb NMpoBepeHa TOUHOCTb Y)XXe UMeto-
WMXCS AaHHbIX.

CreKTPOXMMMNYECKOE UMCCIejoBaHNe NIeTYUYUX KOMIMOHEHTOB
B TepMOXuUMUYeckmnx npoueccax, Il

3KCI'IepVIMeHTaJ'IbeIe pe3ynbTaTbl HEKOTOPbIX CUCTEM U UX 06cy>|<,qu|/|e
E. TEFYW, N. KPEWTEP, 1. MEPEW u . MHLUEAWN

C NOMOLLbI0 YCTAHOBKW, OMMUCAHHOM B NEPBOI YacTy LKA COOOLLUEHNA, 6bln NOAPO6HO
nccnefoBaHbl TeEPMUYECKME MPOLIECCHI COMen Kaammna (Xnopuja, HATpaTta, cynbgarta n 0KMUCNa)
BM/I0Tb A0 TemnepaTypbl 1200°C, 3anucbiBas CMrHasl Kagmusa B NapoBoi (hase. Mcxoasa m3 xa-
paKTepmcTUYECKUX TemnepaTyp MpeBpaLlleHnii, onpefenieHHbIX MPW 3HaHUM (YHKUWIA Bpems-
TemnepaTypa, MOXHO fenaTb 3aK/H4YeHUS OTHOCUTENbHO X0fa HEKOTOPbIX MpPOLEeccoB (BOC-
CTaHOB/EHNS, OKWUCNEHUS, TEPMOPA3NOXeHUS, ncnapeHus u T. A.). TepMuyeckoe mnoBefeHWe
PTYTHbIX COMei (xnopwuga, HUrpaTta, cynbgara n okucna) 6b110 MCCNesoBaHo NpPU MeANeHHOM
Harpeese BN/JOTb A0 TemrepaTypbl 750°C. YNOMUHAKOTCA TaKXe OnbITbl APYrUX TePMUYECKUX
npoueccoB (ncnapeHue BeCl2, BblgeneHne neTyumx coeguHeHnin topa).

OCHOBbIBasACb Ha pesy/ibTaTax 3KCNepPYMEHTOB, YTBEPXKAA/IN, YTO 3HAUNTE/IbHbIE PACX0X-
[eHVA MelT MecTo MeXJy npoueccaMmu, NPOTeKaoWMMN B NAATUHOBbLIX U rPamnTHBLIX TUTASAX
COOTBETCTBEHHO, U Ka4yeCTBO MOBEPXHOCTW M YCMOBUA rPaUTHbIX TUTER 3HAUUTENIbHO BAUAIOT
Ha Npoueccbl OKWCNEHUA-BOCCTAHOB/EHNS, Pa3NioKeHA 1 ucnapeHns. PaspaboTaHHas ycTa-
HOBKa NpurojHa ANs [eTanbHOro MccnefoBaHUsA fanbHERLNX TEPMOXMMUYECKNX MPOLIECCOB.

ViccnefgoBaHue MONEKYNSAPHOW CTPYKTYpbl (PEHOMBbHbIX 3MPOB C MOMOLLbIO
KBaHTOBO-XMMMWUYECKUX MeTof0B, |

3KCI'IepI/IMeHTaJ'IbeIe JaHHblE W METOAbl pacyeTa
M. XEHYEW un V. HAAb

MprnBOAATCA IKCMEPUMEHTa/IbHbIE (IU3NKO-XMMUYECKUE AaHHble (YP cnekTpbl, 4MMNO0Nb-
Hble MOMEHTbI, NOTeHUMabl NOHU3aUUN, XuMUdeckune casurn 13C) deHoNbHbIX 3GUPOB C OCHOB-
Holi popmynoin XCBHAOCHS (rge X = H, 0-, M-, 1-CH3CH3, CI, N02 F, NH,) n ncxogHble
napameTpbl A7 pasNyHbIX MeTofgoB pacdeta (4anb P3, uTepauumoHHoro MMM, pacwuvper-
Horo XKKKens).

WNccnegoBaHue MOMEKYNAPHOIO CTPOEHMUA S(pMpOB QJEHOI'IOB C nomouwbro
KBaHOTOBO-XUMUYECKMX MeTogoB, |l

PesynbTaTbl U UX 06CYXAeHWNE
N. XEHYEW, I. MOHIOP un M. HAAb

JKcnepuMeHTaNbHble (U3NKO-XUMUYECKNE faHHble — 3/1eKTPOHHbIE Mepexofpbl, ANMNoMb-
Hble MOMEHTbI, 3HEPrUM WMOHU3ALMK, XUMUYecKMe curHanbl CI13 — 3admpoB eHOMoB 1 06LLeld
thopmynoin X C6H4OCH3(rgeX- o-,m-, n-CH3CH, CI,N02 F, NH,) 6bln1 MHTEPNPeTMPOBaHbI C



MOMOLLIbI0 KBAHOTOBO-XUMMWYECKMX pacyeToB. [115 pacyeToB 6blaM MCNOMb30BaHbl MeToAbl [enb
P3, ntepatmsHbiin MMM n 3XT. Ana onpegeneHma napameTpos VLLILLI 66111 paspaboTaHbl HOBble
3aBMCMMOCTM. PacyeTbl MPOBOAWIUCE HAa MJIOCKOW MOAENN W NofaraijiIMcb Ha NjoCKon Mogenu u
nonarasocb CBOGOLHOE BpaLleHVe METOKCUIpynmnbl. Mcxo4na v3 Koppensuuii mexay akcnepu-

MEHTa/IbHbIMMN N pPaCYETHbIMU AaHHbIMU [eNa/NCb 3aKNHYEeHNA OTHOCUTE/IbHO MOJIEKYNAPHOIo
CTpOeHus.

doToKaTa/IMTNUECKNe metoabl, 1l

doTooKMCNeHVe cadpaHuHa T B npucyTcTBUK xenesa(LLl)

A. NETEP n 1. . YAHMN

Ha6ntoaanock (oTooKucneHWe cadpaHHa T npyu Y® o6yyeHnn pacTBopa Kpacutens,
COAEPXALLEro MoHbI ceHcubmnmsaTopa >kenesa(LLl). O6CyXaatoTcs BeposITHbIE CTYMEHM OKUC/e-
HUS, a TAKXKE 3aBUCUMOCTb 06CLiBEUMBAHNS OT 9KCMEPUMEHTA/IbHBIX YCIOBUIA.

CuHTes ankanongos BuHka n ux aHanoros, Xl

ALLYKTbl aKpUIOHUTPUIA KaK MPOMEXYTOUHblE MPOAYKTbI
Ob. KANAYW, N. CABO, N. AbEPU, E. CEHTUPMAW n Y. CAHTAMU

BocCTaHOBNEHMe afayKTa, 06pasytolierocsl Mexay SHaMUHOM TuMna 2a U aKpUIOHUTPU
/IOM, [aeT NPOU3BOJHbIE 4a W 5a, KOTOpble B CEPHOKMC/IOM pacTBope MeTaHosa, Hapsay ¢ npe-

BpaLLeHvieM B ahup, NpeTeprneBaloTaINnMMepmsaLmio. B LLenoyHon cpefe npeBpaLLeHns npoTekatoT
no Nyt 4a -» 4b 4c N 5a -* 5b -*m 5cC.

doToKaTanuTnveckne cuctemnl, XVII

CnnHoBble NOBYLLIKN paaukasioB npu ¢oTtonmse Ce(lV) B cnmvpTax
O. pexopek

MpUMeHsiss HUTPO304YpPON U heHUN-H-TPeT.-6y TUNHUTPOH B KAYECTBE CNIMHOBbLIX JIOBYLLEK,
OblM AETEKTUPOBaHbI M NAEHTUOMUMPOBaHbLI pagnKanbl, obpasytowmecs npu gotonms Ce(lV)
BcnupTax. [py KoMHaTHOl TemnepaType HabMofanncb Kak aflKOKCU/bHbIE, TaK U alKUbHbIE U
rMAPOKCUIbHBIE PafMKasibl, YTO yKa3bIBaeT Ha peaKLuy NepBUYHBbIX aNIKOKCU/bHbIX PafnMKasoB.

MNatn- un LLUECTUKOOPANHNPOBaHHbIE KOMIJIEKCbI M1aTUHOBbLIX METas1/10B
NnoTeHUNaUIbHbIMX MEHTaAEHTATHbIMW NUraHjpammn

B. 6. PAHA, C. K. CAXHW un WAHIAN

Bbln CMHTE3MPOBaHbI 1 0XapaKTepr3oBaHbl KOMMeKebl pyTeHus(LU), poaua(ll), nna-
TuHbI(LY), nannagma(M) v nnatuHbl() ¢ ABYMSA MOTeHUMaNbHbIMK MeHTafeHTaTHbIMA K-
raHgamu: rvgpasmaom 2,6-AUNMKONMHOBOM KUcNoTbl M rugpasmgom N, N’-anbeH3unupeH-au-
NUKoAMHoBo Kncnotbl. Komnnekcbl pyteHns( 1), pogus(l 1) n nnatmHbi(1lY) nvetloT KoopanHa-
LIMOHHOE 4MCNo, paBHOe 6, a KOMMIEKChbl [BYXBa/leHTHbIX Naiiagust U NAaTUHbl SIBASIOTCA
NATUKOOPAVHUPOBAHHBLIMW, UTO BbLI0 HalifileHO, NCXOASt U3 JaHHbIX UX 3/1EMEHTPAHOr0 aHaIn3a,
N3MEPEHNA MarHWTHOW BoCNpUUMYMBOCTU, Y®P-Buammbix n UK (06bluHbIX 1 ganekux WK)
CMeKTPOB. XapaKTepHble NapamMeTpbl IMraHAHOro Nons GbLIM ONpefeneHbl Tam, rae 3T0 BO3MOX-
Ho. B ganekon MK obnactu 6biin 0THeceHbl KonebaHusa r(M py), Ni(m-N)). a Takxe 6blm

chenaHbl MOMbITKX OMNpeaeneHnst CTePeoXMMMI KOMIJIEKCOB Ha OCHOBe KojneGaHuii 6a n 16b
NUPVANHOBOIO KO/bL.
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