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A MODIFIED CLASSIFICATION OF THE ELEMENTS. II. THE BONDING IN Ig

Ana Medved

Department of Inorganic Chemistry, Faculty of Technology,'Univgrsity
of Zagreb, Yugoslavia.

(Received June 25, 1987)

SUMMARY

Spectrophotometric studies of potassium triiodide, in correlation‘with the
corresponding electronic transitions presented in this work, resolve the
problem posed by the bond in IZ . The LCAO-MO model used as the basis for
the inter pretation was constructed from f-orbitals, assumimgthe validity
of a modified classitication of the elements, by which iodine becomes an
inner transition element.

Key words: Spectroscopy of 13 . Todine as an f - orbital element.

INTRODUCTION

The system KI3 has attracted much study, from the ear}iest investigation
(cf. literature revew in (1) ) to quite recent research (2), (3). Many
comprehensiVe works have included already typical properties of KI3 in
the text, but the following citation from (4) indicate that the:problems
concerning such a system are by no.means resolved yet:

p. 1554 "The problems posgd by the bonding in_Ig illustrate well the
sort of impass that has been reached at the theoretical level,
"arising partly from limitations of calculated wave functions éna
partly from the difficulty of correlating molecular with atomic

properties".

Therefore a spectroscopic investigation of KI + I2 solutionsAhéé been
undertaken in this work, with the aim to apply and confirm a hypothesis
which has proved applicable and useful for the solution of structure
problems of other compounds as well. The hypothesis rests upon the
obvious possibility of classifying the heavier elements differently i.e.
by filling up the higher energy levels in accordance with the regular
sequence of s, p, d and f-orbitals, for instance for iodine 4 32 Hps
43" ue7. Through such an assumption for iodine the RUSSEL-SAUNDERS
multiplet term 2$1/2 results instead of 2P1/2. Iodine becomes thereby
an inner trensition element, with 7 electrons in the f-orbitals. The
small energy difference between 4f and 5s orbitals is causing limitations
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in the literature interpretations of the experimentally éstablished
values, which can be attributed to several configurations. All literatu-
re data maintain that innér orbitals must be involved in the bonding in
KI3 in é certain way,,and thereby indicate thé'plausibility of the afore
mentioned hypothesis, which is consistent also with the significant
differences of the physical and chemical properties of iodine and the
halogen group.

Iodine reveals a distinct electrical conductiVity, which. is increased at
higher temperatures as with semiconductbrs, and decreases with tempefa-
ture in molten iodine as with metals.

EXPERIMENTAL

The synthesis of K13 and NaI3 was carried out in water solutions. For -
comparisons sake the NaI3 was also investigated. In the literature the
assumption prevails that the triiodide ion is formed, but the experimen-
tal results were inconclusive (1). Numerous investigators maintain that
they have proved the existance of ¥I3, but there are also numerous those
who maintain that they have experimentally proved that KI does not exist
but instead a mixture of KI and 12. By the advent Qf modern experimental
techniques, the study of the bond between KI and 12 began, but even the
results of such experiments did not bring about the solution of the
problem posed by the enhanced solubility od iodine in KI solutions.

The synthésis of the triiodide in this work was performed as recommended
in (5). Into a_hot, saturated solution of KI, an equimoclar amount of 12
was added. A homogenous solution resulted in the case of KI, whereas in

the saturated solution of NaI, an equimolar -amount of 12 was not soluble.

Therefore it might be supposed that NaI3 is a more labile compound.

When the solutions were cooled to 0°C, crystallization resulted, but
differences were observed betweeq_KI3 and NaI3. From the (KI -+ IZ)
mixture a compact crystallized mass was separated, with a small rest of
water, whereas from the (Nal + 12) mixture a small amount of loose
crystals was formed. The influence of the counterion was observed ty
other investigators also (6).
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When these crystals were'kept at room temperaturee, they melted. The

" crystals decomposed -on desiccaizon, and partially on dilution. When the

solutions of"KI3 and NaI3 were diluted, the separation of dark iodine
crystals was observed.

The clear solutions of KI3 anvaaI3 above the iodine crystals were used
for spectroscopic measurements which have included a saturated water
solution of elemental icdine also, in order to make perceptible the
effects of bonding between KI + 12, or Nal + 12 respectively.

The water used for the preparation of solutions was triply distilled. All
chemicals were of p.a. purity, and were used without further purificatior.

The measurements were performed with a VS U - 1 Zeiss Spectrophotometer
in the ultraviolet and visible region of the spectrum.

RESULTS AND DISCUSSION

The fundamental diagram was recorded with a saturated solution of I
(Fig.1.). The transmission versus wave length plot has three minima of
transmission. The first at 287 nm and the second at 350 nm, i.e. in the
ultraviolet regién, and the third minimum of transmission at 465 nm in
thee visible region of the spectrum. The second spectrogram was recorded
in’KIBKand NaI3 solutions (Fig, 2.). From such a spectrogram it is visible
that' the transmission is unaltered in the ultraviolet region, whereas
the minimum at 465 nm is ignificantly shallower.

701

50|~

260 ~ 300 400 500 600

A nm

Figure 1. Spectrogram recorded in a saturated water solution of
elemental IZ‘
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Figure 2. Spectrogram recorded in a water solution of KI (10 mol dm3)
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Such experimental results are indicating.the formation of a sort of bond,
by which the absorption of photons with small energies, corresponding to
the visible region of the spectrum, is hindered. Consequently a partici-
pation of orbitals in the bond can be surmised, which previously have

been available for electron transitions.

The LCAO-MO diagrams used as the basis for interpretations were

constructed in two ways i.e. by supposing the valence electrons 6f iodine

to be in the orbitals 552 5p5

with the modified classification.

The p-orbital diagram of 35

E g
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—
"';i _ﬂ\f]fg
o Lolg s I’r\‘ K
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¢ G,
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5p

, or in Hf7 orbitals respectively,consistent
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Based upon such a p-orbital diagram, the correlation of the spectra with
the electron transitions is not conclusive. Pimentel (7) and Hach and
Rundle (8) are supposing the following transitions to occur:

¥

Tg — g : ( visible region )
X
Crg -—%F(Tu (
r * ( ultraviolet region )
gru _;?(rg

= t
The transition 5211'-”(73 it is supposed to occur within the p-shell
of the central atom, and the transition e > (7: to entail
electron transfer from the terminal atom to the central iodine atom

EL—'I-I__‘" —> l—_I-I- 11

It is presumed a spin-orbit splitting to account for the absorption, to

which the aqueous Ig anion owes its red colour.

The drawbacks of such a sheme are obvious. The bond order in the
triiodide ion is not 1, as resulting from the p-orbital sheme, and all
electron transfers into an antibonding ETu orbital are not probéble.
Even the supposition of spin-orbit splitting, would have to include the
"d or f orbitals. Instead the f-orbital diagrams enable acceptable

interpretations:

The f-orbital diagram of I,

A oo,
i %
I g,?’g
,/r 1 \\
[P ///// ]l :‘\‘\\ 1\ lT N
. ! "_ : r. L
BT 2N U B N uf -
nonbonding \\\\>. ) 17 nonbonding
\QLi_> v AT
e
W . Ce
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The f-orbital,diagrﬁm of I,
4

A o

Wi uy \_J,_,\f:_“ i_LLH
o L —

4> E v | !l nonbon@ing
nonbonding

By the- pairing of electrons in f-orbitals, an enhanced overlap of bonding
orbitals is enabled, with greater symmetry, resulting in greater stability.
Despite the widely accepted Mulliken’s charge transfer theory of the
donor-acceptor bond, the nonsymmetrical structure with the electron pair
in the U f’g orbital seems in accordancee with the RAMAN spectra (9) and
solvation energies (10).-

The assumption of f-orbitals as valence orbitals, results in a bond order
-2, in accordance with the structural formula of the compound. The bonds
are not of equal energy, but a G>g and 0§ bond, consistent with the
igsyability of Ig » Subject to eeasy decomp051tlon resulting in a I2
molecule and the I anion. The sheme complies also with the almost linear
structure of I§ , with bond‘angles between 170—1800, established by
crystallographic studies (10), (11) and MO caleulations (6), (12), (13).

From such a ground statee the transitions of bonding electrons are not
possible; but instead the nonbonding electrons are engaged in light
absorption. The following transitions are possilbe:

4f s 5s" (visible region)

587 > 6s"

" (ultraviolet region)
ur —> 5g’
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V The iodine molecule contains 'in the ground state 55" orbitals which are
empty. When the triiodide ion is formed, a partialffilling of the Ss"
orbitals occurs, which méans that the availability of such orbitals for
electron transfer is diminished. As a consequence the intensity of light

- absorbance in the visible region is decreased, and the minimum at 465 nm
becomes shallower, as confirmed by experiment (Fig.2.). The other transi-
tions, i.e. 5s’ ——)65" and the transition into the 5s’ orbital of the
left‘atom of the iodine molecule are unhindered The corresponding wave
1ength can be calculated by the appllcatlon of SLATER’s shielding
constants.

Such calculations make evident that the spectra shown in this work can

'not be caused by promotlon of 4f electrons in the 5s orbitals of the same
iodine atom. The calculatlon of the promotion energy us2 4p6 4d1o
4f7<——> us” Up6 4d10 4f6 5s, by applying SLATER’s coeficients, with a
screening factor §_M8,1, gives a value of 217 nm.

In his original work (14) SLATER has not elaborated the coeficients and
rules for molecules, but he is stating that his principal criterion in
sétting up the rules for the shielding constants was the energy check
with experiment. The very precise spectroscopic measurement of the iodine
spectra presented in this work, have served as a check for setting ub the
rules for molecular shielding constants, which shall be presented in a
separate work.

In this work however the shielding constants shall be applied fo show the
accordance between the’experimental and calculated wave length of 465 nm.
The maximum of absorption at such a wave length is causing the transition
of electrons from the 4f’ orbital of the left iodine atom into the 55"
orbital of the right atom of iodine in the iodine molecule. The additional
electron from the covalent bond is 1nc1uded for calculating the effective
nuclear charge ( Z-s'). )

(2-s)=53-2-8- 18 ~ 25.0,85 - 0,8 = 2,95

By inserting of such effective nuclear charge into the formula for the
wave number:

1 2 -1 1
—— = R . Z~- o —— -
A ‘o) [-nvz n"2 }
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1,097 : 107 . ( 2,95 )% . {Té‘ _ 2_%_‘1

0,217 . 10/ w?

>~ Fﬁb« )‘Pﬂ-
"

465 nm  (measured 465 nm )

By the correspondence of the measured and calculated wave lenght it
becomes evident. that transitions of the nonbending electrons are accom-
paniing light absorption. The diminution of the intensity of absorption
at 465 nm (Fig.2.) enables unambigous conclusions about the sort of bond
between Ié and I”. It is a covalent bond, but formed by the use of an
outer orbital upon the iodine molecule. The f-orbital approach applied
thereby for the electronic configuration of iodine, has removed the
impass at the theoretical level, which was mentioned in the literature
8).

NEPIAHWH

MIA TPONOMOIHMENH TAZINOMHZH TQN STOIXEIQN II.AE3MOI 2TO JEA
GaopatooKonikEc peréteg Tou KJ3\oUv5Laouévsg pe ocuoxetloeig
TV avtiotolxwv nAektpovikbv petanthoewv, Abouv To mpdBAnua
mou B&touv ot deopol ato Jg. To povtého LCAO-MO,mou XpnoLuo-
notfiBnke oav Bdon yia tnv epunvela mou SldetaL, cuvtlBetat
andé f-tTpoxiokd
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ACRIDONES. A NOVEL SYNTHESIS OF 3-SUBSTITUTED-9-(10H)ACRI-
DONE-5-CARBOXYLIC ACIDS AND THEIR DERIVATIVES

G. KAVADIAS* AND E. JANIK

Bristol Laboratories of Canada, 100 Industrideroulevard, Candiac, Quebec
(Received 20 April 1988)

Summary

The syntheses of 3-substituted-9(10H)acridone-5-carboxylic acids 5a-d by a

new process are reported. The process involves conversion of the 5-sub-
stituted diphenylamine-2,2'-dicarboxylic acids 4a-d to the corresponding
dipiperidides 8a-d, ring closure of the latter with phosporous oxychloride to
9-choloacridines 9a-d followed by acid hydrolysis. 3-Bromo, 3-nitro, 3-chloro,
and 3-methyl-9(10H)acridone-5-carboxylic acids (5a-d) which were prepared
by the novel process were free of the 1-substituted-9(10H)acridone-4-carbo-
xylic acid isomers 6a-d.
Using known methodology for the syntheses of 5a-d, wich involves direct
cyclization of the diphenylamine dicarboxylic acids 4a-d with phosphorous
oxychloride or with sulfuric acid, mixtures of the isomeric acids 5a-d and
6a-d were obtained which contained mainly the undesired isomers 6a-d. The
separation of the isomers from their mixtures by common laboratory
procedures was a difficult task due their low solubility in common solvents.
The mechanism of the cyclization of the dipiperides 8a-d is discussed.

Key words: 3-substituted-9(10H)acridone-5-carboxylic acids, Ring closure of 5-substituted

diphenilamine-2,2'-dicarboxylic acids di[;iperidides.
Introduction
4'-(9-Acridinylamino)methanesulfon-m-anisidide (m-AMSA), (1, R1=R2=H)

is a compound with a broad spectrum of experimental antitumor activity and
has being clinically evaluated in the treatment of a number of human

* Author to whom correspondence may be addressed.
New address: National Drug Organization, Voulis 4, Athens, Greece.
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tumors!. A large number of m-AMSA derivatives have been prepared and
portions of the molecule were identified where substituents can be added to
increase selectivity and/or antitumor activity2a-h- Of the derivatives of m-
AMSA which have been studied, 3,5-disubstituted m-AMSA were of most
importance since these products were shown to possess higher activity and
potency as well as low mutagenicity (i.e., 1, R1=CHjz, R22CONHCH3)3.

NHSO,CHj3

In our research program directed towards the syntheses of various 3,5-di-
substituted m-AMSA analogs, 3-substituted-9(10H)acridone-5-carboxylic
acids (5a-d) and their esters were required as intermediates. In this paper,
the syntheses of the above products by new methodology are described.

Results and discussion -

Initially we adopted known methodology for the syntheses of 5a-d which
involves cyclization of the diphenylamine dicarboxylic acids 4a-d, a general
process most often used in the preparation of acridones and their substituted
derivatives? (Scheme 1).
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a, R=Br, R'=H e, R=Br, R'=CoHj

b’ R=N02’ R'=H f, R=N02, R'=CH3

¢, R=Cl], R'=H . g, R=Cl, R'=C2Hj

d, R=CHs, R=H h, R=CHs, R'=CzH;
Scheme 1

The required diphenylaminedicarboxylic acids 4a-d were prepared by the
Ullmann reaction of 2a-d with anthranilic acid¢. Sulfuric acid, phosphorous
oxychloride and dichlorophosphoric acid anhydride were used as the acidic
reagents for the cyclization reactibg and the results are summarized in
Table 1. 7 A
Inspection of Table 1 shows, that cyclization of 4 produced mixtures of the
isomeric acids 5 and 6 by ring closure in the two possible directions. The
ratio 5:6 varied with the substituent in 4 and the condesing agent. Thus, .
ring closure of the bromodicarboxylic acid 4a with either sulfuric acid or
dichlorophosphoric anhydride gave mixtures of 5¢ and 6a, but the required
isomer 5a was produced in lower yield. The ratio of 5a:6a in both cases was
34:66. '
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TABLE I

TABLE I: Ratios of 5:6 from the Cyclization of 4 with Various Condensing
Reagents ’

Dicarb%xylic ‘Rind-6 Condensing Reagent and Ratio of 5:6
_ , oo
H,50, rocs (a0 |  a
Npor”/
a’/  Da
4a Br 34:66 - 3367
a NO, 15:85 | 60:40
4c a 33:67 34:66
4d - CHy 65:35 {Decomposition

Similarly, the chlorodicarboxylic acid 4c¢ ‘upon cyclization with sulfuric
acid or phosphorous oxychloride produced mixtures of 5¢ and 6¢ in which
the desired 5¢ was also the minor isomer; in both instances the ratio of 5¢:6¢
was 34:66. Cyclization of the nitrodicarboxylic acid 4b yielded a mixture of 55
and 6b in ratios that varied with the nature of the acidic reagent. Thus,
treatment of 4b with sulfuric acid gave predominantly the l-isomer 6b in

. accordance with previously publi_shed‘ results5; the ratio of 55:6b in this case
was 15:85. Treatment of 45 with phosphorous oxychloride gave a mixture of
5b and 65 in a ratio of 60:40. Cyclization of the methyldicarboxylic acid 4d
with sulfuric acid gave a mixture of 5d and 6d in a ratio of 65:35, while
cyclization of the same acid with phosphorous oxychloride yielded
decomposition products. ’ o

The separation of 5a-d from mixtures with their isomers 6a-d was found to
be difficult and in some cases could not be accomblished by common

“laboratory techniques. Repeated recrystallizations were inefficacious to
provide pure materials mainly because of the low solubilities of both isomers
in common organic solvents. Furthermore, compounds 5a-d melted above
360 °C and therefore melting points could not be used as a criterion of their
purity.
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It is apparent from the above results that new methodology for the
syntheses of the acids 5a-d was most desirable. A most promising potential
route for the preparations of the above acids involves the cyclization of the
dipiperidides 8a-d with phosphorous oxychloride followed by acidic
hydrolysm (Scheme 2). '

00D ~0D
S

58and 11,12 a R=Br | ¢R=C1 R =Cl

b, R = NO» ' d,R=CHs R =Cl .

¢, R=Cl e,R=Br R =-NCsH;¢.HCI

d,R=CHj; f,R=NOy R'=-NCsH;0.HCl

A k g, R=Cl R = -NCsHlo.HCI
9,10 a,R=Br R =Cl h,R=CHs R =-NCsH;0.HCl

b, R = N0z R =C1

Scheme 2
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It was anticipated that cyclization of 8 would proceed in that direction as to
prov1de piperidide 9 rather than the isomer 10 and that 9 could readily be
‘converted to 5 by acid hydrolysis. These expectations were based on the
following arguments: a) Alkylamides of N-phenylanthranilic acid are
known to cyclize in a similar fashion as the corresponding acids and provide
the corresponding 9-alkylaminoacridinesb2-87, which readily cleave to
9(10H)acridones. ‘b) On ring closure of the dipiperidide 8, the steric
interaction between the substituent R and the piperidine ring of the carbonyl
function would prevent reaction on the aromatic ring carrying the
substituent R, thus preventing formation of 10 and favoring formation of 9.
This expectation was further supported by a previous report that cyclization
of 2-(3-methylanilino)benzopiperidide afforded excluswely 3-methyl-9(10H)—
acridone’.

Diphenylaminedicarboxylic acids 4a-d were converted, via the acyl
chloride 7a-d, to the dipiperides 8a-d (Scheme 2). Since the purifications of
the acids proved to be a difficult task, crude acids were used in these
preparations and the products 8a-d were purified simply by filtration
through a silica gel column.

Treatment of the dipiperidides 8a-d with phosphorous oxychloride affected
ring closure and produced predominantly 9-chloroacridines 9a-d rather than
the 9-piperidinoacridines 9e-h as might have been expected®a-g7. Thus,
treatment of 85 with phosphorous oxychloride in benzene at the refluxing
temperature and crystallization of the product from 95% ethanol gave the
9-chloroacridine 96 as a crystalline solid. The structure of 95 was confirmed
by elemental analysis, lHmr spectroscopy (one piperidine ring per molecule)
and by the fact that it was quantitatively converted to the 9-acridone 116 when
treated with boiling 95% ethanol Although isolation and further purification
of 9a-d were feasible, they had no practical value in the present syntheses
and therefore compounds 9a-d were prepared and converted to 9-acridones
11a-d by mild acid hydrolysis in a single flask. The yields of IIa-d thus
prepared, were influenced by the reaction time in the ring closure step.
Optinum yields of 1Ia-d were afforded when 8a-d had been treated with
phosphorous oxychloride for 45 min.; when this period of time was exceeded,
the yields were reduced to 60-63% after a period of 3 h. The 1-isomers 12a-d
were also formed, but in small proportions (5-10%) and were not isolated.

Hydrolysis of 11a-c was readily accomplished and provided the acids 5a-¢
in high yields, Thus, treatment of 11a with concentrated hydrochloride acid-
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" acetic acid mixture (1:2) at the refluxing temperature for 24 h gave the acid
5a in 97% yield. In an analogous manner, 11b was hydlolyzed to provide 56 in
96% yield; under the same conditions, 1Ic afforded 5¢ in 90% yield.

Conveniently, all steps involved in the conversion of 8a-d to the acids 5a-d
could be performed in a single flask. Thus, treatment of 8b with phosphorous

~ oxychloride under the conditions described above (45 min) followed by acidic
hydrolysis of the products (hydrochloric acid-acetic acid, 1:2) gave pure 5b in

75% yield. Application of this sequence to the methyl analog provided pure 5d

in 50% yield. By the same pr(;cess’5a and 5¢ were produced in 81% and 73%

-yields, respectively, but these products were contaminated (5-10%) with the
corresponding isomers 6a and 6c¢.

Ethyl and methyl esters 5e-h were best prepared and in high yields by
reaction of the corresponding acid with diethyl and dimethyl sulfate
" respectively, in the presence of diisopropylethylamine using a modified

literature proceduret.

The structures of the acids 5a-d and their derivatives 5e-h and 11a-d were
established on the basis of 1Hmr spectroscopy. There are conflicting reports
in the literature regarding the structure of the acid produced by cyclization of
the diphenylaminedicarboxylic acid 4b with phosphorous oxychloride;
Lehmstedt®10 has claimed this product to be 3-nitro-9(10H)acridone-5-carbo-
xylic acid (5b) whereas Matsumurall;12 has assigned the 1-nitro-9(10H)acri-
done-4-carboxylic acid structure (6b) to this product. Structures 5b and 6b can
now be readily recognized of the basis of their Hmr spectra. The spectral
data for 5a-d, 5e-h and 11a-d are recorded in Table 2. Identification of the
aromatic protons was based on values reported for the chemical shifts in
9(10H)acridoneld and on the effect of substituents on the resonance
frequency of aromatic protons!4. The Hmr spectrum of 5b exhibited a triplet

at 8 7.47 (Jg 7=J7,8=8 Hz) assigned to H-7 proton. It also showed a double
doublet at & 8.0 (J1,2=9, J5.4=2 Hz) due to H-2 proton and a doublet at & 8.92
(J2,4=2 Hz) due to .

H-4 proton. These spectral characteristics are in complete accord with the
structure assigned to 5b. On the other hand, the 1Hmr spectrum of 6b
showed a doubled at & 8.16 (J; 9=8 Hz) and a doublet at 8 8.53 (J; 9=8 Hz) due to
H-2 (adjacent to NOg) and H-3 (adjacent to CO2H) protons, respectively. The
Hmr spectra of 5a, 5¢ and 5d showed similar patterns as that of 56. Thus, a
tﬁblet at § 7.33-7.38 (Jg,7=J7,8=8 Hz), a double doublet in the region 8 7.15-7.44
(J1,2=9, J2,4=2 Hz) and a doublet in the region & 7.54-8.18 (J2,4=2 Hz) were



TABLE II: Nuclear Magnetic Rescnance date of

. 3-substituted-9(10H)acridone-carboxylic aclds ‘and Derivates®

Chemical shifts (ppm) and coupling constants (Hz) of aromatic protons
Compounds , Solvent '
poune. H1 H2 H4 H6 07 HS Other (ppm) |
. , v .- 3.1 (bs, 1H, COH,
Sa,. »“ =Br, 8.14 (d) 744 (4) 8.18 (d) 852 (ad) 7.38 (1) 8.45 (dd) " %w LN H) DMSO-d,
RE=COH | j,=38 ha=80u=2 | JL,=2 Jip=8Js=2 | J=ly=8 |l =21,=8 |[11876 IHLND
5b, R!=NOz, 842 (d) 8.0 (dd) 892 (@ 8.37 - 859 147 @) 837-859 |34 (vs, 1H, COH) | DMSO-d;
R?= COH Ji2=9 - Ji2=91,=2 =2 overlapped with H-8 | Jo, =, =8 overlapped with H-6 -
5c, Rl=Cl, 821 (@) 732 (&) 8.05 @ 851 (dd) 738 () ' 845 (dd) 3.0 (bs, 1H, COH)
R?=COH | =9 Ba=9Tyu=2| =2 Yor=8ds=2 | Jer=Ypp=8 |[Js7=2J3s=8 |1181 G, 1H NH) | DMSO-4
. . , 247 (s, 3H, CH, -C)
54, Rt= CH, 8.12 (@ 7.15 (dd) 754 (@ | 851 (9 733 () 8.43 (dd) 1174 (s, 1H, NH) | DMSO-d
R?= COH | Ji=8 La=81L,=2 | L,=2 Jar=8Ja=2 | J=3y=8 |Jr=205=8 |33 s 1H, COH)
; , 148°(t, 3H, CH,)
REECOE =0 ha=90=2 | J,=2 Yor=8Jeu=2 | Jgr=20p=811er=20s=8 11 40 s, 1, NHD)
5f, R1= NOz, 861 @ 8.04 (dd) 833 @ - 872 (dd) 735 () 850 (&) .
. , . . : - 4.06 (s, 3H, cpal
R?= COCHy 1,,=9 ha=9%04=2 | 5,=2 Jg7=8 Jgs=2 Jsg=dig=8 |3, =2,04=8 06 (s. 3H, OCH, ) :
' R . o it 18© 847 @0 147 (¢, 3H, CH,)
5g, Rl=Cl, 838 (@ 723 (dd) 742 (d) 8.71 (dd) 28 (¢ ! 448 §
, : 48 (q, 2H, CH,) €pal
Ri= CO,Et .—_.n =9 urs =9,1,,=2 , un.; =2 Ha.q =8, Jg=2 Ha.q =ly=8 Jea = 2, .—.ﬁa = 8 113 o 18, “nﬁv 3
- : , 147 (t, 3H, CH, )
sh, Ri=CH, | 83 (@ 7.12 (&) 725 (d) 873 @d) 724 () 843 (dd) 249 (s, 3H, CH, -C) | €D@Y
R? = CO,Et Jiz=8 Jia=8 Ty = Ja=12 Jo7 =8, J58=2 Jon=Yg=8 1Jey=2J55=8 448 (q 211 CH;) ,
9a, R!= Br, 828 (d) 7.35 (dd) 153 (d) 7.6 @d) 723 (1) 850 (dd) 9.97 (bs, 1H, NH) o
R? =con O J12=9 Ji2=914=2 =2 T =8,Jgs=2 Yoz =J1s=8 |[Joy=21,=8 3
%, R!=NOy 856.(d) - 197 (d) 825 (@) 7.69 (dd) 726 (1) | 850(d) (10425 IHLNH) | (py
Rz=con() | J12=9 ha=90=2| 5,= n Yoz =8 Jeg=2 Jsg= T Ig=8) J=205s=8 |
1- . , i
9%, Rl=Cl 836 @ 720 (&) ] .qwa @ ; N.aau M&v. ) 724 (1) 853 (dd) 10.0 (bs, 1H, NH) cpal,
Re=con() | Jpp= 9 ha=90,=2| bLu= 62 = 8 Jga = Jog=lpp=8 [J;=27,=80]

a. Spectra were recorded at 80 Hz

0¢
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’as‘sigxied to H-7, H-2 and H-4 protons, respectively and were taken as
evidence for the structures assigned to these products.

Formation of 9-alkylaminoacridines by cyclization of alkylamldes of N-phe-
nylanthranilic acid with phosphorous oxychloride is well documented®a-7.
It was also reported that cyclization of 3-(3-methylanilino) benzopiperidide
produced 3-methyl-9-piperidinoacridine, which was readily converted to
3-methyl-9-acridone by mild acid hydrolysis?. ,
From the above evidence, it was expected that ring closure of 8a-d would-
proceed in an analogous manner and produce the 9-piperidinoacridines 9e-h
and I0e-h which by hydrolytic cleavage of the piperidine moiety should yield -
the corresponding 9-acridones. Our results however, were not in accord with
these expectations and merit further discussion since they shed light on the
mechanism of the cyclization reaction. As previously mentioned above,
\9-c4hloroacridines 9a-d (contaminated with 10a-d) were the major products of
the cyclization of 8a-d with phosphorous oxychloride. 9-Piperidinoacridines
9e-h (contaminated with I0e-h) were also produced and were present as by
products in all preparations of 1la-d and of the acids 5a-d (in the one pot
process). Formation of 9e-h and I0e-k is best explained in terms of a
bimolecular reaction between the initially formed 9-chloreacridines 9a-d and
10a-d and the liberated piperidine hydrochloride. Evidence for the-
bimolecular process is provided by the fact that the yields of 9e-k and isomers ‘
10e-h were. increased as the reaction time in the cyclization step was
increased. The yields of 9e-k (and I0e-h) were also increased when
piperidine hydrochlo‘ride was added in the cyclization step; in this way 9e
was produced in 72% yield. Compounds 9e-h were remarkably stable to
acidic hydrolysis and therefore cannot be regarded as precursors of 11a-d or
5a-d in the present syntheses. For example, 9¢ was recovered quantitatively
when subjected to acidic hydrolysis under the conditions employed in the
preparation of the acids 5a-d. The above results are best rationalized in terms
of a mechanism as presented in Scheme 3.
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|

1317 a R = Br

b, R = N02
¢, R=0
X = PO,Cl,

VAL 4
Cl NO' x
13a-d .

Scheme 3

G. KAVADIAS, E. JANIK

Ring closure of the Vilsmeier complexes 13a-d15 proceeds readily in that
direction to provide intermediates 14a-d as the major isomers. Intermediates
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15a-d are also formed but in small proportions. Elimination of one molecule
of piperidine from I4a-d and formation of 16a-d is the major route for the
decomposition of these intermediates. On the other hand, elimination of
hydrogen chloride from I4a-d and formation of 17a-d is of secondary
importance. -

Imidoyl chlondes 16a-d readily react with water to form 9a-d Whlch on
hydrolysis are converted to-11a-d. “
Alternatively, imidoyl chlorides 16a-d slowly react with piperidine salt and
form 17a-d which in the presence of water are converted to 9-pipe-
ridinoacridines 9e-f Minor products 10e-A and 12a-d are produced from
intermediates 15a-d by a similar mechanism.

Experimental

The infrared spectra were recorded on a Perkin-Elmer 267 grading ir
spectrophotometer. The 'Hmr spectra were determined on Varian CFT-20
spectrometer using tetramethylsilane as internal standard. Melting points
were determined on an Electrothermal melting point apparatus and are
uncorrected. Thin layer chromatography (tlc) was carried out on pre-coated
silica gel plates 5 ¢cm (E.Merck F-254). Preparative liquid chromatography
was performed on Waters Associates Prep 500 L.C system using PrepPak-
500/silica column. The analyses were performed by Micro-Tech Laboratories,
Skokie, I11.

All compounds were analysed for C, H, N or halogen analytlcal results were
within £ 0.4% of the theorical value.

-2-[(2-Hydroxycarbonylanilino]-4-bromobenzoic acid (4a)

This product was prepared according to the procedure described below for
the preparation of the nitro analog 4b. Thus, 4-bromo-2-chlorobenzoic acid
(100 g, 0.425 mol) was reacted with anthranilic acid (85.2 g, 0.616 mol) in
n-amyl alcohol (600 mL) in the presence of anhydrous potassium carbonate
(176.7 g, 1.28 mol) anc copper powder (3 g). After refluxing for 1 h a heavy
precipitate was formed. An additional 400 mL of n-amyl alcohol was added to
facilitate stirring and after refluxing for 10 h, the product was isolated to
yield 121 g (85%) of crude product 4a. This material was used in the next
reaction without further purification.
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,2-[(2-Hydroxycarbonyl)anilino]-4-nitroben;oic acid (4b)

This product was prepared according to a modified procedure described in
literaturell as follows: Into a’3 L 3-neck-flask fitted with condenser and
mechanical stirrer was added 2-chloro-4-nitrobenzoic acid (100.8 g, 0.5 mol)
and n-amyl alcohol (600 mL) and the mixture stirred at room temperature
until the solids dissolved. To the resultant solution was added potassium
carbonate (208 g, 1.5 mol), the mixture stirred for 10 min and then
anthranilic acid (100 g, 0.73 mol) and éopper powder (4 g) were added and the
mixture heated under reflux with vigorous stirring. Rapid evolution of gases
occurred and after 10-15 min of refluxing a heavy precipitate was formed. An
additional 200 mL of n-amyl alcohol was added to facilitate stirring and the
mixture refluxed for 8 h. After cooling to room temperature, the solids were
collected by filtration, washed with ether and dried. This product (sodium
salt of 4b) was dissolved in water (600 mL) and the solution was filtered. The
filtrate was acidified with concentrated hydrochloric acid (_L120 mL) and the
precipitate was 'colleéted, washed with water and dried. Recrystallization
from DMF-water mixture (1;1, 600 mL) gave 110 g (70.5%) of 4b, m.p. 315-
320°C. This material was used in the next experiment. An analytical sample
was obtained by recrystallization from DMF (3 mL/g) - ether (1.5 mIL/g), m.p.
323-324°C (lit.1! m.p. 324-325°C).

2-[(2-Hydroxycarbonyl)anilino]-é-chlorobenzoic acid (4c¢)

Employing the procedure described above for the preparation of the nitro
analog 45, 2,4-dichlorobenzoic acid (95.5 g, 0.5 mol) was treated with
anhydrous potassium carbonate (207.3 g, 1.5 mol) in n-amyl alcohol (0.5 L)
and the resulting potassium salt reacted with anthranilic acid (102.86 g, 0.75
mol) in thé'presence. of copper powder (4 g) to provide 127 g (87.6%) of the title
compound. This product was used in the next reaction without further
purification.

A sample of 4c was converted to the diethyl ester, and the latter product
purified by chromatography of silica gel. Hydrolysis of the diester with
sodium hydroxide in ethanol followed by acid treatment provided the acid 4c,
m.p. 280-282°C. Anal. caled for C14HgCINO,: C'57.84, H 3.12, C1 12.20, N 4.82.
Found: C 57.35, H 3.12, C1 13.81, N 4.70.
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2-[ (2-Hydroxycarbonyl)anilino]e4-methylbénzoic acid (4d)

Using the procedure described above for the syntheses fo 4b, 2-chloro-3-me-
thylbenzoice acid'(‘8.53 g, 50 mmol) was reacted with anthranilic acid (10.3 g,
75 mmol) in presence of anhydrous potassium carbonate (20.7 g, 150 mmol)
and copper powder (0.4.g) in n-amyl aIcohol (50 mL) to yield 9.5 g (70%) of
crude 4d. This product was used in the next reaction without further

purification
Cyclization of diphenylaminebicarboxylic acids 4 to mixtures of 5and 6 -

A. Cyclization with sulfuric acid

A mixture of 4 (1. g) and 98% sulfuric acid (5 mL) was heated in an oil bath
at 100°C for 1 h. The reaction solution was poured into water (60 mL). The
solids were collected, washed with water and dried at 100°C/0.1 Torr to
provide a mixture of the isomeric acids 5 and 6, in 80-90% yield.

B. Cyclization with phosphorous oxychloride

A mixture of 4 (1 g) and phosphorous oxychloride (5 mL) was refluxed with
stirring for 1.5 h. After removal of phosphorous oxychloride under reduced
pressure, water (25 mL) was added and the mixture was heated under reflux

with stirring for 1 h. The solids were collected, washed with water and dried
(100°C/0.1 Torr) to give a mixture of 5 and 6 in 85-90% yield.

C. Cyclization with diéhlorophosphoric acid anhydride

‘The general procedure described by Effenbergerlé and coworkers was used
as follows: A stirred mixture of Za (1.4 g, 4.17 mmol) and dichlorophosphoric
acid anhydride (8.77 g, 15 mmol) in dry and ethanol-free chloroform (15 ml)
was /heated under .reflux conditions until homogeneous, then 1.5 h longer.
The solvent was removed in vacuo and the residue was cooled at 0°C. Water
(50 mL) was caui:iously added, then the mixture was heated under reflux
with stirring for 15 min. The solids were collected, washed with water and
dried to give 1 g (75%) of a mixture of 5a and 6a.
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D. Analysis of rhixtures of 5and 6

The proportions of isomers in mixtures of 5 and 6 were determined by
1Hmr spectroscopy. The 1Hmr spectra of mixtures of 5¢ and 6a, 5¢ and 6¢c
and 5d and 6d showed absorption signals in the region § 8.40-8.58 due to H-6
and H-8 protons of 5a, ¢, d which were well separated from the other bands
in the aromatic region. The IHmr spectrum of a mixture of 56 and 6b showed
a band (d, J=2) at lowest field (5 8.92) due to H-4 proton of 55. Calculations of
percentages of 5a-d in mixtures with their isomers 6a-d were based on the’
integrals of the above mentioned bands in relation to the total integrals of the
aromatic region. '

Preparation of the acyl chlorides 7ad
General procedure
Method A

Hydrogen choride was bubbled for 10 min. into a stirred suspension of the
dicarboxylic acid 4 (100 mmol) in chloroform (200 mL).
After removal of the solvent in vacuo, thionyl chloride (150 mL) and
dimethylformamide (3 drops) were added and the mixture was heated under
reflux until all solids had dissolved and gas evolution had ceased (30-40 min).
The reaction mixture was evaporated under reduced pressure, benzene was
added and the mixture again evaporated to remove traces of thionyl chloride.-
The acyl chloride thus obtained was used in the next reaction without delay.

"Method B

To a stirred suspension of the acid 4 (15 mmol) in methylene chloride (50
mL) and dimethylformamide (0.53 g, 7.3 mmol) was slowly added oxacyl
chloride (7.64 g, 60 mmol) and the mixture stirred at room temperature until
all solids had dissolved and evolution of gases had ceased (2-3 h). Removal of
the -solvent and excess of oxalyl chloride in vacuo afforded the acyl chloride
which was used in the next reaction without delay.
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N-[. 2-{(2-Pipe'ri.don‘ocarbonyl)anilino}-4-bromobenzoyl]piperidine (8a)

The acid chloride 7a [prepared from the acid 4a (67.23 g, 200 mmol) by
method A above] was dissolved in methylene chloride (400 mL) and the
solution cooled in an ice-bath while stirring. To this solution was added a
solution of piperidine (102.8 g, 1.2 mol) in methylene chloride (100 mL) in a
dropwise manner at such a rate as to keep the inside temperature below
15°C. After the addition was completed, the reaction mixture was stirred at
room temperature overnight. The reaction solution was washed successively -
with water, 5% hydrochloric acid, 5% sodium hydroxide and finally with
water, dried and filtered.The filtrate was evaporated under reduced pressure
and the residue was filtered through a silica gel column. The column was
washed first with chloroform and then with 1% methanol in chloroform to
give 86 g of 8a as a syrup. This product was crystallized from hexane (300"

-mL)-methylene chloride (35 ml:) solvent mixture to provide 78 g (83%) of 8a,

mp 129-132°C which on tlc (4% MeOH-CH,Clz) showed a single spot of Rf
0.47. An analytical sample was obtained by recrystallization from ethyl

acetate-hexane mixture, mp 138-135°C; ir (CHCl3) : 3350; 1630, 1580 cm-1,

Anal. caled for Co4HogN3BrQOs: C 61.28, H 6.00, N 8.93. Found: C 61.24, H 5.94,

N 8.87. '

~ Similar yields of 8a were obtained when the acid chloride 7a was prepared
by method B.

N—[2-{(2-Piperidinqcarbonyl)anilino] -4-nitrobenzoyl]piperidine (8b)

This product was prepared according to the procedure described above for
the preparation of the bromo analog 8a. Thus a solution of the acyl chloride
7b [prepared from acid 4b (90.6 g, 0.3 mol) by method A] in methylene
chloride (500 mL) was treated with piperidine (170 g, 2 mol) and the product
was isolated as above. This product was dissolved in methylene chloride (200
mL) and filtered through silica gel column (13cmx7cm ID) and the column

.washed with 2% MeOH-CHCl; to provide 109 g (84%) of 8b as a syrup which
crystallized on standing. An analytical sample was obtained by
recrystallization from ethyl acetate, mp 90-92°C; ir (Nujol); 3350, 1630, 1605,
1580, 1530, 1500 c¢cm-1; 1Hmr (CDCl3) é: 1.65 (m, 12H, CHy), 3.57 (m, 8H,
NCHby), 7.1-8.2 (m, 7H, ArH). Anal. caled. for CoHogN,Oy: C 66.03, H 6.46,
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N 12.84. Found: C 66.10, H 6.94, N 11.67. A similar yield of 85 was obtained
when acyl chloride 7b was prepared by method B.

N-[2{(2-Piperidinocarbonyl)anilino}-4-chlorobenzoyl]piperidine (8¢)

Employing the procedure described above for the preparation of 8a; the acyl
chloride 7c [prepared from the acid 4c (4.35 g, 15 mmol) by the method B] in
methylene chloride (50 mL) was treated with a solution of piperidine (7.45 g,
87.5 mmol) in methylene chloride (10 mL) and the product was isolated as
above to yield 6.39 g (100%) of the title compound as a syrup. Thin-layer
chromatography (4% MeOH-CHj3Cly) showed one majbr spot of Rf 0.48 (8c)
and a minor 'impurity of Rf 0.35. A sample was purified by column
chromatography on s111ca gel using 1% methanol in chloroform as eluent.
The purified material was crystallized from methylene chloride-hexane
solvent mixture to afford the analytical sample, mp 135-137°C; ir (CHCl3):
8350, 1630, 1580 cm'1. Anal. caled. for Co4Ha7N3ClO2: C67.83, H 6.40, N 9.89,
C18.37. Found: C 67.63, H658 N 9.85, C18.33.

A similar yield of 8¢ was obtained when the acyl chlomde 7c was prepared by
method A.

N-[2-{(2-Piperidinocarbonyl)anilino}-4-methylbenzayl]piperidine (8d)

Employing the procedure.described above for the preparation of 8a, the acid
chloride 7d [prepared from 6.5 g (24 mmol) of the acid 4d by method B with
the exception that benzene was used instead of methylene chloride as the
solvent] in methylene chloride (60 mL) was treated with piperidine (12 g, 140
mmol) and the product was isolated as described above. The crude
dipiperidide 8d was purified by column chromatography on silica gel using
first chloroform and then 2% methanol in chloroform as eluent to give 9.4 g
(97%) of 8d as syrup. Crystallization from methylene chloride-hexane solvent
mixture afforded the analytical sample, mp 154- 155°C; ir (CHCls) 3350, 1630,
1580 cm-l. Anal. caled. for CasH3oN3Og: C 74.23, H 7.47, N 10.39.

Found: C 73.98, H 7.53, N1036

3-Bromo-5-piperidinocarbonyl-9(10H)acridone (11a)

To a stirred solution of 8z (47 g, 100 mmol) in dry benzene (250 ml.) was
added phosphorous oxychloride (60 mL) and the solution was heated under
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reflux for 45 min. The solvent and excess of phosphorous oxychloride were
removed by evaporation under reduced pressure; toluene was added to the
residue and the mixture again evaporétedkto remove traces of phosphorous
oxychloride. To residue was dissolved in dioxane (250 mL) - water (50 mL)
solvent mixture and the solution was evaporated in vacuo to give a partly
“solidified residuel?. To this product was added 95% ethanol (250 mL) and the
mixture heated under reflux with mechanical stirring for 20 min. The solids
were collected by filtration of the warm reaction mixture, washed first with
water and then ethanol (50 mL) and dried to give 32 g (83%) of 11a, mp 270-
273°C. This product showed ontle (4% MeOH-CH,Cly) one major spot of
Rf 0.53 (11a) and traces' of another component with Rf 0 (presuniably
corresponding acid) and was used in the next preparation. A sample was
purified by chromatography (silica gel, 1% MeOH-CHCl3) and recrystalliied
from chloroform-hexane (1:1) solvent mixture to afford an analytical sample
of 11a, mp 274-276°C; ir (CHCl3): 3350, 1630, 1610, 1570 cm-1. Anal. caled. for
C1gH17NoBrOg: € 59.23, H 4.45, N7.27, Br 20.74. Found: C 59.11, H 4.50,
N 7.32, Br 20.53. . .
- In another experiment, a solution of 8a (7 g) and phosphorous oxychloride
(9 mL) in benzene (37 mL) was heated under reflux for 3 h and the product
isolated as described above to yield 3.5 g (61%) of 11a. The mother liquor was
evaporated in vacuo and the residue was chromatographed on a wet silica
gel column using 2% methanol in chloroform as eluent to give 2.0 g (27.5%)
of a mixture of 9-piperidino-acridine hydrochlorides 9¢ and 10e.

3-Nitro-5-piperidinocarbonyl-9(10H)acridone (11b)

A solution of 85 (8.73 g, 20 mmol) and phosphorous oxychloride (12 mL) in
dry benzene (50 mL) was heated under reflux for 45 min. The reaction
solution was evaporated under reduced pressure, toluene was added and the
mixture again evaporated. The residue was dissolved in 90% dioxane-water
mixture (80 mL) and the solution stirred at room temperature for 15 minl7.
The solvent was removed in vacuo, 95% ethanol (50 mL) was added and the
mixture stirred and heated under reflux for 30 min. After cooling to room
temperature the solids were collected, washed with water and dried to give
5.96 g (85%) of 115, mp 224-226°C. Recrystallization from acetonitrile afforded
the énalytical sample, mp 227-228°C; ir (CHCl3): 3300, 1650, 1620, 1580, 1520
cm-l, Anal: caled. for Cy9H;7N304: C 64.95, H 4.88, N 11.96. Found: C 64.80,
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H 4.88, N 12.05.
The yield of 11b was reduced to 65% when the solutlon of 86 and
phosphorous oxychlonde in benzene was heated under reflux for 3 h.

3-Chloro-5-piperidinocarbonyl- 9( 10H)acridone (11¢) and
1-(3-Chloro-5-piperidinocarbonylacridine-9-yl)piperidine hydrochlorzde (9g)

To a stirred solution of 8¢ (5.93 g, 13.89 mmol) in dry benzene (35 mL),
phosphorous o;iychloride (8.3 mL) was added and the solution was heated
under reflux for 45 min. The solvent and excess phosphorous oxychloride
were removed under reduced pressure; toluene was added and the mixture
evaporated. The residue was dissolved in dioxane (40 mL) and water (5 mL)
and the resulting solution was stirred at room temperature for 10 min and
then evaporated under reduced pressurel?. The residue was dissolved in 95%
ethanol (40 mL) and the solution heated under reflux with stirring for 45
min. The solid precipitate was collected by filtration of the warm reaction
mixture, washed first with water then with ethanol (15 mL) and dried to give .
3.5 g (74%) of 11c, as yellow crystals, mp 264-265°C. This product showed on
tle (5% MeOH-CH2Cl3) a single spot of Rf 0.59. An analytical sample was -
obtained by recrystallization from dimethylformamide-ethanol (1:3) solvent
mixture, mp 264-265°C; ir (CHCls): 3350, 1630, 1610 cm™1. Anal. calcd for
C,9H17N2C109: C 66.96, H 5.03, N 8.23 Found: C 66.71, H 5.10, N 8.27. ’

" The yield of 1I¢ was decreased to 60% when the refluxing time of 8¢ with
phosphorus oxychloride in benzene was extended to 3 h.

The mother liquor, after removal of the solvent in -vacuo, was
chromatographed on a wet silica column using first 2%. and then 4%
methanol in methylene chloride as eluent. The fractions containing 9¢ were
combined and evaporated and the residue recrystallized from ethanol-ether
(5:1) mixture to provide an analytical sample of 9¢ monohydrate, mp 293-
297°C (dec.). Anal. caled. for Co4HogN3Cl0.HCL.H20: C 62.74, H 5.70, Cl
15.43. Found: C 62.06, H 5.76, N 8.84, C1 15.78. '
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3-Bropzo-9( 1 OH)acridone-Eearboxylic acid (5a)

(A) Preparation from 3-Bromo-5-pzperzdznocarbonyl 9(1 OH)acrzdone by Acid
Hydrolysis

A stirred suspension of 7Ia (31.6 g, 82 mmol) in glacial acetic acid-
concentrated hydrochloric acid mixture (2:1, 180 mL) was heated in an oil
bath at 140°C. Soon after reflux commenced, all solids had dissolved and 15
min later crystalline 5a started to precipitate. After refluxing for 24 h, the
reaction mixture was allowed to cool to room temperature. The solids were
collected, washed with water and dried to give 25.3 g (97%)of 5a, mp > 360°C.
Thin-layer chromatography (20% MeOH-CH3Cly) showed a single spot of Rf
0.40 well distinguished from isomer 6a (Rf 0.32). Anal. caled for
C14HgNBrOj3: C 52.85, H 2.53, N 4.40, Br 25.12. Found: C 52.60, H 2.56, N 4.31,
Br 25.12. \

The homogeneity of this product was further established by conversion to
the ethyl ester and analysis of the latter by tlc and IHmr spectroscopy The
ester 5e found to be free of i isomer 6e.

B) Preparation from the Dipeperidide 8b by Ring Closure and Hydrolyszs ina
Single Flask

A solution of 8a (16.29 g, 34.6 mmol) and phosphorous oxychloride (21 mL)
in dry benzene (80 mL) was stirred and heated under reflux for 45 min. The
solvent and excess phosphorous oxychloride were removed by evaporation
under reduced pressure. Toluene was added ‘and the mixture was again
evaporated. The residue was dissolved in glacial acetic acid-concentrated
hydrochloric acid ((2:1, 140 mL) mixture and the resulting solution was
heated under reflux with stirring for 24 h. After cooling to room
temperature, the solids were collected, washed with water and dried to give
8.93 g (81.2%) of 5a, mp > 360°C. This product contained approximately 5% of
the isomer 6a as was shown by convertion to the ethyl ester and separation of
the two isomers 5e and 6e by preparative liquid chromatography.
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3-Nitro-9(10H)acridone-5-carboxylic acid (5b)

(A) Preparation from 3-Nitro-5-piperidinocarbonyl-9(1 OH)acridpne (11b) by
Acid Hydrolysis. :

Compound 116 "(5.46 g, 15.6 mmol) was hydrolyzed with an acetic acid-
concentrated hydrochloric acid mixture (2:1, 60 mL) ds in the procedure
given for-the hydrolysis of 11a to yield 4.26 g (96%) of 55, mp >360°C. Anal.
caled. for C14HgN2Os5: C 59.16, H 2.84, N 9.86. Found: C 58.96, H 2.97, N 9.78.

This product was free of isomer 6b as was shown by conversion to the
methyl ester and analysis of the latter product by tlc and 1Hmr spectroscopy.
This ester showed on tlc (2% ethyl acetate in methylene chloride) a single
spot of Rf 0.32 (5f) well distinguished from isomer 6f which had Rf 0.40.

\ _

B) Preparation. from Dipiperidide 8b

Employing the procedure described above for the preparation of 5a from 8a,
compound 8b (8.73 g, 20 mmol) was. treated with phosphorous oxychloride (12
mL) in benzene (50 mL) and the product was hydrolyzed with acetic acid-
concentrated hydrochloric acid mixture (2:1, 60 mL) to provide 4.26 g (75%) of
5b free of isomer 6b. ' ' ' :

3-Chloro-9(10H)acridone-5-carboxylic acid (50)

A) Preparation from 3-Chloro-5-piperidinocarbonyl-90OH)acridone (11c) by
Acid Hydrolysis.

To a solution of 11¢ (17.3 g, 50.7 mmol) in hot glacial acetic acid (80 mL)
was added concentrated hydroéhloric acid (40 mL) and the resulting solution
was heated under reflux with stirring. After 2 h refluxing, a heavy
precipitate was formed. An additional 60 mL of 2:1 acetic acid-concentrated
hydrochloric acid mixture was added to facilitate stirring and the mixture -
was refluxed for 19 h more. After cooling to room temperature, the solids -
were collected, washed with water and dried to give 12.5 g (90.1%) of the acid
5¢, mp > 360°C. This product was free of the 1-chloro isomer as evidenced by
tle and "Hmr spectrum of its ethyl ester. Anal. caled. for Cy4HgNCIOsg:
C 61.43, H 2.95, C1 12.95, N 5.12. Found: C 60.95, H 3.16, C1 13.14, N 4.99.
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B) Preparation from Dipeperidide 8c.

In a manner analogous to that given in the preparation of 5a from 8a,
compound 8¢ (6.39 g, 15 mmol) was treated with phosphorous oxychloride (9
mL) in benzene (35 mL) and the product was hydrolyzed with -acetic acid-
concentrated hydrochloric acid -mixture (2:1, 60 mL) to give (73%) of 5¢, mp >
360°C. This- product was contaminated with 5-10% of an impurity
(presumably isomer 6¢) as was evidenced by the 'Hmr spectrum of its ethyl
ester.

3-Methyl-9(10H)acridone-5-carboxylic acid (5d)

- A solution of the dipiperidide 8d (12.4 g, 30.6 mmol) and phosphorous
oxychloride (18 mL) in dry benzene (70 mL) was heated under reflux for 45
min and then evaporated under reduced pressure. Toluene was added and
the mixture again evaporated to remove traces of phosphorous oxychloride.
The residue was dissolved in glacial acetic-concentrated hydrochloric acid
mixture (2:1, 90 mL) and the resulting solution was heated under reflux with
stirring for 24 h. The solids were collected, washed first with acetic acid-
water mixture (1:2, 30 mL) then with water and dried to give 3.87 g (50%) of
5d, mp 332-335°C (lit.3 mp 337-338°C). This product showed on tlc (15%
MeOH-CH.Cly, two immersions) a single spot of Rf 0.39 well distinguished
from isomer 6d which had Rf 0.49.

3-Nitr‘o-9-chlofo-5-piperidinocarbonylacridine (956)

A solution of dipiperidide 85 (4.36 g, 10 mmol) and phosphorous
oxychloride (6.5 mL) in dry benzene (24 mL) was heated under reflux for 3 h.
After removal of the solvent and excess of phosphorous oxychloride under
reduced pressure, toluene was added and the mixture evaporated in vacuo to
‘remove traces of phosphorous oxychloride. The syrupy residue was dissolved
in 95% ethanol and the solution was allowed to crystallize at room
temperature. The yellow crystalline product was collected and recrystallized
from methylene chloride (10 mL) - ethanol (60 mL) mixture to give 1.84 g
(50%) of 9b, mp 258-259°C. Anal. caled. for C19H;6CIN3O3: C 61.71, H 4.36,
N 11.36, C1 9.59. Found: C 61.64, H 4.40, N 11.44, C1 9.64.
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When a solution of 96 in 95% ethanol was heated under reflux for 30 min,
_ 3-nitro-5-piperidinocarbonyl-9(10H)acridone (11b) was obtained in quanti-
tative yield.

' 1-(3-Bromo-5-piperidinocarbonylacridine-9-yl)piperidine hydrochloride (9e)

A solution of 8a (3.76 g, 8 mmol) and phosphorous oxychloride (4.8 mL) in
dry benzene (20 mL) was heated under reflux for 45 min. Piperidine
hydrochloride (2.2 g, 18 mmol) was added and reﬂ\uxing continued for an
additional 30 min. After removal of the solvent and excess of phosphorous

~oxychloride in vacuo, the residue was dissolved in dry toluene (16 mL) and
the solution was refluxed for 2.5 h. The reaction mixture was concentrated
under reduced pressure and the residue was dissolved in 95% ethanol (50
mL). The resulting solution was heated under reflux for 30 min and then
was concentrated under reduced pressure. The residue was dissolved in
methylene chloride (150 mL) and the solution was washed with water (4 x 35
mL), dried and evaporated under reduced pressure. The residue was
chromatographed on a wet silica column (33 cm x 2.8 cm 1.D) using first 2%
and’ then 5% methanol in chloroform as eluent to give 2.75 g (72%) of 9e
(contaminated with the isomer 10e) as a yellow solid. Recrystallization from
ethanol-ether mixture (2:1) afforded the analytical sample of 9e as the
monohydrate, mp 297-298°C; 1Hmr (CDClg) é: 1.74 (m, 12H, CHy), 3.67-3.76
(m, 8H, NCHy), 7.26-7.53 (m, 3H, H-2, H-6, H-7), 8.24 (d, 1H, H-1, J; o= 8 H2),
8.60 (d, 1H, H-4, J2 4=2 Hz), 8.72 (dd, 1H, H-8, J7,8=8, J¢s=2 Hz). Anal. caled
for Ca4HoeN3BrO.HCLH0: C 56.87, H5.77, N 8.29. Found: C 57.05, H 5.40,
N 8.28.

-Stability of 9e to Acidic Hydrolysis

A solution of 9¢ (0.7 g) in a mixture of acetic acid-concentrated
hydrochloric acid (2:1, 15 mL) was heated under reflux for 22 h. After'
removal of the solvent in vacuo the residue was dissolved in methylene
“chloride (100 mL). The solution was washed with water (12 mL), dried and
evaporated to give 0.65 g (93% recovery) of a yellow solid identical (tlc, 1Hmr)
with the starting material e.
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Eihyl 3-bromo-9(10H)acridone-5-carboxylate (5¢)

This product was prepared according to a general procedure described in
the literature8 which was modified as follows. To a suspension of a 3-bromeo-
9(10H)acridone-5-carboxylic acid (20 g, 63 mmol) in acetone (63 mL) was
added diisopropylethylamine (8.9 g, 69.3 mmol) and diethyl sulfate (18.8 g,
122 mmol) and the mixture was heated in an oil bath at 90°C. After refluxing
for 30 min, the condenser was removed and heating continued until the
solvent had evaporated. The residue was cooled to room temperature and
treated with 5% hydrochloric acid. The solids were collected, washed with
water and dried to give 19.6 g (90%) of 5e. An analytical sample was obtained. -
by recryétanization from ethyl acetate, mp 214-216°C; ir (CHCl3): 3680, 3620, ‘
1680, 1640, 1600, 1550 cm-1. Anal. caled. for C36H19NOgBr: C 55.50, H 3.49, ’
N 4.05, Br 23.08. Found: C 55.72, H 3.47, N 3.97, Br 22.90.

Methyl 3-nitro-9(10H)acridone-5-carboxylate (5f)

To a suspension of 3-nitro-9(10H)acridone-5-carboxylic acid (0.852 g, 3
mmol), in dry acetone (5 mL) was added diisopropylethylamine (0.43 g, 3.3
mmol) and dimethylsulfate (0.416 g, 3.3 mmol) and the mixture heated in an
oil bath at 90°C while stirring. A heavy precipitate was soon formed, An
additional 5 mL of acetone was added to facilitate stirring and the mixture
heated under reflux for 30 min and then the solvent was allowed to evaporate
at atmospheric pressure while heating was maintained. The residue was
treated with 5% hydrochloric acid; the solids were collected washed with
water and dried to give 0.89 g (100%) of 5f which on tle (2% ethylacetate in
CH,Cl,) showed a single spot of Rf 0.32. An analyticai sample was obtained
by recrystéllizatidn from chloroform, mp 249-250°C; ir (CHCl3):1690, 1640,
1620, 1600, 1520 cm-1. Anal. calcd. for C15H10N205: C 60.40, H 3.38, N 9.39.
Found: C 60.32, H 3.43, N 9.63.

Ethyl 3-chloro-9(10H)acridone-5-carboxylate (5g) -

In a manner analogous to that given for the preparation of 5e, 3-chloro-
9(10H)acridone-5-carboxylic acid (5 g, 18,3 mmol) was reacted with diethyl-
sulfate (5.47 g, 35.5 mmol) in acetone (18 mL) in the presence of diisopro-
pylethylamine- (2.6 g, 20 mmol) and the producf purified by preparative liquid
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chromatography to provide 4.97 g (90%). of 5g. The analytical sample was
obtained by recrystallization from ethylacetate, mp 197-199°C; ir (CHClg):
3680, 3620, 1680, 1640, 1600, 1550 cm-1. Anal. caled. for C,H;2NO3Cl: C 63.69,
H 4.01,N 4.64,Cl1 11.75. Found: C 63.62, H 4.04, N 4.54, C] 11.57.

Ethyl 3-methyl-9(10H)acridone-5-carboxylate (5h)

Employing the procedure described above for the preparation of 5e, 3:me-
thyl-9(10H)acridone-5-carboxylic acid (3.12 g) was treated with diethylsulfate
and the product purified by preparative liquid chromatography to provide 3.3
g (95.4%) of the ester 5h. The .analytical sample was obtained by
recrystallization from ethanol, mp 158-159°C; ir (CHCls): 3300, 1680, 1650,
1600, 1550 cmY. Anal. caled for Ci7H;sNOs: C 72.58; H 5.37, N 4.98. Found:
C71.83, H5.34, N 4.88. ' ~

Methyl 1-nitro-9(10H)acridone-4-carboxylate (6f)

In a manner analogous to that given for the preparation of 5f, 1-nitro-
9(10H)acridone-4-carboxylic acid® was reacted with dimethylsulfate to
provide a 90% yield of 6f, mp 274-276°C. On tlc (silica, 2% ethylacetate in
methylene chloride) this product showed a spot of Rf 0.40; ir (Nujol): 1690,
1640, 1620, 1600, 1540, 1520 cm-1. Anal. caled. for C15H;0N205: C 60.40, H 3.38,
N 9.39. Found: C 60.12, H 3.43, N 9.44. ‘

TeplAnyn

Mia BeAtiwuévn m_?vewh‘: TV 3-wtoxawarnuévwv—9(1OH)-axgchov-5—xaQﬁo¥
Evlixdv o5éwv X magaydywy Tovs.

10 magdv Ggbgo meguypdpetar pio Behtiopévn mopela ovvleong twv 3-vro-
HoTaoTRévev-9(10H)-axgudov-5-xagBokuhndv  0Eéwv Sa-d H pédodog eure-
Qtéxét TV UETOTQOTY TWV VTOXOTUoTHUéVWYV Sigouvuhapiv-2,2-duxagBoEvlndv
oEtwv 4a-d oto. aviiotouyo SumimeQudidia "8a-d, n xuxhomoinom Twv omoiwv pE
oEvxhwglotyo @uopdgo amodider 9-xAwgo axpldives 9a-d, mov pe 6ELwn vdQEo-
. hon mwogéxovv T aviiotoua oéo Sa-d. R
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Ta 3-fowpo-, 3-Wto-, 3-Yhwgo- xav  3-uebvd-, - maQhywya Tov
9(10H)axgdov-5-xagfoEvhxoy 0Efog  (5a-d), OV TAPUOHEVAOTNKE MPE TN VéA -
avti uéBodo, trav. elevlego - Twv 1-vmoxaTAOTHUEVWY LOOUEQWV 6a-d oav
- mogomEoiévra. Elvar GElo va onpeiwdel 61t n xat' evBelav xumhomoinom tov
Supavvdapvo-SuxapBokvlndv oEfwv  4a-d pe OEUXAWQLOTXO. PWOPO00 1 UE
Oeliné ©FED Olver piypa toopegv mEOToéviwv 3Sa-d nau 6a-d 1o omola elvar
SUo%0M0 Va. SLoxwELITODY.
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Abstract
In the present work the predictions of the Zimm-Kilb, Stockamayer-Fixman are com-
pared with a new relationship for g.and with experimental data (g = [n] branched / [n] finear,

where [n] is the intrinsic viscosity). It is found that the new relationship is in good agreement

with experimental data.
- Keywords: Dilute solution, star polymers.

Introduction:

Zimm and Stockmayer were the first to analyze the configurational properties of star-
branched macrpmolocules. They related the average square-of the radius of gyration (§2) with
the effective number of segments and their effective length. These parameters can be
eleminated by comparing the star to a linear polymer molecule by using the parameter g,

defined as:

g=& branached/ (89 tinear

for a constant molecular weight molecule.
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By proposing that chains ends follow the distribution of Gauss:it is found the .
relationship':

g’=@1-2)/£ (1)
where fis the number of arms.
in the star system,“ the end to end distance is no longer a meaningtul parameter be-
cause -theré are more than two ends. Flory? states that the radius of gyration should be sub-
stantiated for the end - to - end distance because it is defined for all types of polymer architec- .
ture. This gives: o '

g=¢2 @
“where g = [n] branched /[n] Iineér, (In] is the intrinsic viscosity) for a constant molecular
~ weight molecule. , '
So from equations (1) and ©
g= (-2 /P2 @
Stockmayor and Fixman® calculated using Kirkwood and Riesman’s method* that:

g= P2 42172 (1))3 /(4')

This predicts that the intrinsic viscosity of a branched polymer molecule is a lesé sensi-
tive function of branching. Zimm and Kilb® using the model developed by Zimm® for linear -
polymers calculated g. The mathematics is complex and exact values of g were only calculated -
forfequalto4 and8.

An approxiamation can be made that the even numbered eigenvalues of the branched
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poiymer are equal to the values calculated in the linear case. The eror involved is slight and
decreases with the increasing f. So

g= (2/9° [0.390(-1) + 0.196] /0.586 (5)

this relation may be used when calculating g for star polymers. For more complicated branch-
ing Zimm and Kilb proposed the empirical relationship?. -

g=g'2 ()

but this approzkiméﬁcn is less accurate when dealing with model star polymers Here must be ‘
noted that, for large f there is the relationship’: .

b/ oy = 188172 (7)
New Relationship for g:

As it is known the solubility parameter is _related the intrinsic viscosity of solution {n] by .
the following expression®: 4 A

In] = nyexp [v (d-d ) (8)

where: d is the solubility parameter of polym solution, d, is the solubility parameter of solvent, -
n, is the viscosity of solvent, V is the molar volume (V = M/D), D is tﬁe density and M the
molecular weight of polymer. For branched and linear polymers the relationship (8) has the fol-

lowing expression
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In], = ng eXp(-M,,/Dy(d,-d,)? for branched
[n], = n, exp(M,/D, (d-d ) for linear

4
But M, = Ma, M, = 2M,

where M, is arm molecular weight. So
g = exp(-M, (1/Dy . (d5-do)? - 2/D; (drdy)?) (©)
With no @istakés*" can be considered that:
D, = D, = D =1 gr/cm® (10)

'Using Small’s equation for solubility parameter (8)

D(G)

Where' D is the density of polymer, G the molar attiraction constants and M, the monomer

weight of polymer
Dy G), .
So d, = —————— ‘forlinear (11)
g Mo .
and -
Dp(= Gy
d, = —————— forbranched (12)

Mmb
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But: M, = M, and (2G), =(ZG), (1)
So fromequations (10), (11) and (12)
' d=d,=d

‘Also, from equations (10), and (14), the relationship (9) has the following expression:

g'= exp (M, / D (d-d)2. (-2)
or .
_Ing’= -M_/D (d-d)2. (2) (15)

The magnitude M,/D (d-d_)? is characteristic for polymer and solvent. The plot of Ing as
function of (f-2) Is a straight line with slope M,/D(d-d ). 7 ‘
'Hen(:e, star polymers, with the same molecular weight of arms, the same monomer and the

same solvent have the same slope and all the values must be on the same line.
Results and discusion: .

Experimental déta are all from bibligraphy (Tabje {). From the plot of Ing as a function of
(f-2) of experimerital data (Fig. 1) one can see that all the points lie on straight lines with dif-
ferent slopes;'The higher value-of the slope is about -0.11 and the lower value is about -0.17. In-
termediate values are: -0.141, -0.155. We believe that, value -0.11 may be used for all star-
branched polymers and solvents.

The main factor that define defferences in slope is the molecular weight of arms.



44 A. IOANNOU

Table I: Theorstical and Experimental values of g for star-branched polymers.

Theoretical values of p’
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1 - » ) -- 0.330(25] n.330(24 0,333
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Figure 1.

Plotof ing’'v.s.f{ - (O Cyclohexane, </ Benzene, +THF, A\ Dioxane,
A Benzene -n Heptane, 9:1 ). ‘

Figure 1 presents Ing - f - data for the star - branched pdlystyrenes listed in Table 1. Dif-
ferences in values of g for the same f and solvent were due to experimental errors. For exavmplev
Morton and coworkers 2 have presented data on the dilute sloution properties of three anid four
bi:anched materials Orofino and Wegner13 also undertook the characterization 6f the three
branched polystyrene stars under theta conditions and in good solvents. Disagreement as to
detail on sevéra| important points between the revised data of Morton and coworkers and those

of Orofino and Wegner is evident e.g. Morton’s g is larger in cyclohexane than in toluene,
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whereas the opposite was found by Orofino and Waegner.

As it can be seen from Figure 1 the predictions of the Zimm - Kilb anci‘_Stockmayer - fix-
man theories for g are in relations poor agreement w:th experiment resuﬂs; In opposite the new
reléﬁoﬂship for g' is in good agreement with experiment results.

“Conclusions: '

The new relationship for g, a) is exponetially related with solubility parameter of polyre,
solubility parameter of solvent, density and arm molecular weight of polymer and the number of
arms. and b} is in good agreement with experimental data.

FMepiAngn:
H oupmepipopd o¢ SIGAULNA TWV ACTEPOEISEV TTOAULEPWV

TNV spyacia auTi yiveral chyKpian Twv aggewv Zimm - Kilb ka1 Stockmayer-Fixman
{iE JId MPOTEIVOIEVN YIA TO g HiE Ta neipayarka SeSopéva kg = AOYOC TWV EOWTEPIKAV IEWDIV
Glumﬁlopsvou Kat YPApHIKOU uaKpopoplou 15iou uoplcn(ou Bapouc).

ANG T cOYKQION QUTA TPOKUITE! OTI N VEA nporswopsvn OYEon NpoceyyiZel KaAurqu
Ta nelpapanika SeSopéva and Tig aMeg duo.
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EMAPASH THT AOMHE KAl THE MAPAIKEYASTIKHS AIAAIKAZIAZ EMINEAAI-
KQN ®EPPITQN ZTH AIAMOPPQIH TQN PYZIKOXHMIKQN TOYZ |AIOTHTQN.
il. MATNHTIKEZ, HAEKTPIKEZ K&l KATAAYTIKEZ IAIOTHTEZ ZNINEAAIKQN
PEPPITGN. . '

2. ADT20Z, H. INYPEAAHZ % N. SAKEAAAP|SHE

Tpijpe Kgpt ki Hygovinidv, Togdog Sgpoxiv £aror yewts, Egymaripra FEvsRig
Speioy Fluiwar Neraofiiow Hodursyusion, fofursyvsrodnody Jegpdpod,
£, » .

(EAfg9q omig 10 Mepriow 1987)
MIEP | AHYH

01 oniveflikoi geppiteg zivar piktd ofeidio oidiipou kot evdg
aifflou petéfou (M), Tu onoig eivar duvatd wa nepigpagody and ToO
yevird TOno!

. _ {1L2*Fe, 2" e, ™ 0,2

dnou To x maipvsl Tipég ﬁsrugﬁ 0 ka1 1, ke gpuoreiiivoutgr oto kufi-
k6 ooTRpa, akofoudauTag T dopd Tou opuxTeld @rsus@iier (NMgRlsl,).

01 omivedfiroi §eppliTeg gapuKquiaguTul and evdiappouser pogun-
Tikég kot qAekTpikéc 1016THTEG. 'ETON, avikouv OTWY KaTRRopid Ty ov-
dpprpoyenrikey wiriiy  pe anoTéfsopa va pgavigouy uyniec gevikd TI-
RES pogunTikdg enidexTikGTYTHG, o1 onoieg péiiore efopTévTar and Tou
TPANo KATOUORRg Twy puguyTIRGV peTofokaTIOUTUY TOUg OTig Ferpawdps-
ade (R} ke oTig exresdpsasy (B} S€osig Tou omivediikol nfiggpatog.

‘Ooov apopd oTic nlekTpikeg Toug 1816TTeg, o1 omivediikoi ¢eppi-
TEG nupouolég;uu aufnpéveg Tipég e1dikig nierTpikfg agwygipdTyTog, oOF
glgkpion pe oifa oTeped 1OUTIRAC KAOTOOKEURG, o1 onoigg pofliora vei-
vouy va aufdvoutar pe Ty adfnon Tig deppokpagiog. 'Evor, avikouw ot
KaThgopio Twy npiogugdy koi, avdioga pe Tig guudikeg nopaokeuig Toug,
gival GuvaTd va OURNEpIgEpouTal WG Mpiogwyoi Tonou N W Tonou P.

Qc gnoTéAeopa Twu Wpiogwgiksy Toug 1SroTiTwy, o1 onrveddikoi
gapprag eppovilovy of15fogy KateduTikd Bpdoy UEE?EgﬁﬂD apidpé avTti-
dozwy NG, Auopygduou kot Tic Opgovikic Kgpeiog. Epgavifouv ardpy xat
agtéﬂogsg pognTIKEG 1516TYTEG. ’
4éTerf xiziBid: ®eppiteg, omvéddier, ofeidia vikediou-oidipoy, Tpe-
PopiTng.

HAFNHTIKEZ 1&10THTEE
Fevixd ’

01 onivedfikoi ¢eppiTeg aufjkouy OTHY KATRZopia Twy avdpesaoyeyrs-
xwv wdrxwe V4, Qpdgpari, dnwg npokUnTer ond Ty pedéry Tig kpuoTedd
kg Sopiic Toug, Ta peTofifiokaTiduTa Toug ouvioTolu GO0 SiagopeTikd u-
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nond ExaTH, uuxxGTa;mDu-Tu unig ﬂ:xﬂdttguxfg (R) roi oTig a«rw;éb;ﬁcs
(B} Sforsp tou omivedflikod niégpatog. 01 pogunTikég neproyéc. Toug
{domains) anovadolurar and pra opdbo ororysiwliv RuTTdpuwy f okdpn Kai-
and pfpog =vag pdvo gtolyerddoug KuTTépou. AnoTédcopa eivar n epgdui-
o kanotog pn pndevicic poguiTiong pEod thg nepioyss uuxég; aképq
kat dTov Te dibnpipagunTikd ullikd dzv Bpfokstar und #qu enifpaoy £Lu-
TEp KOG yﬂgﬁnrsxoﬁ nediou, nou eival yuwaTh wg oeldguyry goyefrioy

Herofady rpc coldppnrig ';fe{g?{f,y’rx‘.ar,?g KO THE HOSERTIRGS SRidekrikdryrey
FEEF ﬁﬁgﬂffm%fﬁf'}y Gepgronpoas :

To odnpipogunTied ulikd kot enopduwg kat o of ﬁ;ﬁnpipﬁﬁUﬂTlKUi»
peppiteg yin Seppokpacicg peygadiTepeg Tou oppeiou Curie () oupnepi-
pépouTatl wo napapogunTikd viikd, To ¢dtuéﬁeun autd eppyuelsTal jE TR
gEapdvion Tou auldppnTou napaﬁﬂnﬁnapau TUY pagunT‘Kmu poniv Ty nEpi=
oy Ueifl pe ouvénsra To pndewiopd Tag auBnppang poguiTiong péoa og
£G3s TETDIU neEproyl.

ECaddou, o auldppntog nopaddndiopds Twy pagunTik@y panuu TWY ne-
proyiv Heill suég peppity ogeifeTar ory Gpaaq TOU EOWTEPIKOD RUZVHTI-
kol nediou, n onofa pe Tq o=ipd Tig efeprdTar and TN Seppokpagic Tou
uftkot, Mpdgpati, doo peyefdusi § Jeppokpacia Tou geppity, Tood wufd-
vetar 1 9spjukd sivnog Tww ﬁnuixﬁu TOU gauﬁ&mufrgsgouég noy TEivEr ua
anonpoouaToiliost Tig pogunTikég pongg ond Ty vﬁlﬁTGﬁﬂ, v onoiu
npoonodsi v emiféiz1 To zouTeEpikd pagunTikd nedio, pe . anoTéfsopa T
pe fuay THg uuqugpﬁqu paguiTiong. Ze Sepporpagisc peyofiTepsg Tou o
peiou Curie, snopfuvug, aipetar nifpuc o nopadfnfiopds Twu paguntixiy
poniy pe anoTéfcopa o1 peppiTeg vo peTaTpénoutor o andd nupupagunx—
kd uflikd {pydeviopés Tig euBdppnTag paguiTiang).

To Tyfpd 1 nopousidler vov Tpdno petaBofific g uu?appqrqg pogun-
Tigne Sradépwy  EppITHV guvapTiost TG ovnypfvng oto ongpeie Curie
Szppokpogiog toug (A7 ). H ouunBropduny Tipd prog TéTorag petapoiig
gia Tous oniveAfikode peppiTteg Eiver auth Tg kopnifng 0 Tou ExfpaTog
S gop@ﬁ g onofag TouTiZeTar pE Tou popgl TG KopndAng, nQU'nubé~
yet 1w peTafori T ouldppnTng poguiTiong Tuw U:ﬁﬁpugﬁguq?ng@gﬁuﬁl—
kitu guuapThost Thg ovqgpéung oo onpeio Curie Ssppokpaciog Toug. Edp-
puvg pe TRY kopnofn outd, ugioTator padeviopds Tng audbpunTig pagui-
-Tiemg M ooro onpeio Curie {777=1), sui yio 9=ppokpogisg pixpéTepEg
Tou onpsiou Curle w. ou3bppqry pogvitiog oufdverar doo pikpaiver
Seppokpuoia.  H adfnoq oot ofokfnpiveTdl oz Eepgdﬁpuafsg nodd kouTd
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2RHMA 1 Merafod) roc ooldppprps payefroags peppiree g 1y eppeongur-
T, :

oro . andfuto pndév, gexoudo nou guiveTar kot and TRy pndewvikd  kAioy
™G kapndiyg § of ouTiy THY nep;axﬁ.

drdrofy ricv f(t{:}’{f{]}',"ﬁﬁs‘{"‘ PTG ST ToR o T Ty areg R ,‘? F&74
B o amrvsAFieod afsgperer.

0 tpdnog SidTafng Twy guguqrt&mu pondu Twy petofifokaTiduTwy, nou
xoTofapBdvouy Tic A Kol B Sfos1g Tou omveiilikod nilégpatog, or onoi-
£¢ undpyouyv oE fio pegunTikg neproyd, ka9opifeTar ond Tou Tpdno npoo-
auaTofltopol Ty pOyunTIkEY poniv, Tov onoio Teivouv va eniPéflowy Ta
aawrepxﬁé”gagunrlﬁé nedio 4, pe dAfo Adgia, o1 offindenSpdosig audpe-.
oo oro 5:u¢opu pagunT kG 1duTa,

Era TumikG pdpla Twy £udéwy Kol QUTIOTPSGWY PEPPITEV 60pqg oni-
veAiou v FewpnTikd TIRR TNC gapwRreac pomic sdpo exgpoapiuy o
payepriviy roe Babry npokinTei ﬁﬁ Tov Tpdno, nou nopoudidfeTar oTov
Nivaka 13, SnAadh AapPovopévou undyy Tou apt3pod Twy aoulsikTwy nisk-
Tpowiwy Twy petaifokaTiduTey Toug.,  Ztouw iGio  [Huvako giuar axdpy
oNpErMpEVEG 01 auTioToigsg #ia wG3s ¢eppiTy Tijiéc, nou npecliopifou-
Tof nEipopatikd, kaddc enfong ko To ouTiororyo onpeic Curie.

“Onug SramioraveTor ond tov flivaka |, o1 Sewpnuikég Tipég Twy
HORUNTIKGY ponwy KApou Twy Tumikay popiwy Twu =udéwy ket ouTioTpduy
omivediikiy ¢eppitiv TouTifouTar pe Tou apipd Twy aoufelkTuw yiek-
Tpouiuy Tou peroffokaTidutos IBF, MpokdnTer akdpy 671 upioTaTor, ovd-
doga pe To ¢eppiTy, pra peepd § pegdin Srepopd pevafd Twy JzupnTiviv
Kl TWU NSIpOPOTIKEY TIpEY THC poyunTikiic ponfg kdpou. H Sragopd auti
opsifleTay og noikifdoug napdgovTeEg, Gnug:
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MINAKAE |
Peppitec Aopic Tmivefdiou
EuBzig Autigrpogor :
ﬂnFegﬂ4 infe,0, CdFe,0, Fe,0, CoFe,0, Nife,0, CuFe,0, MgFe,0,
T, (=) . 300 . - - 575 SX0 585 455 440
Ap13p6g Fe¥:5 Fe®*:5 Fe®:5 Fé‘ﬁFé‘SFé“SF?ﬁS’&&ﬁ
AouZzlurwy
Haserpoviwe  Mn®:5 Zn®:0  Dd®™:0 Fe®:4 Co®:3 Hi*:2 Lu®:1 Ng>:0
Mogemmikg B M5 Z2n®:0  Cd®:0 Fe™:5 Fed*:5 Fe®:5 Fe*:5 Fe¥:5
Pomy (> B Fe%*:5 Fe¥:5 Fe™:5 Fe2:4 Co?:3 Hi%:2 Cudil Hg2:0
pg) B' Fe*:5 Fe™:5 'Fe3*:5 Fe¥:5 Fe¥:5 Fe®:5 Fe¥:5 Fe¥:5
Aoy Bewp.> 0 0 4 3 2z 10
{pp)* Merpd 4,6 O T 2 T P 5% T 1,1

* Magvnuikd pony kdpou avd Tumké péplo geppiy.

' Napapaygyntiues uaws. .

a. dev xogﬁel'névrdre ondflute 471 oTny KoTAOTUTg TOU KOpou o1 po-
gunTikég ponég eivar petofd Toug nopddfndeg.. 'Evor, eivar nrdovd To
gluofio Twy pogunTikgy poniv Twy petofdokaTiduTwy Twy FEgzwv B ova yu-

piGovtar oe BGo opdifeg A' kai A", n xodepic ondé Tig onoieg unoTEdci-
. Tar ond nopdAfnfec pogunTikég ponég, Evi o1 ponég g opdbag A' va
- oynpotifouv opropéuy guvia wg npog Tig ponég Tng opddag A", H &rdrpi-
o ouTh Twy pogunTikey pondy oe 0o opddeg eival ni8avé vo 1oyier
{ka1) g1a Tig pogunTIKEG pcnéé Ty B00 unonflegpdTuy Twv Jfoewy B.

B. 01 oniveAfikoi ¢eppiTeg gevird Sev givar 1fovikd zudeig ay-
riotpogor  offd paddov pikToi. &' outég Tig MEPINTHOEIG Eyel
SeupnBeidTi o ouvrefleoTig x  Tou TONOU TWY RIKTWY QEppITHY  £ivml
_ npokTiKG foog pe 1§ pe 0 aurigroiya, undédem n=pt;gaaaﬁ onwodinoTs

kénoio opdipa,
Hixrad ﬁ;"{fJﬂxi‘ﬁ" ponpsrde Sopfe omresiiiov,

Todaos  Spusougy fov ginriy Apeard®ive. T nepinTuoy Twy onived-

fikiu geppiTiy efval duvdtd va napuokeuaodody piktel kploTaidet, ﬁq-
ﬁuﬁn greped §1ofGpaTd Toug, katd Toug akddoudoug Tpdnoug:

4. M oafy eoxerdoroay TuvioToaTal OTWY UNOKOTGOTAON MEpIKEV pE-

roAfokaTiduTey Tou kpuoTadfikod nAdgpaTtog. Twy pEppiTiv and adfa pe-
rafifloraTiduTa pe Tou iGio api9pd ofziduong pe To vnokadiorapsva. fAnid
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unokaTdoTamy siver Suvard ve ounPei Téoo wia To rduta 12, Gaoo
Ty 1uTH T, o
s 3.;. . P . .-‘ P
gio Te rdure Fe? tuy geppimdu. IyeTixd nopdSeigpe snotsfsi n unoka-
3+

rdgraoy  Twy 1dutuw FePt and Crd* § RIS,

B. M dumdy vaoxorderaey Nepicd dporo pevafd Toug peTofifiokatidu-
Ta Tou nAggpatog TWy PeppiTuyv unokedioTauTor ond oo opidpd GAAwY pe-
TﬂﬁﬂokuTléUTHU‘5Iﬂ$OPET1KDﬁ op19pod ofeifuonc kai ¢dong, ToOD o= oyé-
on pe To unokadioTapeva doo ket petefd toug. M.y, Sindf unoxardoToomy
upiotatar, dérav 800 1duta Fe** tou gagpepriry (Fe?*Fe,®0,) unoke8i-
oroutal oand &va 1ov Fedt kar &va idu MY | akdpn Stov Glo iduta Fedt
unokaSioravtar and &ua 1év Fe?* kai &va 16u MH, ' :

& M Spproupy o wswiy mfsgporsae Sfoser. ITig 800 npongolpeveg
nepinTwosig oto kpuoteiiicg ndfgpa Twv geppiTiv TR Seon Tou unokadi-
oTpEVOU 1GUTOC Nijpe To 1dv, nou TO unokatéoryos. Eivar duvatd, dpug,
KOTE TIG UNOKATAOTAOSIG Twy 16UTWY Vo NOPUPEVOUY Kol KEVEG 9€oz1g gTo
négpa Tou $eppiTy. - ‘

%fwﬂ:;sg ol dpproonyioe iR FEE Kpecrddifey arvig ;.f.-:g.f{f;;m g sifrd-
ryreg v gepps e, Hodnprovpgio pikTov kpuotddduy otoug anmivediikodg
peppiteg gival Suvatd va ofngiost of SiudopsTikd RUgUNTIKY oupnepigo-
pé Toug, =ne1df To véo peroifdokaridy, To £igaydpevo oro kpuataflidikd
Toug nitégpa, mideudy va npoTipd SragopeTiked eidoug Ston an’ auTiy,
v onoia €iye kotaddfer To unckalioTipevo 16v.

Sto Syfpo B3 gaivoutoil o1 petaoliég Thg pagunTikig ponng kopou
%1o Toug onivelflikoldg geppiteg pogyoviou, kofodriou kar wikediou, 4-
Tav Aopfdusr wépa unokaTdoTaoy auTey Twy peTddfuy ond peuddpyupo. '0-
nug SianioTiveTaI, N poyunTikd poni képou aufdustar, nepinou péxpig
érou giver: x = 0,4 gio dfoug Toug gEppivTeg, Kol OTY OUVEREia e HuE-
Tat 1o va anokTiosr Ttedikd v padsvikd TIpG TRy yepokTRpioTikg gia
Tou $EppiTy geudapglipou. _

'Eva 4Afo yopakTapioTikd napddsigpo sivor n nepintwon Twy ndouai-
wy o= vikéfio aniveddikiv peppiTiu, S3dadh o' ekeivoug Toug onoioug
éyct npogpotonoindei pepik unokaTAoTODY 1GUTWY Fe* ané  Ni%*. Zto

Syfpn P goivetar v peTofoly Tvg pegunTirdg ponfg wg ouudpTRoRg TN
nepIEkTIKGTYTAG Tou eppity o= wikéiio. To Siokskoppévo Tpipa g
ropnoing autTioToiyei orig JeuwpyTikég Tlpug THG pogunTIkig pomig, dnug
auTéc unoflogifouTal pe Pdoy Tou kaTovopi: Fe3+[N|2+ﬂ13+}U4 Kal TOuTi-
ZeTar onéfuta pe Tig neipapatikég Tipéc, of onmoisg £youv npoodiopt-
g8si oz Gsiypata, nou nopagksudoTikay o= uyniég niéosig Oy, H quuexic



Il
)
oy
ot
[owad]
(2}

54

" 10
. .z ,/#
zs. g
477 put
i A //;/ 8 ( uB)
//',/ /4’// .
Ra Py 7
L~ i j>><\
A S N
L~ /// vd ‘\ 6
A7 TN O\ 5
e /i; J¢;;7f/ AN :
A / R
Co ¢ 2 N 4
pa ’\\\l .
. . ‘L‘\ N 3
Ni /, . \\\ \
A AN 2
M (| : N
N 1
DAY
S
Y
- : 0
0 0,2 0,4 0,6 0,8 o
MFe 0y ’ X+ ZnFe 0y
TULMD T #ew o iTe saTie dono P S . ¥

Sl £ .t'.-’:? 3 if‘i?ih'h'l # .':.-‘n'. }x‘i?_’{{-’:‘:}';‘ )‘J\.'}"f. A
rity ST PERR T,

Gauss.cm3/g « ut »"uB'

120} o 1s
90
60

30

;ﬁpq}gjlj}’} GUTIOTOH };IFQ J2 OSixudrTd, T4 onoid {'1!}%‘:::25

N aTpooduipik nigoy kot o ugyd

Hepporpadi

and TéTotsg ouwlfrec gutd nou-oupPaivel ot npaggaTxﬁéTnTa siugr a-

% 3



IA1OTHTES STINEAKIKON SEPPITON ' i 55

i apaiwoy Tou HiFey0y pe nopopoguqrikd Nil, petpidnkev ougic peya-
Adrepeg Tipég puyunTikdg pondg képou (nmou auTioToryoiy dniadd oz pig-
pota NiFe 0, won Nil). EmiBeRardvsrar okdpn ket To yegoude 611 To i-
dute Ni®* npotipode v TonoSsToduTtar oTic oxkTosdpikéc 9fosig (B Tou
orveiiikod niggpatad,

H dnwioupgia smopfuws Twy QikTOv wpuoTdAfwugaiveten va éyel os
noffég nepinTdosic suvoikd enidpuon oty SiopdpPuon Ty pogUTIRGY Q-
SromiTuy cudc oniveAdikod peppity. Mpégpoti, keSic n.y. 1 npocdnKy
prudapglpou Eyer wg onoTéfdsopn Ty Tensivwon Tou onpeiou Curie Tuu
QUTIOTPOPUY * PEPPITHY, | ROguRTIK Eni8ekT IRETATE Toug oTy guviidy” 9ep-
-pokpacia epgavifeTar ve sivar opreTd pegdin, gegovdc nofd onpoutikd
gig np;ﬁgéusg shoppogés,

HAEKTPIKEZ 1410THTES

FEwind

"Onwg W87 £yz1 ovageplei, éun and to onpovTikdTeEpa 5vmpsapara Ty
$sppiTUy €ivgr To gegoudg 4TI, vl o1 nEprogdTepor on' auTodg éyouy
nofd pegdfsg Tipdg poyunTikig EmifekTikdTyTag, cugﬁpfﬁ;yeg plouutég
Ty oidnpopagunTikiy peTdRdue, nopoucidfouv o= olgkpion pe, Ta Tedzu-
Tofo ouguc pikpdTepy wekTpikl agwgipdTnTa. Npdgpoti, 6ot oyeddy ol
peppiTeg gcpakrnﬁf{ouru; and -grogwgikéc 18i1dTTES KO UUbKEKﬂipEUﬂ
Srokpivovtar o g swgolc TORoU R kar TGmou P.

& ;u,g,wff}qf.'ﬂ‘; rar pAER TR .r:;_.gf&‘gff;m’}‘,ymg aracg mrresAiRaty pepaiTer.
0 payoviopdg, oippwva pe Tov onofo o1 EppiTeg Kai gevikGTepa Ta
ofeidia Twy oTolyeiww pevdnTwong dyouv To nilekTpikd pedpa, avantiydn-
ke kaTd Baon and Tou Uerwey ke Toug ouvepgdtec Tou® ¥ ko Eyive ano-
Sextog ond dAfloug epeuwnTEd® M. 'Evor, SswpefTor 611§ pEkTpIch o-
B tpOTITY auTEY Twv svwoswy opeifleTan oty gurtediayh nlekTpovivy pe-
Tofd petoffdokatiduTuy pe drapopeTikole apidpodg ofciduone,

"Eva gapakTnpioTikd nopddsigpa ouTod Tou pnyaviopod yplsktpikic o-
vwgtpérnrac anoTedsl To ofsibro Tou vikefiouw {Ni0). Av unoredei ot
npdkeiTal gio Teleiug kaBupd and ynpikdg dnoyng ke endfute aTorgeio-
perpikd Hil, v67e 4o To dvops Tou viksdiou 3o Bpiokovrtar aty dzdTepy

ofz1durikd Padpida, Andadf pe T popgd Twe rduTws NiZF, ZTHu neEpinTu-
o5

E

auTh 3a fiTov 3= dnqrské EJUﬂTQ exdffuoy prac nofld aofsvodc nisk-
TpRAG agwgipdTyTog {sudogsvods npiogwgpdTaTag), emh;ragcqu o8 fug

by

gifos Gisgsppduns xarééragng dutey Hi%%, v onoio ouvigraTer oz sufiz-



56 Z, ADI20%, N. ENVPEAAHZ, M. SAKEAAAPIAHS

¥opevn petatpony BUo 1dutwe NiZ* oz Zva 16u Hi* ka1 oz va 16v Nidt,
‘Opwg, dnwg givar dAfwoTe auopevdpevo, TO NekTpikd pedpa, To ogerdd-
peve o' outéy Tou pnyaviops, Sa eivar efoipeTikg aodsvég, RiouTd,
npégpafl, To yqpikd kadopd kai andduta oroiysiopeTpikd Nil yopokTypi-
Cerar and  erdikf glekTpiky agwgipéTyra Tg Takng Twv 1078 (Q- ca)l,
flv, wordoo, o1 ouvdikeg napua&sung Tou Nil efvar Téroieg, woTe va &-
YOy EMITpEgel TRV e100guyl kénoiag nepigoziog ofugbuou oTe kpuoTad-
Aikd Tou nﬂegpu,,gfgoung noy lUOﬁUUﬂpEl\pE T dnpioupyia kevey niey-
poTikgy 3éozwy petoffokaridurwy, § 11k niekTpiIkY agwgipdTnTa Epga-
vifeTar va =ival Uu¢ég pegoidrepy. Npdgport ornqu nepioyh kd3e 1dutog
NiZ*, nou anoucidfer ond kdmora nAegpoTiky 9éom, SnpioupyoluTa gla
Adgoug wAskTpouSerzpéTyTag 800 1évta Ni**. AsSopivou, dpwg, o611 7
dedTepn oferbutiki Padpida gio o vikédio eiver nodd nro oradsph and
v TpiTy, Ta 1duta HiS* epgaviouy futoun Tnu Tdan va npooildBouv fva
yiekTpéuio kel vo.peTaTpanciv oe 1éuta NiZ*, Au, floindy, nopaoyedzi y
anoiTodpeuy svépysia {éﬁfﬁ&ffﬂ SUSRFORaT Rans gafqy@gﬁﬁé}grugi, gival
Sduvatd kénoio qﬂenfpéuru ané fva gertowtkd 1ov NiZt oua peTambiost
gro 16y Ni%*, petorpénoutég to oz NiZ*, ewi To npito givetar Hi3*, H
Brafikaoic GUTH ouTigTOlRE( Ufnu PETAR funOn P10 &mic avdpsEca oTa §-
duta Ni?*. Me 4Afla Adgia, kd3s 16y Hi®* eivar Buvaté va Jewpndei wg
16y NiZ*, nou ¢éper pra amf (NiZ¥*),'Etor, npoypotonoigitar drakTy
kiunon 9eTikdy emey kol To UAIKG OUPNEPIQEPETAI WG NI ORWRGC rundﬁ p
Carpyaersopedy pperagiy pdrprag Ni3*- Ni2*),

Mnopsi geviké vo Jewpndei 6T ta ofsifio kor s1fikdTepa o1 pappi-
TE¢, nou epgavifovv oTo kpuoTaiikd niégpe Toug revég nilegpoTikés 9é-
geig peToifokaTidutey { arofisc Schoftiy ), ¥opokTapitoutar dnflady ond
nepigosta ofuydvou, éEyouy TV TAOR va oupnspigpouTal we TMptagwgol
tonou P. Autideta, £Adeippo ofugdvou aro kpuoradiicd ofégpo Tou Q=p-
pitn, dnfadi dnapln xkevey niegporikéu Sfoswu auiduTuy § TEﬁGSéTQUQ
peTaifokatiduTuy oF SranflegpaTikég Béosig, - ouvendyeTar Exdifuoy npio-
gwgrgérqrug Tonou. n. Mpégpati, v onoucio avidutwy 02 ‘guvendygeTar Ty
GnapEn eAsudépuy nekTpouivy, npokeipévou va Siatapndsi g nﬁFmTpouﬁh—
TepdTyTa Tou KpuoTdAdou, :

And dflouc Toug $Epp:TE§ Tig pegadirtepee nlekTpikES agwyipdTRTES
Ep@ﬂu?iauu ét»¢sppf7&g g1bfpou, &niadf o1 &rdpopoi gnggmyxﬁnag o1 a-
noior eiver duvaté ve napaoksuoododu pe koTdiiindeg ouvlikec ndpuwong
ket Gragepouy peTafl Toug wg npog To nEpieydpeud Toug o ofugduo. Au-
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T4 elnyeitar apkeTd anfld  olnewvn s 10 npdTuno; nou SraTunddnke and
Tou Uerwey: O gageprirpe eivar fvag autioTpopog UﬂlUEﬁﬁlKGg feppiTng
(Fe**[Fe?*Fe®10,), orig B 92oz1g Tou onoiou undpyer foog opiSpse 16u-
Ty Fe?* kay Fe*. 'Opwg, autifra pe 6,71 ocupPaiver oTe vikédio; nou
'nEplgpﬁQTnKE napanduw, n TpiTy  ofzidwtiky Padpife gio Tov oifypo
{Fe3*) zivar otudepdTepy and Ty Sedrtepy (Fe2*). “Erer, To snindéov
niexTpéuio Twy 16Ty Fe?* sivay yofdopdrepa ouvdedepéuo. Axdpy, Gzdo-
pévou 611 ol onogTage g avdpeca orta petodfokaTidute Twu okToedpikgy
Jeoewv efvar apreTd pikpég, eivar eniTpenTd, yupic pegaieg bnusrﬁciig
ge evépgeia, W ondonaoy wiekTpouivv und Ta 16uTa Fe?*, Tu onoio nepi-
nilatiyTe péad.urou kpdaraiiio (oTo nilégpe Tuy 1Ty Fe™) kar given
-Znopévec  flzkTpduia uguy 1 poTTag {anyoveaudy  ppesoywyrpdrgroe Fe2t-
Fe*). Ne aitflo Adgia, o pnupﬂucf va unotedei. 471 orig a&racaplxag
Séosic TDU OTOIYE 1 OUETR KO Fogepriry upioTatar nftéypa pFTﬁﬁEOKﬁTIDU—
Twy Fe¥*, audpeoa ot onoia KivoduTa gfedfepa wlexrpdvia, ‘Evor, o
‘GfDlEEIQQETpiKéQ ;nqugrirgg gival qpiogwgds TONoU N, yopokTipiddpsuns
and nodd upyiée Tipég, of olykpron pe Toug GARouc peppiTec, niekTpi-
kifig agugipdTyTag {nepinou 200 Q-ca ).

Ané Toug mayeprirsc pe GragopeTikég neprerTikéTiTEC 0f ofuydvo,
v pegoiloTEpy nAskTpikh ogwgipdTaTa Epgavide:r o s?ozgatachp;aér Fer-
SHITTRE, €V OTOUG pi OTolyElopETpikolg (nmou nEpifyouv nEplogiTEpo
oﬁugouo Kl upq nep i flapfavovy kevée Séozic petaffokartidutwy oTo ﬁpu—
orefifiiké toug nilégpal, autiSera pe 6,711 oupPaiver aro Hil, oo pEg-
AGTepo; sivar o opi8pdc vy onperakiv etef iy oTo kpuoToARikd niéypo
Toug, TOOO WikpOTEpY Eivar | WAEKTPIKG oguyipéTYTA Toug, vl aufdue-
TRl ) ouTigToiyy suépgeie cvepygonoinang. Mpdgpoti, n Snpioupgia ne-
pigoziag ovidvtey 0% guvendyeTon nugidsuan sfzulipuy piskTpouivy o=
opiopéug quefu Tou kpuotaiflikod nfiégpatog ff pe 4AA Adyia o1 kevdc
nilegpoTicég Yéosic enégouv 3oy wAekTpupunTikd gopTiopéuwy kéuTpuy
( yoaporasy sdvrnmwe ), 10 onoig Teivouy ua'napiﬁdﬁﬂovrax onugdfnoTs -
né 16uta Fe3*, geyoudc nou SraTapdgos Ty Tuyaio kaTovepd Twy £deu-
9épuy yiexTpouiuv glpu ond To okToedpikd peToAfokaTiduTa. Ardpn, o=
yopniés Seppokpacizg (xkdTw oné rtoug -154°C), onéTe npugpatonoieiTa
"Srarabn” Twv pevofiokaTidutuy Tou gayewriry 23, w onoia ofnggei o
opSopopfikf} nopapdppuon Tou kpuoraidikod rau'nﬁéggarag, nopaTypsiTo
SpaaT ik peivey THC nfizxTpigfc agwgsgéTQTag Tou @Epgf?q. To yegousc
autd enobidetar oxpiBds oTyw opoidpopgn &idToDy Ty peToAfokaT 1 duTwy
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Tou geppiTi RoTE Tiu fvupia Fef-Fe®, q onofu nepiopilei anpauTikd
T kivqoy {peTanid qow) Twy nAzxTpoviwy and To uo 1du oTo éfflo.

0. UIhTG! peppiteg, eBafdou, yopokTpifovTal and pikpdtepsg nisk-
Tpikéc aywgipdTnTEg o olgkpimy p' ouTiy Tou gageyriry Autd a¢eiﬁs
Ta1 oTo gegovde 611 v nopepfoii Téwwv peToffokaTiduTws orig B Séozig
tou amiveAficod nidypoTeg, To onoia ouufifug Gev Eyouu Tv euyEpEid

“tou giffpou sikofyg peTonidnong and Tu Sedrepn oty TpiTy ofEiBuTikg
Budpife ke ouriaoTpopa, npokeisi apaiwon — audiogy ouviug pe To nflf-
S0 Toug — Twy 16uTwy Tou oiffpou ket Suoyspoiver Ty kiundy Twy -
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GgouTal  o1od3yTi ﬁsiﬁaq THE K-

TRIKIG agwygipdTyTag Tou uflikol. Ag e Tocdodv n.y. To otepsd §iodAlpa-
Ta Tou omivefdiou: Nglrly oz gayeprirp Feglly. Edu onpzidverai é11 o

dextpovive, To gaivbpsva outd guven

Mglrol, wopokTnpifetor anéd nodd RIEpY nﬁe&rp:xﬁiagwglpérqra [pixpdre-
pn and 10710 (Q.cn)™'], nou Téu TonoSetei aTnu KaTngopio Twy povutiv,

£70 ixqpa 4# nopéysTar g petaPoiiy Tou Sexudikod fAogopidpou g £1di-
'qu qﬂ&xrp;&ng agugipéTyTag {loge ) wg npog To auTtGTpa¢a ™o ondiu-
‘TG Seppokpaciag (177 ) arepaiy drafupdruv Nglr,0,- Fe3ﬂ4 gia O1dgopsg
MEpIEKTIRGTNTEG Tou nputou petafd- 1% kar 100%, &ronioTiveTor 611 1
perafoili outh Exer Ty popy suSziog Sefopivou GT1 akodoudeiTan, dnug
8o avanTuySei nﬁpﬂ&ﬁ?w,‘ﬂﬁﬂolﬁg‘EKSETIKéQ vépag. H g1diki AEKTP KR
ogug I pdTATE perbvzTal Seapotikg o= kaSs deppokpaoic pe v allnoy Tig
neprexTikdTiTag os Mglr0y, ewi q kAion Tww auTioToiyws sulziiy giue-
Tl OUVERNC pﬁgaﬂuxqu. :

Zto Zyipa 58, =LdAfou, onsikovilera n peTaPoil TNg evépyeiag sv-

p*anoiqﬁqg (43 wg oUVApTYEY THg NepiekTIRGTHTAG o Fey0,. dronioTi-
veTal GT1 oTqu.neproyf Tou 508 npogpatonoisitor andropn adfqod ™mg,
onfladf o puyoviopds Tig agwyipdTTac yiveTo duckofidTspog, Mpégpart:,
Td Vg peTofiiokariduta (Ng®* ke Cr3*), Grav E1gdgouTai aTo niéxpa
Tou pagunTiTy, npoTipody va TonoSsrnSody (iSiaiTepa To u:TﬂﬂﬂDKDT!DU-
td Cr¥*)-aric B Jfosig Tou omiveddikod nidygpaTog.

"Onwg npoklnTer ket and Tou Nivaka 118, yia MEPIERT IROTYTESG OF
Feslly pegofdrepeg ond 508, ugioreurr néutoTe peToAfokaTidute Fedt
kot Fe2t oric B 9fozic Tou onrveddikod niggpatog. "ETor, g naEKTﬁlKﬂh
aguyg i pdTTa exdnAiusTa kaTapikog kpuotaddiciy eminédey, To onofg ne-
piggooy kol To 000 oguTd efﬁg peTaifokatiduTey, pe Ty Siogopd 6T quTh
RETWUETEL KaTd Tpono opafid, doo Te 1duTe Tou oiSfpou apaidvouTar ond
Ta 1duta Crdt ko ﬁg‘ + nou Eyouv Ty Tamy va TonoSstobutar oTig B
Béosig. ETNU nepiskTikGTYTA, Gpwg, Tww S0¥ os Fes0y n npotipnon Twy
vptTﬂﬂﬁBﬁQT!ﬂUTwU Fe**, twv onoiwy To niffon éye neplopioTsEi oTa -
ad, gia Tig A BZoeig, ofqyel oz nAfpy Sraywpiopd Touc ond To petadde-
kaTidute Fe?*, Autd ouvsndysta andTopny pEiuoy Thg wlEkTpikdg axwyi-
poTnTeg, W onoio sxdyfuverar ps autioToiwy abinan. TG sudpysiag svep-
gonoinogg. ETon, yim nEpiexTikdTyTE; of Fey 20y pigpdTepsg and 50% o

peviopds TG wiEkTpikds aguwyipdTaTag giveter onpavTikd SuoxoAdTa-

ag. Auti Tape ex@nfdveTar pe autoRfayh v nzkTpovivy audpson o= petei-

'.,J

okatiouTe Fe?* kor Fe?, nou Bpiokoutor £its koo To 8o oTic A 94-
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MHNAKRE 1
¥ Fey0, B Béosic A Béosig. B
100 Fed* 4 Fe3*, Fe2t
75 Fe3* ’ 172Fe?*, 172003%, 374Fe2f, 124lg2t
50 Fed+ ‘ ©Cr3t,  172Fe?t, 172l1g2t
25 172Fe? 172Mg2* ©3s20r3%, 1aFe?t, ualig?t
25 172Fe?*, 144Fe*, 124Mg?t 3720037, 172Ng%*
0 S Hg?t ' 2Cp3t
THHAKARZ 111
% Feyly Biozic A Béosic B
100 Fed* B Fed*, Fe2t
75 “3/aFe?, 174202t 3mFedt,  1y20r3%,  3s4Fe?t
50 172Fe®, 17228t 122Fe3t, Cra*,  yp2Fe?t
25 174F e, a4Z2n2t 174Fe3t, 372003, 1p4FedF,
i . Fe¥ - 2Cr3*

geig gite o SiagopsTikg £10y Féoswv Tou onrvedlikod nAggporog. K
o1 800 outei pnyoviopol civer opreTd Sdokoflor kai nepikfeiovy aubnpé-
uny euépysta svepyonoinong: O npirtog, ¥ioTi o1 onooTdosig cudpson oTo
peTaffokatiduta Ty Féoews R sfvar onpouTikd pexefiTepeg, kot o G&d-
TEpog, giaTi undpysl onpovTikd Siagopd avdpsca oTig svepyeiakég oTd-
dpeg, nou auriartotyody otic B ko omig B Béosig,

AutiBzTa, ov ypaoiponoin8si auti Tou. pagunoiou yeuddpgupog, ov
npékz1Tar Gnfedd gro oveped Srofdpate Fegl, ror Znlr,0,, EnE}Eﬁ'Ta
petaffokaTiduta 2t npatipoly %ig B Jéosig ko To pevudfokaTiduTa
Cr3* tic B Bfozic, upioTouTor, odnwc npokdntsl kol ond Tov Mivoka
1118, nautore petoddokaTidute Fei* ko Fe?* oric B 8fozic, yexovdc
nou  guusndysTtor  guveyws opoff adbnony Tig ﬁuépgsgaq suEpEonDi 1o
{Zyfpn 3) pz Tov peiugy Tig neprexTikdTTag of Feyl,.



1BIOTHTEZ ZNIHEAAIKON $EPPITON | 61

H usrafodi rar R FRIL M iFnro
H s ;'._-.;S’gc?{g O ) TRIRGE maseradtarer  rav .-m.fm-ai-?m&w B0 T we
ey Fa goedva,

-~y

LKI‘.I UE'JH!UIWUCI U!l U! UU'JUI!&C‘), IIUU' ot

l-r

"Ciem, LK, . : ‘ﬁ;
iNERGUTAT KO

Thy Fris )

R L
pﬁuxeuacraxn diadikaoio Ty ¢eppiTiy, naifes anogaciaTkd pofo ary 51-
uuonmuun Ty nAekTpIkUY Toug 1d1oTiTEY' o outéc - nepifopdveTar kal
] 94940 pe Tou onoio npagpoTonoiziTar n woby peté TR nipuon Twv
pepprruv. llpdypatt, 1 niAskrpikd agwgipdTyTe Evég onivedd kol peEppiTy
fvan SrogopeTiki, av n yify npagpaTono1i9nke andtoja 1§ pe Bpadt pu-
9pé. ‘Evar, Gramiotidnkz'2 g1y n, X- ¢eppiTyg vikediou, o onoiog nu-

‘pudnke otou aépa oToug 1250°C epgoviles e1diki nAekTpik ogwyipdTyTa
fon npoc 2,8.10°7 (@ cm)™!, drav plgerar ‘apgd, kar 7,735,107 (Q-cm)” 1,
atau yiyeTel andtopa. RopokTypioTiki givar 1 Sragopd avépsou orig ﬁuo

'aurég Tipgg. To andfuto pégeSdc Toug dev éyzr kol nodd pexddy onjo-
oio, ogol kadopifeTar ond Tig ouvdikeg ndpuong, o1 onoieg akodoulhdn-
Kav and Toug gugkekpipévoug Epiuﬁqrég, H 8rogopd aury ogeideTar arvo
gELOVEG OTI pe THv andTopy méin'ﬁldrqpedel'q Sopdy, nou ugiorate oty
upnity 3eppokpacia, svi pe Ty opyh wifn Sivetar oTo UIKG To ypoviké
nEpidupio va npoypaTonoifoss kANoIo auoKaTAVORh Ty pETuﬁﬁoxaTlnuruu

© Tou avdpsoa otig B ko trg B S€ogic Tou UﬂIUEﬂﬁ!KDU niégparoc.

EvBiagépov zivar eniong kot To gegoudg 6T1 4 NAeKTpIKY ogwygipdTy-

ST TWY QEPPITHY psra&aﬁﬁETa; pe Tou ndpodo Tou ypduou- okdpy kai oty

quuijdy eppokpagiald-17, &run;uruﬂnxe 0T1 oz opropéuoug an' auTolg §)

agwgipéTTa aubdueTal pe Tav népodo Tou ypduou {MgFe,0,, NiFey0,), =-

v ge GAdouc perdueTo (HnFeZG4, CuFey04, CoFey0,). To @m!uonsun auTh

eival neprogdTepo €utove o Jeppokpacisg pegafddrepeg T guviJoug.

To nupanauﬁ paivdpsvo qulpETuﬁoﬁﬁg pe To ypbvo g nﬁEKTpIKﬁgk
ogug pOTITAG TWY QeEppiTiv Szv fvdr Suvaté va- anoBodsi o kénolg eu-
degbpevn PoSpiafa ouutefodpevn ofeiSuwan petAfokaTidutwy Fe2* ngog
Fe?*., Ity andpp g, piog TETorag effignong ouungopei kar To gegovdc G-
T1 9 gflekTpiky agwgipdTTa oz dAfoug geppiTes ouldveTai ko oe dilfoug
petiveTal pe Tyv ndpodo Tou ypéuou' npdypoTi, ou ouvéBarve kATt Té-
Toto, 9o énpens o GAoug Toug geppiTeg auvefaipéTuc § ﬁﬁEKTleﬁ TOUg
agugIpdTATE va perdvetar. To goivépevo autd anediBeTur oTo yeyoudg -
TI KaTé TRV pokpoypduic napopovi Tou ¢eppiTh npugpoTonoiziTal npoo-
deuTix ovokaTouopd Twy petAfokeriduTey Tou oric A ket B Jéos1g Tou
onivefilikod niégparog.
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‘0i peppivec, kupiuc Aogw Twy npiagwgikev Toug iSioTiTev,  Bpi-
oKOUY OMpauTiRg £gdppoyf wg koTefdreg Téoo oTny Audpyovo, S00 kol
orqu Opgovikd Hypeia, xor ypyoiponoiodutas Hio 10 okond ouTd oe pegd-
Ay ékraoy oty Bropnyovial.

H rupidrepy spoppoygh otqu Opgavikd Anpeio ovagépeTar oTRv npaguo-
Tonoingy epedpayessosee pe oxond T odulzoy akopéotwu (f nepioodTepo
akopéoTwy) opygovikwy popiwy. 'ETor, givar moy. guwoTi q kgsr::ﬂpam‘; TOu
apoaiossTpatior 0 oxpedes rpddne nopoudia gEppiTy vikediou, Tomo-
semg.léuc«u' oe undorpupa ond  ofoupiva, Tig H;t?c?;‘i't}‘{/t}'}'ig?g s aspedsivg,
Tou Rewdecfovivy O SR, TOU glwooerfovion o Froafoyfep/des,
Tou erSufofcnlmiior of crepddre v 4. Ruapépovtar okdpn v peTaTpony

<

Tou Foergedes oe F-feersess v outol oTy guvdysia oz 4, F-foeredife-
s, Tou FwdSifo-S-fovrseior oz sovapSise wadic ko aifleg nopdpareg
auTi8pdgsic nupoudia PEppITIY Eér,‘ Mi, Mg, Zn, Cd, Ba, 5 x.4.

O geppiveg katoaflouy akdpn ke 4ffsc opgavikéc auTidpdosig, Gnwg
givar w Feedrdrpeny perdfemy, n drdomeap | £ ofe/demy Tou gUmEpR iAo
afdoy, opedpoyouiasie Koy opederiesio  oivosdiy, olsidiosis  edoaye-
voudadvie wat ofvondiv, odpofdesre sordpeu, afvedrigsig v owede-
#msie Friedei-frafts,  ovridpdecis mefugspiaped, K4,

0i geppiTeg ypyoiponorodutar oxdpn kel of spoppoyis Tng Opgavikig
Teyuoflogiog, dnwg sivar v edpayowrriny omofcivey rew oporrsfrisy N
arafsiuey pociaiy gopive, Froppyevisd oepive vay apive m8fses ro-
Uic kot oopiee Froppyevisd arefffree. § oviyrseoy vdi N dfapsemy
R 0 drdmreey apoapiiswe xeplee apyeeisgc poopc {eafpayaveudodti
afvondiy,  ropfelidisy olSwy, SRR, g';g;céﬁ?%f{&?;ﬁ'ﬁi::f ST Ko
afltd ko adpagydeos ko govelssdier roe delpers slospiwry wfaoud-
TR O f.rfmg:‘;?‘m'mi,x,é . _

01 gzppivec Ppiokouv ordpn onpauTtikf sgoppoygh arTny ﬁé;;;}';mﬁﬁ An-
peio gra Tyv kordiuoy ouri8pdoswy  ForroasARy gurodiogiy, Gnuc n.y.
120 yevofo 0O kot Lo, H kot 2H peTali Y, ko I, wafeg kar o Poutu-
Afzvio kat 80 kor 180 o ofugouoiysg svidosis.

Irnv Audpgoun Rapeia ko oty Rudpgavy Bapied Teyvoflogio o gep-

piveg pefeTidnrav wo kotallreg 1o Ty ovelfedy Tpc Sppeviog, TV afsi-
diry Tou €0 oe OO wer gra 10 Fedmrery e ofsidive row ofiron B

To1, pnopoly vy ypnoigonoindoly gia Tou aofapsagpd agp

sowmrcp ey,  npogpyopduwy  and Tig sfatpiosig ouTokiviTey,  To oncia
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neprEgouy ofeidia Tou ofiton,  povefzidio vou dulpaks oAfd ko droo-
oroug udpogovdulpoksc, And peppitec katofidoutar kot dromdmess swas-
Fowe Sygimeiy, onug gival To ersprdeiden rov sdpayduse, To oS a0,
T plepsnd Rat To wmsppdeniad ofere. .

01 geppitec, Ttéfloc, yoporTnpiZoutar kat and of 1éflogsg PORRTIAES
FRFPAFRFES OTHU ENigdvard Toug Téoo aspiwy, GO0 Kar 16uTwY and ulaTi-
ki Grofidpata, To garivdpsvo autd £yer 1 apyiosr va aftonorsitar wig

U kadapiopd Fropgyovikay anoffifitey and Pupéa pévoffa.
SUNNARY

Effect of the Stracture grd the Freparat ion Frocedurs of Lpinai Fer-
rites an Their Chepica! and Fhysical Froperties, 17, Haagnet ic, Flec-
trfeal aed Cofalytfc Fragerfiez of Spinel Fereitos.

Z. Lofzos, H. Spyrellis & P. Sakellaridis A

The spinel ferrites are mixed oxides of iron oxide and o metai
(M} oxide and may be described by the general foroula:

. iﬂx2+Fe,_xz+)Fez3+G4é'

where the value of ¥ may range between 0 and 1 and crystalli
system with an analogous structure to the mineral spine! (Mg
~ The spinel ferrites hove interesting magnetic and electr
perties. They belong to the category of ferrimagnetic materiols and
as a consequence they exhibit high magnetic suscebtibility values,
which actually depend on the distribution of the mognetic metal cati-
ons on the tetrghedral (A) and octahedral (B} sites of the spinel
crystal lattice, . ;

As far oz the electrical properiies are concerned, the spinel
ferrites exhibit higher values in electrical conduct ivity with re-
spect to  other ifomic structured solids, which increase with the in-
crease of the temperature., Thus the spinel ferrites depending on
their preparation conditions behave as n- or p- type semiconductors.,

Az a result of their semiconductuvety properties, the spinel fer-
rites exhibit a consideroble catalytic activity for a targe number of
Inorganic and Organic Chemistry reactions. They also have important
absorpt ion properties,

Key words: Ferrites, spinels, nickel-iron oxides, trevorite,
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