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THE SELECTION OF THE ATOMIC ORBITALS PLAYING A
DETERMINING ROLE IN THE GROUPS. FORMING COMPLEXES

By F. ]. GILDE
lnstltute of Theoretical Physics, The University, Szeged
(Received March 21, 1960)

For bonding of the complexes formed by the transition metals the electrons d of the
central ion, as well as the outer electrons (n=2) of the complex forming groups are
responsible. By means of a half empiric version of the LCAO—MO method it was
investigated which states of the electrons of the radicals mentioned above must be taken
into account. It was found that the significance of the 2po orbitals is dominating, never-
theless, the 2pn orbitals cannot be neglected either. The 2s¢ states are, however, of se-
condary importance.

§ 1. Introduction

The theory of the complexes with covalent bonds was found by PAULING
[1] who assumed that the complexes are formed by the localization of the
electrons of the radicals into the empty states of the central ion. On the .
basis of PAULING’s suggested theory KiMBALL [2] elaborated all the combina-
tions of atomic orbitals which have to be considered at the bond. WOLFSBERG
and HELMHOLZ [3] already deal with some complex ions taking the atomic
orbitals of the radicals into consideration, too. The Iatter authors use the
most simple version of the LCAO—MO method and the occuring integrals
are calculated from the ionization ‘energies. This method has been used by
other -authors [4]—[7] too. In the following the methods of WOLFSBERG and
HELMHOLZ will be employed. It will be attempted to establish which of the
possible orbitals (2so, 2po, 2pr) -are the dominating ones in the case.of

complexes of type Me(CN); (Me = Mn™, Fe**, Co™).

§2 The method of the calculation

The molecular orbxtals (MO) of the complex are.composed by the linear
combinations (LC) of atomic orbitals (AO). The five 3d, one 4s and three
4p orbitals of the central ion contribute to this LC. The radicals which tarn
with their C atoms towards the central ion in the complex contribute pro
radical at most with the orbitals one 2so, one 2po and two 2psr of the
atomic orbitals of their C atom to the MO’s of the complex. In each case
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4 * F:J. GILDE

the symmetry O, will be considered and the combinations of the AQ’s
mentioned above belonging to each irreducible representation of the group O,.
Owing to the variation principle the best MO’s can be determined by these
basic functions. At the calculations the integrals

| o1t =gy, | DHDAt=%, f@fﬂ@jdt:%i]: )

appear, where @; is one of the basic functions mentioned and H the
Hamiltonian of the problem. Among the integrals (1) % are determined from
the ionization energy of the corresponding atomic states and the %; are
calculated by the formula of WOLFSBERG and HELMHOLZ

Hai + %n

Fc;;,, @

In this expression.F means a correction parameter which was determined by
the calculations concerning the complex of Me=Cr* so that the empiric
results are-obtained in the best possibie manner and the complexes mentioned
in §1 were calculated with the F values mentioned. The overlap integrals
Gy of the group were determined by means of a previously used approxima-
tion [7] assuming a uniform bond intervall 2,00 A between the central ion
and the C atom of the radical.

With the procedure briefly described above three different calculations
were carried out. In all three calculations the atomic orbitals mentioned were
taken “into account. :

(a) Taking the three 2p orbitals of the atom C among the orbltals of
the radicals into account we -have altogether 27 orbitals. In the functional
space of these 27 atomic orbitals the representatron of the group O can be
decomposed in form

Tor=2A1,+2E,+ Tiy+ 3 Tuu+2Toy+ Tou 3)

(as regards denotation see e. g. [8]). The calculations relating to Me = Cr3+
show that acceptable results can be obtained if the parameter F has the
following values

2,20 for ¢ bond 1
2,65 “for sz bond. Q)

The transitions obtained in this manner are collected in cm-! in the columns
a of the Table.

(b) Among the orbrtals of the C atoms of the radrcals only taking the
orbital 2po into account we have 15 atomic orbitals. The adequate represen-
tation of the O, group in the 15 dimensional functional space can be de-
composed in the form

5=2A1g+2Eg+2Tlu+ T2g- o - (5)
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As in this case only o bonds appear for -the corresponding value of the

parameter F in (2)

F=

2,20

©6)

can be used The number of the transitions obtained in this manner decreases» ‘
and are summarized in the column b of the Table. .

Table
Mn3+ Fe3+
a b ¢ d a b ¢ d
7340 9370 5600 7500 9130 5000
12750 14840 : 16940 15200 ~
16701 17440 - 19240 | 18430 |-
, 25800 . | 21530 20880
28000 : 30070 | (27000) 23560 - 23740
20690 30630 30500 24450 .| 24450 | 24650 24000
33160 1 (33000) 27430 | 28600 | 25240 (25000)
33400 | . - -+ 31710 - .| (31000)
37030 |. 37030 . (37000) 36150 : 33000
44700 | 44700 | 40430 41000 - 39210 39210 39000
46750 | 46750 | - - 46000 46310 45500 -
i Cod+
a . b * c d
7580 7750 6340
: 9080
- 10890
- 15010
18500 18510
24290 122740
A —_ 25220 (25000)
31140 30170
34530 : 32000
42120 | 42120 38500
46150 | 46150 50000

(c) Finally, the orbitals 250 and 2po of the C atoms of the radicals
were considered. -In this case we have 21 atomic orbifals. The corresponding
21-dimensional representations of the O, group can be decomposed in, the
followmg form

FQI_':. 3A1£, —I— 3Eg —F 3 Tln + T2g'-

™
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Now again only the ¢ bonds play a role but they have now increased in
number. For F a value below that of (6) must be taken. According to the
calculations concerning Me = Cr®+ the value

- F=1,50 (8)

seems to be the best. The transitions yielded by these calculations are
summarized in the columns ¢ of the Table.

§ 3. Discussions

On the Table it can be seen that in the case of the results of the cal-
culations (b) the transitions corresponding 'to middle wave numbers (about
30.000 cm~!) are missing, whereas in the case of the results-of the calcula-
tions (c) the transitions of the higher wave number (about 40.000 cm-!) are
lacking. Thus the neglecting of the 2p orbitals (calculation (b)) causes the
elimination of the transition of middle wave number. If the orbitals 2s are
taken into consideration (calculation (c)) the transitions of middle wave
number appear again but the transitions of higher wave number are shifted
from the measurable range. Column d of the Table contains the empiric
data [9]. The values in brackets show the localization of the inflection points
of the absorption curve, the rest of the data that of the maxima of the curve
in cm~l. Owing to the observations the complexes in the range 10.000—
20.000 cm-' are highly transparent, in spite of this in this range the occur-
rence of bonds cannot be experimentally ruled out. _

Finally, it can be established that the best yesults are yielded- by the
calculations (a). Thus the 2s orbitals of the radicals are of secondary
importance as compared with that of the 2p orbitals. :
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HUCCJEAOBAHHMS MTPAIOIIHNX BAXKHYIO POJIb ATOMHbBIX OPBHUT
JIMTAHAOB KOMIIJIEKCHBIX HMOHOB

&. M. Turde

7

KoBaJieHTHEIE CBSI3bI KOMIIJIEKCOB MEPeXO/HbiX METa/0s oépasy}/OTcﬂ d-3/1eKTPOHAMH
IIEHTPAJILHOTO HOHA H BHEILIHUMHM 3JIEKTPOHaMy Janranfgos. C MMOMOIIGI0 MOJYIMIHPHYECKOF(
Meroga MO-JTIKAQ 6nuto McesenoBano, Kakve OPOUTH JIMCAHAOB NOMXKUB GbiTh PacuHTaHBL.
Ilo pacueraMm 2peo-op6uThl OKa3LiBalOTCS HoJiee BaxKHBIMU, a 2pT-OPOMTHI TakkKe He MOTYT
6LITE OCTaBJeHLl Be3 BHHMaHus. Poay 2s-0pGHT hie CyILecTBEHHH.



CONTRIBUTIONS TO THE: GENERAL I‘HEORY OF LCAO-MO
METHOD

By M.1. BAN* F. . GILDE and J. L. HORVATH
Institute of Theoretical Physics, The University, Szeged

(Received June 15, 1960)

The coefficients of the AO’s in different MO’s belonging to degenerate energy states
and ‘the physical quantities dependent on these coefficients, as well, are not unequally de-
termined, but are dependent on diophantic parameters of uncertamty It will be proved
that: (/) the diophantic parameters of uncertainty refer to rotations in the eigenspace of
MO'’s belonging to degenerate energy states; (i7) in the case of closed shells of MO's the
physical quantities are independent of the dxophantlc parameters of uncertainty; (/i) the
physical quantities in the case of non-closed electron shells of MQ’s are only independent
of the diophantic parameters of uncertainty if the “number of electrons” is the same on
the dxfferent MO'’s corresponding to the same energy.

§ 1. Introduction

Owing to the_great success of the molecular orbital (MO) method —
particularly if one considers the MO’s as linear combinations of atomic or-
bitals (LCAO-MO method) — in dealing with the practical problem of quan-
tum chemistry, the general theory of the LCAO-MO method has been investi-
gated in detail by several authors [1]—[5]. Nevertheless, in order to solve an
actual’ problem of quantum chemistry by the LCAO-MO method, one of us
(M. L. B.) has suggested a practical problem which may also be of interest
from the point of view of the general theory, especially in the case of non-
closed. electron shells (in terms of RooTHAAN [5]). It is- well-known on the
one hand that the coefficients of atomic orbitals (AO) in different MO’s be-
longing to degenerate energy states are not unequally determined and on the
other hand that such important quantities as the electron densities and the
bond orders, respectively, are dependent. on these coefficients of the AO’s.
As a matter of fact, it should be of interest in which cases these quantities
are not influenced by the uncertainty of the coefficients of AO’s in MO’s. It
~ will be proved below that (/) the uncertainty -of the electron density as well
as that of the bond order due to the uncertainty of the coefficients of AO’s
in MO’s for closed ‘shells' are automatically eliminated; (ii) in the case of

* Institute of General and Physical Chemistry, The University, Szeged.



GENERAL THEORY OF LCAO-MO METHOD 9

non-closed shells in order to remove the same difficulty the equalization of
the “number” of electrons among the MO's belongmg to the same energy
will be proposed.

§ 2. Reinvestigation of benzene as a model

To prepare the general treatment let us briefly investigate the well-

known problem of benzene. Taking only the sz electrons of the C atoms of
benzene into account, the MO’s of the sz electrons will be denoted by

6 ’ ’
y=2c®, @
r=1 . N

where the index r of the AQ’s refers to atom r (r=1,2,...,6). The energy
of the MO's as well as the coefficients of the AO's in these MO’s can be
obfained by solution of the system of linear equations: : :

‘Zamw4ﬁw=Q‘ =12 ...,6) (22)

. r=1

with '
o =| DIHD A7, S0=] DI dr, 2,3

where H denotes the Hamiltonian of the system. Without any essential spe-
cialization of the problem suggested, one can only deal with the well-known
approximation of the LCAO-MO method: .

‘ a for s= r,' ,
83,:. sy ‘J('sr == 18 for s=r i 17 (2: 4)
0 otherwise.

The solution of equation (2,2) leads to four energy values, two of which
belong to doubly degenerated energy statés. For sake of perspicuity of the
following paragraphs the energy values as well as the MO’s, i e. electron
shells, will be denoted as follows

Eiin=a+28, E2,1“= Es» = + 8,

E3,1:Esz=a—ﬁ, E4,1=Ct.—2:8; (g' 5)

Ei’gl

%m Zug (i=1,...,4; 0—1,2) (2,6) -

Note that the first index of Crio (as well as in the following s, 1, u) refers to
the AO’s, the second one (as in the following j, &, /) to the MO’s by the
third one (as in the following by o, =) the different MO’s are denoted be-
longing’ to the degenerated energy E;, and 0=1,2,..., ﬁ, where f; refers

to the order of: degeneracy of energy E;&Q.Kb“‘}‘
A
N
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Owing to the orthonormality of the MO’s belonging to different electron
shells:

[ w8015 007 =63 @7
and (2, 4), we have ‘
6

1;1‘ C:i, oCrj, e =— d,‘j . (2, 8)

In order to determine the MO's i.e. the coefficients of the AO’s in the
MO's explicitly, one can proceed by the following two methods:

2.1. Taking the equations (2,2) and (2, 8) into account in the cases
i=1 and /=4 the coefficients ¢,;, can be immediately obtained. However,
in the case of the degenerated- energy states i=2 and i=23 our equations
(2, 2) and (2, 8) do not provide equations enough for the determination of
¢, o’'S. As matters stand, one can ‘use [6], e g., for i=2 the following
method:

.Due to (2, 2) for. the c,9, the relations

C12,9=—Ca2,9; C29,0=—Cs2,0; C(82,9= ¥Csz,e=—clz,9+622,g (2,-9)
can be obtained. Considering also the equations (2, 8) we have 10 equations
for the 12 unknown coefficients (o =1, 2). Let the uncertamty be expressed

by the dlophantnc parameters A and wuo:

-C12,1= = —C42,1, Ci0=—Cq2,2= (1—#9)6‘22,2,
Co2,1 = —C521 = 42C121, C22,9 == — (39,2, (2' 10)
7 G391 = —Ce2,1 = (12"-1)(312,1; (32,2 = ——Cp2,2 == MaC222. ‘
Table I*
i: 2 = 3 .
r| i=1 : i=4
o=1 =2 e=1 e=2
il 6 k 37RQRA—Nk | —3RQRA+ DK | W 67
2| 6 Ask 37 (2 —2)k 37 (45 + 2K Ak | -6
31670 | (h—Dk | =3R4k | 3BU—DE | —(+ i)k | 67
4| g —k | =37"R@a—1k | —37"@A+ DI K —67"
5| 6% _ Ak | =37 y—2)k 3745+ 2K Ak 67"
6] 6 | —(a—Dk | 37+ Dk 3 — 1k | —(1 4 )k | —67"
* In Table | k=(4A3—42,+ 4)"2 and &' = (445—4 4, + 4™
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Since, the different ‘MO’s belonging to the same electron shell can be
orthonormalized one can replace (2, 8) by :

Z C:i,acrj, [4 == di‘;'dzrg ) 'l . (2, 1 1)
r=1
therefore, our system of equations is completed by
Ccrg1Co 21— o+ 224 po(Ae—1)] =0 (Cw 1e2270) (2,12)
and, finally, we have

g — 2L | (2, 13)

Aa—2

This means that the coefficients of the AO’s in the MO’s are only dependent
on 4;. (Table L)

2.2. For sake of 51mp11c1ty one can use the method of group theory.

Taking, e. g., the Csy symmetry of benzene into consideration, then the -6-di-
mensional representation I” in the linear space of AQ’s is splitting into"

'=24:+2E. , (2,14)

(Concerning “the notation cf. e, & [7]). The correspondmg new basnc vec-
tors are

) GO = 13D+ Dot De); gAO=1/[3(DoF Dot De); ~
? =1/V§(@2f D), o — 1)) 6(2 @y — D5— Dy); (z 15)
P =1/2(De—D5), . ¢ =1//6(Ds+ Ds—2 D).

Naturally, the energy values are the same ones as in (2.5). As to the deter-
mination of ¢, one can use our equation (2,2) and (2,8) again, but, of -

" Table II

, i=2 i=3
r i=1 : =4
’ e=1 o=2 o=1 0= _
i (RC 3t 0 0 37 6
2 67'h 127 —2! 271 | -2k gk
3 62 — 127 —2-1 | —ot | g2k 6"z
PR —37% 0 0 - 3k —67"2
5 67 S o 27! — 127 6"
6 6" 127 27! -2t —127": "—67" -
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course, the AQ’s have to be replaced by the basic- vectors (2, 15). The ¢
are in this case unambiguous (Table II), and the relations of orthonormahty
(2, 11) are automatically fulfilled. - 4
_ Taking other symmetry groups of -benzene into account (e.g. Caov, Den
[8]) for ¢.,, exactly the same table as Table Il can be obtained.

One observes immediately that Table Il with Zo=1/2 and 23————1/2
can be derived from Table I

§ 3. Electron density and bond order

As is well-known based on the LCAO-MO method several quantities
characterizing the physical -and chemical properties of molecules (in the fol-
lowing physical quantities) can be dealt with. Owing to a previous investi-
gation of C. A. CouLsoN and H. C. LONGUET-HIGGINS [4] all of these physxcal
quantities can be dérived -from the electron density at the atom r

2, an acrz gcn [ ’ » (3’ 1)

L1 9—'1

and ffom the bond order between the atoms r and s

,,,,,,

Pro=2, Z MioChioCoives 3,2
i e._.
where n; o refers to the number of electrons in MO Wio ‘and the Ssum has to
be extended over all electron shells of the MO’s.
“Owing to the fact that the coefficients of AO’s in MO’s with f;> 1 are

depending on 4;, i.e. .
| S Criy o = Criy o (A), _ - (3,3)

one may generally expect that the electron den51ty as well as the bond order
are ‘also dependent on 4;’s:

4=,y ) and pre==poalia, B, .. ), 3, 4)
respectively. - -
In splte of this one can observe that, e. g for benzene

g-=1 and p,s=£ (s=r+1,r=12,...,6). (3,5)

3
This means that the electron den51ty and the bond order do not depend-on
the diophantic parameter of uncertainty introduced.

"~ However, for the positive molecule-ion of benzene having a sr-electron
system . of only five electrons.on suggestmg the occupahon of the energy
states by electrons as

'y

ﬂ11—2 nei=2, noe=1, ngi=ngo=n,; =0, - (3,6a)
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and as - _ S 3 ) o '
Aa=2, fi=1, Moe=2, Ms1==fi32=ns,1=0, (3, 6b)
respectively, the electron densitie_s, at the different atoms .
1 843—84+11. 1 11A—84h+8 _
‘h'_—qr-—ﬁm: %—‘h—%—%—iim, v(3,.7a).
and ‘. L
o 1. 423—441,+3 . 1 342—441,+4 @3 7b)

LA i Sy vy R R ey Ry p

respectively, can be obta'ined, without having any 'physical reason to dis-

°

E
Ess E4y .
1 2t
- Esy Es. Esy E;.
Iy A . 1, .,
3y 3, . . Loy 11
¢ ¢ By Ep B E, 127 ‘12
1 ' . 2/3
Evs Eqr
-0—-
a : b
 Fig. 1 .

tinguish among the two distributions proposed. Fig. 1 refers to both models
(3, 6a) and (3, 6b), respectively, for 4= 1/2.
Concerning the bond orders one can obtain similar results for benzene

as well as for the molecule-ion of benzene too.
_ It seems as if in the case of the electron shells of MO's filled up by

electrons and in that of electron shells of MO’s without electrons (benzene),
respectively, the electron density as .well as the bond order are independent
of the diophantic parameters of uncertainty introduced; however, in the case
of electron shells of MO’s which are not filled up by electrons (molecule-ion
of benzene) both .quantities are dependent on the diophantic parameters of
uncertainty without any physical reason. Whether these conclusions can be
generally suggested will be discussed in the next paragraph

§ 4. Investigation and removal of the uncertainty

In order to really understand the meaning of the u‘ncertéinty mentioned
in the previous two paragraphs let us consider the functional space of MO's.
First, it seems suitable to formulate the problem in the case of benzene for
i=2 again. :
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4.1. The functional space of the corresponding MO’s — being the
eigenspace of energy Es, — is in this case a two-dimensional subspace of
all the MO’s. One can use arbitrary pairs of functions of this eigenspace as
basic vectors fulfilling (2, 11). Let us consider the MO’s

W = 1/]/3 (@1 +—;— @z—% @3—@4—% @3+ @6):
Yoo = 1/2(— éDZ—Q)S‘I' D; -+ (PG),

which can be obtained by the method mentioned in 2. 1. In view of fact that
the basic vectors (4, 1) are real, by a rotation with angle « another arbitrary
basis system

1)

Y= zp.g,l cos a-l—m,z/g,.g sin «
Yoo = —1p,18i0 ¢+Yp2C08 @
can be derived from the basis system (4, 1).
One may observe, of course, a correspondence between the diophantic

parameter of uncertainty 1, and the angle e of rotation and 1t can be pro-
ved that

42

i.gz?(l + V3tga) (4, 3)

is valid for- all values of «. By the usual limiting process one can easily
see that the coefficients of the AO’s in MO’s -are finite also for ‘the case
«=7t/2, 371/2.

Due to these considerations the diophantic parameter of uncertamty gets
an immediate geometrical meaning.

4.2. Now, the question has to be investigated in which cases the dio-
phantic parameters of uncertainty occur? Taking the considerations of 4. 1.
into account it looks as if and only if the quantum mechanical problem has
degenerated energy states. Namely, on the one hand, only the eigenspace of
degenerated energy states are multi-dimensional and on the other hand, only
in this case can different orthonormal basis systems in the eigenspace of
MO’s — connected by orthogonal transformations — be introduced. Finally,
these orthogonal transformations may be characterized by diophantic parame-
ters of uncertainty.

In the course of our above considerations we have only explicitly con-
sidered the double-degenerated energy state Es, (6=1, 2) of benzene. One
can readily see that in the case of a f; -dimensional eigenspace of energy
Ei, (6=1,2,...,f) the number of diophantic parameters of uncertainty is
the same as the number of parameters of the f;-dimensional rotational group.

Let us consider the f;-dimensional eigenstate of the f;-fold-degenerated
- energy state E;, (6=1,2,...,f) as well as two different basis systems
{4105 and {y e} respectlvely They are connected by orthogonal transforma-
thflS S:(Sgo .

fi
- 'l,bf,g : g Sgtr"/}i, o ) ) (4) 4)
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with
3 ) .
Zl Scré Stg) - da’r . (4 5)

C0n51dermg that on the one hand due to (2 6) and @3, 3) one can ge—
nerally write

. B
= Z Cri, o(li) @r; .
r=1
v | (4,6)
. ‘ ¢5,g=§Cri,9(M)@r- \ -
and on the other hand taking (4, 4) into account one has
i N N _
'(,U; g: oél‘ Sga’ g Cri,\(r (lL) @ 7; Z SQU‘CT’L,O'(Z/ ) @ . (4’ 7)
Thus one can immediately obtain:

Cri, Q('{{) = c% Sgo-cri, a'('{i)y . (47 8)

- where N refers to the number of the AO’s of the problem considered, fur- .
thermore.4; and 4; denote the set of diophantic parameters of uncertamty It
may be observed-in- this way in what manner the uncertainty can be repre- -
sented by the matrix instead of the diophantic parameters.

4.3. Owing to the definitions of the electron density (3, 1) and that of
bond order (3, 2), for investigation of the dependence of physical quantities
on the diophantic parameters of uncertainty it will be enough to deal with
the bond order:

. i
p;'s = Z Z ni,ec:i, g(lg)csi, g(l:) ==

_Z i’ i CH a‘(l)cm z(l) Z nl: S@‘ngz

It can be proved that the bond order and the physzcal quantities are
only independent of the diophantic’ parameters of uncerz‘amty if the number of
electrons n;,, does not depend on o, i.e. if the “number” of electrons is the
same on the different MO's corresponding to the same energy E;.

Namely, for B ’ A -
n;,, = n; ==const (dependent on i) . - (4, 10)
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due to (4,9) and (4, 5)
) fi f
Drs = Z Zl‘ '_Zl:C:i,a(li)ng,r(li) Ni0g; =

1

> (4, 11)
_— Z 0221 n; C:i, a(li)c‘gi, 0(2,‘) = Py

1

can be obtained;

- 4.4. In order to summarize the physical conclusions of the above re-
sults it looks as if the guess suggested at the end of §3. would be gene-
rally proved: : : -

(i) in the case of closed electron shells of MO'’s the physical quantities
are independent of the diophantic parameters of uncertainty, i.e. of the choice
of the basis systems in the different subspaces of MO's.

Namely, in this case the n;,’s are either 2 or O and, of course, the
condition (4, 10) is fulfilled. .

. Owing to this result, a remark of Appendix 2 of CouLsoN and LON-
GUET-HIGGINS's paper [4] seems to be unnecessary,=since, that paper refers
only to closed shells. ’ '

(ii) in the case of non-closed electron shells of MO's to render possible
the independence of physical quantities from the diophantic parameters of un-
“certainty the “number” of electrons must be the same on the different MO's
corresponding to the same energy.

Consider the example of benzene again. In spite of (3, 6a) and (3, 6b)

" we have -
nyi=2, ng1==ng>=15 ng1=n32="n4,1=0. 4, 12)

One can immediately see that in this case
qi=5/6 (i=12,...,6). (4, 13)

It looks as if thd suggested solution of the problem might be accepted
also from the physical point. of view, namely, in the case of unperturbed
systems one has not any argument to expect some asymmetry in the electron
density of the molecules efc., except if the asymmetry mentioned would be
~ based on any physical reason. : ‘

Furthermore, it is well known that — according to MCCONNEL’s theory
of paramagnetic resonance for aromatic systems — the distances of hyper-
. fine structure lines of protons are dependent on the electronic densities at
the C atoms. However, in such cases it was not observed so far that any
difference between the hyperfine structure lines would have occured. As a
matter of fact, our proposal based on quite other arguments is supported by
these experimental evidences too.

4.5. Finally, we have to consider the generalizations of the version of
the LCAO-MO method mentioned. The generalization means, e. g., that at the
approximation of higher orders some of our suppositions (2, 4) have to be
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changed. Due to WIGNER's results [9] — although the energy values and the
coefficients of AO’s in- MO's as well can be modified — the degeneration
induced- by the symmetry of the molecules, the so-called normal degeneration,
cannot be eliminated. This means, however, that the problem treated above’
_occurs in general cases too and it can immediately be proved-that our above
considerations can be repeated without any difficulty.

References

‘Hiickel, E.: Z. Phys. 70, 204 (1931), 72, 310 (1931); 76, 628 (1932); 83, 632 (1933).

Mulhken R. S.: ]. Chim. Phys. 46, 497 (1949).

Coulson, C. A.: Proc. Roy. Soc. A 169, 39 (1947); 164, 383 (1938); 169, 413 (1939)

Coulson C. A, H. C. Longuet-Higgins: Proc. Roy. Soc. A 191, 39 (1947)

Roothaan, C. C. J-: Rev. Mod. Phys. 23, 69 (1951).

Puliman, B A. Pullman: Les théories electromques de la’ ch1m1e organique (Masson et
Cle Paris, 1952). :

Eyring, H., L. j Walter E. Kimball: Quantum Chemlstry (Wlley, New York, 1949)..

Mulliken,R J. Chem. Phys. 7, 353 (1939).

Wigner, E.: Gruppentheorle -und ihre Anwendung (Vieweg, Braunschwelg, 1931).

OO~ O OL O —

3AMEUAHHS OB OBIIEM TECOPUM METOAA MO-JIKAO
M. U bon . U Tusde u 1. H. Xopsar

Ko>prnHenTsl aTOMHBIX OPOHT B DPARJTHUYHBIX MOJEKVJSDHBIX OPOHTAX, OTHOCSLUHXCS -
K BHIPOXEHHOMY 3HAYeHHIO SHepPruu, n (H3HYECKHe BeNHYHHL, 3aBUCALIHE OT THX KO3(H-
LUCHTOB, HEOMHO3HAYHBl, d OHH 3aBHCAT OT IMApPAMeTPOB HeonpeaesdenHocTd Juoganta.
Beuto noxasano: uro (I) 3tH napamerpm Huopawra cssi3aHbLl ¢ IMOBOPOTAMH COGCTBEH-
HOTO TI0JiA, OTHOCAIlerocs K BBIPOXKAEHHOMY 3HaueHHIO 3HepruH; M uto (II) dusnyeckne
BeJMuliEL, B cJaydae 3aHATEIX MO, He 3aBucsT or ‘napamerpos [uoganrta; u uto (III)
¢uzudecKHe BEAHYHHBI, B CJydYae He cOBceM 3aHATEIX MO, ToJbKC TOrga HE3aBHCHMBI OT
napamerpos Juoganta, Korna uMca0 3JEKTPOHOR SIBJSeTCS TOXAECTBEHHBIM I pas-
anygpix MO, OTHOCAIMUXCS K BHIPOKAEGHHOMY 3HAYEHUK) 3HEPTHH.

B



UBER DIE -BOSE-STATIS.T.IK IN DER_RELATIVITA’TSTHEORIE

" Von F. BERENCZ
Institut fiir Theoretische Physik der Universitit Szeged

-(Eingegangen am 15. Juni, 1960)

Es wird das relativistische, entartete, idealisierte Korpuskelgas in der Bose-Statistik
behandelt. In den Fillen verschiedener Entartungen — A<1 und A=1 — werden die.
gesamte Energie des Systems und die Zustandgleichung angegeben. Es wurde weiterhin
festgestellt, daB die bekannte Formel fiir den Gasdruck in der Ewsteinschen Gastheorie:

2 u—uy. )

P=3™v

beim relativistischen, entarteten Gase nicht giiltig ist..

1. Einleitung

W. Graser [1] und D. S. KoTHARI—B. N. SING [2] haben sich mit der
Untersuchung eines der Bose-Statistik unterliegenden, relativistischen Kor-
puskelgases beschaftigt. Sie haben festgestellt, dall bei vollstindiger Entartung
die- Teilchendichte eines idealen Gases von relativistischen Korpuskeln ver-
schwindender Ruhmasse einen maximalen Wert annimmt und beim Uber-
schreiten dieses maximalen Wertes sich der Uberschuffi des Gases nach der
EiNsTEINschen Annahme kondensiert und mit seinem Kondensat in thermo-
dynamischen Phasengleichgewicht stehen wird. Die Gesetze des Dampfdruckes.
dieses gesattigten idealen Gases gehen in die Gesetze der Hohlraumstrahlung
tiber. - : ' :

Beim Angeben der Zustandgleichung benutzen diese Verfasser HANKEL-
sche Funktionen als Losungen der BESsELschen Differentialgleichung. In dieser
Arbeit wird die gesamte Energie und die Zustandgleichung des Systems in
der Form einer Potenzreihe angegeben. Diese Gleichungen werden in den
Féllen A<1 und A=1 fiir endliche und verschwindende Ruhmasse-aufge-
schrieben und so wird festgestellt, daf die bekannte Formel fiir den Gasdruck
' 2 ll-—llo

in der EINSTEINschen Gastheorie: p=5"y

beim relativistischen, entarte-

ten Gase nicht giiltig ist.
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- 2 Die relativistische BOSE- Statzsttk

Betrachten wir €in idealisiertes Korpuskelgas 'von Volumen V und der
Temperatur' 7. Die relativistische BOsesche Zustandgleichung hat nach den :
“obigen Verfassern die folgende Form:

47V a(sg—-—eg)llzds ‘ .
hc* exp(e/kT) 1 ’ L M
A

- dn=n(g)de=

wo ¢ die Energie eines Teilchens, & die Ruhenergie und A =-exp(—«) den
Entartungsparameter bedeuten. (1) gibt {ibrigens die Anzahl der Teilchen im
V mit Energien zwischen & und &-4-ds'an. Da dn immer positiv sein muf .
und ¢kT beliebig kleine Werte annehmen kann, darf A sich zwischen null
und 1 dndern. Wenn A=1 erreicht wird, sagt man, das Gas ist vollstandlg
entartet, S

Wenn man anmmmt dap zwischen den Gasmolekeln - keinerlei Krifte -

wirken, ist die gesamte Energle des betrachteten Systems :

47: 1% sﬂ(sg—sﬁ)f’/”ds' _4nV 82(82—8%)1/2A exp(—e/kT)de @)
e ) exp(e/kT) . K¢ 1—Aexp(—e/kT)

o A boos

U=

Da die Ruhenergne 1m allgemeinen einen sehr kleinen Wert hat kann man

annehmen, dab <1 ist und so kann man d1e (e &)t =g (1——?)'~s——82°—
Substitution vollenden '
U__4nVJ"' fds _ 27aVs J sds @
T RE ) exp(e/kT) rc exp (e/kT) ' .
. & _—A—_l : & —A—“—l : ..

Im Falle A=1 14Bt sich der Integrand in folgende Potenzreihe entwickeln :
1% 3 s
U= BE ZAJ& exp(eﬁ)ds— R

€

2V < : s : SR
— 0 ZZ;Alj.s exp (—~ 7{7‘) de = . 4
4xV S A 27V 2, A
= (kTY 2 5 Bi— S (kT X 5 BY,
hec = e =k

2"‘.
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0

[ S [ R I
el

sind. -

Im Falle verschwmdender Ruhmasse ist:

24nV Z A".

U=-"p5s (kT)" (6)

Zur Bestimmung der relativistischen Zustandgleichung gehen wir von
der BerNouLLischen Gleichung des Gasdruckes aus [3]:

1 — : '
p=—gom#, M

wo ¢ die Anzahl der Teilchen pro cm® bedeutet. Auf Grund Vede=dn
kann (7) in folgender Weise veraligemeinert werden:

pvz‘%medﬁ. ' ®)
Aber
: myv® £—&g
mvzz(l_j;z),/2= - 0 9
und so ist: -
... 4nm (FE—)"de  Am ([(E—&)"Aexp(—e/kT)ds (10)
P=3p5 ) “exp @k T 3¢ 1—Aexp(—gkT) O

& | A

Mit partieller Integration erhdlt man

p=— 4’712/;3T Jlog [1 —Aexp (—e/k 7.")]8(3?_'_83)'/:‘15, (11)
da | ) o . “ :
[(¢°—£)"k Tlog (1— A exp(—e/k T))];, =0 ist. (12)

GemaB der Gleichung

1og[1—Aexp(—s/kr)]z-é?;lexp(;-k’—;] o a3)
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folgt:
A £ d
— i 0n S 4 e[~ e

278 ""m.A’J' ( ls) >
o (kT)lzZlT exp|— x| de = (1_4,)

€o

LA SA L, 278, A
‘fTSc?(’»‘T_), g i C— T (KT) gFC‘

C,—exp( 180)[(1158;) +2(180)+2J | _‘ _(15)'..

wo

sind. :
'~ Im Falle verschwindender Ruhmasse ergibt sich:

. 8x S Al SR
_ . p:F_?(kTy =4 e L (16)
Mit verglenchen (6) mit (12) erhalten wir die folgende Glelchung

U . . :
PZS—V‘ o : (17,

Wenn das Gas vollstandlg entartet ist, nehmen dleselben Glelchungen
die folgende Form an:

. “5T i , 4’\.'/",2 = i ’ i .
U= hscg (kT)‘Z[—;Bz—%(kT)Q_gFBM (18)
) 47 ) 278l '2>°° 1.,
p=rss kT) 2 Z 7 Ci— g Ty 2,5 Ci. (19
Wegen : o > '
- : 1w o1 o

erhalten wir, wenn die Ruhmasse auBerordentlich klein ist, folgende Glei-
chungen: - :

4V -
U= (KTY, 1)

4 -
45/13 3 (k T)4 . . (22) ’
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das heifit

U
~ Auf Grund unserer Glelchungen konnen wir feststellen daB die bekannte
Formel fiir den Gasdruck in der ElerElechen Gastheorie : p—%UT/U"

beim relativistischen, entarteten Gase nicht giiltig ist.
* % % '

Ich danke auch an dieser Stelle Herrn Dr. J. I. HORVATH fiir die Durch-
sicht des Manuskriptes und fiir seine wertvollen Ratschldge.
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3AMEYAHHS O PEJATUBHCTUYECKOW CTATHCTHUKE BO3E

b. bepeny

Dot HecnegoBaym BLIDOXKJeHHbl MAeanbHwifi ra3d no cratHernke bose. B cayudae
paannunbix BeipOXKIeHHutl, T. e A<1 u.A=1, 6MAM [aHE YypaBHEHHe COCTOAHHA H
2 u—uy
9Heprua cHcreMel. Kpome Toro GhiI0 YCTaHOBJAEHO, UYTO 33KOH rasa p=—3 v

HBIfl 10 TeopHu rasa JhdnwTedns, AN DEJATHBHCTMYECKOTO BLIPOXK!ICHHOTO rasa He-
JNeficTBHTEJIEH. .
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'MEASUREMENT OF DIFFUSIVITY, LIFETIME. AND SURFACE
RECCGMBINATION VELOCITY IN SEMICONDUCTORS BY THE
FLYING SPOT METHGD*

By J. GYULQI and J. LANG
{nstitute of Experimental Physics, The University, Szeged

(Received April 10, 1960)

Detailed discussion of the solution of the continuity equation with surface recombina-

_tion is given, when generation by a flying light spot takes place. The solution is of a con--
venient form for experimental studies and renders possible the simultaneous determination

of .bulk lifetime, ambipolar diffusivity and surface recombination velocity. The reliability of .
the method is proved by measurements carried out on Ge specimens.

Photoelectric measurements in semiconductor investigations are very
widespread. Both steady-state and non-stationary effects may give a number
of important informations concerning the behaviour of electrons and holes
injected. One of the non-stationary methods is the so-called Flying Spot-
Method, proposed by ADam [1]. This method renders possible to measure
smultaneously both bulk-lifetime (=) and ambipolar diffusivity (D,)* in a semi-
conducting crystal, even, as ADAM did, neglecting end effects, . e. considering
the case of zero surface recombination velocity (s=0). To avoid this re-
striction SOROKIN [2] has given a more general solution of the corresponding
continuity equation (1) (see below). As this solution in reference [2] has the
form of FOURIER-series and requires the knowledge of the imaginary roots
of a trigonometric equation, it seemed to be reasonable to find a solution of
~a more convenient form when generating by a flying light spot.

In the present work the solution is obtained by using a generalization
of the well-known integral transform of LAPLACE,- the generalization for
RIEMANN—STIELTJES integrals, as is described by van ROOSBROECK [3]. The
physical picture of the present investigation is also similar to that of van
ROOSBROECK.

‘According to this a semi-infinite ~semiconductor "is assumed (z=0).

.* This work is a part of a doctoral dissertation submitted by one of the authors
(J. Gy.) to the University of the Szeged [9].
1 Dy= no+ Py,

Po/ D, +ny/ Dy’
librium concentrations of electrons and holes, respectively.

here D,, D, are diffusion constants and ng, p, are the equi-
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The source of excess carriers is a normalized®, steady line source (at X, z;)
moving along the x-axis with uniform velocity ¢. The small signal differential
equation describing the carrier concentration added (dp) has the following
form (trapping neglected):

a0plat =D, divgrad dp—dpjr. . W)
To take end effects into consideration, the fulfilment of the condition
D,doplaz=s0p (in the plane z==0) 2

" is required.
In order to simplify Egs. (1) and (2) we introduce dimensionless variables

0P =0p/(n,—p,), U=t/1, X=xfL, Y=y/L, Z=2z/L, L =(Dyt)"
and S:SI/UD,-U“DZL/T (denoting the drift velocity by vp).
The continuity equation has then the form: . ‘ '
: 90PjaU=divgrad 0P—30P G)
with - ' : v
d0P[9Z=S8J0P, when Z=0. ' 4)

The solution -of (3)>for an infinite semiconductor (ignoring for a moment
the motion of the source) is, as follows:
OP=(47U) " exp [—U—(X—X;)}/4 U] exp [—(Z— 3)2/4U] - (5)

where the co-ordinates X, and Z, correspond to x, and z,. A
The solution of the semi-infinite problem with surface recombmatnon

differs from (5) only in its Z-dependence, thus the condition (4) may be ful-

filled when conveniently altering the last ferm in (5).

) The method applied makes use of the following RIEMANN—STIELTJES

integral representation of (5):

oP=(@nU)" exp[—U— (X—X)2/4U] j exp [—(Z—L)Y/AUVdFE),  (6)

in which the ‘integrator function, F(C), is chosen that, for £ =0, (6) is equi-
valent-to (5) and for other { values, F({) is determined that (4) should be
fulfilled. The solution so determined has the form, [3] (written as the GREEN’s
function corresponding to the system of equations (3), (4)):

G(X, Z, U; X., Zy) |
= @aUy" exp[—U—(X—XJ/aU] {exp[—~(Z—Z)4U]  * (T)

+exp [—(Z+ Z/4U)—28 [ exp [—SE—(Z+ Z,+ 5}/ UdL).
. 0 . )

2 (ng—pg)L? carrier pairs per length L (L denotes the diffusion length).
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Solution of continuity equation in. the system of co-ordinates
fixed to the source, determmatzon of D0 and T

To obtain the solution in the case of the Flying Spot Method we
introduce a new system of co-ordinates, moving, together with the source, on
the base of X=x—ct, J=Yy, 2—=2, X, = 2: =

X= X—(c/L)t—X (ct/Y)U=X—aU, Y Y Z=27 X,= —O (8)
In this system of co-ordinates (7) has the followmg form:
G(X, Z. U;0,0) | '

-

@aUY" exp[— U—(X+a UY/4U] |
' {exp [—-22/40]—Sjexp [—SC—(ZL+' 04 UNdE)

@2 U)" exp [—(1 + /4) U—(e/2) *— X2/4 U] |
o | 9
{exp [—Z*/4U] —S|exp [— St —(Z+L)¥/4U)dL}. ®

‘In this new system of co-ordinates- we evidently encounter the conditions of
a steady state. Thus, to obtain steady-state solutions from (9) we have to
integrate (9) respect to U from zero to_infinity. The integration results in the
followmg expression, having a detector in the Z=0 plane

G(X 0;0,0) - T (10
=77 exp[— a/2)X){K, [[X|(1 + a2/4)‘/2] [ e SR (X+ c")” (1+ a2/4)‘/2]dc )3

The form (10) is the generalization- of ‘the solutions of ADAM and van
ROOSBROECK, as, for §=0 it is reduced to the result of ADAM and for
e==0 (i.e. c—O) to that of van ROOSBROECK.

Equation (10) may be simplified on mtegratmg it by parts as the
integrated term vamshes at the boundaries:

G(X, 0;0,0)

—t exp [—(e/2)X] Jesrie+e*a +a2/4>"21(—X2 s

(11)

3 Using the (1-+a/4) U=V substitution and the ihtegral representation

K@) == (z/2)v [ V- (V“Jexp [—V—2z2/4V1dV
0

of the Bessev functions of the second kind for imaginary argument [4].
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For the cases of S sufficiently large, the integral in (11) will converge

rapldly, thus the approximation (X*4 )"~ X and (X4 0) "~ (/X is valid,
and (11) will be of the following simple form: -

G(X,0;0,0)= (XS exp [—(a/2) X] K;[ IX1(1 + «2/4)™,

or using an approximation for K;(2)~(7/22)"e™ (independently of %) [5],
valid for large 2z, and rewriting the quantities having dimensions, dp will be
proportional to -

Op ~ (%) "exp [—(c/2D)x+ |x|(<c/200)2+ V(D))" (12)

'ThlS equation, just as the corresponding one in reference [1], renders possible
the simultaneous determination of D, and , as the logarithmic derivative of
(12) at a great distance before and behind the source has the following form*:

/1= 2P| o Dot [(c/2D + 1DV
and
VL= Ji—(lzg—;jl—))_ —¢/2Dy+[(¢/2De) 4 1/(Dy)] ™.

The quantities D,,= (and also L) then.may be calculated, as is well
known, on base of the simple relations: ‘

L= (Dy7)" = (Lng)l/z,

(‘ - C '_ LQ_L1
< D=y, T
According to these, the quantities in interest may be calculated by measuring
the slopes before and behind the source of the curve logarithm of detector
response versus X=x—ct. :
Figures 1a and 1b show:- the theoretical curves .for several light spot
velocities and surface recombination velocities cerresponding to Eq. (11).
The numerical values of D, and 7 (also in the forthcoming Fig. 2.) were

chosen” as 10 cm sec”' and 107*sec. (f denotes the rate. of generation per
unit length) :

(13)

Solution of continuity equation ‘in the system of co-ordinates
" fixed to the crystal, defermination of S

As the problem is essentially -not a steady-state'one, it is useful to

return to the laboratory system of co-ordinates. In this system the state is
time-dependent.’On the base of (7) the corresponding solution is of the form

~ 4 log (¥)"" is supposed to be approximately constant..
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(with a detector at X= Z=0):

v

—=(@rU)" exp[— U—a2U%/4 U] {2—28 | exp [—SL—5/4U[dE} ~ (14)

0

= (27;0).'.1 exp [—(1 + «¥4) U]-{1 =S U™ [1— erf (SU™)]),

where N the number of pairs generated and erf (x)=2n"/21e'52.dﬂ. Eq. (14)

. 0
‘has been obtained by using integral tables to evaluate the. integral

| exp [— ST—L/4UdU, [6].

It is convenient to calculate the derivative of the function UG(0,0, U; «U,0),
as the slope of this curve can be easily obtained from oscillograms. To get
a curve, independent of scale factors, for the determination of S it is useful
to plot the product of U and detector response versus U, both in logarithmic
scale, as the slope of this curve, L;(V), at V—=IlogU has the form (for
Se"?>1) [1]: : " o

0 iog [e¥G(0,0,e7; ae”,0)]
av

L(V)=

7h SePes [1— erf (Se”?)) (%-i—SQeV) —S%" § S

I —hSe R e [1—erf (Se™)]

(1 +a*/d)e” +

o ; 487 —128%"—15/2
=— (14« /4)9?’ 152" —6S%" 15 ’ . ) (15)

- when using the first four terms.of the asymtotic. expansion of erf(x) for

. large arguments [8]°. This simple form makes possible to calculate S by help
of the slope Ls;(V), as the root of (15), having physical significance, is of
the following form: . '
_ {3a+[9a®+60(a—1)8]": " -

N

, 4e"(a—1) ’
where Ca=Ly(V)+ (1 + a¥/4)e" 42 (16)
and b= —L(V)—(+ e/ + 5.

. Figures 2a and 2b show theoretical curves for some light-spot velocities
and for several surface recombination velocities corresponding to (14). The

5 The expansioni is valid for Se”2 s 1, but when already Se"?—=2 it gives rise of
an error less then 5 per cent.
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slopes, Lg(V), at V=0, belongmg to different surface recombination . veloci-
ties, show that the quantity L;(V) — as demanded in the experlmental
work — depends on S apprecnably

~ - . . . L4

Experimental part

Measurements on Ge sampies has been carried out to prove the reli-
ability of the method. The apparatus used has been analogous to the one
described by ADaM. For the sake of consistency, the apparatus is sketched
here also, as follows (Fig. 3).

A micromanipulator served for holding the specimen and the point =

contact detector. The light of an incandescent lamp (L,) falls on a rotating
metal-mirror, driven by a synchron motor, the flying image of the slit (S)
_is thus produced on the surface of the specimen. The photocell (C,) served
for time-scale calibration and the revolution of the motor has been controlled .
by a stroboscope. The amplifier is followed by a suitably synchronized (by
the lamp L, and photocell C;) cathode ray oscﬂloscope (CRO).

A_I-‘ig. 3. Measuring apparatus

Oscillograms were taken for several light spot velocmes and for several
samples (Fig. 4). :

The results calculated on the base of (13) and (16) for samples 1 and
2 (surface polished and etched with H,0,+ NaOH) are to be seen on tables
I and II.

. The S(L/7) [and s(L/7)) re calculated on usmg the average values
(L T) of L and =, respectively. :
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Fig. 4. Oscillograms taken on sample 1. a) c=-7'85 cm sec™’; b) ¢=1000cm sec1;
¢) ¢=1500cm sec™}; d) ¢=2000cmsec™’; e) oscillogram for time-scale calibration
(the distance of peaks covers a time-interval of 434 usec)

Table 1
Sample |
c D, z L Hy s = s([ 17)
~emsec™ cm2sec!| wsec | em | cm2volt-isec! S cmsect | S(UL/7) cm sec-1
785 47 103 | 0,071 - 1838 0,953 656 1,077 892
1000 65 100 | 0,081 2512 1,153 934 1,066 883
1500 81 133 | 0,104 3134 1,573 1230 1,573 1302
2000 83 62 | 0,071 3219 1,560 1811 4,011 3321
mean 69,6 99,5 | 0,081 2677 1,310 1158 1,932 1600
values S
Table 11
Sample 2
. c D, T L | Hyp : s - S(Z/;)
cmsec™! |cm2sec!| wsec [ cm | cm2volt=?sec? S |em sect | SR cm sec-!
785 96 83 | 0,089 3692 1,976 | 2118 1,171 1849
1000 107 70 | 0,087 4115 2,719 | 3380 1,813 - 1893
1500 101 94 | 0,097 3884 2,026 | 2091 1,853 1935
2000 97 114 | 0,105 3730 Q 1,485 1368 2,232 2330
mean 1002 | 90,2 | 0,094 3855 - 2,051 2239 1,917 2002
- values . o
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Fig. 5. The determination of the three Fig. 6. The determination of the three
slopes needed in calculations of D, * slopes needed in calculations of DO,
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B h 2
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.
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Fig. 7. The determination of the three . Fig. 8. The determination of the three

slopes needed in calculations of DO,
and S sample 1

slopes needed in calculations of Dy, v
and §, sample 1
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The determination of D;, = and L is evidently seen on Figs. 5—8.
The oscillogram curves, in-the middle of the figures, were plofted logarithmi-
cally on the one hand versus Xx==ct, for the determination of D,, =, etc.
[Eq.(13)], then, on the other hand, against log U=Ilogt—log~, which
rendered possible the determination of S [Eq.(16)]. The mobilities (u,) were
calculated by using the EINSTEIN relation.

The present investigations show that the solution of the continuity
equation in- the case of the flying spot method may be succesfully extended
for surface recombination velocities differing from zero, giving thus a method
for the simultaneous determination all the characteristic parameters occurring
in continuity equation (1) and boundary condition (2), and, as dates of the
tables show, this determination involves a rather little uncertainty, the devia-
tions from the mean values did not amount in average 30 per cent.

L I I 3
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OTIPEAENEHUE KO3G®ULIMEHTA OHD®Y3UH, BPEMEHU JKU3HH, A TAKXE
CKOPOCTH TOBEPXHOCTHOM PEKOMBMHAUMHW B INONYIIPOBOJHHUKAX,
"~ TIOCPEACTBOM ABMXXYIUEICCA CBLTOBOrO IMNYyUKA

HA. Noworauw u H. Jlane _

B cratbe comepxuTcs noApoGHOE OOGCYIKAEHNE DeLIeHHS YPABHEHHS HeNpephBHOCTH
B CJyuyae reHepalHH HOCHTeJeH TOKa ABMXyuiiMcst cseToBuiM nydkom. [lpocras ¢opma
pelueHHs TPHroOJHA K NPHMEHEHHIO €€ K SKCMepHMEeHTaJNbHOH pafore W K OZHOBPEMEHHOMY
onpenenennto Koeddunuenra auddy3nd, BpeMeHH XH3HH H CKODOCTH MOBEPXHOCTHOH pe-
xoMGunanns. IlpurogHoctb MeTosa oGocHOBaHa n3MeDeHHAMH Kaz Ge-KpUCTadIaMH.



- BEITRAGE ZUR CHEMIE DER VANADIUM(V)-KOMPLEXE", MIT
BESONDERER RUCKSICHT AUF THRE ABSORPTIONSSPEKTREN"

Von J. CSASZAR und j. BALOG
Institut fiir Aligemeine und Physikalische Chemie der Universitit Szeged

 (Eingegangen am 31. Mai 1960)

Die Absorptionsspektren von 8-OH-Chinolin und Salizylaldoxim, ferner die ihrer
V-Komplexe wurden, mit besonderen Rﬁcksicht der Losungsmittelwirkung; untersucht. Es
wurde festgestellt:

1. Die Intensitdt der langwelligen Elektronenubersprungsbande in der Spektren der
‘Ester des V (V)-Komplexes von 8-OH-Chinolin wichst in der Reihenfolge: methyl-dthyl-
buthyl-propyl-amyl.

2. In Pyridin wandeln sich die Ester mit verschiedener Geschwindigkeit in eine
Additionsverbindung um. Die Geschwindigkeit &ndert sich in der Reihenfolge: methyl-
dthyl-propyl-buthyl. ]

3. In Eisessig tritt bei 610 myu eine sehr intensive Bande auf, deren Intensitit mit
Erhéhung der Wasserkonzentration linear abnimmt.

4. Das Absorptionsspektrum des Salicylaldoxim-Komplexes hat dleselbe Struktur,
wie die des Spektrums des gebundenen Radikals. .

5. Im Falle des V(V)-Komplexes von Salizylaldoxim konnte keine Esterbxldung
nachgewiesen werden; in Eisessig zersetzt sich der Komplex.

1. E inleitung

Es ist eine groﬁe Anzahi der Komplexverbmdungen des Vanadiums als
zweiten Gliedes der ersten Ubergangsgruppe bekannt. Die physikalisch-che-
mischen Eigenschaften der V(II)-, V(II)-, V(IV)- und V(V)-Komplexe, ferner
— mit Ausnahme der V(V)-Komplexe — auch ihre Absorptionsspektren, bzw.
~ die Mechanismen ihrer Lichtabsorption wurden schon. aus.verschiedensten’
Gesichtspunkten untersucht.

Im Absorptionsspektrum des Aquo-Komplexes des V(II) lons |34?| sind
drei Banden bei 12600, 18200 und 26500 .K zu finden. Der Grundterm ist
‘F. Wird die Wechselwirkung zwischen den F- und P-Termen vernachlds-
sigt, so gibt eine Berechnung mit dem Wert D,=1260 die Lagen der
anderen zwei Banden in guter Nidherung wieder [1].

Das Absorptionsspektrum der V(III)-Komplexe |3d®| enthdlt gleichfalls
drei Banden [2], [3]; die ersten zwei Banden erscheinen bei 17200 bzw.
25000 K [4]—[7]).. ‘

Mit der Lichtabsorption der V(IV) -Komplexe befafite sich eingehend
JORGENSEN der festgestellt hat, daﬁ z. B. sich die Symmetrie des Tartarat-

3
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komplexes in einem so groﬁen MaBe von der regelméfigen kubischen Sym-
mefrie abweicht, da alle vier mogliche Banden auftreten (K==11000, 17100
18800 und 25300) Das Spektrum der sdurigen Losung des VO**-lons enthdlt
bei 13100 K ein Maximum und bei 16000 K eine Inflexion [8).

Man befalite sich mit den Absorptionsspektren der V(V)- Komplexe [3d°|
aus solchem Gesichtspunkte bisher noch nicht. Mit Beriicksichtigung der
Elektronenanordnung. des Zentralions, wird der Grundterm 'S bei Kkeiner
Symmetrieart sich aufspalten, und im Absorptionsspektrum werden keine
Termaufspaltungsbanden auftreten. In der vorliegenden Arbeit handelt es sich
um' die physikalisch-chemischen Eigenschaften zweier Chelatkomplexe des
V(V)-lons, mit besoderer Riicksicht auf ihre - Absorptionsspektren bzw. auf
die beiden Spektren vorkommenden Losungsmittelwirkungen.

2. Beschreibizr_zg der expérimentell_en Ergebnissen

A) Absorptionsspektren der gebundenen Liganden. Da das Absorptions-
spektrum des Komplexes unter Anwendung verschiedenster Losungsmitteln
ausgemessen wurde, war es zweckmdaBig, auch im Falle der gebundenen
- Liganden &dhnlicher Weise zu verfahren. :

Tabelle 1
Ligand Losungsmittel . my und log e
Athylalkohol -’ 315(3,39) 242(4,59)
Athylalkohol 4 0,5 M HCI 365(3,29) 315(3,19) 253(4,72)
) Athylalkohol - 0,5 M NaOH 354 (3,73) - 257 (4,60)
Oxin | pyridin C— 320343 —
Athylendiamin 385(3,26) . 342 (3,38) - .
Eisessig : o 350(3,18) 315(3,20) 254 (4,53)
‘Athylalkohol , ’ — 308(3,69) 257 (4,14)
Athylalkohol 4+ 0,5 M HCI — 307 (3,60) 257 (4,10)
$20x 4 Athylalkoho! + 0,5 M NaOH 340 (4,00) — 268 (4,04)
Pyridin — . 308(369) - —
Athylendiamin ' 362 (3,88) [325(365)] —
Eisessig — 308(3,59) 258 (4,09)

- Die Absorptionskurve der alkoholischen Losung, des 8-OH-Chinolins
(Oxin) enthilt bei 315, 242 und 217 my drei Banden [9], die auf Grund der
Theorie der orientierten Lichtabsorption erkldrt [10] und den y-, x’- und y’-
Erregungen zugeordnet werden konnen [11]. In saurer Losung bindet das
N-atom ein Proton, die lonisation der OH-Gruppe wird zurtickgedringt,
weswegen die Mesomerie des O-Atoms weniger wahrscheinlich ist [11]; die
x- (365 mu) und y- (315 mu) Banden ftreten getrennt auf [9]. In basischer
Losung ist die Trennung sehr gering [9] und die Banden verschieben sich
in Richtung der lingeren Wellen (Tabelle 1). Im Wesentlichen kann Zhnliches
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auch beziiglich der in Else551g, Pyr1dm und Athylendiamin ausgemessenen
Spektren festgestellt werden (Fig. 1, Kurven 1, 2 und 3).

Die Absorptionskurve der aikoholischen Losung des Salizylaldoxims (SAO)
enthdlt .bei 308 und 257 mu zwei scharfe Banden [12], deren Lage bei sdurer
Losung und auch im Pyridin praktisch ungeadndert bleibt (Fig. 2, Kurven
4, 5, 7 und 9). Die kurzwellige Bande verschmelzt sich stark in NaOH mit -
einer gleichzeitigen Extinktionsverminderung, wahrscheinlich wegen der Bildung

. von Na-Salz oder Na Chelat [13].
™ :
! 7
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Fig. 1. Kurve 1: Oxin in Eisessig 'Fzg 2. Kurve 4: SAO in Athylalkohol
(cc = 0,000552); Kurve 2: Oxin in (cc =0,000175); Kurve 5: SAO in Athyl-
alkohol 405 M HCI (cc = 0,0000875);

Pyridin (cc = 000552); Kurve 3: Oxin
in Athylendiamin (cc = 0,000552) Kurve 6: SAO in Athylalkohol +0,5 M .
NaOH (cc=0,0000875); Kurve 7: SAO
in Pyridin (cc=0,000583); Kurve 8:

SAO in Athylend.amin (cc = 0,000583);
Kurve 9; SAO in Eisessig
(cc =0,000583)

_ Beziiglich des Mechanismus der Lichtabsorption dieser Verbindungen
in Ermangelung quantenmechanischer Berechnungen konnen natiirlich keine

konkreten Feststellungen gemacht werden, hinsichtlich der gefundenen Ban-

‘den des Komplexes kdnnen aber gewisse Folgerungen gezogen werden.

B) Absorptionsspekiren der Komplexe. In alkoholischen Losungen des
Komplexes bis-(8-OH-Chinolin)VO.OH |I| durch Esterbindung kommen neue
‘Verbindungen zustande [14], die mit der Vergrofierung der Zahl der C-Atome
der Alkoholen in Form je besser definierter Kristallen isoliert werden koénnen
(Fig. 3—7) und im Gegensatz zur Ausgangsverbindung in allen organischen
Verbindungen gut losbar sind. Die Struktur des Komplexes |I| bzw. die

seiner Ester kann wie folgt angegeben werden:

3*
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Die Absorption'sspektren der Ester haben von- cca 350 mg an einen
dhnlichen Verlauf. Bei 240—243 mp findet man die charakteristische hohe
e-Bande des gebundenen Radikals. Die. Inflexionen bei 315 bzw. 256 mu sind
wahrscheinlich der ebenda liegenden e-Bande des Oxins oder einem Elektro-
neniibersprungsprozel, zuzuordnen. Eine wesentliche Abweichung zeigt sich
auf dem ldangerwelligen Gebiete des Spektrums (Tabelle 2). Die Intensititen
der Absorptionskurven des in dem entsprechenden Alkohol gelosten Methyl-
(11|, Athyl- |11}, Propyl- {IV|, Buthyl- [V|.bzw. Amylesters |VI| des Komp-
lexes |I| wachsen in der Reihenfolge |II|-|Il|-|V]|-{IV|-|VI{, (Fig. 8, Kur-
~ven 10—14). In Dioxan haben alle Verbindungen Absorptionsspekiren mit

praktisch identischem Verlauf; man findet bei cca 470, 375, 320 und 270 mu
flache Inflexionen und bei 246 my die charakteristische Bande des Oxins
(Tabelle 2). :

Tabelle 2
No Lésungsmittel mye und loge
[1f] { Methylalkohol 490 (2,95) 367 (3,58) 315(3,71) 256 (4,42) 240 (4,72)
[l11] | Athylalkohol 485(3,35) 366(3,56) 310(3,78) 256 (4,36) 242 (4,72)
[IV] | Propylalkohol 485(3,49) 376(3,65) 312(3,76) 260(4,30) 243 (4,66)
[V] | Buthylalkohol 480(3,44) 370(3,63) 310(3,75) 260 (4,34) 242 (4,68)
[VI] | Amylalkohol 480(3,52) 372(3,69) 310(3,78) 260 (4,35) 242 (4,71)
[1] | Athylalkohol-HC! — 370 (3,66) 310(3,70) 256(5,01) —
(1] | Athylalkohol-NaOH — 363 (3,74) 335(3,72) 256 (4,78) —
(] | Pyridin — 390 (3,45) 312(3,66) — —
fij » — 388(3,50) 310(3,73) — —
[1i1] » — 390 (3,49) 310(3,72) — —
V] » — 387 (3,49) 310(3,71) — —
4 ” — 392 (3,51) 315(3,74) — —
vl » — 396 (3,48) 315(3,72) — —
{1] { i-Propylamin — 400 (3,25) 335(3,97) 258 (4,37) —
[1] | n-Amylamin — 392(362) 335(359) 262(4,58) —
{1] | Benzylamin — 405 (3,71) 330(3,62) — —
[1] | Athylendiamin — 385(3,69) 342(3,82) 260(4,71) —
[1] { Dioxan ~ 465 (3,51)~ 375 (3,66) ~ 318 (3,69) ~ 268 (4,26) 246 (4,64)
[1] | Eisessig 610 (3,54) ~ 345 (3,67) ~ 305 (3,72) — 253 (4,67)




Fig. 3. Mikrophotographie T i - - ! -
der Esterkristalle [II| W ; &

Fig. 4. Mikrophotographie Fig. 5. Mikrophotographie
der Esterkristalle |III| der Esterkristalle [IV|




Fig. 6. Mikrophotographie
der Esterkristalle |V

Fig. 7. Mikrophotographie
der Esterkristalle |VI|
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In Anwesenheit von verschiedenen Aminen wandelt sich die'lila-r()tlich
Farbe in gelb um, dementsprechend dndert sich wesentlich auch das Absorp-
tionsspektrum [15]. Hier mufi man folgender Umwandlung Rechnung tragen [14]:

OH 0 71- 0 7-
| K » | N
. AN VN AN + SINv/ :
/\H//\ /\‘/ H* 4 RNH, /\l{'\ RNH,
0 0 . 0

Die Banden und Inflexionen die wahrscheinlich- dem gebundenen
Liganden und dem Elektroneniibersprungsprozefy zwischen Metall und Ligand
zugeordnet werden konnen, erscheinen nur unterhalb 400 mp (Tabelle 2).

. Der Komplex || 16st sich in organischen Sduren mit blau-lila Farbe.
Im Faile von Eisessig als Losungsmittel tritt bei 610 mu eine breite, intensive
Bande (Fig. 9, Kurven 15—19), deren Intensitat sich lineat mit der Kon-
zentration des dem System zugesetzten Wassers vermindert [15]. Von der
Konzentration cca 2,2 Mol H,O an hat das Spektrumr denselben Verlauf, wie
die in sdurer Losung aufgenommene Kurve des Oxins, der Komplex zersetzt
sich. Im Falle starker Sauren soll man wahfscheinlich der ven BIELIG und
BAYER 16| angenommenen Additionsverbindung Rechnung tragen. Die (roten)
alkoholischen Losungen der Verbindungen |II|—|VI| zeigen in Anwesenheit
von Eisessig keine Anderung. Wird Alkohol den blauen Losungen dieser
Komplexe in Eisessig zugesetzt, so kann eine Farbenumwandlung blau-rot
beobachtet werden, in Anwesenheit von Alkohol kommen also stirkere Bin-
dungen zustande, als im Falle der Ausbildung des Siuren-Adduktes. Bei
wachsender Wasserkonzentration tritt eine sich vergrofiernde Dissoziation des
Eisessigs und damit die Zersetzung des Komplexes auf. Die Erhohung.der
Zahl der C-Atome des Alkohols verursacht eine geringfligige Verschiebung
der Bande in Richtung der ldngeren Wellen. In-Anwesenheit von HCI bzw.
NaOH erhdlt man wegen der Zersetzung des Komplexes, das insdurer bzw.
alkalischer Losung aufgenommene Spektrum des Oxins (Tabelle 2).

Nach der Auflgsung der Verbindungen [II|-|VI] in Pyridin kann eine
Farbenumwandlung rot-gelb beobachtet werden. Die Umwandlung geht bei
den einzelnen Komplexen mit verschiedener Geschwindigkeit vor sich
(Tabelle 3) [15], das Endprodukt ist aber — auf Grund der Identitdt der
Spektren. — in allen Fillen als identisch anzusehen (Tabelle 2). Die Werte

Tabelle 3 4
o _ k108 AH —ds | . AF
250 350 45° kcal/Mol cal/Qrad kcal/Mol
[ 656 1422 2701 ' 13,3 23,9 20,8
(i 491 1030 21,57 139 22,4 20,7
[1v] 239 608 14,13 16,7 14,7 21,1

Vi 249 6,15 13,00 ’ 15,5 15,3 20,2
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Tabelle 4
No 0° 10° 20° 30¢° 40°
[m 0,055 ¢ 0,059 0,065 0,071 0,078
i 0,400 0,397 0,390 0,386 0,384
] 0,557 0,542 0,518 0,493 0,477
[V] 0,540 0,537 0,510 0,479 0,450
[v1] 0,615 0,602 0,578 0,545 . ~O,502

der Geschwindigkeitskonstanten wachsen in der Reihenfolge |11|-|IIl|-|1V|-|V];
die Abhingigkeit des Wertes log k von 1/T ergibt in guter Néherung eine

Gerade [15].
4 Die Extinktion der Komplexe |lI|-|VI|
raturabhingigkeit. Wie es in Tabelle 4 ersichtlich ist,

zeigt eine interessante Tempe--
vergroBert sich die
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Fig. 8. Kurve 10: [H]| in Methylalkohol
{cc =0,000207); Kurve 11: }111| in Athyl-
alkohol (cc = 0,0001995); Kurve 12: |IV]
in Propylalkohol (cc =0,000193); Kurve
13: | V]| in Buthylalkohol (cc==0,000187);
Kurve 14: |Vl| in Amylalkohol
(cc=0,000180)

Fig. 9. |I| in Eisessig. Kurve 15: 40 M
H,0 (cc =0,000215); Kurve 16: 4 0,425
M H,O (cc=0,000210); Kurve: 17:
40,875 M H,0 (cc=000206); Kurve 18:
+ 1,75 M H,0 (cc =0,0001935); Kurve
19: 4225 M H,0 (cc=0,0001935)

Extinktion in Falle der Verbmdung [II| nur wenig, in der Reihenfolge
|III|-|VI| zeigt sie dagegen eine Verminderung, in wachsendem MaBe. Die
beobachteten Anderungen tiberschreiten die Wirkung der von Volumerhohung
der Losung herriinrenden Konzentrationsabnahme und sind unseres Erachtens

1



BEITRAGE ZUR CHEMIE DER VANADIUM(V)-KOMPLEXE 39

in erster Reihe auf den Prozef

OR | (1)H-

1 A
N Ny
/‘”’\ — ,/‘”’\JF_ROH
0 0 .

. HOH

zuriickzufiihren.

JORGENSEN |17| hat beim Komplex Ir (IlI)-Pyridin eine neue Bande um
20000—35000 K beobachtet, di¢ er dem Elektroneniibersprung vom Zentra-
lion auf die -z-Bahn des Pyridins -zuschreibt. Mit Betrachtnahme auch des
hohen Valenzzustandes des Zentralions kann der Gedanke auch bei den hier
untersuchten Verbindungen, beziiglich des Ursprungs der hohen Banden auf
dem sichtbaren Spektralgebiete, auftauchen, dafl auch diese Banden einem
dhnlichen Elektroneniibersprungsprozef zugeordnet werden konnen, der
zwischen dem entsprechenden Atom der gebundenen Liganden und dem
Zentralion vor sich geht. ' ,

Die Struktur des V(V)-Komplexes von SAO |VII| kann folgendermafen
angegeben werden [18]: . ' A

W = . .‘o .
Q—O\u/o-‘ﬁ_/‘) | (’:}\-D.\ il ,10—<;.\>.

. sy
HC =N"I N = CH Be =N~ | SN=Ch
o OH &y | b ow 1
IViI/al

Die Farbenumwandlung von lila in rotlich-braun schreibt man dem Uber-
-gang von |VII| in |VIi/a| zu, welcher im Falle eines apolaren Losungsmittels
- beobachtet wurde. Es wurde angenommen [18], daf |VII/a| ein sogenannter
normaler Komplex, |VII| dagegen ein Eindringungskomplex ist. Gleichge-
" wichtsmessungen nach ist die Form |VIl] an Energie drmer und ihre Um- -
wandlung in die Form |VII/a| ist ein endothermer Prozef. '

Im Gegensatz zu den Komplexen |I|-|VI|, haben die Absorptions-
spektren der alkoholischen Losungen von |VII| denselben Verlauf, wie die
Kurve von SAQ (Tabelle 5; Fig. 10, Kurve 20). Die charakteristischen Ban-
den des gebundenen Radikals erschneinen um 305 ‘und 256—260 mg, un-
gefihr mit den zu erwartenden Hohen. Um 400 mp findet man gleichfails
eine sich von log =2, 2 bis log ¢=2, 7 dndernde Vorbande, die aber keine
solchartige RegelmiBigkeit aufweist, die wir bei den Komplexen |II|-|VI|
beobachtet haben. Als Resultat einer Behandlung in Alkohol, konnten wir
keine Esterbildung ausweisen. Die Verbindung ist:oberhalb etwa 500 mg
ganz lichtdurchléssig.
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Tabelle 5
VO.OH (8a0X), in verschiedenen Lésungsmitteln
Losungsmittel my und log e

Methylalkohol . ... ......... — 397(2,72) 305(3,89) 256 (4,35)
Athylalkohol . . ............ — 395(2,22) 355(4,03) 258 (4,47)
Propylalkoho! . . . ... ........ — 395 (2,38)] 305(3,94) 257 (4,39)
Butylalkohol .. ............ — [400 (2,44)] 305(3,94) 258 (4,38)
Amylalkohol. . . .. ... ... ... — 405 (2,22) 305(4,00) 260 (4,40)
Athylalkohol-HCY . . . ... ... ... - — 308 (3,75) 258 (4,20)
Athylalkohol-NaOH. . . ... ... .. — o= 340 (4,17) 270 (4,40) -
Pyridin. . ................ -+ 525 (2,63) [355(3,45)] 310(3,95) —

" Athylendiamin. . . . . . e e —  367(4,19) — -
i-Propylamin. . ... ... ....... — 356 (3,43) 310(4,11) —
n-Amylamin. . .. ........... — 350(3,25) 311(4,03) —
Benzylamin .. ... .... e — 345 (3,36) 310 (3,96) —
Dioxan.................. [550 (2,76)] — 302 (4,15) 259 (4,43)
Eisessig . ... ............. c— — 308(3,96) 258 (4,43)
Kloroform . .. ... .......... - [380(2,90)] 320(3,95) 262 (4,41)

Die langerwellige Bande des in Pyridin, i-Propylamin (Fig. 10, Kurve 21),
Benzylamin und n-Amylamin gelosten Komplexes findet man verschoben auf
310 my, in der Umgebung von 350.my tritt aber in allen Fillen eine aus-
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" Fig. 10.
Kurve 20: |VII| in Methylalkoho! (cc = 0,000241);
Kurve 21: |VII] in i-Propylamin (cc=0,000241);
Kurve-22: [VIl| in Athylendiamin (cc = 0,000241)

geprédgte Inflexion auf. In Pyri-
din ist auch die schon erwédhnte
Vorbandestark verschoben zu
finden (Tabelle 5). Es ist inte-
ressant, dafi die Ligandbande in
Athylendiamin (Fig: 10, Kurve 22)
stark verschoben, bei 367 mu
erscheint. .

Die Lagen der in Eisessig,
in HCl, bzw. NaOH enthalten-
den Losungen auftretenden Ban-
den sind beinahe identisch mit
denen der Banden von SAO
(Tabelle 5). In diesem Falle
bildet sich also keine dem Kom- -
plex |I] &hnliche = Additionsver-
bindung; der Komplex zersetzt
sich in allen drei Fillen gédnz-
lich. Die Entscheidung der Fra-
ge, warum die Verhaltung dieser
zwei Komplexe so verschieden
ist, erfordert noch eine weitere
eingehende Untersuchung.
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3. Experimentelles

. Die. Komplexe wurden nach Literaturangaben [14], [16]—|18] herge-
stellt, ihre Reinheit wurden durch N-Analyse kontrolliert. Die Absorp-
tionsspektren wurden unter Anwendiung von Quarzkiivetten der Dicke 10,1,0
und O,1' cm, mit Hilfe eines Beckmanschen DU-Spektralphotometers aufge-
nommen. Die Losungsmitteln wurden auf di¢€ gewdhnte Weise gereinigt.

- Der Ablauf der Reaktion zwischen Pyridin und den Estern wurde
spektralphotometrisch untersucht; die Messungen ereigneten sich bei 25, 35
und 45°C, 480 mu und bei konstanter Esterkonzentration. Die Geschwindi'g-
keitskonstanten berechneten sich aus den spezifischen Extinktionen der in den
entsprechenden Alkoholen und in Pyridin gelosten Ester, bzw. in Kenntnis
der wihrend der Umwandlung gemessen Extinktionen und der Ausgangs-

"konzentrationen.
¥ . * * *

‘Herrn Prof. Dr. A. Kiss, korrespondierendem Mitglied der Akademie,
fir die stetige Forderung unserer Arbeit sei auch hier der beste Dank aus-
gesprochen. Wir sagen Dr. J. HIREs fiir die wertvollen Diskussionen und
Dr. Gy. GrasseLry fiir die Fertigstellung der Mikrophotographie vielen Dank.
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JAHHBIE O XI’IMHH KOMI‘IIIEKCOB B’AH'AH.I/I,‘FI (Vi B HACHOCTH,
OB HUX ABCOPITNIHMIOHHLIX CITEKTPAX -

H. Yacap n H. Biaoz

Drian paceMoTpenn!  aGcopnunonuble  criexTpnl  8-OH-xuHosmupa ¥ anbaoKcHMa
camuupia, a TAKXKe HX KOMIJIEKCOB BaHajusi, B 4aCHOCTH JeilcTBHe pactBoputens. DBwuio
YCTaHOBJIEHO! .
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1) VHTeHcHBHOCTb AJNMHOBOJIHOBON INJIOCHI TNePECKAKHBAHHA 3JEKTPOHA, HaGJioneH-
HoH B crekTpe 3tdupoB kommiekca 8-OH-xunosuna-V(V), noasumaercs B page MeTu.-
STHI-0YTHI-IPOTIHI-aMHJIA.

2. B nmupumyune 3bHpH npeBpamalmcsl B QIAHTHBHOE COEJHHEHHe C Pa3HOi CKo-
poctbio. 3HaueHdHe NOCTOHHLIX CKOPOCTEil M3MEHSIeTCS B psifie MeTHJA > 3THJ > HPONHJ =~
6yTHJIA.

3. B aepsinoM ykcyce npu 610 mg nosiasiercss nosioca GOJBLIOH HHTEUCHBHOCTH, Hi-
TEHCHBHOCTb KOTOpOIl JIHHEe/HO yMeHblIaeTCsl B BO3pacTaHHeM KOHUEHTPAaUHU BOHL

4. CneKkTp KOMIJIeKca aJ/IbOKCHMA CaJHIiMIa HMEeT TaKoe Xe CTPOeHHe, KaK CBf-
3aHHBIfl PajHKaJL

5. B cayuae xommiekca "a/IbHOKCHMA CAJIHUILIIA- -V(V) obpasopanust sdupa He ypa-’

Jloch OGHAapYXKHTh; B JIEASHOM YKCYCe KOMIIEKC Pacnajiaer.

EdRe



EFFECT OF SOLVENTS ON THE ELECTRONIC ABSORPTION
SPECTRUM OF 2-0XY-QUINOXALINE

E. TOMBACZ
Instltute for General and Physical Chemlstry, The University, Szeged

(Received May 15, 1960)

A specific effect of the solvent m‘ dioxan and diethyl-ether was found at the ultra-
violet absorption spectra of 2-oxy-quinoxaline. This effect seems to be due to the forma-

" tion of the complex or to the proton migration between the solvent and the 2-oxy- .

quinoxaline.

A great deal of theoretical and experimental work has already been
devoted ‘to the elucidation of the effect of solvents on the electronic absorp-
tion spectra of organic molecules. In earlier papers the band displacement
relative to the vapour state was considered as a function of the refractive
index [1], in later. papers more complex formulae were given taking info
" account both the refractive index and dielectric constant of the solvent [2].
According to the formula derived by Mc RAE and used in a simplified form
by R. PorovicH and B. ROGERS the absorption band displacement

D—1 nQ—l)
D+2 242

_ . n*—1
A?/. 2n—|—1+b(

where 4% means the displacement of the absorption maximum relative to an
arbitrary solvent in wave numbers, n and D denote the refractive index (re-
ferring to the D-line of Na) and the dielectric constant of the solvent, res-
pectively, a and b are constants, which for a given class of solvents depend
only on the solute. By means of this equation R. PopovicH and B. ROGERS
investigated the effect of solvents on the absorption spectra of 8-quinolinol
and its Zn-chelate. Recently I A, ZHMYREVA, V. V. ZELINSKY and their co-
workers carried out similar researches on 4-aminophtalimide [3]. The aim of
this paper is to investigate the influence of solvent on 2-oxy-quinoxaline by
means of the equation given above. -

The ultraviolet absorption spectra of 2-oxy-quinoxaline were obtained
with a Beckman DU spectrophotometer in nine different solvents shown in
the first column of the table. All the solvents were specially purlfled for
spectroscapical purposes according to the usual methods (see e. g. in [4]).
The compound to be investigated was carefully purified. and according to

[5] it was found to be sufficiently pure. Characteristic properties of the sol-
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vents used are seen in the second and third column of the table and were
taken from the literature [6]. The values of 7y, in cm-! for different solvents
and for the band of greatest wavelength are included in the fourth column
and the error in the determination of the position of the band maximum is
estimated to be about - 25cm-!. Considering the highest value of ¥max at
chloroform as reference solvent, the measured values of Awnm. relative to
the reference 7max are tabulated in the fifth column. The constants a and &
were calculated by substituting two measured 47 values into the equation;
the data for two pairs of solvents (ethanol and 2-pentanol, water and pro-
panol). yielded the mean values for the constants: a =—8410 cm~!, b6=23170
cm-!. By means of these empirical constants the band displacements were
calculated for all the solvents used are tabulated as A% values in the
sixth column. -

Table |

1 2 3 4 5 6
Solvent- - n D :;max ‘dvmeas 'A;?alc
in cm-!

Water- 1,332 "8L0 28570 1010 - 97
Methanol 1,331 35,7 28 820 760 804
Ethanol 1,363 26,8 28 950 630- 600
Propanol _ 1,385 22,2 29 180 400 | 436
Butanol ’ 1,399 - 19,2 29 280 300 - 302
2-pentanol - 1,409 14,3 29440 140 - 138
Chloroform 1,44 5,14 29 580 0 —791
Diethyl ether 1,354 44 29 280 300 —605
Dioxane 1,442 3,0 129410 170 —1242 .

A comparison of 4¥mess. and AV shows that these values are in a
good agreement at water and alcohols, the difference between measured and
calculated band displacements is within the range of the estimated error.
A very great discrepancy is to be observed at chloroform, diethyl ether and
dioxane. In order to .clear up the cause of this discrepancy the -whole ab- .
- sorption spectra were investigated. For the sake of a better survey the figure
shows only four selected spectra. Comparing all the spectra it is easy to
observe that these fall into two groups, the one group exhibits. a maximum
or shoulder at a wave number 40000 cm-! (similarly to curves 1 and 2),
the second group, however, shows no sign of such a maximum or shoulder
(similarly to curves 3 and 4). The band displacements of all the absorption
curves belonging to the one group may be calculated by the MC RAE equa-
tion, while those of the second group may not be given by calculation.

This behaviour of the spectra may be explained by an alteration of the
character of interaction between solvent and solute molecules when turning
from the one group of solvents to the second group. Water and alcohols
behave predominantly as a continous polarizing medium "and suppress the
specific interaction, if it exists at all, therefore the measured and calculated-
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band displacements coincide. Chloroform, diethy! ether and dioxane have a
considerable smaller polarizing effect, consequently these solvents give a
possibility for the developing of specific interactions between solvent and -
solute molecules. The disappearance of the maximum or shoulder at a wave
number of 40000 cm™! at the latter solvents is a sign of this specific inter-
action, which may consist in a proton donation to the solvent molecule.

45t

- loge
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Fig. 1

- This supposition seems to be verified by the results of [5]. Though nitrogen
has proton-acceptor properties, the. N-atom in 2-oxy-quinoxaline is not sa-
turated but capable for proton acception or donation according to its sur-
roundings. Even in water pH-values were to be found at which the maximum-
or shoulder at a wave number of 40000 cm~* could not be detected and
this change in the spectrum undoubtedly seemed to be in connection with
a proton acception or donation. It is not excluded either, that the specific
interaction is due to a complex formation between the solute "and solvent
molecules; the free electron pairs of chloroform, diethyl ether and dioxane
may cause a formation of assotlatlon complexes of 2-oxy-quinoxaline with
the solvent molecules. ‘

* k¥
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Thanks are due to professor A. Kiss, the d1rector of the 1nst1tute for
his kind help and interest.
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BJIMAHHUE PACTBOPHUTEJIEM HA EJIEKTPOHHBIE CITEKTPbI NOrJIOULEHUS
2-OKCH-KUHCKCAJTAHOB : ‘

E. Tombay

Y yabTpadHoMeTOBOrO creKTpa NOTJoNleHHsT 2-OKCU-X4HOKCAMHHA Hafiien B AHOKcaHe
n IusTHIsGupe crnennduuecknit spdekr pacrBoputeass. IloBuaumomy stor 3ddexr 3a-
Kmouaetcsi B 00Pa30BaHHA KOMIJIEKCOB MM B MHrpauit MPOTOHOB MEXAY 2-OKCH-XHHOKcaA-
JAMHOM W pPacTBOpHUTeJeM.



ON.THE PROBLEM OF THE IONIC CHARACTER AND THE POLARITY
' OF THE CHEMICAL BOND

- - B. LAKATOS
Institute of Inorganic and Analytical Chemistry, The University, Szeged

(Received fune 15, 1960) . .

" A general survey of the literature on the ionic character and the degree of polarity
of the chemical bonds is given. With this consideration the concept of the effective electric
field strength of free atoms and ions and their constituents is introduced. To calculate this
was possible by using the ionisation potentials of atoms and~ions and by clearing up’the
exponential dependence of the effective field strength of ions on their charge. In equilib-
rium, on the basis of the virial-theorem the -effective electric field strength of the cationic
constituent must be equal to that of the anionic constituent. This equality renders possible
to calculate the degree.of bond polarity without using experimental degrees of bond po-
larity or arbitrarily chosen adjusting parameters. In the whole range between ideal ionic
and pure covalent bonds there is a fair agreement between - degrees of bond polarity cal-
culated by us and experimentally found. The deviation is not greater than + 50. The
shortcomings of this method lay in the fact that the properties of the bonded constltuents
are approximated by the properties of free atoms and ions.

.On the basis of our investigations on the periodicity of the physical
and -chemical properties of the elements [1]—[6] it has been_established that
the physics and chemistry of elements are ruled by two opposite factors. One
~of them is the effective principal quantum number of the outermost electronic
shell of constituent.atoms and ions. resp., while the other is the effective
nuclear charge of the constituents, /. e. the screening and shielding numbers
(parameters), resp., of elecirons subtracted from the positive’ nuclear charge
_number. After clearing up this qualitative connection -a further aim of our
investigations presented itself, namely, to investigate quantitatively the relation
between the two main factors and the chemical and physical properties "of
elements determined by these. Within the scope of this programme the cal-
culation of the degree of polarity and ionic character resp., closely connected
-with. the “electropositive” and “‘electronegative” character of the atoms was
considered to be the most important aim.

The overwhelming majotity of the types of the bonds in inorganic com-
pounds is placed between two limiting cases, forming a gradual transition
from pure polar (ideal ionic) to pure non- polar (normal covalent) bonds.
These are the so called compounds with transition type of bond. E. g. in .
gas-phase molecule Cl,, the C1—Cl bond is an ideal non-polar one, in solid
KCl it is nearly ideal ionic, while TICl and AgCl are compounds with tran-
sition type of bond. The amount of the ionicity is already a function of the
different states of aggregation. Unfortunately, we know only very little about
the extent of ionicity of compounds in the solid and liquid phases. .

1
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The measure of the ionicity of transition type of bonds in gas phase
compounds, that is, where does the type of bond of the given compound
take place between two limiting cases, is described with diverse expressions
by the different authors [7].

One of them is the concept and the amount of the ionic character (&)
[9] of the bond, which can be estimated with the nuclear quadrupole coupling
constants [8] and theoretically can be calculated by methods of quantum me-
chanics (MO—LCAOQ). According to the LCAO approximation of the mole-
cular orbitals, the wave function of the binding ‘electron between atoms A and
B is represented by Eq. #=ay.+ bys where vy, and yp are the wave
functions of the atomic orbitals of atoms A and B. If v is normalized, then

@*4+b"+2abS=1 where S is the so called overlap integral, S= J%UA’:UB dz.
Then the measure of the ionic character is:

B=b*—a . )

where b>—a® is the difference of the probability that the electron is found
at atoms A und B. The ionic character is the function of the ratio of the
effective nuclear charges and of the difference between the electronegativities.
of atoms A und B, respectively, and can be regarded as an absolute mea-
sure of the ionicity of the compounds [9].

Another, widely used concept the polarity, of the chemical bond had
been introduced by K. FAjanNs [10a, 10b]. Later PAULING called this the
“jonic character of the bond’’, what cannot be mistaken for the previous con-
cept defined by quantum mechanics. Taking into consideration the experi-
mentally determined electric dipole moment and the internuclear distance of
AB binary. compound:

degree of polarity (p)= !/:exp. = Pluzd' @
* Heale. £+ IXAB
degree of polarity in p. c. (p)p.c. =100—”gp' (2)
AB

where uexp. and ucac. are electric dipole moments experimentally determined
and calculated for the assumed idealized binding of rigid ions, e is the ionic
charge, R,s the interatomic distance accurately determined in an experimental
way, e- R,y the calculated bond dipole moment of a hypothetic A* B~ mo-
lecule with an assumed ideal ionic. bond. Using the above mentioned concept
of the degree of polarity the real charge distribution of molecule AB can be
written in the following form: A”B, where p (degree of polarity) gives the
partial ionic charge, too. Genera]ly the charge distribution of molecule A:B;

can be written by the following formula: (A**");(87%");, where 0 is the
number of partial charges on atom A, and 6% that on atom B. The relatlon
between ¢ partial charge number and p degree of polarity:

| - 0=p " Omax : @)
_ where, if p=1 then Opn,x=0, therefore Omax, in a hypothetical molecule
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(47482, (42
A" max) \B "max), with idealized ionic bond, means the ionic charge, in FAJANS’s

“quanticule” formula [10c] the overall ionic charge. Thus the charge dis-
tribution of molecule A:;B; can also be written in the following form:

4) (B)
(A+p 6'"3") (B > d“’a") * (E. g. in the case of an ideal ionic bond, that is p='1
and 1009% resp., the formula of molecule SO: would be 0 S#02-, while

FAJANS’s approximating quanticule formula: (e)g-S6+O therefore Oax = 4e

02
and 0 ——2e mean the ionic charge and in Fajans’s formula the overall
ionic charge, resp. The real charge distribution Q?C¥SPH0?C2  thys if the
- degree of polarity e.g. p=0,25 i.e. of 25% then O “°S*'0" 07 o shortly
- SY07P), reflects the real charge distribution.) According to the principle of
electroneutrality:

|+ O il — | — s ]
and '

| + 0@ | = |— 0. jl.

On dividing these two equations:
- + 09 0 = — 09— 0,
and taking into consideration Eq. 6%p—6max
: p(A)= p(B)

is given, thus it can be stated that the concept of bond polarity is apphcable
for the bonds of an arbitrary A; B; molecule.

. Relation Between the Degree of Polarity. of the Bond
and the Amount of lts lonic Character

Regarding that in the literature the expression of the -amount of the
ionic character of the bond is used for the degree of polarity determined by
experimental dipole moments and bond lengths, and that these two different

" values are used, named as ionic character, to calibrate the same curve of
“electronegativity” against the ionic character, after definying the concepts of
the degree of polarity and of the ionic character it seems necessary to exa-
mine their relation, too.

* Equation 2" is obtained by the followmg conversion of Eq (2) defining ‘the
degree of polarity
d-e-R,p é

p= = @)
Jmax e RAB 6max )

where J.e is the magnitude of the partial ionic charge on atoms A and ‘B, 4, -e is the
ionic charge in the case of an assumed ideal ionic bond, e is the elementary charge.

R

. R
- 4 ) { e
oy SIEGED - .
SR> A -
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The wholé dipole moment contains beside the primary moment deter-
mined by the ionic character and the bond length also the deformation caused
by the mutual polarization of the constituents, the effect of the hybridization
occurring in the bonding atomic  orbitals and the overlap of these orbitals
[t1]—[16]): '

Hexp = e(bg - 02) R 48 - tpotarization - Ehybridization -+ Hoverlap - (23)
The first term of the right is the so called primary dipole moment:

tp—e(b®—a’)Rap=eBRup (2b)

which arises from the asymmetrical charge distribution between atoms A and
B of the binding electron or electrons. The latter is the function of the dif-
ference between the electronegativities of the two atoms. It can be seen from
eqns (1), (2) and (2b) that the ionic character @=u,/e-Rasr is the “degree
of polarity” corresponding to the primary moment, thus the ionic character
can be calculated from experimentally measured dipole moments or the nuc-
lear quadrupole coupling constants, if other terms can be evaluated. )

The second term is the so called polarization or induced or atomic core
dipole moment w;, including the polarization, induced by the primary moment
of the atomic cores (A*B™), i. e. of the non-bonding electrons. The polari-
zation moment has a sign always opposite to that of the primary moment.
The polarization moment can be evaluated with the classical formula:

‘pi=Esas+Epagp - (20)

where @4 and ep are the polarizabilities of ions A* and B~, E, and Egz are
the polarizing electric field strengths. To estimate these latters, e.-g. Ea; it
is assumed that it arises from an effective charge on B and its extent is

texp/R35. Similarly, the field Ep is calculated from the effective pole on A.
Thus the value of the polarization moment:
N

ce= e 0 e,
| | =g ( + ax) (2d)
The third member is the so called hybridization moment [17]. It arises from
the asymmetry of hybrid atomic orbitals of the valency. shell. The correct
value of the degree of hybridization is different even referred to the same
atom, at present time its reliable evaluation is impossible, as it is proved by
the rather different values taken up by several authors. We find quite often
strictly opposite views concerning basic problems, e. g. in the case of an
atom with positive valency state DAILEy and TOWNES [14] do not take up
hybridization, since the energy needed for this is more than two times greater
than that of an atom in a covalent bond (e. g. in the case of molecules. FCI
and FBr), on the other hand according to GORDY [16], in the case of a
constituent with positive charge, especially when this positive charge is great,
the extent of hybridization may -be very .considerable (e. g. in the case of
molecules FCl, FBr and NF;). It was possible to make only qualitative con-
clusions concerning the hybridization and the problem was complicated by
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the fact that the effect of hybridization on structural data of the bonds ex-
perimentally determined, such as e. g. bond lengths, bond angles, bond di-
pole moments, nuclear quadrupole coupling constants etc. may considerably
differ. In general the sign of the hybridization moment related to the primary
moment depends on the kind of hybridization. :

~ The fourth term is the so called overlap moment [18] (homopolar dipole
moment), it arises from the overlap of atomic orbitals with different size.
Here the fractional part of the charge distribution of the electron shell is
considered, which holds the part of atomic orbital in the overlap range:

—2eSin " Ruz .
g (" 2) (2€)

where Zg is a vector1a1 dlstance characterizing the overlap range, r is the
covalent radius of the smaller atom. If the negative end of the dipole -is -
formed by a constituent with smallér size, then the overlap moment has an
opposite sign to the primary moment and vice versa. According to VENKA-
TESWARLU and JAsg]A [16a] the overlap factor is an exponentlally decreasing
function- of the difference in the atomic radii: :

§?—=Ae?lmasl (2f)

where r4 and rp are the radii ;of atoms forming A, and B, diatomic mole-
cules, the value of the constant is. 4=0,21. T

' Unfortunately, the dipole moments and the nuclear quadrupole coupling
constants experimentally determined do not make possible an independent -
evaluation of the different moments [14]. The case is -even more complicated by
the fact that, according to the recent statements [16], -the quadrupole coupling
" constants are influenced beside the factors above mentioned /. e. the primary,
hybridization and overlap moments, by the effect of the neighbouring atoms
and ions, respectively, and by the distortions of non bonding closed shells
of electrons around the nucleus in question. The effect of neighbouring ionic
constituents depends on the bond length to the greatest extent [14], [16a],
but the quality of the constituents also plays a part. The fact that the curve of
the ionic character versus differences in electronegativities turns back at high
differences in electronegativity, (e. g. £Li==0,900, fna==0,867; Fkai= 1,000,
Bcsc = 0,968), -is interpreted by the effect of the bond length and of the
distortions of the closed shells. The greatest complication in the evaluation
of 8 is that the nuclear .quadrupole coupling constant is more sensitive to an
electron charge distribution near to the nucleus and not to the electron charge
distribution of the overlap range of the valency bond, as the bond dipole
moment is [18a]. -

Mention must be made that the degree of bond muitiplicity plays- also.
an important part in forming the value of the dipole moment. Being the
problem a complex one, mamly A—B molecules with single bonds used to
be investigated.

In the case of molecules with pure ionic bond (e. g. potassium chloride). -
the expression ueyp/e- Rap yields the extent of mutual polarization of ions,
exerted on each other (beside the primary -moment, the polarization _moment

[ls=4(lbe'SAB"§s z

4
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is the main factor) while in the case of transition types of bond the polarity
can be considered as the sum not only of the ionic character of the bond
but of the polarization, hybridization and orbital overlap moments, too. '
Most recently the following semiempirical method has been elaborated

by Fajans [18b] to calculate the degree of polarity of alkali halides. The
dipole moment (u,) formed by rigid, spherical, symmetric ions is diminished,
by the superposition of an opposite induced dipole moment (), induced by
another ion in the ion with « polarizability. The equation definying the po-
larizability of the ion yields a connection between the magnitude of « and
that of the induced moment (u;) and between the strength,of the homoge-

" neous, not too strong electrostatical field (E):u;=ea£. On applying this
equation, Fajans used the following idealized conditions: one of the ions
was considered as a polarizing one and its electric field as homogeneous,
its strength was given by expression E=e/Rix, while the polarizability of
the other ion (« and Rp, respectively) in bound state was taken to be the same
as in free state. Thus in an idealized case y;=«¢E = «e/Rix hence the degree

of polarity p= texp [Ucale. = Auexp [tionic = Hexp./Hprimary = (ﬂprimary_ﬂi)/ﬂprimary ’
from this: : .

.
i  a-e/Rix s+ ax-

1—p— (22)

- 3
Hprimary e-Rax Rix

Taking into consideration the LORENZ—LORENTZ equation, giving the
connection between the mole refraction (R,) and the polarizability :

. _
1—p =241 9 03066 R (4 )‘*;R‘”(X ). (2h)
RAY AX

Using the mole refractions of free alkali- and halide-ions in two extreme
cases (with lithium iodide and caesium fluoride) extremely great differences
were obtained between experimental values and those calculated according
to Eq. (2h). At Lil, the small and rigid Li*+ cation penetrates the electron
shell of I” anion, which is the most polarizable halide ion. On the contrary
at CsF, F~ being only slightly polarizable, it repulses the electronic shell of
the easily polarizable Cs* cation. Since in bound. state the refraction of the

Table 1. )
Degree .of Polarity* p for Vapor Molecules
HF 0,433 HCI 0,168 HBr 0,116 HI 0,049
LiBr (8:?’33) Lil (&gﬁ) NaF o NaCl (8 ;g;‘)
KCI (81%13% KBr (8’322) Kl (8;123) .
CsE (8,’233) CsCl (7753 Csl (8:?122) e 3350

* The values without parentheses, p= poxp/e- RA}\ obtained from observed u and
R.x, those in parentheses calculated using E,. (24)
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anion is smaller and that of the cation is greater than in frée state, it is
reasonable that at Lil the calculated (1—p) value was given. too high, while
in the case of CsF too small. Therefore FaJanNs applied in Eq. (2h) instead
of theoretical factor 0,3966 empirical 0,3408 (for anjons) and 0,4781 (for ca-
tions), both being calculated from the experimental degrees of polarity of Lil
and CsF, and the followmg equation was obtained:

Rm(X )

AX

Ro(A).

A}L

1—p=0,3408"22 2 10,4781 fe2)

(2i)
Data calculated on the basis of Eq. (2i) fairly agree with experimental ones (see
Table 1.). According to this method of calculation the ideal ionic bond is approxi-
mated by sodium fluoride with a calculated value of pn,r==0.85. But there are
negative p values for hydrogen halides, since the proton penetrates the electronic
shell of halide anions, and this makes the application of the approximation -
- Eq. (2i) rather irreal. In the case of thallium chloride molecule the diffe-
rence between experimental and calculated values is very significant, what
indicates a very high polarizing power and polarizability of the T1* ion with
non-noble gas-type configuration. As a close it can be stated that the appli-
cability of this method is very restricted.

Now it is clear that the amount of the ionic character of the chemical
bond -calculated from the nuclear quadrupole coupling constant, and the nu-
merical value of the degree of bond polarity obtained from the bond dipole
moment and bond length may differ from each other even in the case of the
same bond, further, being the main factors, the primary and polarization
moments always with opposite signs, generally the degree of polarlty is
smaller than the amount of the ionic character (I. C.=p):

Table II.
Molecule IC. P Molecule LC p

LiBr 0,044 0,594 KI 0,970 0,755
Lil 0,900 0,578 RbCI 0,992 0,785
NaCl 0,990 0794. | CsCl 0,968 0747
Nal 0,867 0,716 TICI 0,831 0,364
KCl 1,000 0,818 CIF 0,259 0,113
KBr 0,985 0,768 BrF 0,329 0,153

A Survey of Methods for the Calculation of the Degree
- of Polarity of Chemical Bonds

1. PAULING’s values for electronegativity and different attempts
to use these values ,

PAULING [19] established a pure empirical connection between the dif-
ference in the electronegativities of the constituents | X;— Xz| and the degree
of polarity of the bond of AB binary compound in gas-phase. To this end
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he made use of Fajans’s values for the degree of polarity (naming it ionic
character) and experimental data of HCI, HBr and HI molecules:
T B |xA-:tB]2 ‘
p=1—c¢ o ’ 3)
From this formula 0,6 is given for the value of pur. Later HANNAY and
SmyYTH [20] obtained 0,43 experimentally for pyr and they modified Eq. (3'):
p=0,16]|xi—xz|+ 0,035|xs—xz|. 3)

Values of p, belonging to |x4—xg|, calculated on the basis of Egs. (3) and
(3) are summarized in Table IlIl. For the calculation of the differencies in
electronegativity |xs—xz| the following equation is given:

, 4(A—DB)
—_— 2 _—
. [ xa=2s] 23,06 @
from which '
_ “|xa—xz] =11/23,06 | 4(A— B) = 0,208 |/ 4(A— B) @)
wh»ere ' )
A(A—B)=Du-n— 5 (D(a-1)+ Dis-s) (5)
Table 111

Degree ot Polarity (p) as a Function of the Differences in Electronegativities,
Calculated according to Hannay and Smtn (3) and PauLing (3'), respectively

X4A—Xp p(3)% @)% X4—Xp p(3)% p3)%
0,0 0 0 1,8 40,14 . 5551
0,1 1,635 0,25 1,9 43,035 59,44
0,2 3,34° : 1,00 2,0 46,00 63,21
03 5,115 : 2,22 2,1 49,035 66,79
0,4 6,96 - 392 2,2 52,14 70,17
0,5 8,875 6,05 2,3 55,315 73,35
0,6 10,86 8,61 2,4 58,56 76,31
0,7 12,915 11,53 25 61,875 - 79,05
038 15,04 14,79 2,6 65,26 81,55
09 | 17,235 18,33 2,7 68,715 83,84
1,0 195 22,12 28 72,24 85,91
1,1 21,835 - 2592 Y29 75,835 87,78
1,2 24,24 30,23 3,0 79,50 89,46
1,3 26,715 33,80 3,1 83,256 90,95
1,4 29,26 38,74 T 32 87,04 92,27
1,5 31,875 43,02 33 90,915 - 93,43
1,6 34,56 47,27 34 94,86 94,44
1,7 37,315 " 51,44 3,5 98,875 - 0532

1,8 40,14 55,55 3,6 96,084
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or ‘ ' ' :
A'(A—B)==D4-8y— VDa_s)- D(B -B)- ‘ (%)

Dw-8y, Dw-4, D-p) are the bond energies (dlSSOClathl‘l energies) of mole-
~cules AB, A, and B, in gas-phase, expressed in kcal/mole, while 23,06 is
the conversion factor from kcal to -electron volts. According to PAULING’S
theorem: 4(A—B) the so called extra ionic resonance energy term 1s always .
positive or at most zero, and the cause of this is the “resonance” between
the different ionic and covalent structures formed between atoms A and B.
Owing to the complicated eqn (2a) a close correlation between exp/e-Rag
and the electronegativity difference cannot be expected, since these latter are -
in a close connection only with the primary moment, therefore peyp/e-Rag is
not a measure for the difference in the electronegatmty |xa—xg| of atoms
A and- B. However, the fact that uexp./e- R4z and. the corresponding electro-
negativity differences change near in a parallel way, is an empirical evidence
that the confributions of the polarization, hybridization and overlap moments
to the primary moment often equalize each other [14], [15], [21].

The heat of formation in the case of gas-phase molecules containing
ny atom of nitrogen and noe atom of oxygen: '

Q = 23,06 3 (xa—x5)*—55,1 - ny— 24,2 - n. (6)

Haissinsky [22] by introducing the heat of sublimation (L) made use
of the heats of formation for solid state, for the calculation of the electro-
. negativities and extended his investigations to most of the - elements of the
~ periodic system. He described the following equation for the heat of formation:

Q=230 3(xa—xsP—L—55,1 -ny—242-n0. - (7)

- Using the recent thermochemical data, the values for electronegativities
of the atoms of copper zinc and the . gallium groups were dlso calculated
- [23]. Most recently the electronegativities of all the elements of the periodic
system were given by GORDY and THOMAS, using recent thermochemical
data' (see Table. IV) [24]. MULLIKEN [25] pointed out that the mean value of
the ionization potential (/4) and of the electron affinity (Es) of a bounded
atom is the measure for PAULING’s electronégativity of the atom. Numerically

({a+E4)/130 =x4.. ' (8) ]

_ Recently SKINNER and PRITCHARD [26] have established a connection
between the values of Mulliken’s scale for electronegativity xar==(la+ Ea)/2 -
and Pauling’s values (xp)

xM:=3- 15xp

NYEKRASOV [27] used the quotient of the ionization works and the cor-
responding ionization. degree in order to calculate the polarity of compound
AB on a basis that in general the elements having great electron affinity
request greater ionization energy and vice versa, elements demanding small
ionization work have small electron affinity (excepting rare gases). He has
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given the following simple formula for the calculation of the polarity of com-

pound AB: :
P=g(Us+14)/(Is—14) : )

~ where g depends on the bond number and shows the bond multiplicity. In a
single A—B bond g=1. Essentially NYEKRASOV’s formula is analogous to
MULLIKEN’s one and thus the values for p calculated by Eq. (9) well agree
with those calculated from PAULING’s electronegativity differences.

Most recently LEHMANN and BAHR [28] have used the atomic core charge
number Z*/n to estimate PAULING’s values for electronegativity..On the basis

of FINKELNBURG’s connection [29] Z‘/n—_—l/l//?hc, where Z* is the effective
nuclear charge number, n the principal quantum number, /= 2I/v,v being
the number of ionization degrees. Essentially this formula, too, takes into con-
sideration the ionization works, but espresses them in hydrogen ionization
work units and deduces the problem of calculating the degrees of bond po-

, Table 1V.
Pauuing’s Values for Electronegativity as Selected by Gorpy
AOMIC | B1oment Electronegativity AOMIC | p1oment |+ Electronegativit
number number _ vily
1 H 2,15 52 Te 2,1
2 He — 53 I 2,55
3 Li 0,95 54 | Xe —
4 Be 1,5 55 Cs 0,75
5 | B .20 56 Ba 0,9
6 c 2,5 57 La 1,1
7 N 3,0 58 Ce 1,1
8 0 35 59 Pr L1
9 F 3,95 60 Nd ~1.2
10 Ne — 61 Pm ~12
11 Na 0,9 62 Sm ~12
12 Mg 1,2 63 Eu ~1,1
13 Al 1,5 64 Gd ~12
14 Si 1,8 65 Tb ~1,2
15 P 2,1 66 Dy ~1.2
16 S 25 67 Ho ~12
17 | 30 68, | Er ~12
18 | Ar — 69 Tm ~1,2
19 K 0,80 70 Yb ~1,1
20 Ca 1,0 71 Lu ~1,2
21 Sc 1,3 72 Hf 1,4
22 Ti 1,6 73 Ta 1,3 1,7Y
23 v 1,41 17V o1,9Y 74 w 1,6 2,0V
‘24 | Cr 1,47 16 221V 75 | Re 1,8V 2,2Vl
25 | Mn 141 15 25V {760 | Os 2,0
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larity to PAuLING’s method. AHRENS [30] investigated the problem in a similar
way on applying the ionization work, considering it as the measure of the
anion affinity of the cation. REED [31] studied the connection between the
polarizability of the molecule and its 1omzat10n work and established simple
and reversed proportions.

GorDY [32] emphasized the empmcal connection between the bond
stretching force constants calculated from spectroscopical data and PAULING S

electronegativity values: .
. xp \3M
f=aN(x;;2xB) +b | (10)

AB

where N is the bond order, Rsz the bond length, ¢ and & are constants
within a certain group of the molecules. WiLLIAMS [32a] pointed out that
GorbY’s result, Eq. (10), according to which the force constant depends on
the product of the electronegativities, is only accidental, since the main fac-
tors determining the force constant are the number of valency electrons of

~Table 1V. Continued

l‘ﬁfglng:fr Element Electronegativity ﬁg}"glecr Element Electronegativity
26 | Fe 1,70 1,8 M | Ir 21
27 Co 1,7 78 Pt 2,1
28 | Ni T 18 - 79 | Au 23
29 | Cu 1,8 2,01 80 | Hg 1,8
30 Zn ' 1,5 81 Tl 1,3 100
31 Ga ' 1,5 82 Pb 1,64 1,8V
32 | Ge 18 83 | Bi 1,8
33 | As 2,0 84 | Po 2,0
34 | se 2,4 85 | At 22
3% | Br .28 8 | Rn —
36 Kr — 87 Fr 0,7
37 | Rb 08 88 | Ra 0,9
38 Sr 1,0 89 | Ac 1,1
39 Y 1,2 . 90 Th 0" 1,4V
40 Zr _ 1,5 91 Pa 13m 17V
41 Nb 1,7 92 U 1,4lv 1,9‘“
42 | Mo : 1,6 93 | Np ~1,1
43 | Tec 1,9V 2,3V 94 | Pu ~13
4 | Ru 20 95 | Am ~1,2
45 Rh 2,1 96 Cm | . ~13
46 | Pd 2,0 97 | Bk ~13
47 Ag S8 08 |.Cf ~1,3
48 | Cd 1,5, 99 | Es ~1,3
49 In ~ 1,5 100 | Fm ~13
50 Sn 1,7 8V 101 Md ~1,3
51 Sb 1,8 ~ 102 | No ~1,2
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both atoms and their covalent radii (see GUGGENHEIMER’s Eq. [32b]). Being
the electronegativity a simple function of these, GORDY’s equation, expressing
force constants includes the product of the electronegativities. It is astonishing
since most of the physical and chemical properties depend on the differences
in electronegativities.

However, WALSH [33] regards the force constant for the A—H bond
to be the measure for the electronegativity of an A atom. Taking into con-
sideration Eq. (10), the bond stretching force constant depends not only on
the values for electronegativity, but on the bond distances, too. Therefore
WaLsH’s determination is not unambigous [24]. Similarly to this SIEBERT [34]
also investigated the connection between force constants and the type of
binding.

GorDY [35a, b] gives as a measure for the electroriegativity of a neutral
atom in a stabile molecule the potential resulting from effective nuclear
charge of the bonded atom, effective on a bonding electron when the elec-
tron is at a distance r from the nucleus:

Z'e_ ev—0,5@w—1)e

Xa="—"
r r

—0,5e(v+1)/r=0,31 (“L 1)Jro 50 (11)

where r is the covalent radius, v the number of valency electrons. From the
formula it can be seen that, on the basis of PAULING’s scheme, the screening
number of a valency electron is taken into consideration with 0,5 unit (Pau-
LING had calculated 0,4¢) while the right part of the equation expresses the
connection between (v+1)/r and x4 empirically found. Similarly to this Ll
[35c] obtained the followmg eqn using the ionic radii (R):

x4a=0,11 Z"/R+0,64. S (1r)

Soon after we also have dealt with the calculation of PAULING’ electro-
negativity [35d] (see later) a similar treatment by ALLRED and ROCHOW was
elaborated [35e]. ALLRED and RocHow used PAULING’s definition for the
electronegativity “according to which the electronegativity of a bonded atom
is the measure of the force of attraction of an atom, exerted on the electrons.
Thus the expression ¢2Z*/r* measures the attractive electrostatic force exerted
by the atomic core with eZ* charge tu an electron with e charge, being .inr
distance from the nucleus. In this expression r is the covalent radius, Z* the
value calculated according to SLATER’s rule [35g]. ALLRED and RocHOwW
obtained empirically an approximation connection between PAULING’s value
for electronegativity x4 and Z*/r®:

xA=0359 € ZA°

1.0,744. - (11a)

It is similar to GORDY’s empirical Eq. (11). A significant difference, besides
the exponent of r is that in Eq. (11) the effective nuclear charge number
of the ion with one positive charge is in the numerator, while in formula
(11a) the effective nuclear charge of the neutral atom is used. WILMSHURST
[35f] applied GORDY’s expression for the effective atomic potential (11) to -
calculate the electronegativities of the radicals.
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Recently GORDY and THOMAS [24] have established a simple linear
relation between PAULING’s. electronegativity values and work function of the
metals: 4

Xa=a ¢-+b=0,44.-9—0,15

where they used the mean value of data on work functions compiled by
MICHAELSON [36] (¢ in eV). The relation thus established is valid only for
metals, for carbon, silicium efc., for semimetals and non-metals it.is nof.
Previous to GORDY and THOMAS'S work STEVENSON [37] had established a
similar relation on the basis of a consideration that analogously to MULLIKEN’S .
concept the metal work functions can be regarded partly as surface ionization
+works and partly as the electron affinities of unfilled eletron energy levels
connected with the Fermi-level of the metals Thus

Xa= 2:133006 (Us+ EA) = 0 1775 (2¢) =0, 355
where 23,06/130==0,1775 is an empirical scale factor. STEVENSONS values
were as general somewhat lower than GORDY and THOMAS’s ones. ~/

There were established relations between the ionic character determined
by the differences in the electronegativities and the extent of the overlap of
atomic orbitals [38] —[42a]. The greater the extent of the jonic character of
the bond is, the smaller the overlap.

Some Critical Remarks on PAULING s Methods for the Calculation
of Electronegativity of Atom and on Other Similar Attempts

As it can be seen from the previous, the calculation of the degrees of
bond polar1ty by PAULING’S electronegativities was only possible when one
or more-values for the degree of polarity determined by experiments, were
applied. The most part of later efforts, instead of a direct calculation of the
degrees of polarity, were limited to a possibly accurate calculation of Pau-
LING’s values for electronegativity from the physical constants deduced from
diverse properties of the atoms and molecules resp., (such as thermochemical
data, ionization works, electron affinities, normal covalent radji, force con-
stants, work functions, atomic core charge numbers, efc.). All these methods
working ‘with fixed values for the electronegat1v1ty of an atom have several
* theoretical difficulties:

1. The electronegativity has the dimensions of force (see later) and so this
means the electrostatic attracting force of a bonded atom exerted on the
binding electrons described by the expresson a-e/r®, where a is a parameter
depending on the positive nuclear charge, on the screening and the interaction-
of electrons, e is the elementar charge and r the distance from the nucleus
to the’ electron in question. But the differences in electronegativities can be
calculated by PAULING’s Eq.- (4)

| xa—x5| = 0,208 A(A— B).
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Thus 4x = 0,208[D{(1-p)-121a-ayz-By})** i.e. the electronegativity is propor--
tional to the square root of the potential energy corresponding to the dissocia-
tion energy, i.e. to the expression [a-e/r® and not to a-e/r’.

- 2. The value for electronegativity (x4) is not a characterizing constant
of the atom of an element at all, thus a constant electronegativity of an ele-
ment cannot have a definite meaning at least in quantitative respect. [43]—[45].

a) The x4 value for the parameter determining the ,ionic character” of
the bond changes depending on the valency-state of an atom (A) with the
same partner (e. g. the value of xs considerably differs in SO, SO,, S,0s,
SO, SO, -etc. molecules).

b) In the same valency-state the electronegativity of an element (x.)
also depends on the electronegativity of the partner (xg), i. e. the partners
are in mutual interaction (e. g. the value of the electronegativity of the
nitrogen atom in the same valency state xyur is considerably different in
compounds NF; and NI;). Namely the closely neighbouring atoms in the bonds
mutually influence their field of force, therefore electronegativity is concerned
with atoms in ‘molecules rather than with atoms in isolation, that is measu-
rement in a precise way is not easy [7].

An atom may exhibit a range of electronegativity depending- upon the
range of valence state available to it and the partner. There remains the
- problem of choosing from this range the unique value which the  atom
achieves in a given malecular environments. In the strictest sense one should
speak not of the electronegativity of an atom, but rather of the electronega-
tivity of atomic orbitals and of bonding molecular orbitals [T7].

P. DauDEL and R. DAUDEL [45a] pointed out that the extra ionic reso-
nance energy 4(A—B), introduced by PAULING, must relate not to the diffe-
rences in the electronegativity of the neutral atoms but first to the differences
in the elecironegativities of the so called ionic constituents i. e. bonded
atoms with formal charge, being formed on the effect of the differences in
electronegativities. Thus in the case of an AB binary molecule instead of
PAULING’s Eq. (4) they recommended the following:

|0 — X | = 0,208 Y A(A—B) +p (Lot - L) - (4a)

where x4 and xp are the electronegativities of neutral atoms, p the degree
of polarity of the A—B bond and {4+ and Cz- are changes in the electro-
- negativities of A and B atoms, if A and B receive a formal unit positive or
negative charge. So equation

0,208/ 4(A—B) = | x0— Xpo| — p(La+ + C5-) (42’)

also indicates that the electronegativity of a bonded atom depends on the
atoms bonded with it, i e. on the partners and the valéncy-state of the
atom. Unfortunately the value of € practically can be estimated only roughly.

3. The exchange forces and the resonance, on the basis of which
PAULING theoretically deduced the values for electronegativity "are without any
real basis [46]—[48]. “The concept of the exchange of electrons led to the
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incorrect conclusion of the existence of specific exchange forces. In reality
there are no exchange forces. In the. molecules electric, namely, coulomb
forces are acting”. [49]. In the conventional explanation of the localized
covalent bond formed on the interaction of atoms, the following energy terms
are taken into consideration: the kinetic energy of the electrons, the electron
- — nuclear and nuclear — nuclear potential energies, and the electron-electron
potential -energy.. An adequate discussion of the last of these energy terms
requires a consideration of electron correlation on a Six-dimensional configu-
ration space. HURLEY [50a, b, ¢, d] pointed out that ‘the formation and the
properties of the localized covalent bond may be understood solely in terms
of electrostatical forces of the coulomb type. These forces are completely
determined by a single charge distribution function in three-dimensional
physical space. This electrostatical treatment of the localized covalent bond,
using the term of the optimum orbitals considerably simplifies the question,
does -not involve any loss of accuracy of the calculation. The electrostatical
interpretation of the directed valences of molecular hydrides with a covalent
bond established by GrRAYy and PRITCHARD [50e] indicates, that there is no
casual relationship between the mathematical convenience of the orbital
approximation and the occurrence of the directed valences. According to
Fajans [50f] and KimBALL [50g] and Coulson [50h] the nature of the chemical
binding forces both in inorganic and orgamc molecules and complexes, essen-
tially is coulombic, electrostatic.*

As a close it can be. stated that the chemical binding forces can be -

interpreted even without supposing any specific exchange and resonance forces,
resp., as essentially coulombic forces.

From the point of view of the interpretation of the origin of PAULING’s
values of electronegativity it is very important that COTTRELL and SUTTON -
[51] applied the HEITLER—LONDON—SUGIURA treatment for the two-electron
diatomic molecule while HURLEY [52] applied LENNARD—]JONES and POPLE’s
approximate wave-function. It had been pointed out that if the calculated
dissociation energy of molecule AB is greater than the mean (arithmetic or
geometric) value of the calculated dissociation energies of molecules A, and
B,, this ‘is not caused by an jonic-covalent resonance. Really, mainly the
internuclear repulsion energy is reduced in molecule AB, (or generalizing it
can-be assumed that that between atomic cores decreases) related to the
arithmetic or geometric mean of the internuclear repulsion energies in mole-
cules AA and BB. It also had been established that the extra - ionic reso-

nance energy 4(A— A) may be not only positive but also negative [52], [53].

4. To establish a relationship between the difference in the electro-
negativities of ‘the constituents and the polarity of the bond of an AB binary
compound in gaseous state, it is not practicable to use the data of hydrogen
halides [54] since in this molecules according to experimental data, proton
deeply penetrates the electronic shell of the anionic constituent. Overlap of
such a great extent is never produced. in the case of other cations. -

* See e. g. Ephraim f. in his book Inorganic Chemistry (Oliver and Boyd, Edin-
burgh and London, 1954, 6th Edition) applies Fajans’s polarisation and quanticule theory,
respectively. .
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From practical points of view there are two complications in connec-
tion with the electronegativities: .

1. Parameters determining the “ionicity” of the chemical bond (x4, X&)
can be calculated from different empirical data. The inaccuracies and the
insufficient number of such data (electron affinities, work functions of metal,
heats of dissociation, efc.) and the different participation of the electrbnega-
tivities in the values of diverse physical constants largely. limit the general
valadity of the relations.

2. A great part of the different defmltnons for electronegativity is not
simple (e. g. PAULING’s) [33] or if it is simplé as e. g. MULLIKEN’s definition,
then there are complications in its application in simple form. (The author
himself admits that because of the  dependence of ionization potentials and
electron affinities on the valency state, values often related not to the normal
stdte are to be used. [25])

2. Cri_tical Review of SANDERSON’s Method

SANDERSON’s values for the electronegativity, the so called stability
ratios }55a—f] considerably differ from PAULING’s ones both from point of
view of the method and the numerical value. As the measure for the electro-
negativity of an active atom SANDERSON considers the ratio of the average
. electron density of an atom (ED) and the average electron density of a real
or hypothetical isoelectroni¢ inert atom. This is the so called stability-ratio
(SR) for the given element:

Epy z oz |
SR=(ED).~ 4Br(ED). — 4197 ED).’ (12)

* where Z is the number of electrons of the active atom in question (non
- inert-gas), r the nonpolar covalent atomic radius or the ionic radius, (ED)
the average electronic density of the atoms i.e. the average number of elec-
trons per A*; (ED); the average electron density of an isoelectronic inertatom
real, or hypothetlcal determined by linear interpolation between the average
real values of two inert-gas atoms placed nearest before and after the atom
in question in the periodic-system.

.During the formation of a chemical bond i e. when the atoms of the
active elements combine into molecules, the attractions of the atoms or atomic
cores of the molecules on the valency electrons equalize thus a sz‘abzle bond is
formed, their electronegativities (SR) become equal.

SANDERSON had postulated that the SR, of the molecule is a geometrl-
cal mean of the SRs of all the atoms of the molecule before the combina-

i+]

- tion. Thus in the case of a binary compound A;B; SR, = VSR:-SR}. This
postulate was proved so that -calculating the the -atomic radii within the
molecule from its SR, by formula N

| _V - Z
"=V 419(ED).SR.
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the bond lengths as sums of two radii calculated in this way fairly agree
with experimental data in case of near 700 investigated bonds, but also
certain corrections were necessary, taking into cons1derat10n geometrlcal
points of view at some bonds [55a], [55¢].

SANDERSON assumed that the change in the electronegativity, i. e. in the
SR, is linear fo that in the charge, thus J@ partial charge on atom A of the
molecule and ions, resp.,:

ﬂ‘l__v_s’fii: (SRu—SR4) =1:0 L (13)

from this

(s(A): SRHL—SRA
(SRs—SRu+)lv

(13a)

ZAv-l-
4,19- rAu+(ED)
to the partial charge of the constituent atoms of the molecules in gas phase

in order to calculate SRs+ and SRge- of the electronegativities of the ions,
the crystal ionic radii cannot be used. The only experimental values for ionic

where SRyv+= [55¢]. Regardmg that the value of o refers

radii in gas-phase are obtained in case of atoms of alkali metal -group, uni-.

valent atoms of alkali earth metal and aluminium groups and of halide and

hydride ions [56]—[58]. However, it is possible to calculate theoretical values
in the case of all the isolated ions with Bour’s formula [59].

’ Thus for sodium and fluoride ions the following values can be given:

Radius Experimental Calculated from Thebretically 4
Data ~ Polarizability calculated
Tp- 1,04 A , 1,02 A 1,03 A
I Nat 0,89 A . 05T A 0,50 A

Thus (S R)xar = VS Rxa- SRr=10,70.5,75 = 2,01.
Using these data:

- SRe— 4,19(1,:)?1)3;1:06 -2
SRyar = 419(0:32) 16 "
N . 66:):%:_22(7%:_0,997
oD — %%:8’—;% — 0,526,

‘Therefore the so obtained charge distribution Na*>**F ™% contradicts to the

principle of electroneutrality and does not correspond to the real charge dis-
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tribution of sodium fluoride molecule. In our opinion the cause of this dis-
crepancy is that SANDERSON’s postulate for the geometrical mean value refer-
ring to SR. does not correspond to the conditions existing in the real charge
distribution of the molecule. Thus a considerable difference arises e. g. bet-
ween the bond lengths of sodium fluoride, calculated according to SANDERSON
and RITTNER’s [56) values:

10
. 4,19-1,06-2,01
thus dar=1,0394 1,039 =2,078 A, while dyar from RITTNER’ radii: 1,93 A.
In table VI. we give some correct values for bond length of alkali halides
determined experimentally, and also those calculated according to SANDERSON.

At the methods I'and 1l the corresponding values for mert gas radius and
(ED); are the following (Table V):

=1,039 A

I'Nat = TIF-=

' Table V.

I. method . Ii. method Other method
Atom Univalent Crystal* Radii after
: radii (ED)i | jonic radii | . ED% | Rowuwson | (ED)
He 0,93 061 | 093 0,59 1,28 0,23
Ne 1,12 1,70 1,31 1,06 1,39 0,89
Ar 1,54 1,18 1,74 0,82 1,7 0,86
Kt . 1,70 1,78 1,89 1,27 1,80 1,45
Xe 1,90 1,87 2,09 141 - 2,0 1,61
Rn 2,2 193 2,14% 2,00* — C—

The above data show that there is a very significant difference between
experimental data and those calculated according to” SANDERSON, especially -
at values for (ED); recently used in the II group (excepting lithium halides).

In other cases it is true that the principle of electroneutrality is not
valid for values of partial charge calculated by using geometrical mean value
postulate referring to SR, and. by using the values of experimentally found
and theoretically calculated ionic radii in gas-phase. This’ complication was
eliminated by SANDERSON so that he arbitrarily chose a bond, that of the
isolated sodium fluoride molecule, and chose it in 90% of “ionic character”.
(It is to be noted that for isolated sodium flouride molecule there are no
experimental data from which the “ionic character” of the sodium fluoride
bond could be estimated.) After this, using equation :

® ®_ 2,01—5,75
o® referring to o =575 S Re- =0,90 and another
®Na)__ 2 01—0,70
I = SRy —0,10 — 2%

* ‘'see ref. [60]
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the value for SPns,+ and SRe- can be obtained. Using these values in a
successive approximation it becomes possible to calculate the SR of the
most different free cations and anions [55b). Using the arbitrarily chosen
adjustable - parameter the method lost its advantage fo the previous ones.
However, on comparing it with PAULING—HAISSINSKY’s method, it has the
merit. of a more general apphcablhty e. g. it simply can be used .to calcu- -
late the ionic character of bonds in fransition metal compounds, different
complexes and organic molecules.

"Table VI
Bond Distance
. ‘ SANDERSON’S
F 1 Experimental val {1 Ref
ormula xperimental value Re erences L Method 1L Methdd
LiF 1,51 + 0,08 : [60] 1,92 | 1,69
LiBr 2,1704 [58] 2,48 2,35
LiJ . 2,3919 - 58] C 271 2,54
KCl 2,6666 ' [58] 2,82 L 2,03
_KBr 2,8207 - - 158] 2,08 311
RbCl 2,7867 + 0,00006 [61] 204 . 3,09
" CsF 2,3453 ‘ [58] 2,64 " 2,86
CsCl 29062 | [58] 3,05 . 331
Cs] 3,3150 - [58] . 3,46 3,76
TICI 2,541 ~ - I62] _ 247

Recently - SANDERSON has taken the “ionicity” of the sodium fluoride
bond to be of 75% and so the previous values for the partial charge, cal-
culated with 90%, must be multiplied with 0,833. This change was done in
order to obtain for uniatomic anions (fluoride, chloride, etc.) the theoretically
expected lower E D value than those obtained for (E D); of isoelectronic inert gas
atoms’ with a greater nuclear charge and thus a more compact electronic shell.

‘In connection with this, mention must be made of the fact that it is
possible to calculate the value of o instead of geometrical mean value pos-
tulate with SANDERSON’s method using the following less arbitrary method.
Supposing that the change of SR is linear to the change in the partial charge
and taking into consideration that if the compact, more negative atom takes
a partial charge from a more positive atom, the originally more compact
shell of the negative atom becomes loose while the less compact shell of the
positive atom becomes more compact, supposing that this process lasts until
the SRa4 of the cationic constituent equals to the- SRp of the anionic cons-
tituent, thus in case of AB molecule

SR,—=0J-SRp- +(1—6)SRB = d SRA++ (1 ——(S)SRA
(autoequivalent equation) from which the value of
O SRs+—SRs _
(SRs-—SRs)+(SRa+ SRav)
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Sanperson’s Values for Electronegativity (SR = stability ratio)

Table VII.

log SRA SRA (SR/[—SRAU+)/U A lOg SRA SRA (SRA'—SRAD"')/’D
H 0,5502 3,55 3,019 - As 0,5922 3,1 4,112
Li —0,1308 0,74 1,789 Se 0,6284 4,25 4,289
Be 0,2810 1,01 2,923 Br 0,6561 4,53 4,426
B 0,4533 2,84 3,545 Rb —0,2757 0,53 1,514
C 0,5786 3,79 4,050 Sr 0,0414 1,10 2,267
‘N 0,6523 4,49 4,408 Y 0,2430 1,75 2,752
0 0,7168 5,21 4,749 Zr 0,3541 2,26 3,126
F 0,7597 5,75 4,988 Ag 0,3617 2,30 3,155
Na —0,1549 0,70 1,741 cd 0,4133 2,59 3,347
Mg 0,1931 1,56 2,661 In 0,4564 2,86 3,517
Al 0,2878 1,94 2,968 Sn 0,4914 3,10 3,663
Si 0,4183 2,62 3418 Sb 0,5276 © 337 3,819
p 0,5238 3,34 3,802 Te 0,5587 3,62 . 3958
S 0,6138 4,11 4216 - 1 0,5843 3,84 4,077
Cl 0,6929 4,93 4618 Cs —0,3008 0,49 1,456
K —0,2518 0,56 1,556 Ba 0,0086 1,02 2,189
Ca 0,0864 1,22 2,376 La 0,2923 . 1,96 2912
Sc 0,2742 1,88 2,852 Au 0,4518 2,83 3,500
Ti 0,3560 2,27 3,272 Hg 0,4669 2,93 3,584
Cu 0,3856 2,43 - 3,243 Tl 0,4800 3,02 3,646
. Zn 0,4533 2,84 3529 Pb 0,4857 3.06 3,679
Ga 0,5092 3,23 "3,772 Bi 0,4969 3,14 3,727
Ge 0,5551 3,59 3,942

SOLVIV1 'd



10NIC CHARACTER AND POLARITY OF BOND ) 67

calculated from this eqn is between the values calculated with a reference
standard of 90% and 75% ionic character for NaF (see Table VIII).

The ED values of the elements give the mean value of the compact-
ness of the electron shell around the atomic nucleus. It can be expected that
in case of atoms with compact electronic shell the expression ED=7/4,19-r3
well approximates this, i. e. in case of atoms with loose electronic shell the
approximation is very poor. Really, especially in the case of alkali metal and
- alkaline earth metal atoms one does not obtain even the order qualitatively
expected, therefore SANDERSON, taking into account' the ionization works,
modified the ED and SR values of these elements. However, there is only
. a slight difference between the revised values for lithium and sodium related
to those between the values of potassium and sodium. Thus the “ionic cha-
racter” of lithium compounds differs only with 1% from those of sodium
compounds while the difference between’ the “ionic:character” of sodium and
potassium compounds is with 5% greater. Really, lithium compounds, due
‘to the small size and great polarizing force of lithiumion, have considerably
smaller “ionic character” and polarity, respectively, than " other alkali metal
compounds.

Table VIIL.

Compound DPxaw = 90%0 &lggfi’gﬁ' g;lgll Prap =T15%
NaF © 090 _ ' 0,817 .+ 075
NaCl : 0,798 0,69 ‘ 0,665
NaBr " 0,74 : 0,667 0,62
Nal 0,648 0,60 . 054
KF n 095 - 0,817 0,793
KCl 0,85 © 0,69 0,71
CsF . 0979 0,83 0816
BrCl 0,053 | 0,048 ’ . 0,0442

The values for degrees of bond polarity calculated according to San-
DERSON’s method considerably differ from the experimental ones, in general
they are smaller, especially those obtained by most recently used pNap~075
standard calibration value (see later Table IX).

- It can be proved that SANDERSON’ SR values are directly proportional
to the attractive forces exerted by the atom on the valence electtons:

A
4, 19 2 r(ED):

is converted on substltutmg BOHR’s formula for atomlc radius, into

SR=

. an- n‘_aH n?

z—S Zz
where ay=0,5292 A is BOHR’s ;ad'ivus'of the hydrogen atom n the principal

5
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quantum number of the orbit for electrons detached during ionization of the
atom in question, S the_screening number of electrons remained after ioni-

zation. Thus, Z—S=2" expresses the so- -called effective nuclear charge
number of the remained atomic core ’

A
SR= 4,19-rann’(ED),
Introducing the notation v
: 7 e
4,19-ayn*(E D) ’

where C is constant in the case of isoelectronic ions, or approximately con-
stant by elements of the same period. Thus

*

srR—cZ..
. r

. This term expresses the magnitude of attractive forces exerted by one
atom of the molecule on the electrons.’

The exact form of the correlation between the difference of PAULING’s -
electronegativity and bond energy as evolved by P. DAUDEL and R. DAUDEL
yields for the degree of ionic character and polarity, respectlvely, the follow-
~ing formula: '
|xA—xB|—O 208 4(A—B)

Ca++-Cp-

which greatly resembles to SANDERSON’s equation

. SRm - SRA

(SRs—SRu+v)/v

pd(B) — San_SRB

. max (SRB'__SRB‘L'[)//U’

in them we find in both cases the difference between the electronegativities

of the neutral atom and the ionic constituent with- partial charge of the
molecule in the numerator, or an amount directly proportional to it, whilst

0D = p. 0%, —

OB

" the denominator measures the changes in electronegativity in A and B when ..

they acquire unit positive and unit negative formal charge, respectively. This
close similarity indicates that the terms in P. DAUDEL’s and R. DAUDEL’s
equation also correspond to SANDERSON’s definition of electronegativity.

PRITCHARD and SKINNER [7] pointed- out that calculating the (E D), values
- for the inert gas atoms, there are some complications when choosing the
normal covalent radii of the inert gas atoms, since they form no compound.
- Such radii can -be interpolated only from univalent crystal radii of isoelectronic
ions or from crystal ionic radii. In Table V it can be seen that SANDERSON’s
and ROwWLINSON’s [63] recent values considerably differ from each other. But
PRITCHARD and SKINNER’s opinion, according to which the origin of alter-
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nations in electronegativity (SR) found in the major groups of the periodic
system can be found in the values for normal covalent radius and (ED); of
inert gas atoms chosen by SANDERSON, is faulty. Really this alternation can
be found already in the normal covalent atomic radii of the elements of the
major groups, while its interpretation is yielded by fransition metal contrac-
tion and the double (fransition metal + lanthanide) contraction [64a].

Both SANDERSON’s and RocHOW’s values for electronegativity well show
the alternation within one column of the major group of the periodic system.
Therefore it is rather odd and without sense to bring this into correlation
with PAULING’s values for electronegativity, which do not show this alterna-
tion, i. e. plotted against éach other on the same curve (see e. g. [35¢], [64b]).
Thus it is reasonable that sometimes there is a difference of about 0,5 electro-
negativity units between correlated and original values.

Another practical complication of SANDERSON’s method had already been
pointed out by DOERFFEL, according to him the inaccuracy of the radius is
more emphasized, -since it takes place at its third power [64c]. At last the
linear relation’ between the stability ratio and the partial charge cannot be
proved. .

3. RITTNER’S Method

: On the basis of the classical electrostatical model, by introducing certain
simplifications, RITTNER has elaborated a semiempirical method for the cal-
culation of the bond energy and the degree of polarity and dipole moments,
resp., of alkali halides solely [56]. This method has been applied by KLEMPERER
and MARGRAVE [56a] for the calculation of the dipole moments and binding
energies of alkali hydrides. This application was criticized by ALTSHULLER
[56b] on the basis that the penetration of alkali metal anions into hydride
anions is of considerably greater extent than that into halide anion, there-
fore the simplified model applied to.alkali halides is not suitable for alkali
hydrides. According to KLEMPERER and MARGRAVE there was a great difference
between calculated and experimental values already in the case of alkaline-
earth-metal okides. Generally RITTNER’s method was to be applied only for
alkali halides of high degrees of polarity, and even here the agreement bet-
ween the most recent experimental values for the degree of polarity and those .
calculated with this method is very poor.

New Ways for Calculating the Degree of Polarity

On the basis of the above critical review of these semiempirical methods
it is clear that the task of further investigations is not to seek new values
for the electronegativity, reflecting more exactly the chemical character of the
elements, or to deduct and calculate more useful values for PAULING’s electro-
negativities from other physical constants of atoms and molecules. The-aim
is to elaborate such a new method, in which we can start from data experi-
mentally obtained independently of the bond length and of the bond dipole mo- -
ment to be evaluated, theoretically calculated .with methods of the quantum
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mechanics, and it is desired that these data precisely can be measured and
we have many of them. The further task is to elaborate a method of calcu-
lation which takes into consideration actual forces, based on a resonable
structure, without using any other experimentally determined degree of polarity
or any other adjustable parameters arbitrarily chosen. -Naturally the polarity
of the ionic character of a given molecule must be yielded precisely by this
method of calculation considering each case as a special one.

The present paper starts from FAJANS’s approach to the chemical binding
forces, supported experimentaly and quantum mechanically. FAJANS’s approach
is the so called “quanticule and polarization theory” of the chemical bond.
[10c], [50f]. According to FajaNs’s quanticule theory, the nature of chemical
binding forces is coulombic, i. e. the .interactions in molecules, crystals, melts
and solutions can be traced back to the electrostatic interactions between
nuclei and electrons. In first approximation, these may be investigated as
electrostatic interactions of quanticules: namely, of atomic nuclei or atomic
cores, further of binding electron groups and of antibinding electron groups
(molecular or atomic quanticules). The qualitative results of these interactions
on the bond polarity are summarized in FAJANS’s polarization rules, according
to which the degree of polarity is the smaller, the stronger the field of the
deforming ion (the atomic core quanticule) and the larger the polarizability
of the deformed ion (anionic quanticule) are. Both depend on the charge,
size and electron configuration of the ion in question.

Starting from FAJANS’s quanticule and polarization theory, as a first step
it is necessary to take into consideration quantitatively the polarizing power
of the cation. Several attempts of this kind can be found in literature. In 1926

GOLDSCHMIDT [65] introduced ve/r* and ve/R3p resp., as the measure for the
field strength of the cation [66a,b], where v is the valency and charge,
respectively, of the ion, e the elefentary charge and r the cationic radius,
R.p the distance between the anion and the cation. Yet CARTLEDGE [67] in
1928 used the expression ve/r to take quantitatively into ‘consideration the
polarizing power of the cation. A common inadequacy both of the magnitude
of the field strength and the ionic potential is that owing -to the use of
macroscopic ionic charge, v, does not reflect the difference between the po-
larizing power of ions with the same charge and size but with different
electronic configuration [68, 69], as it had been pointed out already by
Fajans [10a]. The measure for the attraction force of the cations with the
same size and charge but with different electronic -configuration, exerted on
a given anion, or simplifying the question, on an outer electron, is the ioni-
zation work needed for the detachment of this electron. That is why a more

general applicability of the jonic potential and the electric field strength ex--
' press:ons was attempted by several authors, when they introduced the ioni-
zation work (I). AHRENS [70a, 70b] introduced the expression of the “electric
intensity” and the “field strength” (F==1/r), resp., measuring anion affinity
of a cation, with \the same charge and the same size in volt per A. GoLp- -
SCHMIDT in his recent book [71] takes as the measure for the polarizing force
- the value of the ionization work needed for the detachment of the last electron
during the forming of the cation in question, referred to unit ionic charge:
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shortly the potential per unit charge (//v). Regarding, that the shielding and
screening effects (Se) of electrons with different configuration (having different
principal, azimuthal, magnetic and spin quantum numbers) exerted on the
nucleus with -+ Ze charge, are very different, and this difference has some
. effect on the ionization work needed for ‘the detachment of the outermost
electron, the endeavour to use the so called effective nuclear charge Z*.e=
—e(Z—S) proposed by some authors [28, 35a, b, 72]- can be regarded quite
obvious. So GORDY has applied the term Z*e/r, while LEHMANN and BAHR
Z*n, ds a measure for PAULING’s electronegativity of the atoms. The vaiues
of Z* used by GORDY and LEHMANN considerably differ from each other,
since GORDY used PAULING’s scheme for the estimation” of the screening
number (the screening number 0,5 per one valency electron). LEHMANN and
BAHR used FINKELNBURG's [73] screening number and Z* values, resp., on

‘the basis of Z*/n==|1/Rhc. GORDY’s Z*e/r values were calculated again by
PRITCHARD and SKINNER [74], using SLATER’s rule [75]. Most recently AHRENS
has introduced S,;=>5v%2/I|r under the name “shielding efficiency of the
cations” [76]. _

The method essentially already described by us [35d] has been applied
by FERREIRA [77] for PAULING’s and P. DAUDEL and R. DAUDEL’s equation .
respectively, where he used KOHLRAUSCH’s [59] screening constants for the
calculation of the degrees of polarity. With his method he succeeded only to
calculate the degree of polarity of hydrogen halides, in. the case of other
bonds he could not make calculations for them due to compllcatlons in choos-
ing the screening constants for the different hybridization states.
Zie
: . r '
nuclear charge number of the constituent atom on the basis of the SLATER-
rule, while r is the covalent atomic radius experimentally obtained.

Mention must be made that GoLDSCHMIDT doubted [78] the real phys-
ical meaning of the ionic potential, and according to CRAIG [79] in complex
compounds the “relative capacity of attraction” for a metal ion, exerted on
the ligands can be measured better with the expression of the field strength
than with that of the ionic potential.

After all, considering all these attempts we thought that the most suitable
is to introduce the concept of the “effective electric field strength” (F*) where
the absolute value of the effective electric field strength is F*= Z*.e¢/r* and

Z*-e/Ris. (In the expression r; depending on the problem to be investigated
may be a value theoretically calculated, the true radius of the free- atoms or
ions, or a radius obtained from the interionic or interatomic distances in
crystal lattices, or ionic radius deduced from the bond length of molecules
in gas-state while Rap is the bond length of compounds in gas or sclid state,
i. e. the anion-cation distanice and in the case of elements the shortest bond
length.)

The polarizability of the anions can be calculated from mole refractions
precisely determined experimentally (R.) by the LORENZ—LORENTZ equation:

3 n*—1 M_~ 3

- ALLRED and RocHow calculate in the expression P*— , the effective



12 B. LAKATOS

where n is the refractive index for' Z=o0, M the molecular weight, s the
density, and N AvOGADRO’s number. Theoretically, on the basis of the BORN—

HEISENBERG relationship ¢ = 7(:,3 where C is an amount proportional to the sixth

power of the effective principal quantum number, thus e is proportional to r2.
According to RICE [80] the polarizability ¢=0,76 vr* where v is the valence
of the anion, i e. the negative charge number. Most recently the concept of
the anionic potential v/r has been introduced by SzADEczky [81] analogously
to the cationic potential (v the valence of the negative ion, or its charge
number). Considering that strongly polarizable anions have small positive
effective electric field strength (actually it may be negative) and vice versa,
so we can introduce the expression F*==Z"¢/r* of the effective electric field
strength for anions, too as measure of its polarizability.

In a common quantitative treatment of the polarizing force and polar—
izability, taking into consideration all the previous attempts (see e. g. reference
[81]) a difficulty arises.that the polarizing force is inversely proportional to
the size of the constituent ion or atom, while the polarizability is directly
proportional to it. SzADECzKY’s method .is a common treatment, where the
potential of the compound combines from the anionic and cationic potentials,
“and the atomic potentials, resp. In accordance with the experimental resuits,
a larger cationic potential shows always greater polarizing force. But regard-
ing the question from the side of the polarizability of the anions, the following
contradiction arises: in the case of an ions with the same charge but with
difference size, the decrease of the anionic potential means an increasing
polarisability (e. g. F~, CI”, Br  and I anionic row), while at anions with
near the same size but having different charge, the polarizability decreases
together with the decrease of the anionic potential (e. g. OH™ and O%*). To.
avoid this the problem of the polarizability was deduced to the problem of
the polarizing force, whenever both was quantitatively taken into consideration
with the effective electric field strength. This attempt involves no contradic-
tion, since in the comparison we must take into consideration- that FAJans’s
approximating formules represent limiting cases with ideal ionic bond, and
FA)JANS’s polarization rules refer to the same, what informs us to what an
extent does the real charge distribution of the molecule in question differ
from the ideal ionic bond state. With FAJANS’s own words: “In my theory
Li*H™ and S%(0O%*), express correctly the quantization, while the continuous
polarization which automatically follows from these formulations and from the
polarization properties of the ions, leads to the charge distribution Li""HP"
etc. [82)’. However, the effective electric field strength value of the anionic
and cationic constituents considerably differs from that of the corresponding
free, ideal, rigid ions, i. e. from the polarizing force and the polarizability, too.
To understand this the following must be considered. According to SANDERSON’s
definition, the electronegativity of an atom is represented by the force, with
which the atom in the molecule affects the electron. A molecule being formed,
if in the beginning the attraction force of the constituents differed, it must
be equalized by a charge shift (see e. g. SANDERSON’s concept), i. e. the more
electronegative atom expands thereby lessening its attraction for the valence
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electrons, and the less electronegative atom contracts, thereby increasing its
attraction for the valence electrons, shortly on the other side the cation de-
forms the electronic shell of the anion until the effective electric field strength
of the cationic constituent becomes equal to that of the anionic component.
The extent of the charge shift, calculated on the basis of the equality of the
effective electric field strength, gives us information about the degree of po-
larity of the bond. According to our investigations the effective electric field
strength of the constituent, in equilibrium, is always in the positive range
during the formation of the most diverse molecules and never becomes ne-
gative (a negative value, as a rule, would correspond to a limit case, to- the
effective electric field strength of the free anion). At last the polarizability of
the anion was substituted by the polarizing force of the anionic constituent.
Now, we must emphasize that there is an important difference between our
concept of the “effective electric field strength” and the concept of the “field
strength” widely used by FAjaNs and others. E. g. the electrostatic field
strength. of the fluoride ion, effective in macroscopical dimension (in d>r
distance), is a negative value —e/r* and —e/d® at the same time the electro-
static field strength of the fluoride .ion formed just around itself, i. e. the
absolute value of an electrostatic attraction force exerted on a .unit negative
charge placed at a distance of thé radius of the isolated fluoride ion (0,954 A)
from the fluoride-nucleus, the so called “effective electric field strength” the
absolute value of which is F# ==-0,3426-e/A* positive value, since the ten
electrons of the fluoride ion do not perfectly screen the nuclear charge with
the magnitude of Z=-9e. The nuclear charge screened by ten electrons
of fluoride ion with neon configuration 8,6882-e and so the effective nuclear
charge of the fluoride ion (9—8,6882)e—=0,3118.¢, therefore the effective
electric field strength: e-Z*/r’=e.0,3118/(0,954)*A% = 0,3426¢/A%. In our in-
_ vestigations the charge shift in question within a molecule was to be cal-
culated by taking into consideration  quantitatively these power ratios with
microscopical character. In order to calculate the effective nuclear charge
number, the screening number, the effective principal quantum number and
the radius of the atomic or ionic constituents of the bond, the method of
approximation using the properties of free, isolated atoms and ions was
applied [35d]. Here GLOCKLER—LISITZIN’s equation for ionization works of -
free, isoelectric ions: "

=aqZ’+bZ+c

was taken into consideration together with KOHLRAUSCH’s equation for the
ionization works: ‘

o (Z—S8ye
1—1?/26———-—(’1,)2 7.
From these equations the following results were deducted :
S=—b/2a

(n*y: = Rhcla=13,59/a

9

"= %a

C.
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These two main factors determine the average distance of the electron and
maximum electron charge-density, respectively, from the nucleus,. i. e. the
radius of the atomic or ionic constituent in question:

r=au(n*}/Z* = 0,529172(n"y Z" (in A).

When carrying out calculations for elements of the fields S and P by
using the most reliable data for the ionization potentials we have the values
of the effective nuclear charge number, screening number, effective principal
quantum number, contraction work (y) and radius of all the atoms and ions
" with whole number positive or negative charges. Afterwards the amount of
the microscopic effective electric field strength of these free ions and atoms
was calculated (F*=Z"¢/r*). This can be regarded as an absolute measure
of the electronegativity of free, isolated ions and atoms and fully consistent
with SANDERSON’s original definition of electronegativity for the free ions and
atoms. Further investigations proved that the effective electric field strength
of free ions and atoms is an exponential function of their charge. When a
molecule forms, a charge shift will occur as compared to the charge distri-
bution of the free ions. As a consequence of this charge shift, the value of
the effective charge on ions and together with this their dimensions change
and accordingly the effective electric field strength daround the ions’ changes,
too. The extent of this charge shift is determined -at the equilibrium state by
the classical wirial-theorem, according to which the effective electric field
strength of the cationic constituent must be equal to that of the anionic con-
stituent : ) '

* *
A B -
ZA+pa$m)Ax ZB—P'6$n3.x

) 3
2, sd 2__ 48
rAﬂJdﬁn z)tx I'B_p“’sn;x

where p is the degree of polarity of the bond in question, dpay is the maximal
charge on the constituents A and B, when supposing an ideal ionic bond.
The extent of the charge shift obtained this way determined the degree of .
the bond polarity or using PAULING’s term, the degree of the ionic character
of the bond: ' '

_ " log Fs—log Fx
(log F+—Ilog F)-0%) 4 (log F,—log F,-)-0%

max max

p

where Fi and Fz are the effective electric field strengths of free, isolavted A
and B atoms, while F}:+ and F_ are those of the isolated, free Af and B~ ions.

On comparing the results obtained by using this equation and those obtained
by the methods so far common in literature with the experimental values,
ours are in a considerably better agreement (Table IX). Greater differences
occur only in the case of molecules where FAjanNs’s approximation formula
differs from the more simple formula applied by us. The cause of this can
be found in the shortcomings of the method of calculation, namely by this.
method the properties of bonded constituents were approximated with the
properties of free atoms and ions. In case of great number of bonds the nu-
merical values of the degrees of bond polarity calculated in the S, P, D-fields
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Table IX.

75

Degree of bond polarity (p)

Nf‘giﬁfllllll:r Fr::;gf)rsl ?fr%ﬁﬁﬁ Experi- Fﬁ:ﬁﬁﬁ SAMDERSON Present
mental and SmyTh) (pxar=0,75) paper
CIF CI*F~ 0,113 0,195 0,085 0,157
BrF BrtF~ 0,153 0,24 0,130 0,168
BrCl BrCI” 0,056 0,03 0,044 0,016
IC1 e © 0,100 0,007 0,125 0,149
IBr I*Br~ 0,110 0,03 0,081 0,133
CIF, (€); CI"* (F7), 0,090 — 0,044 . 0,121
BrF, (e)s B (F7), 0,127 — 0,067 0,129
BrF, (e); Br’ (F7), 0,125 — 0,045 0,105
IF, @)1 (F7), 0,178 — 0,075 0,173
S0, (e), S (0*), 0,116 0,195 10,042 0,119
NO, (€) N>+ (0*), 0,042 0,09 0,027 0,047
PCl, (€. P (CI), 0,073 0,17 0,099 0,176
P=0 Pt...0% " 0,105 0,29 0,066 0,133
AsF, (), As™ (B, 0,259. 0,46 0,106 0,212
" AsCly (e): A" (C17), 0,139 0,195 0,060 0,128
AsBr, ()2 AS°F (Br ), 0,110 0,15 0,037 0,118
SbCl, (e); SBPH (CIM), 0,197 0,24 0,097 0,202
SbBr, " (€)s SH™ (Br), 0,155 0,195 0,073 0,193
co C** (e),, O%F 0,011 0,20 0,080 0,155
" CO, 0% CH* 0% . 0,105 0,195 0,056 0,107
CS, S it s 0,030 0,00 0,013 0,024
SiF, Sitt (F7), 0,307 0,52 0,168 0,272
SnCl, (e), Sn*T(CI7), 0,267 0,28 0,153 0,267
BF, B*(F), 0,273 0,47 0,186 0,244
TICI (e, TRYCI 0,364 0,32 0,158 - 0,306
LiCl Litcr 0,608 0,46 0,650 0,601
LiBr Li* Br~ 0,594 0,40 0,610 0,594
Lil Li* 1™ 0,544 0,35 0,528 0,556
KF KtF™ 0,703 0,87 . 0,793 0,716
KCl K* ClI” 0,818 0,52 0,708 0818
KBr K* Br~ 0,768 0,46 0,664 0,809
KI K*1™ 0,755 0,40 0,582 0,768
CsF Cs*F~ 0,699 0,01 0,816 0,685
CsCl Cs* CI™ 0,747 0,55 0,731 0,747
CsBr Cs* Br~ 0,711 0,49 0,687 0,740
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of the periodic table were published in a set of pubhcat]ons appearing in
Acta Chim. Hung. [83] and [35d].

The effective electric field strength of the anionic and cationic consti-
. tuents was measured with the expression F*= Z*.¢/r’, and this or the other
Z*-e/Rp expression is generally used when investigating a force' or physical
chemical constants being in close connection with the effective forces. In
energetical calculations or in a quantitative treatment of constants connected
with these we shall use the expression of the “effective ionic potential”
Z*-e[r, and Z*-¢/R4p. Both expressions truly reflect the dependence of the
field strength and potential, resp., of the questioned atoms or ions not only
on its size and charge but on its electron configuration, too. The reality and
the usefulness of the concept of the “effective electric field strength” is pro-
véd by that it had been used with success during the quantitative investiga-
tions of the physical properties of elements and metals, together with the
derivative of the effective electric field strength. We succeeded in developing
a connection between force constants calculated from the values for melting
points, compressibility and specific heat at low temperature of metals, and
the effective electric field strength of metal ions placed in the lattice point,
namely it was given as a linear function of the derivative of the force cons-
tant of the effective field strength in distance.

Summarizing these results, the effective ionic potentlal effective electnc_
field strength and the derivative of the effective electric field strength opened
new. ways for the quantitative treatment of the physical-chemical constants of
the element$s and their compounds, based on a simple and real structure..

* ok 3k
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0O HPO-BJ'IEME MOJIIPHOCTH i1 HUOHHOIO XAPAKTEPA XMUMUUECKOM CB$3H

B. Jlakarous

] AsTtop, u3yuas npoGieMy NOJNSPHOCTY H HOHHOrO Xapaxrtepa MONBITAJICS PacCYHTATH
cTenenb NCJSAPHOCTH cBsidu ompefedennyio Pagucom. OnpejesieHHe CTeNeHH MNOJAPHOCTH
OblJIO EO3MOXHO TOJbLKO MpH  noMoImiH Auddepenuril B 3JexTponeraTlBrocTH [layaunea,
npuMeHas [Pyrue, SKCIEPHMEHTaNbHO 3apaHee onpejeficHHble creneHd mnoJsprocti. ITo-
. cleqHHe crpeMJienuss B OoJblliefl 4acTH: GLIJIK OrpaHdYeHbl K BO3MOXKHO TOuHeHHIEMY BbI-
YHCJACHHIO BEJHUYHH 3JIEKTPOHeraTHBHOCTH [layausea H: BCEBO3MOXKHBIX <«IOCTOSHHBIX®
aToMOB M MOJeKyJ. BeluunHpt 3/7€KTPOHeTaTHBHOCTH, TaK HAa3bBaeMble <«CBS3H CTaGHJb-
HocTH», BhiuHcnenol CandepcowoM ¢ Tako#t Ke 1efbl), 3HAYMTEBHO OrJHYAIOTCS OT
3Tux Ke Jlayauneza, HO 3Jlech TaKXe HVXKHO Gbul0 YNOTPeGJSiTh OAHY BeJHYHHY Kanaubpa- .
unn: (Py,p=075). ~ '

B nacrosimell paGoTe NJS KBAHTHTATHBHOrO -10AX0AA K PyJsM moJsapusanun Pasuca
aBTOPOM OhLlIa BBEefEHA KOHUEMIHs «3d(eKTHBHOM cuapl nonsi» (F*), aGcomornoe 3HaueHHe
Kotopoil F*=—=2Z*.e/r2 rie Z* — unucio 3(p(HEKTHBHBIX 3aPSA0B sAPa NaHHOH H30JIMPOBAHHOH
dopmanun (MOHA HUJIM aToMa), T—ee paanyc. B paBHopecuH, 3(h@deKTHBHAA cuia I0AA
KAaTHOHHOrO KOMIOHEHTA paBHa TOH e 4HUOHHOTO KOMIIOHEHTa, 3TO HAET BO3MOMXHOCTE
pACCYHTATh pa3Mep CMelleHHsl 3apsiga WJH CTeleHb MOJADPHOCTH CBS3H € 5 NPOLEHTQB TOU-

+ HOCTBIO. . Lo
Z*.e/r? — Tak Ha3uiBaeMoe BhIpaweuwe 3¢exTHBHOro HOHHOrO nOTEeHuHana u a¢-
¢GekTH HES cHJIA TOJST ABJSETCS NPOM3BOAHBIM MG AMCTAHUMH MNpeiblIyLlero B 3SHEPreTh-
YECKHX pacueTax, TaK Kak NPOH3BOJAHOE NO ARCTaHUHH 3(DQpeKTHBHOH CHAH MOJA OTKPLUIO
HOBble BO3SMOXKHOCTH NPH KBAHTHTATUBHOM MOLXO/le TNOCTONHHBIX HATSAMEHHI ced3ell moay-
YeHnpX H2 Pa3HbIX (GH3HUECKHX INOCTOSIHHEIX 3JIeMEHTOB M MeTaJllIoB.
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AN INVESTIGATION OF THE CONNECTION BETWEEN
PHYSIOLOGICAL ACTIVITY AND CHEMICAL STRUCTURE OF NEW
. DRUGS ACTING ON THE CENTRAL NERVOUS SYSTEM

I. The' Synthesis of Some Aminoacetates Containing -
Cyclic Tertiary Nitrogen Atom

By B. MATKOVICS and S. FOLDEAK
Institute of Organic Chemistry, The University, Szeged
and J. PORSZASZ
Physnologlcal Institute of the Medical University, Szeged

(Recetved April 10, 1960)

In the course of our work we have prepared some cyclic tertier-amino-acetic-acid-
esters and the short series of their quaterner derivatives in order to sub]ect them to
pharmacological investigations.

Especially the effect of the mentioned ester-typed compounds on the central nervous
system was ekxamined.

- This investigations made clear that from this group of compounds only the N-
piperidino acetic acid benzyl-ester had, a slight antinicotinic effect that might be increased,
to a little extent, by quaternerization.

The problems of the synthesis and pharmacology of @G-amino ketones
are recently often treated in literature. One of the authors [1]—[5],” has devoted
extensive studies to the pharmacology of this group of materials. Several of
these compounds possess remarkable antinicotinic action, and some of them
are known today as well established pharmaceuticals. .

The main object of our investigations has been to find some connection
between the physiological action and chemical structure. The possibility of
such connection appeared to be all the more probable since there are some.
other groups of compounds known besides f-amino ketones which have
antinicotinic action. An example of such materials is Parpamt (diethylamino-
ethyl ester of I-phenylcyclopentane-I-carboxylic acid), which is effective against
spasms caused by nicotine, even when it is applied in very small doses,"
such as 5 mg/kg. Thus, in the course of our initial efforts, compounds having
the ‘general formula of R>N(CH7),,COOR’ were synthesnzed and' their physm-
logical action "determined. At the same time also some of the ,,reversed esfers”,
were prepared. (Fig. 1.)

R >N(CHs),-COOR’ — RN (CHo)uO COR
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where R>N represents a piperidino, pyrrolidino or morpliolino group, and
R’ denotes methyl, ethyl, butyl, benzyl substituents, and n=1, 2, 3

A study was made of the influence of the number of methylene groups
present on physiological activity, and the optlmum methylene chain length
was determined.

A short survey of the pharmaceutical use of similar N- -piperidino and
other secondary amine derivatives may be given as follows:

a) As it has been described earlier, different N-piperidino-g-amino
ketones are known as compounds possessing antinicotinic action [1]—[6].

b) Some N-piperidino or other N-cyclic amino carboxylic esters or their
~.amides are local anacsthetics or spasmolytic agents [7], [8], whereas some
@-piperidino-benzoates have midriatic action [9].

c) Certain p1per1d1ne derivatives have been descrlbed as inhibitors of
spirochetes.

d) Bis-(3- hydroxy dlmethyl plperxdlmum) bromide ethers have been
used as neuromuscular blocking agents [11].

e) Some dialky! aminoalkyloxy-alkyl piperidines and pyrrolidines have
been recommended as blood pressure lovering agents [12].

These few examples. may show that a great number of various drugs
have been derived from the chemical group of secondary cyclic amines.

During the course of the present investigations short series of cyclic
N-substituted acetates have been prepared, and an attempt has been made
to trace down the physiological properties of the products.

Our method of synthesis was the following:

The simplest way of preparing N-substituted acetates is the. conden-
sation of monochloroacetates with secondary amines [8]. In this way, a whole‘
series of aminoacetic acid derivatives could be prepared: : :

2R)NH+ Cl-CHQCOOR’ — R>N-CH,COOR’ + R DNH-HCI
RDN = piperidino, pyrrolidino .or morpholino groups,
- R =methyl, ethyl, butyl or benzyl groups.

The experiments involved an-investigation of the influence of the nature
of the halogen substituent in the X-CH,COOR’ aliphatic halogen carboxylic
esters on the yield of the final-product. When X=1, or Br, or Cl, best yields
could be obtained with bromoalkyl carboxylic esters [13]. Decrease of the
yield may be explained by the polymerisation of by-products when iodoace-
tates were.used, whereas the sluggish reaction of chloroacetates necessitated
more severe reaction conditions producing the same detrimental result on
the yield. :

For the purpose of identification the picrates and the quaternary deriva-
tives of the N-acetates were always prepared. On the other hand, hydroch--
lorides were best suitable for pharmacologlcal tests, as a consequence of their - -
solubility in water.
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Experimental

A general method of preparing the picrates, quaternary derivatives and
hydrochlorides is given as follows:

, Picrates were obtained by adding. a 5% picric acid “solution in anhyd-
~ rous ethanol to the materiai or to its anhydrous alcoholic solution.

Quaternary methiodides were prepared by reacting the materials with
the calculated amount of methyl iodide. In several cases the formation of the
methiodides failed to occur, mainly due to solubility factors.

The preparation of hydrochlorldes was carried out by means of a cal-
culated amount of hydrogen chloride in dry ether solution.

The crystalline products obtained were filtered in all the three cases,
they were washed with the appropriate solvent and dried for analysis.

A general description of the preparation of N-cyclic aminoacetic esters
is the following: 1 mol. of ‘a chloroacetate was reacted with 2 mol. of the
cyclic secondary amine in dry benzene solution, and the formed secondary
amine hydrochloride was filtered. If the reaction was too slow, as it was the
case especially with morpholino-derivatives, the mixture was refluxed for
several hours on the steam bath. The secondary amine hydrochloride was
washed with hot anhydrous benzene, the filtrates were combined, and the
solvent was evaporated. Finally, the residue was distilled under reduced
pressure.

Below are given the empirical formulae, molecular weights, some phy-
sical constants and analyses of the compounds prepared.

N—(piperidino) acetic acid methjzl ester

CsHy;O,N-MW: 143,1-B. p. 69°C at 5 mm.

- Calculated C61,50; H9,68; N 897 %.
Found C61,75; H9,19; N 8,37 %,.
Picrate: C,H;gO,N,. MW : 386,31. M.p. 115°C.
Calculated N'14,51 %. Found N 15,22 %,.

N-(piperidinium) acetic acid methyl ester methiodide

CH;sO,NI - MW: 285,15 - M.p. 163—164°C.
Calculated C36,13; H6,06; N 4,68; I 42,429/,

Found C 36,33; H6,10; N 4,72; 142,90 %,. ’
Hydrochloride: CgH,sO.NCl- MW: 193,66 - M. p. 214°C. ..

N-(piperidino) acetic acid ethyl ester

CH;O,N - MW: 171,14 - B.p. 68°C at 1 mm.
Calculated C63,13; H1001; NB8,18%
Found " C63,10; HI10,15; N 8,60%.
Picrate: C;H,OoN, - MW: 400,34 - M. p. 122°C.
Calculated N 13,99 %. Found N 14,30 %.
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N-(piperidinium) acetic acid ethyl ester methiodide

CmHgoOQNI : MW: 313,08 : M. p. 160—161°C. :
Calculated C 38,35; H 6,44; N 4,47; 140,53 %o
Found C 38,02; H 6,85; N 4,50; 140,70 %.
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Hydrochloride: C;HO;NCI - MW: 207,63 - M. p. 117—117,5°C,

N-(piperidino) acetic acid butyl ester

C.H,ON - MW: 185,15 - B.p. 100—101°C at 4 mm.

Calculated C 66,29; H 10,62; "N 7,03%
Found C66,50; H 9,98; N6,79%.

Picrate: C;H, O;N, - MW: 428,39 . M. p. 85°C.

Calculated N13,08"’/o.v- Found 13,20 %.

N{piﬁert‘dinium) acetic acid butyl ester methiodide

CosHwOuNI - MW: 341,i8 - M. p. 178°C.
Calculated C42,23; H7,09; N4,11; 137,19%
Found C4251; HT49; N420; 136,38 7%.

Hydrocloride: C,;HxO,NCI - MW: 235,74 - M. p. 118°C.

N-(piperidine) acetic acid benzyl ester

CiH,sON - MW: 220,14 - B. p.- 134—135°C at 1 mm.

Calculated C 72,06; H 8,21; N 6,00 %
Found - C72,15; H830; N6:25°%.
Picrate: C,HpOoN, - MW; 426,41 - M. p. 138°C.
Calculated N 12,12 9%,. Found 12,81 %.

NQ(piperidiniam)' acetic acid butyl ester methiodide
CHnONI - MW: 375,20 - M. p. 93°C.

Calculated C 48,10; H5,87; N 3,73; 133,59 %
Found - C48,20; H6,00; N395; 1339 %..

Hydrochloride: C,;H,O.NCI-MW : 269,77-M. p. 133°C.

N-(morphol_ino)' acetic acid methyl ester

CH,;0.N - MW: 159,1 - B.p. 77°C at 2 mm.
Calculated .C52,81; H 8,23; - N 8,80%
Found C59,90; HS840; N 9,10%.

Pinafe.' C13H1(;O]0N4-' MW: 372,]6 * M p.' 1430C.
Calculated N 14,43 %. Found 14,50 %.
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N-(morpholinium) acetic acid methyl ester methiodide

CgHyONI - MW: 301,13 - M. p. 147,5°C. -

Calculated C 31,89; H5,32; N 4,65; 142,195 °

- Found . C32,05; H5,63; N5,03; 142,10%.
Hpydrochloride: CH,,ONCI-MW: 194,63-M. p. 150,5°C.

N-(morpholino) acetic acid ethyl ester

CeHis0:N - MW: 173,12 - B. p. 86—87°C at 4 mm.
Calculated C5547; HS8,73; N 17,72 '
Found C 55,40; H 8,95; N 7,90%.

. PICI'afL" C14H]3010N4 M MW: 402,14 * M. p. 1630C.
Calculated 13,93 %. Found 14,29 %,.

'N-(morpholinum) acetic acid ethyl ester methiodide

CHsO:NI MW: 315,07 - M.p- 132—133°C.
Calculated C 36,47; H 6,08; N 4,26; 1 38,60%
" Found C 36,70; H 6,20; N 455; 139,10 %.

N-.(morpho'lino) acetic acid butyl ester

CuHON - MW: 201,15 - B. p. 105,5—106°C at 3 mm.
Calculated -C 59,67; H 9,52; N 6,96 % .
Found . (C59,80; H940; N 6,60%.

Picrate: CgH;;O0N, - MW 429,36 - M. p. 118°C.
Calculated - N 13,02 %,. Found 13,15 Y%.

N-(morpholinium) acetic acid butyl ester methiodide

CuHwO,NI - MW: 343,10 - M. p. 95—96°C.

Calculated C 38,48; H 6,46; N 4,08; [ 37,00%

. Found C 38,56; H6,60; N 4,15; 136,76 %. '
Hydrochloride: C,;Hy,OsNCl- MW: 237,61 - M.p. 128°C.

N-(morpholino) acetic acid benzyl ester

Ci:Hi;:O;N - MW: 236,14 - B.p. 164—165°C at 5 mm.
Calculated C 67,74; H 7,68; N 5,629%,

Found C67,10; H 7,70; N-5,80%.

Picrate: C19H200|0N4 - MW: 450,14 - M. p- 144°C.
Calculated N 12,12 9%,. Found 12,73 %.

N-(morpholinium) acetic acid benzyl ester methiodide

CMHQoOgNI . MW: 376,22.
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This compound was not formed. )
Hydrochloride: CysHisONCI - MW: 268,60 - M. p. 149°C.

N-(pyrrolidino) acetic acid methyl' ester.

CH,,O,.N - MW: 157,12- B. p. 72°C at 8 mm.
Calculated C 53,50; H 8,46; N 8,89 %

Found C 53,70; H8,50; -N 9,05 %,. N
Picrate: C,3H,sON, - MW: 372,29 - M. p. 104°C.
Calculated N 15,05 %. Found -N 15,20 %,.

" N-(pyrrolidinium) acetic acid methyl ester methiodide

CeH,O.NI - MW: 285,12 - M. p. 153°C. .
Calculated C 33,68; H.5,65; ,N4,91; 144,44 %
Found - C 33,80; H5,70; N5, 10 I 44,60 %.

Hydrochloride: C;H,,O,NCl - MW: 193 58 it is very hydroscoplc

N—(pyrrolza’mo) acettc acid ethyl ester

CsH,,O.N - MW: 157,12 - B. p.. 59— 60°C at 2 mm.
Calculated C 61 10; H9,63; N 8919
Found . Cé6l, 20 H9,71; N 9,10 %,.

Picrate: CyHisON, - MW: 386,31 - M. p. 119,5°C,
Calculated N 14,50; _ .Found 14,98 %,.

' _N-(pyrrolidinium) -acetic acid ethyl ester methiodide
CHO.NI - MW: 299,15.
This compound was not formed. _
_Hya’rochlortde: CsH;s0.NCH - MW:. 197,59 - M. p. 133°C.

N—(pjjrrolidino) acetic acid butyl ester

C,oH;,O,N - MW: 185,25 - B. p. 81—82°C/3 mm.
Calculated . C51,07; H17,9; . N 21,54%
" ‘Found - C 51,20; H7, 95 N 21,60 %.

Picrate: C,;H»OoN, - MW: 414,36 - M. p. 109,5°C."
Calculated N 13,52%. Found 13,88 %.

N-(pyrrolidinium) acetic acid butyl ester methiodide .

CHeOoNI - MW: 327,20 - M. p. 104°C. A

Calculated C 38,08; H 6,98; N 4,44; 140,31%,

Found C 39,10; H17,04; N 4,60; 1399079,
Hydrochlonde CiHyxO.NCl - MW: 235,63 it is very- hydroscoplc
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N;(pyrrolidiizo) acetic acid benzyl ester

CisHi;O:N - MW: 219,13 - B.p. 134—135°C at 1 mm.
Calculated " C 71,22; H 7,94; N 6,31%

Found - C71,16; H8,13; N642%.

Picrate: CiHy\O0N, - MW: 488,38 - M. p. 159—160°C. -
Calculated N 12,21 %,. . Found 12,50 %.

N-(pyrrolidinium) acetic acid benzyl ester methiodide

C. HoOLNI - MW: 361,22 - M. p. 156°C. ,
Calculated C 43,53; H5,54; N 3,87; 135,18%
Found C 43,60; H5,60; N 3,95; I3542%.
Hydrochloride: C,3H,;sO,NCl- MW: 270,62 - M. p. 139°C.

PR
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HUCCJ/IEDOBAHHUE CBS3U QDAPMAKOJIOFI/[‘-IECKOI‘O 3ODEKTA
U XMUMHWYHECKOM CTPYKTYPbI B{CJ/IYHAE HOBBLIX JIEKAPCTB,
BJAUSIOHUX LIEHTPAJIBHYIO HEPBHYIO CHCTEMY

b. Markosuu, Il. ®ervdeax u H. ﬁopcac

B pesyabrare paGoThi Gpla NOJYYeH KPATKHH PSA PasiiubblX LUHMKAHYECKHX CeKyd-
LePHO-aMHMHOBEIX 3(HPOB YKCYCHOH KHCJAOTHI a TaKKe !X KBATEPHEPOB, ¢ Uebi0 NoIBepr-
HYTb HX (apMaKOJIOTHYECKOMY HCCJEAO0BAHUIO, '

Ilenb HCC/IefOBAHMH COCTOSINM B JIEPBYIO ouepeih 8 HaGJIOReHHH AefiCTBHS YROMSIHY-
TEIX COefMHEHMH THMa 3dHpa HA UEHTPAJbHYIO HEPBHYIO CHCTEMY.

B pe3yJabrate uccaenoBauuil OblJI0 YCTAHOBJEHO, 4TO JHIUL GeH3WJIOBHH 3¢up nHIe-
PHAMHOO- H TMHPPOJHAHHO-YKCYCHOll KncJaoThl obJlanaer HeOGOJbUIGH AHTHHHKOTUHHOH aKTHB-
HOCTBIO. B ymoMsanyThix ABYX cJayuasx pgeficTBHe Obl/IO MOBLILEHO 6 HeGOJBUIOH CTeNeHH
KBaTEPHHPOBAHHEM. o



CONTRIBUTIONS TO THE SYNTHESIS OF DL-p-NITROPHYENYL
ALANINE

By M. HALMOS
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On condensating dimethyl acetylaminomalonate with p-nitrobenzyl chloride, DL-p-
mtrophenyl alanine can be prepared. The synthesis can also be carried out in several
steps, and the dicarboxylic acid phase can be isolated by the alkaline hydrolysis of the
condensate. The thermal decarboxylation of this isolated phase yields N-acetyl-DL-amino-
acid which latter affords, on acid hydrolysis, the desired aminoacid. The structure of the
intermediates can be proved by acid hydrolysis in that in each case the chlorohydrate of
the aminoacid forms. On liberating the aminoacid from its chlorohydrate, it was possible
to isolate a stable hydrate.

The synthesis of DL-p-nitrophenyl alanine from diethyl acetylamino-
malonate by condensation with p-nitrobenzyl chloride was described by BURCK-
HALTER and STEPHENS [1]. The condensation product (of m. p. 193—194° 0)
was converted into aminoacid by hydrolysis with strong acid. However, it is
also possible to conduct hydrolysis in an alkaline medium so as to isolate
the intérmediate phases as well, in a way already- observed by TISHLER and
associates [2] at the synthesis of N-acetyl-DL-triptophane. Thus, it is

- possible to isolate N-acetyl-DL-p-nitrophenyl alanine. This latter product is
expected to be resolvable [3] and to be suited for.use in an active form as
a resolving agent, due to its possible capability of readily crystallizing. In the
present experiments dimethyl acetamino-malonate was applied, accordingly,
the obtained condensate (I) consisted of the dimethylate.

The alkaline hydrolysis of I afforded a dicarboxylic acid (II) which latter,
on heating in an aqueous solution, decarboxylated and yielded N-acetyl-
DL-p-nitropheny! alanine (Il). On determining the m. p. of the dicarboxylic
acid it was observed that the compound melts at 152—153°C under foaming,
then solidifes at about 160°C to melt again at 194—196°C. The phenomenon
was subjected to examinations in detail with preparative quantities and was
identified as:thermal decarboxylation. The product melting at 194—196°C
proved to be identical with compound III. It must be mentioned that thermal
decarboxylation was carried out in excellent yields. ‘

The hydrolysis of N-acetyl-DL-p-nitrophenyl alanine (III) with hydro-
chloric acid afforded the chlorohydrate of DL-p-nitrophenyl alanine (IV).
The same product was obtained under similar conditions by the hydrolysis
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of the dicarboxylic acid (II) and of the condensate (I), respectively, with
hydrochloric acid, confirming the validity of the presumed structure of the
intermediates.

‘The hydrolysis by hydrogen bromide as described by BURCKHALTER and
STEPHENS [1] proved to be more suited for hydrolyzing the condensate than
the hydrolysis by hydrochloric acid. Namely, the latter is-in this case an
agent not strong enough y ,

- COOMe
| NaQOMe
: PNB Cl+HC—NHAc —_
| MeOH
COOMe
- COOMe o COOH
| OH® . | 165° :
PNB—C—NHAc — PNB—C—NHAc — PNB—|CH—COOH
| | ' : .
‘COOMe : COOH NHAc
I o | mn
H® H® ] H®
: . v }
p—OgN'—'CﬁH4——CH2—(|ZH—~C'OOH
% l NH,-HCI
v .

p-—OgN—CGH;—CH2—$H¥COOH
' NH,
PNB = p—O0,N— CGH4 CHQ— (p-nitrobenzyl)

The aminoacid can be liberated frem the chlorohydrate with the use of
sodium acetate buffer. On allowing the solution with aminoacid liberated in
form of a fluffy precipitate to stand for some days, it recrystallized as well
developed crystals of a .stable hydrdte. On determining its m. p., water was
liberated as drops. On drying weighed ‘amounts of the substance, defined
weight decrease was experienced. On the basis of these observations and of
-the analytical data, the composition of the compound corresponds to that of
- a monohydrate. The m. p. of the monohydrate differs from that of the product
- previously dried, this latter. being of a less elongated nature. The hydrate
showed a point of decomposition of 227—238°C against 242—244°C of the
aminoacid previously dried under decreased pressure at the b. p. of xylene.
It must be noted, however, that BURCKHALTER and STEPHENS [1] recorded a
point of decomposmon of 222—240°C
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Experimental
Dimethyl p-nitrobenzyl-acetylaminomalonate (1)

On adding 20g (0,105 mole) of dimethyl acetylaminomalonate to a solu-
tion of 3g of metallic sodium in 250 ml of anhydrous methanol, the solution
~was slightly heated to facilitate dissolution, then heated to gentle reflux and
20g (0,127-mole) of p-nitro-benzyl chloride added at this temperature in about
15 minutes. Subsequently, the reaction mixture was gently refluxed for 8
hours, then the solution evaporated to dryness under reduced pressure, the
residue extracted hot with 5Xx50 ml of chloroform, the combined filtrates
evaporated to dryness under reduced pressure and the residue (33,2g) re-
crystallized from 200ml of anhydrous ethanol. On cooling, 26,04 g brilliant
white crystals of the condensate were obtained. Yield 82%, referred to di-
" methyl acetylamino malonate. M. p. 162°C. On repeatedly recrystallizing from
120 ml of anhydrous ethanol, 20,4 g (64%) of product, m.p. 164—165°C.

Analysis: CiHON;. Caled. C: 51,97 H: 497 N: 8,64%

Found C: 52 20 H: 4,82 N: 8,78%.

»“p—Nitrobenzyl acetylammomalomc acid (1)

) On ‘adding 5g (0,0154 mole) of [ to 20 m! of a '10% solution of sodium -
hydroxide, the mixture was refluxed for 2 hours. On cooling and filtering,
10 ml of concentrated hydrochloric acid was dropwise added, the precipitated
yellow crystals were filtered and washed with water. On drymg, yield 3.4 g
(74%), m. p. 152—153°C under foaming, solidifying at 160°C and agam
melting at 194—196°C. .
‘ Analysis: CiHppO:N,. Caled. C 48,65 H: 4,08 N: 9450/0

Found C: 4863 H: 4,00 N: 9,40%.

N—acetyl—DL-p—niz‘rophehyl alanine (I1])

a) On adding 1g of Il to 20ml of water, the mixture was refluxed for
3 hours, slightly clarified and filtered hot. During cooling, fine yellow crystals
appeared On filtéring and drying: 0,62 g (72%), m. p. 193—196°C. -

Analysrs CHHIQO N, Caled. C: 52,37 H: 4,79 N: 11,10%

Found C: 52,57 H: 4,60 N: 11 430/0

b) On cautiously heating 2g of Il, it was melted in an oil bath at
165°C, kept at this temperature for further 10 minutes and allowed to cool.
On solidification, it was dissolved.hot -in 30 ml 50% aqueous ethanol, clari-
fied and filtered. During cooling, orange crystals appeared. On filtering and
drying: 1,48 g (86%), m. p. 194—196°C.

Analysrs C: 52,48 H: 4,82 N: 11,32%.

» DL—p Nitrophenylalanine chlorohydrate (1v)

a) On addmg 15ml of concentrated hydrochloric' acid to 324 g (O 01
mole) of 1, the mixture was boiled under reflux for 6 hours, rapidly filtered
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while hot and allowed to cool when fine needles crystallized. On filtering and
drying: 2,3g (93%). Recrystallized from 50% aqueous ethanol or from
a mixture of anhydrous ethanol and anhydrous ether: m. p..227—230°C
(decomp.).

Analysis of substance dried over P,0O;, at the b. p. of xylene under
a pressure of 5mm Hg

CoH,,O,N,Cl Calcd. C: 43,82 H: 4,49 N: 11,35 Cl: 14,37%

Found C: 44,02 H: 4,30 N: 1150 Cl: 1422 %. .

b) On hydrolyzing 2,96¢g (0,01 mole) of II with concentraced . hydro-
chloric acid in the way described under a), and recrystallizing the product
yield 1,91g (78%), m. p. 227—230°C (decomp.).

Analysis: C: 43,98 H: 4,41 N: 11,57 Cl: 14,09%.

¢) On hydrolyzing 2,52¢g (0,01 mole) of 1l with concentrated hydro-
chloric acid in the way described under a) and recrystallizing the product,
yield 1,69g (69%), m. p. 227—230°C (decomp.). .

Analysis: C: 43, 65 H: 451 N: 11,43 Cl: 14,11%.

- DL-p-Nitrophenylalanine (V)

On dlssolvmg 1g of DL-p-nitrophenylalanine chlorohydrate in 10 ml
hot water, 1g of pulverized sodium acetate was added to the solution while
hot, the precipitated crystalline substance was filtered, washed with some
water, ethanol and finally with ether. ‘On drying, yield 0,68 g (80%), m. p.
242—244°C (decomp.).

' Analysis of substance dried over P,O; for 3 hours at the b. p. of xylene
under a pressure of 5 mm Hg

C,H,OiN, Caled. C: 51,42 H: 4,79 N: 13,32%

- Found C: 51,21 H: 4,90 N: 13, 23°/o

DL-p-Nttrophenylalanme hydrate

On addmg 5ml of. a solution of sodium acetate saturated at room
temperature to a solution of 1g of DL-p-nitrophenylalanine chlorohydrate in
5ml of water, the mixture was allowed to stand for two days. The floccu-
lated substance which appeared at the beginning, slowly converted into well
developed fine platelets-needles. On filtering and washing the crystals with
some water, ethanol and ether, and drying, yield: 0,78 g (83%), m. p. 227—
238°C (decomp)

Analysis: CgH;,O;N, (monohydrate) Calcd. C: 47,20 H: 5,28 N: 12,23%

Found C: 47,18 H: 5,04 N: 12,30%.

Dehydration

On drying 0,1132 g of DL-p-nitrophenylalanine hydrate over P,O; for
6 hours at the boiling point of xylene under a pressure of 5 mm Hg,- the -
actually weighed decrease of weight amounted to 0,101 g, agamst 0,0090 g
calculated with respect to monohydrate.

* %k
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D,Alrl‘HbIE K CHHTE3Y DL-p-HUTPO®EHUTAJIAHMHA

M. Tarbmows

Kounencanuefi mMMeTHAOro -3pHpa 2HETHIAMHHOMAJNOHOBOH KHCJAOTBL H XJOPHCTOTC
p-HUTPOGeH3Haa MOXeT GuiTk noayued DL-p-uuthodenusananun. CuHTe3 MOXer GHTH pas-
JIOMeH Ha 3Tannl LIeJeYydbiM THAPOJHM3OM KOHIedcara Moxer ObITh H30JHPOBAHA H[HKAp-
6oNO-KUCTOTHAst (ha3a, NMOcefHsss MOXeT OplTh AeKkapOoKcuiaupoBaua TepMHuecku B N-aue-
THA-DL-aMHHOKHCJOTY. AMHHOKHCROTa NOJyuaercss U3 MOC/efHell KHCJIOTHBIM THAPOJH30OM,
CTpykTypa IIPOMEXAYTOUHBIX NPOAYKTOB MOXKeT OHITb [I0KA3aHA KHCJOTHHIM THAPOJH3OM,
H3 KAMKAOrO M3 HHX 06pa3dyercsl COJNHHO-KHCJOTHAS COJE aMHHOKHCJIOTH. TIpH OCBOGOXKAEHHI
aMHHOKMCJIOTE U3 ee COJISTHO-KUCJIOTHOM COJH YAAJOCh H30JHPOBATh YCTOHUMBEIA THApAT.
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ISOLATION OF ARISTOLOCHIC ACID FROM ARISTOLOCHIA
CLEMATITIS NATIVE IN HUNGARY. THE PREPARATION OF
PHYSIOLOGICALLY ACTIVE ARISTOLOCHIA DERIVATIVES

By GY. SCHNEIDER
Institute of Organic Chemistry, The University, Szeged

(Received April 10, 1960)

. A material of strong physiological activity with the composition of C1 H,,;O:N has
been isolated from Aristolochia clematitis native in Hungary. The same compound had been
found in other species of Aristolochia. An interesting property of the compound is that its
nitrogen function is contained in a nitro group. Several derivatives have been prepared for
pharmacological investigation.

Species of Aristolochia are native mostly in countries around the Me-
diterranean, however, a number of them is to be found also in other parts
of Europe. The active principle of the plant is a stimulative poison, and se-
veral experiments have been made to find a use for it in the medical prac-
tice. Some species of Aristolochia have been used as popular drugs to pro-
duce abortion. The chief active principle in the Aristolochia species is aristo-
lochic acid, a yellow and extremely bitter material, having an acidic character.
In 1892 PoHL [1] isolated a yellow crystalline solid from the seeds of Arisfo-
lochia rotunda, and from the result of combustion analysis he established the
empirical formula C;H,,0:5N,. The material showed acidic properties, and it
gave a well defined barium salt. POHL calléd the active principle obtained
by him aristolochine, and he was the first to make pharmacological experi-
ments with it. In 1895 HESSE [2] isolated three acidic substances from Aristo-
lochia argentina, namely aristinic acid (C;H;sO;N), aristidinic acid (which is
considered by him as an isomer of aristinic acid), and aristolic acid (C,;H,,O;N);
all the three materials showed rather similar properties. A yellow crystalline
and very bitter solid was isolated in 1922 by CASTILLE [3] from Aristolochia
sipho I'Hérit; its properties were similar to those of the material obtained by
PoOHL, however, it had the empirical formula C;;H,,O;N. The compound gave
off ammonia when fused with potassium hydroxide. The residue showed the
characteristics of antrachinone, from which it was concluded that the material
had an anthracene sceletal structure, probably with a tertiary nitrogen atom
on it. In 1943 ROSENMUND and REICHSTEIN [4] investigated the material
isolated from Aristolochia sipho. An active principle  of the composition
CisHinO:N could be isolated by extraction, which was identical with the ma-
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terial obtained by CASTILLE. The compound could be sublimed under reduced
pressure, however, not without decomposition. Treatment with diazomethane
gave a derivative w1th the empirical formula C,sH;;0;N which was found to
"be very stable againts hydrolysis. The parent compound as well as its deri-
vatives were opfically inactive. Hydrogenation in the presence of platinum
oxide resulted in the formation of a light yellow material, which was shown
by analysis to have the composition CisH;;0,N-0,5H0. Decarboxylatlon with
copper in quinoline afforded C,;H,O;N, and the reaction confirmed the as-
sumption that aristolochic acid was a monobasic acid, and the acidic char-
acter was not derived from the presence of phenolic hydroxyl, as it was
thought formerly. However, this investigation did not elucidate the character
of the nitrogen atom and of the other functional groups of the molecule.

PAILER ef all. [5] started a research in -1956, and found that aristolochic
acid isolated from Aristolochia clematitis L. was identical with .the material
"~ of Rosenmund and Reichstein. They pointed out that the various acids of
Aristolochia as described by. different authors were not' uniform preparations,

and this fact rendered the investigations very difficult. The aristolochic acid
isolated by them showed the empirical formula C;H,;O;N which had been
considered most probable also previously. The usual method of methoxyl
determination gave but very little CH,J, which had led earlier researchers to
erroneous conclusions concerning the functional groups of the molecule. When
the method was developed to be come  more punctual, the presence of one
methoxyl group was demonstrated: Catalytic hydrogenation of aristolochic acid -
permitted the isolation of a material having neutral character. Hydrogenation
of the decarboxylated acid gave rise to a basic material from which a hydro-
chloride, picrate and acetate. could be prepared. Diazotation followed by hydro-
lysis gave a red material. These different experimental results suggested the
presence of a nitro group in aristolochic acid which could be reduced to-an
amino group, when the amine obtained will form a lactam. This assumption
has been substantiated also by the evidence of infrared spectra. The presence

of the methylenedioxy group was demonstrated by the method of Pavount -

[6]. Distillation of the compound with zinc dust gave phenanthrene. After
havmg established the nature of the functional groups, PAILER ef al. found
out their relative positions by oxidative degradation. This investigation gave
the structure of aristolochic acid as 3,4-methylenedioxy-8-methoxy-10-nitro-
phenanthrene-1-carboxylic acid. The formula was - proved by synthesizing
3,4-methylenedioxy-10-acetamidophenanthrene, which was also obtained from
the degradation of aristolochic acid. The synthesis was carried out by con-
- densing homopiperonylic acid with o-nitrobenzaldehyde, followed by PSCHORR
[7] ring closure.

We have found that the active principle of the Aristolochia clematitis
native in Hungary was in all respects identical with the material isolated by
ROSENMUND and REICHSTEIN and it had the formula as given by PAILER. It is
interesting that the nitrogen atom of the molecule is contained in a nitro-
group, which fact suggested further pharmacological investigation. There are
only very few nitrogen containing compounds occurring in natire which
possess nitro group. Such rare compounds are chloramphenicol, isolated in
1947, and g-nitropropionic acid found not much later. A detailed pharmaco-
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l(;gn[csal gs]tudy of aristolochic acid has been carried out recently by MEHES ez‘
a

. The chemical mvestlgatlon of aristolochic. acid presented two problems.

First, a method was to be developed for the extraction of aristolochic acid

from Aristolochia clematttls native in Hungary; second, the isolated acid had

to be modified in various ways.

To prepare defivatives for phar-

N’J’ Nz macological study, first of all we
wanted to eliminate the action of
the acidic carboxyl group of the

) ) oo, - molecule. This was partly done

Ce/qncle by decarboxylation, partly by
o0 preparing various esters of the
¢ : acid. Esterification could not be
o/t . CHN, : ~ carried out in the conventional
way, thus the acid chloride was
0 ® /0 C’:?,R prepared first, which gave .the
HE N9 e w0  desired ester on alcoholysis. Ethyl,
0 0 o ™ n-propyl and n-butyl esters have
been prepared in this way. The
o o o methyl ester was obtained by
% o means of diazomethane. (Fig. 1.)
) () .
R= —ci Experimental-
Mg Isolation and purification
' _‘."3“‘ ‘ of aristolochic acid (1)
L —CMq Roots of Aristolochia clema-
Fig. 1

titis, collected during the autumn

: season, were cleansed and dried
under reduced pressure at 60° C. After drying, the material was ground
in a beating mill. The pulverized substance was extracted with cold pet-
roleum ether to dissolve fatty components. The material was then extrac-
ted with ethanol, until the solvent ceased to show ‘a brown colour. The
extraction was finished by employing ethanol containing 1% sodium ethoxide.
The ethanol and sodium ethoxide extracts were combined and evaporated
at 50° C. under reduced pressure. The residue was a mobile, brown, oily
liquid which was dissolved in 1% sodium hydroxide, and acidified with
1% sulphuric acid. A brownish-yellow precipitate was obtained which was
centrifuged, washed free of sulphate ions and dried at room temperature over
phosphorus pentoxide to give a brown powder which had an extremely bitter
taste. The crude aristolochic acid obtained this way was extracted with pet-
roleum ether in a Soxhlet apparatus. The extraction was then continued using
diethylether. After having performed the operation for several days, aristo-
lochic acid separated as a yellow solid in the extraction flask. The crust of
crystals was dissolved in dioxane, treated with decolourizing carbon, and
crystallized by the addition of a small amount of water. Orange-yellow plates
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were obtained. Aristolochic acids crystallized -from. dioxane gave no exactly
reproducible analyses, because varying amounts of dioxane may be bound
by the acid. Material for analysis was crystallized from butyl alcohol. M. p.
283—285° C (decomposition). (The determination of the melting point was
. carried out according to the microanalytical method of A. KOFFLER.) Analysis:
C;H,,O:N requires C 59,82; H 3,25; N 4,11; OCH; 9,09%. Found C 59,94;
H 3,24; N 4,17; OCH; 9,12%,.

Sodium salt of aristolochic acid

Aristolochic acid (200 mg) was dissolved in anhydrous ethanol con-
taining a calculated amount of sodium ethylate, and the -solution was eva-
porated to dryness. The residue was dissolved in butyl aicohol. The sodium
salt crystallized from this solution in long, bright red needles, m. p. 275—
278° C (decompn.). Analysis: C;H,O;N Na requires C 56,19; H 2,77; N 3,85
%. Found C 56,27; H 2,68; N 3,89v%.

Decarboxylated aristolochic acid (111)

Aristolochic acid (80 mg) was dissolved in 10 ml of quinoline, 50 mg
of copper powder was added, and the material refluxed for 15 minutes. After
cooling it was diluted with chioroform, filtered from copper, washed with
diluted hydrochloric acid, then with NaHCO3 solution and water. The chlo-
roform solution was dried and the chloroform distilled. The residue was re-
crystallizéd from a mixture of chloroform and methanol, to give long yellow
needles, m.. p. 212°C. Found: C 64,74; H 3,78; N 4,85%. Calculated for
-CHLON: € 64,65; H 3,73; N 4,71%.

- Chloride of aristolochic acid (]!) s

ArlStOlOCth acid (500 mg) was dissolved in 50.ml of anhydrous dio-
xane and a great excess of oxalyl chloride (8 ml) was added. The solution
was allowed to stand at room temperature for one day,.and it was evapo-
rated under reduced pressure. A greenish-yellow crystalline material was .
obtained which was recrystailized from chloroform. M. p. 275—278°C
(decompn.) Found: C 56,80; H 2,89; N 3,72; CI 9,68%. Calculated for
CH,;OeN CI: C 56,76; H 2,80; N 3,89; Cl 9,63%.

Methyl ester of aristolochic acid (1V)

Aristolochi¢ acid (100 mg) was dissolved in 20 ml of anhydrous dio-
xane and an excess of diazomethane dissolved in ether (20 ml) was added.
A crystalline precipitate was obtained in an hour. After evaporating the ether,
the material was dissolved in chloroform, and the solution was washed with
NaHCO,, dried, and evaporated to dryness. Recrystallization from methanol
gave thin needles m. p. 280—283°C. Found: C 60,72; H 3,75; N 3,97;
OCH; 17,60%o. Calculated for CHsO:N: C60,85; H 368 N 394 OCHQ,
17,469.
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Lower homologoizs esters of aristolochic acid (V)

The chloride of aristolochic acid (50 mg) was dissolved in 10 mi of
chloroform, and a large excess of the esterifying alcoho! added. The mixture
was refluxed for one hour. Affer cooling, the solution was evaporated, the
residue dissolved in chloroform, washed with NaHCO, solution, dried, and
concentrated to small volume which resulted in the crystallization of the ester.

M. p. of ethyl ester: 282—283° C (decompn.). Found: C 61,92; H 4,15;
N 3,869%. Calculated for C,H,;O.N: C61,79; H 4,09; N 3,79%..

M. p. of n-propyl ester 286-—288°C (decompn.). Found: C 62,59;
H 4,54; N 3,769%. Calculated for CyH,;O;N: C 62,67; H 4,47; N 3,65%.

M. p. of n-butyl ester 286—290°C (decompn.). Found: C 63,55;
H 4,93; N 3;58%. Calculated for C,H,O:N: C 63,47; H 4,81; N 3,52%.

References

1] Pohl, J.: Arch. exper. Pathol, Pharmakol. 29 282 (1892).

2] Hesse, O.: Arch. Pharmaz. 233, 684 (1895).

3] Castille, A.: ] Pharmacie Belgique 4, 125, 141, 569 (1922).

[4 Rosenmund T. Reichstein: Pharmaceut. Acta Helv. 18, 243 (1943).

5] Pailer, M., L. Belochlav E. Simonitsch: Mh. Chem. 87, 249 (1956).

6 Pavolmz A A. Malatesta: Ann. Chim. applic. 37, 495 (1947).

7] Pschorr, R., " H. Busch: Ber. dtsch. chem. Ges. 40, 2001 (1907).

8] Meéhes, j., L. Decsi, F. Varga, S. Kovdcs: Arch. exper. Pathol. u. Phar. 234, 548 (1958).
9] Schneider, Gy., J. Széke, S. Kovdcs: Arch. exper. Pathol.. u. Phar. 234, 566 (1958).

HN30JIMPOBAHUE APHCTOJIOKHA-KI(ICIIOTI)I M3 ARISTOLOCHIA CLEMATITIS
" PACTYILEM B BEHIPHUM. H3IrOTOBJEHHE APHCTOJIOKHA-TIPOHM3BOJHbIX.
EDOGEKTHMBHbBIX PAPMAKOJIOTMUECKU

Ho. Hneiiozp

Uz Aristolochia clematitis pactyuteit B Benrpuu 6bijI0 H30JHPOBAHO BEILECTBO, COOT-
BercrByomee  coctaBy Ci7Hg O;N xotopoe o6nagaer Cu/bHBIM (apMakoJOrHYeCKHM [ei-
cTtBHeM. Takoe Ke BellleCTBO COAEPXKHTCS W B APYrux nopomax Aristolochia. Coenunenue
npencrasasier co6oii uHTepec, MOTOMY YTO (PYHKIHT 230T2 HOCHTCA B HEM HHTPOrPYIIOH.
Has  ¢dapMakoNOTHYECKHX HCCIe10BAHHH OBIH M3rOTOBJIEHBl HEKOTOPHIE H3 ero Ipo-
H3BOAHBIX.



' CONVERSION OF FURFURAL INTO FURAN BY VAPOUR-PHASE
OXIDATIVE DECARBOXYLATION .ON METAL OXIDE CATALYSTS

Preliminary Communication

By L. MESZAROS
Institute of Organic Chemistry, The University, Szeged

(Received June 15, 1960)

Two catalyctic_methods are known for converting furfural into' furan in -
the 'vapour-phase. When furfural vapours are passed over the surface of metal
turnings in the complete absence of air (1) and water at dbout 300—500°C,
furan and CO are obtained with a low conversion. The second process (2)
consists of passing furfural together with a fivefold excess of steam over a -
metal chromite or soda-lime catalyst, in the presence of hydrogen but care-
fully excluding oxygen. The products are furan, CO, and hydrogen. The latter
type of process- should be carried out between 200 and 500°C. Therefore,
the employed catalysts are prepared by heating the higher ox1des of metals
1n hydrogen atmosphere.

We have found (3) that furfural may readily be converted to furan
carboxylic acid at 300—500°C, on the surface of any higher oxide of heavy
metals in the presence of oxygen or air, and the acid is spontaneously de-
carboxylated at the reaction temperature to give furan. The working hypo-
thesis leading to this result was based mainly upon the fact that pyromucic
acid decomposes at about 200°C, furthermore that even the so-called de-
carbonylation of furfural was presumed (4) to occur by way of pyromucic
acid, and finally that furfural is easily oxidised in the vapour-phase to maleic
anhydrlde (5) involving the formation of furan — carboxylic acid and furan,
respectively MiLAs and WALSH (6) and CALNIN ef al. (7).

We succeeded in isolating this second assumed intermediate under
strictly controlled experimental condltlons which rendered possible to stop
the oxidation at that stage.

The first precau’non we have taken was diluting the oxygen by a neutral
gas, e. g., by using air or a mixture of CO, and oxygen. Useful catalysts are
very simple and many, such- as silver oxide, vanadium pentoxide, zinc oxide,
lead oxide, tin oxide, titanium oxide, etc. All these catalysts may be employed
alone or-mixed or even precipitated on aluminium: The catalysts are not
sensitive and they have long service lives. For example, by using a 100 c¢m-
long tube of 190 ml useful volume filled with vanadlum -pentoxide on alumi-

7



98 L. MESZAROS

nium and administering 5,5 g furfural at 350°C together with 0,75 mol of
oxygen, 0,83 g of furfural was recovered and 3,0 g of furan (77% yield)
- was obtained. :
Isolation of furan from the end-gases could be effected by adsorption
towers as well as by compression and cooling to low temperatures. The !
heat of reaction is at least 10:1 compared with that of converting furfural’
into furan in the presence of water. In. the latter method namely, the heat
of decomposition of water which necessarily takes place in te first step. of
the process, consumes a considerable part of the energy of formation of
furancarboxylic acid.
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JEKAPBOKCUJIMPOBAHUE B TA30BOW ®A3E ®YPOYPOJTIA B ®YPAH
HA KATAJIM3ATOPE OKHCH METAJIJIA

JI. Mecapow

CoracHo JIMTEPAaTYPHHIM JAHHBIM MoaydeHwe Qypawa u3 ¢ypdypona rasodasHeiM
reTepOreHHEIM KaTaJMTHYECKHM NYTeM OCYIUECTBJIEHO B YCJOBHSX OCBOGOXIEHHEIX OC cJle:
JIOB KHCJIOpoAa. Peakuuss MOBOZHTCS aBTOPOM OKCMIATHBHBIM JIeK2POOKCHIHPOBAHHEM.



'EHE ADDITIO’\T COMPCOUND OF N,N-DIMETHYLFORMAMIDE AND
) ' HYDROGEN CHLORIDE

!
v ‘ _ By M. HALMOS and T. MOHACSI .
Institute of Organic Chemistfy,/The University, Szeged

(Received March 1, 1960).

A hydrogen chloride addition compound of N, N-dimethylformamide has been pre-
pared and showed to be the monohydrochloride. The compound can be distilled without -
: decomposmon other properties being similar to those of like known products.

It is known that carboxylic acid amldesA are neutral compounds, or in
any case, the basic character of their amino group is very weak. A few
addition compounds of amides with mineral acids, reported in the literature,
are rather unstable materials, and suffer an instantaneous hydrolysis when
exposed to water. The crystalline adduct of formamide with hydrogen chioride
is stable only at lower temperatures, otherwise it undergoes violent decom-
position to give carbon monoxide and ammonia [1]. There have been several
studies [2, 3] on the preparation of the hydrogen chloride adduct of acetamide;
a crystalline product is, in general, obtained when gaseous hydrogen chloride
is introduced into a cooled ethereal solution of the acid amide. In.some
cases, mineral acid adducts of -amides may be prepared also by treating the
corresponding nitriles with mineral acids, as it was found- in the case of
propionitrile by HEULE and ScHUPP [4]. WERNER [5] surveyed the -methods
of preparing hydrogen bromide and hydrogen iodide adducts of various acid .
amides and discussed their composition, since this group includes addition
compounds not only of the molar ratio of 1:1, but also of different compo-
sitions. WERNER was the first to describe a hydrogen bromide adduct of
formamide having the composition (HCONH,);: (HBr),. .

In the series of acid-amides alkylated on the nitrogen atom, N-methyl-
dcetamide semi-hydrochloride was described by BLICKE (6); this compound
could be recrystallized from acetone. A systematic study ‘of N-methyl amides
was made by D’ALELIO and ReID (7). They obsérved the formation of two
types of hydrogen chloride addition compounds, namely R-CONHCH;-HCI
and (R-CONHCH;),-HCI. The first type is formed in nonpolar solvents, the
second in the absence of solvents.

In the course of the present work we succeéded in preparing the hyd-
rogen chloride addition compound of N, N-dimethylformamide which has not
been described in the literature so far.. There is but one reference concerning

7%
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this compound published by DAwWSON ef al. (8); these authors carried out
conductivity measurements in the dimethylformamide — hydrogen chloride
system and found diversions both from the ONSAGER equation and the
OsTwALD dilution rule. These findings have been interpreted by assuming a
strong interaction between the components even at low hydrogen chloride |
concentrations.

In our experiments, the hydrogen chloride adduct was prepared in the’
usual way, by introducing hydrogen chloride into dimethylformamide. The
reaction gave a crystalline compound. Analysis showed the product to consist
of monohydrochloride, at variance with the assumption of D’ALELIO, according
to which the semi-hydrochloride was to be expected in the absence of sol-
vents. The hydrogen chloride adduct had a surprisingly high stability; it
could be distilled under reduced pressure without decomposition. The boiling
point is apparently identical with that of dimethylformamide. When the
adduct is treated with water or alkali, the amid can be recovered. The acid
content of the adduct is very slowly lost, even when the compound is stored
in an exsiccator over sodium hydroxide.

Furthert investigations are intended to study the basic d1$$0C1at10n
constants of non-substituted and substituted amides also in non-aqueous
solvents, and to establish the composition and properties of their addition
compounds formed wit various acids.

Experimental
N, N-Dimethyl-formamide monohydrochloride

Dry hydrogen chloride was passed for several hours into a solution of
94,84 g freshly distilled N, N-dimethyl-formamide cooled in ice-water.
47,17 g hydrogen chloride was absorbed. (Theory requires 47,42 g HCl for
the monohydrochloride.) At the end of the reaction the solution solidified to
a crystalline mass. The crystals were washed on a filter with a small amount
of anhydrous ether, and the material was distilled, b. p. 76° at 40 mm. The
product was a colourless syrupy liquid which soon solidified. Yield 102,5 g
(72 %).

For analysis, 6,25 g was dissolved in water in a 10 ml volumetric flask,
and an aliquot part titrated. The solution contained 2,07 % calculated as free
hydrochloric_acid, which gave a hydrogen chloride content of 33.20% for
the compound. The formula of monohydrochloride requires 33,34 % HCI.

2

Recovery of the amide

‘ 19,53 g of crystalline N, N- dlmethylformamnde monohydrochlorlde was .
ground with 18,9 g anhydrous Na,CO,; in a mortar. The material was filtered
from the salt. The filtrate was dlstllled to give a main fraction boiling at
152—154° (760 mm), yield 6,8 g, n,,— 1,4270. The hterature (9) records for
N, N-dimethyl formamlde b. p. 153°, n% = 1,4269.

* k%
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The authors’ thanks are due to Miss K. L. LANG and to Miss G. B.
xBOZOKl for the analyses
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COJITHO-KHUCJIOTHOE AOJMIIMOHHOE COEIVMHEHHE
. JUMETHJIIGOPMAMU A

M. Taavmow n T. Mozauu

BblI0O M3rOTOBJNEHO COJNAHO-KHCAOTHOe AaLAHUKONHOe coeaunenne N;yN-gumeruidop-
MaMuAa okaszaBlueecs MOHOI‘H}IpOXJIOleIOM Coennnente MOXHO TIeperoHsTh 6es pasjo-

XKeHus, Apyrue ero CBONCTBA SIBJAAIOTCA TOXIECTBEHHHMH CO CBOACTBaMH HOLOOHBIX H3-
BECTHBIX COEAHHeHMHH.
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THE SYNTHESIS OF PHENYL 2-PIPERIDINOETHYL SULPHIDE ANFI)
PHENYL 2-PIPERIDINCETHYL SULPHONE, AND THEIR
QUATERNARY DERIVATIVES ‘

By S. FOLDEAK and B. MATKOVICS
Institute of Organic Chemistry, The Universily, Szeged
and J. PORSZASZ:
Physiological Institute of the Medical University, Szeged
(Received April 10, 1960) '
[

Phenyl 2-piperidinoethyl sulphide and sulphone, as well as their quaternary deriva-
tives have been prepared with the purpose of investigating the physiological activity of
the products. These compounds may be regarded as 1sosteres of pheny! 2-piperidinoethyl

* ether.

_ Aminoethyl phenyl ethers have been long since known as adrenaline-
inhibiting agents. It is probable that the activity of this group of compounds
should be explained by competetive mechanism [1]. By applying the principle -
of “isosterism, we have synthesized phenyl 2-piperidinoethyl sulphide and the
corresponding sulphone. The latter compound-was made by oxidizing the
sulphide with hydrogen peroxide.

: These tertiary products were converted in absolute alcohollc medium
to- the corresponding quaternary derivatives.

The parent compounds were synthesized by condensmg 2 -chloroethyl
phenyl sulphide or sulphone, respectively, with piperidine.

¢ “NH+Cl— s 7N
2{_NH+Cl—CHCH—S— >

. l

<—__>N—.CHQCH2—S——<:> 4 < \NH-HCI.

- 2 mols of piperidine were used for the reaction, since piperidine hyd-
rochloride is formed as a by-product which may easily be filtered from the
mixture after the condensation took place. -

2-Chlercethy! phenyl sulphide was prepared from thiophenol and ethylene
chiorohydrin in alkaline ‘medium. 2-Hydroxyethyl phenyl sulphide, formed as
a primary product, was converted to 2-chloroethyl phenyl sulphide by means
of thionyl chloride [2] or phosphorus pentachloride [3]. Oxidation of the

L4
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\sulphide with hydrogen peroxide gave the corresponding sulphone [2]. This
oxidation was tried before and after condensing the sulphide with prperrdme,
the same product was obtained.in both cases.

\-\‘

\ 'Experimental .
\ ‘Thiophenol (benzenethrol) was most easily prepared by means of chloro-
lsulphomc acid [4]. .
. K ' Phenyl 2-piperidinoethyl sulphide

2-Chloroethyl phenyl sulphide (15 g) was slowly added, under conti-
nuous stirring, to 15 g of piperidine, and the mixture was refluxed for half
an Hour at 120° C. The- precipitate which separated after cooling was filtered,
and ;20 ml of distilled water was added to the solution to dissolve the re-
mam\der of hydrochloride. The aqueous. solution was then extracted with
ether. The ethereal layer was dried over anhydrous' sodium sulphate, the
solvent was evaporated and the residue fractionated. B. p. 138°C. Yield 13 g.
Analysis Calculated C: 70,60; H: 9,01%. Found C: 70,61; H: 9,12%. ’

From this material the picrafe was prepared M. p. 146° C. Analysis:
Calculated N 12,44%. Found N 12,60%.

The /zydrochlortde was obtained by treating the eglereal solution of the
material with a solution of hydrogen chloride in ether, and the product was
recrystallized from ethanol. M.p. 191°C. Analysis: Calculated Cl 13,77%.
Found: 13,67%.

The methoiodide was prepared in ethanol solution ‘with the calculated

amount of methyl iodide. M. p. 165°C. Analysis: Calculated 1 34,95%. Fo- o

und I 34,56%.
Phenyl 2—pzperzdznoethyl sulphone

2-Chloroethyl phenyi sulphone (13 g) was dissolved in 20 ml of an-
hydrous benzene and under continuous stirring a solution of 18,8 g piperi-
dine in 20 ml of benzene was gradually added. The mixture was then heated

. on the steam bath -for 20 minutes, filtered and washed with benzene. The
benzene solution was then concentrated to one fourth of ifs original volume
under reduced pressure (water pump), and the residue was allowed to stand
overnight in a refrigerator. The crystalline precipitate was filtered and recry-
stallized from benzene. Yield: 10,5 g.. M. p. 86—87°C. Analy31s Calculated
C 61,70; H 7,50%. Found C 61, 75 'H 7,55%.

M. p. of picrate: 186°C. Analysrs Calculated N 11 60°/o Found
N ]1 ,70%.

The hydrochloride was prepared in ether by means of an ethereal solu-
tion of hydrogen. M.p. 213—214° C. Analysis: Calculated- Cl 12, 25%. Found
Cl 12,28%.

“The methoiodide was prepared in ethanol with the theoretrcal amount of
methyl iodide. M. p. 175° C. Analysis: Calculated I 33,40%. Found I 33,49%.

* ok Kk
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Ill. ®ervdeax; B. Markosuy w H. Mopcac ‘
;

- AsrtopaMu Gpili NOJyYeHH BHILIEYNOMSHYTHIE COelHHEHHS a TaKkKe HX qu(Bepmu-
Hbl€ IIPOH3BOAHBIE, M OHH OBUJIH TOABEPrHYTH (APMAKOJOTHYECKOMY HcCJedoBaHHIO. B
YNOMSHYTEIX CAYYASX -— TO CPaBHeHHl0 C [-3THA-QeHHIOBOMY 3GHDPY NHNEPHAHHA -—
6bl1 MpUMEHeH HBOCTeprIH oﬁMeH -
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Some secondary amino derivatives of cinnamyl chloride have been prepared as com-
pounds. of potential physiological activity. Attempts have been made to decidé about the
conflguratnon of the obtained stereoisomers by examining the p0531b111ty of mixed crystal
formatiot. )

Du\nng the course of our pharmacological mvestxgatlons mvolvmg several
groups of materials [1], [2], we have prepared also some tertiary aminocyn-
namyl-(1-phenylpropene-2) derivatives. The relationship between physmlogncal
activity and structure has been studied also in this case.

A general formula of the compounds to be described in detail in the
followmg, may be given as

R~CH-CH=CH-CH—- ' : :
2 ofly , @—.c%’ o e ‘</'

where R= a secondary amine group. Our syn-
theses involved the preparatlon of the derivatives _ l

of piperidine, pirrolidine, morpholine and diethyl- | o
amine. The general course of the synthesis may

be illustrated by the following formulas:

On
" 2R,R,NH + CI-CH,CH — CH-CH, — R,R,- . l
.NCH,CH = CH-C,H; + R,R,N-HCI @

‘where R,R,NH ==piperidine, pyrrolidine, morpho- lH" red. .

line or diethylamine. -
The reactions are usually carried out in an- @

hydrous solvents. The yield of the reaction is

highly decreased by the formation of amine hyd-

rochloride. This effect can often be eliminated by

the use of pyridine as an acid binding agent. . Q
Cinnamaldehyde, the first product of the syn-

thesis leading to cinnamyl chloride, was prepared Fig. 1
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by an aldol-type condensation of benzaldehyde and acetaldehyde [3]. Cinna- j
maldehyde was then converted to cinnamyl alcohol by means of aluminium {
isopropoxide [4], and the resulting alcohol was treated with hydrogen chlo-*
ride to give cinnamyl chloride [9].

Since stereochemical relationships of the synthesis of cinnamyl chlorid
involving an aldol-type condensation are not clear, we tried to establish the
cis or trans configuration, resp., of the derivatives obtained by the use o
cinnamy! chioride.

First we attempted to apply BRUNI’s rule, which was succesfully- usecfj
by FoDor and Kiss [6] for deciding about the cis-trans isomerism of sphingd-
sine. 1-Phenyl-3-N-piperidino-propene-2 was hydrogenated, and the saturatefd
and unsaturated derivatives were allowed to stand in a solvent in the molffar
ratios of 1:1. However, formation of mixed crystals did ‘not take place, and omly
the unsaturated compound crystallized from the solvent. When these crystals
were filtered, evaporation of the solution gave the saturated compound. Kb this -
case, of course, failure of the formation of mixed crystals affords ng une-
quivocal proof for the cis configuration of the synthesized compound. BRUNI
et al. [7] derived their rule from evidence obtained on model compounds
having longer carbon chains. ‘ : - ;

s
5
’
7

Experimental
Materials

Piperidine: “Merck’” piperidinium puriss. was used.
Acetaldehyde “pure for scientific use” was employed.

Benzaldehyde, puriss., was obtained from the Factory of Fine Chemicals
“ReaNAL”, Budapest.

Cinnamaldehyde prepared by the condensation of benzaldehyde and
acetaldehyde {3] had b.p. 128—130°C/20 mm, m. p. 75°C.

Cinnamyl "alcohol obtained by reduction with aluminium isopropoxide
[4] had b.p. 100—102°C/15 mm.

Cinnamyl chloride was obtained by introducing hydrogen chloride into
cinnamyl alcohol [5].

1-Phenyl-3-N-pirrolidinopropene-1

4 g of cynnamyl chloride dissolved in 5 ml of anhydrous benzene was
slowly added to-a solution of 4 g pirrolidine in 5ml benzene. The mixture
was allowed to stand half an hour, then the two layers were separated, the
upper benzene layer dried over sodium sulphate, and the benzene distilled
off under reduced pressure on the steam bath. The residue was fractionated .
to give 6,2 g product with b. p. 124—125°C/2 mm, n} = 1,5578.

The hydrochloride of the compound was precipitated by means of hyd-
rogen chloride dissolved in anhydrous ether. The finely dispersed precipitate
was filtered and recrystallized from ethanol, m. p. 158°C. Analysis: Calculated
C69,77; H8,11; Cl 15,86 %. Found C69,51; H7,96; Cl 15,62 %.
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- I-Phenyl-3-N-piperidinopropene-1

e o -

A solution of 20g cinnamyl chloride in 30 ml anhydrous ether was
slowly added to a stirred solution of 18 g piperidine in 30 ml anhydrous
ether. When the addition was completed, the mixture was refluxed for 20
minutes, then it was allowed to stand for half an hour. The precipitate was

iltered on.a sintered glass filter, and the filtrate dried over sodium sulphate
fter evaporating. the ether, the. oxly residue was fractionated to give 21 g
roduct, b. p. 130—132°C/2 mm, ny==1,5572. The hydrochloride of the com-
ounds was precipitated by hydrogen _chloride dissolved in anhydrous ether.
he finely dispersed precxpltate was filtered and recrystallized from a mixture

of ethanol acetone (1:6) m.p. 213°C. Analysis: Calculated C 70,70; H 848

cﬁg 14,93 %. Found C 70,70; ’H 868; Cl 15,10 %.

\ - I Phenyl-3—N—morpholmopropene 1

10 g of cinnamyl chloride was added under constant stirring to 8g of
morp\hohne The mixture was allowed to stand one day, it was filtered from
the pnempltate washed with anhydrous benzene, and the filtrate dried over
sodiugn sulphate. The benzene was then evaporated, and the residue fractio-
nated, to give 10,5 g of the product, b.p. 133°/1 mm, n¥ —1,5621. .
{The hydrochloride of the compound was prec1p1tated in the same way
as de,scrlbed above, and recrystallized from a 1:10 mixture of ethanoi and
acetontt 215,5°C. Analysis: Calculated C 65,11; H 7,57; CI 14,80 %.
Found C 65 07 H 7,46; CI 15, 00 %.

-1 -P/zen yl—3—N—‘a’ieth ylamino-propene-1

10 g of cinnamyl chloride was added to 7 g of diethylamine, the mixture -
was shaken vigorously and allowed to stand one day at room temperature.
The precipitate was filtered and washed - with anhydrous benzene, and the -
solution dried over sodium sulphate. The benzene was destilled off, and
the residue fractionated to give 10,2g of the product, b.p. 94°C/1 mm,
ny =1,5352.

Its hydrochlorid was. obtained as described above and recrystallized
from anhydrous acetone. M. p. 149°C. Analysis: Calculated C 69,14; H 8,93;
Cl 15,72%p. Found C 69,25; H 875 Cl 15,84 %.

1y

1- Phenyl-3—N—pzperzdmopropane

45¢g of 1- Phenyl -3-N-piperidinopropene-1 was dlssolved in 20'ml of
anhydrous ethanol, 2,5ml of 'a 12 % hydrogen chloride solution in alcohol
was added and the material - was hydrogenated at atmospheric pressure and
at room temperature in the presence of palladium charcoal catalyst. The
theoretical amount of hydrogen (0,53 1) was taken up within half an hour.
A calculated amount of alcoholic-hydrogen chloride solution was added and-
the alcohol was evaporated at” reduced pressure on the steam bath. The crys-
talline residue was recrystallized from a 1:6 mixture of ethanol and -acetone.
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M.p. 183°C. Analysis: Calculated C 70,11; H 9,25;° Cl 14,80%. Found
C 69,97; H 9,35; CI 14,92 %.

Experiment for mixed crystal formation

0,5g of each of the saturated and unsaturated compounds (hydro-
chlorides) was dissolved in a 1:1 mixture of warm ethanol and acetone.
The solution was allowed to stand in a refrigerator, A precipitation of crysta,
needles was obtained in 2 hours. After filtration and drying 0,55 g materigl
was obtained, m. p. 212°C. Microhydrogenation showed the uptake of 1 mql
of hydrogen. The formation of mixed crystals did not take place.

Nt oo,

* k%
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CHUHTE3 .TPETI/I‘-IHOFb_-AMHHO-APHH-HPOHAHA H TPOU3BOJHLBIX TTPOITAHA
. Peavdeax, B. Marxosuu w H. IMopcac =~

Hcxoms M3 XJOPHCTOTO aPHJ-NpoNeHa ObUM H3rOTOBJiedbl HECKONbKG CEeKYHAEPHO-
aMMHOBLIX TPOM3BOAHLIX, BBHAY HX (hapmaxoJioruieckoro 3Hauenusi. Kpome Toro astopsi
CTPEMMJIHC YCT2HORHTb NMPOCTPAHCTBEHHYIO CTPYKTYPY iryTeM o6pasona}mﬂ NPOCTOFO KPHC-
Taala-cMec
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Verschiedene Nitro- hydroxy-acetophenone wurden mit Benzaldehyd und substituierten
Benzaldehyden in Gegenwart von AICl, bzw. wiisserigem NaOH kondensiert. Als Ergebnis
der-~Kondensation wurden unbekannte Chalkone erhalten. Betreffs der die Kondensation
beeinflussenden Rolle der Hydroxylsubstituenten des Benzaldehydteils und- der Nitro-hyd-
roxysnbstituenten des Acetophenonteils kamen wir zu dem erwartungsgeméi‘ﬁen Ergebnis. .

Vorllegende Arbeit ist ein-weiterer Beweis fiir die friihere Beobachtung, -

daB die Darstellung der Nitro-hydroxy-chalkone nicht nur mit basischen
(NaOH) sondern auch mit sauren Katalysatoren (AICl;) zu verwirklichen ist
[1]; sie liefert auch neuere Daten hinsichtlich des von den Substituenten des
Benzaldehydteiles auf die Chalkonbildung ausgeiibten Einflusses, da unsere
experimentellen Untersuchungen zu der- Feststellung fiihrten, daB die Hydr-
oxysubstituenten des Benzaldehydteiles: 3-OH»2-OH und 4- OH, die Chal-
konbildung in der theoretisch zu erwartenden Relhenfolge_fordern Diese
Reihenfolge wird bewiesen durch die Tatsache, daB unter .den Umstdnden
der mit 3-Hydroxybenzaldehyd durchgefiihrten Kondensation der 4-Nitro-2-
hydroxy- und 5-Nitro-2-hydroxy-acetophénone weder das 2-Hydroxy-, noch’
das 4- Hydroxybenzaldehyd mit den erwahnten Ketonen konden51erte diese
UIUCII uuvctauuerl zuriickerhalten.

Weiter stellten wir fest, dafi- die Nitro-hydroxy-substituenten des Aceto-
phenonteils die Chalkonblldung in dieser Reihenfolge begiinstigen: 2-NO,-5-OH>
4-NO,-2-OH>5-NO,-2-OH >3-NO,-4-OH. Eine {friilhere Arbeit [2] machte
bereits die Relhenfolge 4-NO,-2-OH>5-NO,-2-OH »3-N0O,-4-OH wahrscheinlich,
doch war der minimale Unterschied in dér Ausbeute der -aus 4- und aus
5-Nitro-2-hydroxy-acetophenonen gebildeten Chalkone nicht ganz iiberzeugend.
Wir fanden jetzt, daff die Chalkonbildung von 3-Hydroxy-benzaldehyd mit
4-Nitro-2-hydroxy-acetophenon unter milderen Bedingungen eintritt als mit
dem 5-Nitro-2-hydroxy-acetophenon. Ferner zeigte sich, daff das 2-Nitro-5- .
hydroxy-acetophenon der beste Chalkonbildner unter den vier Ketonen ist, da
_es unter den (2] beschriebenen Bedingungen schon nach 15 Min. das Chalkon
in 80 proz. Ausbeute liefert, obwohl das Chalkon-Natriumsalz im Gegen-
satz zu den sich ausscheidenden Natriumsalz der anderen drei Nitro-hydroxy-

L III. Mitteilung: Acta Phys. et Chem. Szeged 5, 70 (1959).
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chalkone in Losung bleibt, d h. das Glelchgewmht sich nicht so schneli
erschieben kann.

.Die dargestellten Chalkone sind tabellarisch zusammengestellt.

Beschreibung der Versuche-- - /

Die Chalkone Nr. 6, 8, 10 und 12 der Tabelle wurden durch alkahscheé
Kondensation, die Chalkone 5 und 7 durch sdure Kondensatlon erhalten. Dx;e
Kondensationen wurden nach {3] ausgefiihrt.

’ Abweichend von den Verhiltnissen [3] verlief die alkalische Kondensai-
- tion im Falle der Chalkone 1, 2, 3, 4, 9, 11 und 13. -

2'-Nitro-5 -hydroxy-chalkon (Nr. 1 der Tab.). Das 2-Nitro-5- hydrox -
acetophenon wurde nach A. R. OsBORN und K. SCHOFFIELD [4] dargestel}lt
Schmp. 167° C. it

Analyse:. C:H,O,N (181,1) R K
Berechnet: C53,1 H39 N7,7 ‘
Gefunden: C52,7 H3,8 N7,7

: 0,18 g 2-Nitro-5-hydroxy-acetophenon (1 mMol) wurde unter Erwdrmen
in 15 ccm 1 n NaOH (15 mMol) gelost und nach. Abkiihlen auf 20°C 0,106 g
Benzaldehyd (1 mMol) zugegeben. Unter dauerndem Schiitteln wandelte sich
die Emulsion nach 5 Min. plotzlich scharf in eine klare Lésung um. Nach
weiteren 5 Min. wurde mit 3,2 ccm 5 n HCI angesduert, die ausgeschiedene
blaBgelbe Substanz filtriert, mit Wasser gewaschen und getrocknet. Ausb.
0,22 g (80% d. Th:. Mit Ausnahme von Benzol und Aether lost sich die
Substanz in den iiblichen organischen Losungsmitteln schon. in der Kilte
148t man das Reaktionsgemisch einen Tag stehen, so ist das ausgefilite und
umkristallisierte_ Chalkon nicht farblos, sondern braun.

2', 4-Dinitro-5-hydroxy-chalkon (Nr. 2). 0,18 g 2-Nitro-5-hydroxy-ace-
~ tophenon (1 mMol) und 0,15 g 4-Nitro-benzaldehyd (1 mMol) wurde durch
* Erwdrmen bis zum Sxedepunkt in einem - Gemisch von 6 ccm .2,5% NaOH
(2.2 mMol) und 4 ccm Athanol gelost und 5 Min. bei dieser Temperatur
‘gehalten. Die noch warme, klare Losung wurde mit Wasser verdiinnt, das’
Chalkon mit 1 ccm 5 n HCI ausgefillt, mit Wasser sdurefrei gewaschen und
getrocknet. Ausb. 0,21 g (63,6 % d. Th).

A
2'-Nitro-5 -hydroxy-4-chlor-chalkon (Nr. 3). 0,18 g 2-Nitro-5-hydroxy-
acetophenon (1 mMol) und 0,14 ¢ 4-Chlor- benzaldehyd (1 mMol) wurde
unter Erwdrmen in einem Gemisch aus 8 ccm 1 n NaOH und 4 ccm Atha-
nol geldst, 5 Min. auf dem Wasserbad erhitzt, dann mit Wasser verdiinnt,
das Chalkon mit 2 cem 5 n HCI ausgefillt, bis zur Siurefreiheit gewaschen
und getrocknet. Ausb. 0,18 g (56,2% d. Th).

2 Die Schmelzpun'kte sind unkorrigiert.
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Ubersicht iiber die dargcstellten Chalkone .

s

Umkristallisierbar

Schmp.

Mol.Gew.

N-Gehalt in 9

* Bekannte Verbindungen; Nr 5 und 7 wurden mit Hilfe von AICl, dargestellt. [3]

Nr. __chalkon - Aussehen oC (unkorr.) Summenformel Ber. Gef.
1 | - -2-Nitro-5-hydroxy . . . . . . . . . | Benzol - ' farblose Nadeln 185186 | CgHuNO; 269,2 5,20 531
2 2',4—Dinitr0-5’-hydroxy ...... - Methanol blaBgelbe 200—2_01' CisH gNoOg 314,2 , 8,9k 9,12
3 2'-Nitro-5'-hydroxy-4-chlor . . . . . Benzol » . 174—175 ‘ CISHIONO;CLY 303,7 4,61 5,06
4 2'-Nitro-5’, 3-dihydroxy . . . . . . . " Benzol/Methanol 10: 1 ’ ’ 178—179 ' Ci;Hy NO;, 285,2 491 511 -
5% 3’-Nitro-4’-hydroxy-4-chlor .. .. . . . Athanel/Essigester 1: 1 hellgelbe ” 183—.184 - Cy;H,(NO,CI 303,7 4,61 4,80
6* | 4'-Nitro-2'-hydroxy-4-chlor . . ... . Athanol/Essigester 1:1 gelbe 192—193 | C;;H,NO,CI 3037 | 46 491

CT* 5’-Nitro-2'—hydroxy—4-chlor ..... Athanol/Essigester 1: 1 gelbe =, © 216 - 217 C5H (NO,CI 303,7 4,61 4,80
8. 3'-Nitro-4, 2-dihydrox3;. e e e s Athanol/Essigester 1:1 gelbe ” 194—195 C;H NO, 285,2 491 4,58
9 3’-Nifr0'—4’, 3-dihydroxy'. . . . . . Athanol/Essigester 1:1 - gelbe . ’s - 212214 _CiH;\NO; 285,2 4,91 4,72
10* | 3'-Nitro-4’, 4-dihydroxy . . . . . . . Athanol/Essigester 1:1 briunlichgelbe 214—216 C,;Hy;NO; 285,2 4,91 5,22
11 4'-Nitro-2, 3-dihydroxy . . . . . . . Athanol/Essigester 1:1 gelbe » 197198 CysH,NO; | 285,2 4,91 4,82
12 5-Nitro-2', 2-dihydroxy . .. . . . . . ' Athanol/Essigester-1:1. gelbe » 182—183 Cy;Hy INOy 285,2 4,91 4,61
13 5-Nitro-2', 3-dihydroxy . . . . . . . Athanol/Essigester 1.1 zitronengelbe ' P 186—187 C;H; NO, 285,2 4,91 » 5,25
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2'-Nitro-5', 3-Dihydroxy-chalkon (Nr. 4). 0,18 g 2-Nitro-5- hydroxy—

‘acetophenon (1 mMol) wurden durch Kochen in 8 ccm 1 n NaOH (8 mMol)

gelost und mit 0,12 g 3-Hydroxy-benzaldehyd (1 mMol) versetzt. Nach 10

- Min. langem Erwdrmen der klaren Losung wie bei [3] wurde wie dort aufge-
. arbeitet. Ausb. 0,12 g (40°%o. d. Th). Beim umkristallisieren aus Benzol/Metha-

nol (10:1) schied sich eine schwarzbraune Substanz an der Wand des Kol-

:bens ab, nochmals aus Benzol/Methanol und dann nur aus Benzol umkris-

tallisiert- wurde. Es handelt sich offensichtlich um zwei Substanzen. In reichlich
Benzol .wird eine weifie Substanz heraus gelost und es bleiben blaﬁgelbe
Nadelkristalle zuriick.

' 3 -Nitro-4', 3-dihydroxy-Chalkon (Nr. 9). Die Losung von 036 g
3-Nitro-4- hydroxy acetophenon (2 mMol) in 30 ccm 1 n NaOH (30 mMol) wurde
mit 0,244 g 3-Hydroxybenzaldehyd (2 mMol, Schmp. 104°) 2,5 Stunden auf -
dem Wasserbad erhitzt und dann mit 2 ccm Eisessig angesauert Es schied
eine gelbe Substanz aus.

4'-Nitro-2', 3—dzhydr0xy-chalkon (Nr. ]I) Die Losung von 0,37 g
4-Nitro-2- hydroxy acetophenon (2 mMol) und 0,25 g 3-Hydroxy-benzaldehyd
(2 mMol) in 5 ccm Athanol und 8 ml 1 n NaOH wurde 15 Min. bei
Zlmmertemperatur und. weitere 15 Min. auf dem.Wasserbad gehalten, dann
in 20 ccm Wasser gegossen, mit 3 ccm Else551g angesduert, worauf sich
0,37 g gelbe Substanz ausschieden.:

Bei lingerem Erhitzen (45 Min.) erhdlt man kein Chalkon .mehr, son-
dern einen klebrigen undefinierbaren Stoff. Bei dem gleichen Ansatz mit 2-
oder 4-Hydroxy-benzaldehyd erhdlt man das Keton, nach dem Ansduern,
quantitativ zuriick. Fiihrt man die Umsetzung wie unter 13 beschiriebene durch,
so entsteht eine klebrige, undefinierbare Verbindung.

& -Nitro-2', 3-dihydroxy-Chalkon (Nr. 13). Die Losung von 0,37 g
5-Nitro-2-hydroxy-acetophenon (2 mMol) in 7 ccm 1 n NaOH (7 mMol)
wurde, mit 0,25.g in 3 ccm Athanol gelostem 3-Hydroxy-benzaldehyd versetzt,
1 Stunde bei 40°C stehen gelassen, mit 1,5 ccm Eisessig angesduert, filtriert
und das ausgeschiedene brdunlichgelbe rohe Chalkon mit 5 ccm Wasser

- gewaschen. (Ausb. 0,48 g.)

Unter den obigen Bedingungen kondensierte weder 2- noch 4-Hydroxy-
benzaldehyd mit dem Keton, letzteres konnte zuriickgewonnen werden. Fiihrt-
man die Reaktion mit 4-Hydroxy-benzaldehyd ebenso aus wie die Darstellung .

von 5'-Nitro-2’, 2-dihydroxy-chalkon [3], so erhalt man gelbe Nadeln vom:

Schmp. 163—164°C (Gef. N 6,3), die nicht weiter untersucht wurden. Die
Substanz ist kein Chalkon.
£ R .

. Die Verfasser danken der Ungarischen Akademie der Wissenschaften
fir die finanzielle Unterstiitzung der Arbeit, dem Organisch-Chemischen Ins-
titut der Universitat Szeged, namentlich Frau DR. LAK0S K. LANG und Frau
BARTOK G. Bozoxki fiir die Ausfithrung der Mikroanalysen, sowie Frau
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HOBBIE HHUTPO-KAJIKOHbL (IV.)
do. Wunow, T. Cean u H. Baprau

Hurpo-rugpokcn-aueropenonsl  ObIH  KOHAGHCHPOBAHBI € PAa2JiM4HBIMH apoMaTH-
yeckHMIt adbjerifgaMu - npucyrersud AlCly m soasiaucroro NaOH. B pesysabrate Kow-
eHCAlHH TNOJYYHJHCh HEH3BECTHhIE KaJkoHul. Ilpy 06Gpa3soBaHHM KaJKOHOB, HacHeT PoOJH
RAMSIOLLER KOHLEHCAIHI) HHTPO-THAPOKCH 3aMecTurefeli aUSTO(PEHOHOBOH YacTH H 3aMecTil-
Tens GeH3asbRerHfoBoil 4acTH TOJYUHJNCH OXHAZEMbie Pe3Y/bTATEHI.
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~

Mononitrobhenyl benzoates have been subjected to Fries rearrangement in nitro-

benzene using anhydrous aluminium chloride as catalyst. In the case of 2- and 4-nitro--
phenolic esters the products of the isomerisation were the para and ortho isomers, respec-
tively, while 3-mtrophenyl benzoate gave no nitrohydroxy ketone.

It has been reported [1] that our attempst to subject mononitrophenyl
benzoates to FRrIES rearrangement had been unsuccesful. Further experiments
showed, however, that under proper conditions FRIES rearrangement takes
place in the presence of 1—1,25 moles of aluminium chloride using nitro-
benzene as solvent. In the case of 2-nitrophenyl benzoate 3-nitro-4-hydroxy-
‘benzophenone, in that of 4-nitrophenyl benzoate 5-nitro-2-hydroxy-benzo-
phenone could be isolated in a yield of 3,5% and 4 %, respectively. The
3-nitro-4-hydroxy-benzophenone was identified by its known 2,4-dinitro-
phenylhydrazone [2]. The 5-nitro-2-hydroxy-benzophenone which proved to be
identical with an authentic preparate .[3], was characterized by its so far un-
known phenylhydrazone and 2,4-dinitrophenylhydrazone. - The expected corres-
ponding ketone, however, could not be so far isolated on rearrangement of
3-nitrophenyl benzoate under the conditions deschribed above Attemps to
realize this rearrangement are still in progress. |

Experimental*
Rearrangement of 2- nitrophenyl benzoate

5,5 g of anhydrous aluminium chloride (41,2 millimoles) was dlssolved
in 20 ml of nitrobenzene. 10 g of 2-nitrophenyl benzoate (41,2 millimoles,
prepared from 2-nitro-phenol and benzoyl chloride, m. p.: 54° C) was added,
and kept at 165—175° C for an hour. A vivid eyolutlon of hidrogen chloride

. was obsérved. The solution was decomposed with 10 ml of concentrated
hydrochioric acid, and nitrobenzene removed by steam distillation. The resi-
due was cooled and filtered. The solid mixture, remained on the filter, was
dissolved in 20 ml of hot ethanol which was previously used to extract the

* Melting points are not corrected. : ~
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material stuck at the wall of the flask. The filtrate was extracted with 4 x 40
ml of tetrachloro-methane. The combined extract was heated and added to
the hot ethanol solution, then it was diluted with 20 m] of water, and fil-
tered.” The resinous products separated, remained on the fiiter. The tetrach-
loro-methane solution was extracted with 5 X 20 ml of sodium hydroxide
(6 g pro 100 m! of water). The combined extract was heated and acidified -
with concentrated hydrochloric acid. The upper aqueous layer was decanted
from the brown oil separated. In order to dry the oil, it was dissolved in
10 ml of ethanol, and the solvent evaporated. The residue was extracted with
three portions of 20 ml of hot ligroin. Having removed the ligroin the yello-
wish-brown residue was: recrystallized from ethanol, giving 0,35 g of brow-
nisch-yellow crystals melting at 76—81° C. Recrystallization twice from met-
hanol and twice from ligroin gave yellow 3-nitro-4-hydroxy-benzophenone
m. p. 91—92° C (R. A. ABRaMOVICH et al found 90° C [2]). (Found: N 5,949,
CiH,O.N=2432 requires: N 5,76 %). The 2,4-dinitrophenylhydrazone was
prepared from a 50°% aquous ethanol solution of 3-nitro-4-hydroxy-benzo-
phenone by adding a solution of 2,4-dinitrophenylhydrazin (1 g dissolved in
100 ml of concentrated sulphuric acid) to it. On heating orange-yellow crys-
tals precipicated, m. p.: 261° C (R. A. ABRAMOVICH et al found 261° C [2]).
(Found: N 16,2 %, C,H;s0.N;—=423,3 requires: N 16,5 %).

Rearrangement of 4-nitrophenyl benzoate

3,5 g of anhydrous aluminium "chloride (26,2 .millimoles) was dissolved
~in 20 ml of nitrobenzene. 5 g of 4-nitrophenyl benzoate (20,6 millimoles,
‘prepared from 4-nitro-phenol and benzoyl chloride, m. p.: 142° C) was added
and kept at 170° C for an hour. Hydrogen chloride evolved vigorously during
the reaction. The cooled solution was poured into the mixture of 100 g of
water and 10 ml of concentrated hydrochloric acid and stirred for an hour.
The nitrobenzene layer was added to a mixture of 20 ml of 10 N sodium
hydroxide and 20 ml of sodium fluoride solution (35 g per litre) and sub-
jected to steam distillation until free from nitrobenzene. The residue was
filtered, acidified with concentrated hydrochloric acid.

The aqueous layer was decanted from the resinous product separated
and extracted with 4X40 ml of tetrachloro-methane. The resinous residue
was dissolved in 10 ml of ethanol and mixed with the combined and heated
tetrachloro-methane extract. Having filtered, it was dried with anhydrous sodium
sulphate and the solvent removed. The residue was dissolved in ethanol and
allowed to stand overnight in refrigerator. 5-Nitro-2-hydroxy-benzophenone
(0,2 g) crystallized, m. p.: 108—115° C. Having recrystallized from ethanol
it had a m. p. of 122—124° C (ULLMANN, MALLET found 124-—124,5° C [3]).
(Found: N 5,65 %, C;;H,O,N =243,2 requires: N 5,76 %). The phenylhydra-
zone was prepared from a 60°% ethanol solution by giving a calculated
-amount of phenyhydrazine to it. The separated brick-red needles melted at
190—191° C, (Found: N 12,9 %, C,H;ON;==23333 requires: N 12,9 %).
The 2,4-dinitrophenylhydrazone was prepared as in the case of 3-nitro-4-
hydroxy-benzophenone-2,4-dinitrophenylhydrazone. Yellow crystals, m. p.:
283—285° C. (Found: N 15,7%, CyHiON,— 4233 requlres N 1650/0)
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The attempted rearrangement of 3-nitrophenyl benzoate

6,6 g of anhydrous aluminium chloride (49,5 millimoles) was dissolved
in 40 ml of nitrobenzene, 10 g of 3-nitrophenyl benzoate (41,2 millimoles,
prepared from 3-nitro-phenol and benzoyl chloride, m. p.: 93—95° C) was .
added and kept at 175° C for an hour. Hydrogen chloride evolved during
the heating. Working up the mixture was the same as used in the case of
4-nitrophenyl benzoate. Only 3-nitro-phenol and benzoic acid could be iso-
lated.

L N
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TEPEPACIIPEAEJEHUE ®PU3A MOHOHHTPOGEHUWJILHBIX 30HPOB

A. Pypka u T. Cean

Brino ocymectsreno nepepacnpeneliene’ GpH3a XaTaJH30BAHO XJAOPHCTHEIM AJIOMH-
HHeM MOHOHHTPOQeHHIbHBLIX GeH30aTOB B HHTPOGEH30JbHOM pacrsope. IIpu mepepacnpene-
JeHuu 2- M 4-HUTPObeHUJBLHEIX 3¢UPOB, COOTBETCTBYIOINe Mapa- H OPTOM3OMepH OBLIH
noayyeHsl H 3-HHTPO-eHMJLHBIH OeHsoar He lepepacrnpesesuce.
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In the presence of anhydrous aluminium chloride thermal decomposition of mononit- .
rophenols, mononitrophenolic esters and nitro-hydroxy-acetophenones has been observed.
The temperature of decomposition depends mainly on the position of the nitro group and
on the nitro compound aluminium chloride ratio, respectively.

It has been observed by several workers that some nitrophenolic esters
subjected to FRIES rearrangement in the absence of a solvent, decompose on
heating instead of yielding the expected corresponding nitro-hydroxy-ketones.
The slight explosion produced charred, tarry materials and bad smelling
gases. [1]—[3]. Other authors reported similar phenomena using phenolic
esters of nitrobenzoic acids [4). It seemed therefore to be of interest to
investigate factors influencing the decomposition of nitrophenols and of
their derivatives. To compare this property of the different compounds, the
temperature was measured at which decomposition took place under given
and reproducible conditions.

Resulfs

Table 1 shows that the decomposition of nitrophenolic esters is due to
the nitro group introduced in the phenolic nucleus, as phenyl acetate,
phenyl benzoate and thyml acetate do not decompose while nitropheno-
lic esters do. Nitro group having ortho- or para-position results in redu-
cing the temperature of decomposition compared with that observed in
the case of mefa-nitrophenolic esters. This effect due to the position of the
nitro group could be observed on the decomposition of mononitrophenols
as well (Table II). The data summarized in table IIl show that the tempe-
rature of the decomposition also depends on the nature of the acyl part of
nitrophenolic esters, though this effect is slighter than that caused by the
change of the position of the nitro group. Further, the decomposition takes
place generally at somewhat lower temperature in the case of O-acylated
phenols. than in that of nitrophenols. On the other hand, when introducing
an acyl group into the nucleus of nitrophenols the decomposition takes place
at higher temperature. In the case of nitrophenols acylated in nucleus the
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temperature of decomposition is higher than in that of the corresponding
nitrophenolic esters, wherefrom the former are formed by FRIES reaction.
(Tables I, 1I, III). The aluminiuin chloride-ester ratio has a prominent effect
on the decomposition. 4-Nitrophenyl acetate did not decompose as long as
only equimolar quantities of aluminium chloride ‘were used, but in the presence

] Table 1
Effect of nitro group on the decomposition of phenolic esters
) AlClg-ester Ester AICly Temperature
ratio ©) © of decomp. (°C)
2-Nitrophenyl acetate 2:1 0,90 1,30 104
3-Nitrophenyl acetate 2:1 0,90 1,30 187.
4-Nitrophenyl acetate 2:1 0,90 1,30 134
2-Nitrophenyl benzoate 2:1 0,90 098 129
3-Nitrophenyl benzoate 2:1 0,90 0,98 193
4-Nitrophenyl benzoate’ 2:1 0,90 098 132
Phenyl acetate 2:1 0,90 1,80 i —
Phenyl benzoate 2:1 0,90 . 1,20 —
Thymyl acetate 2:1 0,90 1,20 —
Tabtle 11
Decomposition of mononitrophenols
AlClg-nitro- | Nitrophenol AICl, Temperature
phenol ratio (@) (3] "| of decomp. (°C)
. 2-Nitro-phenol 2:1 0,90 1,70 163
3-Nitro-phenol 2:1 0,90 1,70 198
4-Nitro-phenol 22:1 0,90 1,70 165
g " Table I
Effect of acyl group on the decomposition of esters
AlClj-ester Ester AlCl, Temperature
ratio ©) ©) of decomp. (°C)
3-Nitrophenyl acetate 2:1 0,90 1,30 187
3-Nitrophenyl propionate 2:1 0,90 1,23 183
3-Nitrophenyl kloroacetate 2:1 0,90 1,10 173
3-Nitropheny! phenylacetate 2:1 0,90 0,93 162
3-Nitrophenyl benzoate 2:1 0,90 0,98 . 193
3-Nitrophenyl-4-nitro-benzoate 2:1 " 0,90 0,83 195
4-Nitropheny! acetate 2:1 0,90 1,30 134
4-Nitrophenyl propionate 2:1 0,90 1,23 135
4-Nitrophenyl benzoate 2:1 0,90 0,98 132
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. Table IV
Decomposition of nitro-hydroxy ketones
AlCls-ketone| Ketone AICl, Temperature
ratio ® ) of decomp. (°C)
5-Nitro-2-hydroxy-acetophenone 2:1 0,90 1,30 207
5-Nitro-2-hydroxy-acetophenone 3:1 0,90 1,90 202
4-Nitro-3-hydroxy-acetophenone 2:1 0,90 1,30 174
4-Nitro-2-hydroxy-acetophenone- 2:1 0,90 1,30 —
Table V
Effect of aluminium chloride — ester ratio on decomposition
AlCl;-ester Ester AICl, Temperature
ratio @ ® of decomp. (°C)
4-Nitrophenyl acetate 05:1 0,90 032 - —
4-Nitrophenyl acetate’ 10:1 0,90 0,64 —
4-Nitropheny! acetate 1,5:1 0,90 0,96 144 i
4-Nitrophenyl acetate 20:1 0,90 1,30 134
4-Nitropheny! acetate 25:1 0,90 1,60 131
3-Nitrophenyl acetate 1,0:1 0,90 0,65 —
3-Nitrophenyl acetate 20:1 0,90 1,30 187
3-Nitropheny! phenylacetate 1,0:1 0,90 0,47 166
3-Nitrophenyl phenylacetate 20:1 0,90 0,93 162
. Table VI -
Effect of the experimental conditions on decomposition ) N
AICL- )
estéﬁr Ester AICl; | Starting | Temperature -
ratio” (@ Q) temp. (°C)| of degomp. 0
4-Nitrophenyl acetate 1:1 0,90 0,64 65 —
4-Nitropheny! acetate 1:1 0,90 0,64 105 —
4-Nitrophenyl acetate 1:1 0,90 0,64 145 153
3-Nitrophenyi kloroacetate 2:1 0,90 1,10 65 173
3-Nitropheny! kloroacetate 2:1 0,90 - 1,10 130 174
3-Nitrophenyl kloroacetate 2:1 0,90 1,10 150 175
3-Nitrophenyl propionate 2:1 0,90 1,23 65 183
3-Nitrophenyl propionate 2:1 |. 090 1,23 140 185
4-Nitrophenyl acetate 2:1 0,10 0,15 65 137
4-Nitrophenyl acetate 2:1 0,40 0,58 65 138
4-Nitrophenyl acetate 2:1 0,90 1,30 65+ 134.

* Working at constant temperature, at. 105 °C, no decomposition was observed while
at 116 °C decomposmon took place after one and a quarter of a minute. 3
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Tabele VI

Temperature |’ Time Temperature Time
O (min) (§Y) (min)
65 0,0 150 ' 10,0
75 1,5 _ 160 11,3
90 " 35 ) 170 © 12,8
100 4,5 180 14,5
110 " 55 190 16,3
120 ’ 6,6 200 18,7
130 7,7 210 . 21,8

140 838

of 1,5 or more moles, heating resulted in decomposition. It seems, howewer,
increasing the aluminium chloride-ester ratio over two, there is no considerable
influence on the temperature of charring (Table V). It is to be noted that
the temperature of the decomposition also depends more or less on the
experimental conditions applied (Table VI)..

Discussion

‘The authors’ observation, that a mixture of a phenolic ester and alu-
minium chloride melts twice while being heated (see experimental part), is
in accordance whit the well known assumption that aluminium chloride forms
complex with phenolic esters. At first the ester melted, then the complex for-
med. G. S. SaHARIA explained the decomposition observed with phenolic esters
of p-nitro-benzoic acid in the presence of two moles of aluminium chloride
as a consequence of a complex formahon type 1. The aluminium chloride in
~ this complex tends

A1c13 o/ . ' AlCl,

AN o R
\1 C \/ 0 /\l/ \C/
_ 4 A1C13O\N// S c”)
o
I. . I1.

to pull.away the electrons from the nitro group which affects the electron
density of the oxygen atom of the ester group where another aluminium
chloride molecule is attached; resulting in an abnormal electron demand and,
consequently in decomposmon [4]. On the basis of our results this explana-
tion may be extended to nitrophenolic esters, nitrophenols and nitro-hydroxy
ketones, as ‘well (e. g. from 4-nitrophenolic esters the formation of complex
Il may be assumed). The stability of the complex greatly depends. on the
position of the nitro group. Orfo- and para- position of nitro group (concern-
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ing the phenolic oxygen atom) results in formation of complexes less stable
than those formed from mefa isomers. Only the relatively high temperature
of the decomposition of 5-nitro-2-hydroxy-acetophenone (Table 1V) appears
to be inconsistent with- this statement. There is reason, however, to suppose
that this may be due to a stable ring complex which is formed from such
type of ketones and from aluminium chloride [5].

. Experimental*
Mafterials

Aluminium- chloride anhydrous (B. D. H. preparate).
. Nitrophenols. Commercial grade. .
Phenolic esters. Phenyl acetate [6], b. p.: 194—197° C; phenyl benzoate
- {7], m. p.: 69—70° C; thymyl acetate {8], b. p.: 243—246° C; 2-nitrophenyl
acetate [9], m. p.: 39—40° C; 3-nitrophenyl acetate [10], m. p.: 54—55°C;
" 4-nitrophenyl acetate [6], m. p.: 79—80°C; 3-nitrophenyl propionate [11],
m. p.: 49° C; 4-nitrophenyl propionate [3], m. p.: 63—64° C; 3-nitrophenyl
chloroacetate [3], m. p.: 78—79° C; 3-nitrophenyl phenylacetate [3], m. p.:
61—63° C; 2-nitrophenyl benzoate [12], m. p.: 54° C; 3-nitrophenyl benzoate
[12], m. p.: 93—95° C; 4-nitrophenyl benzoate [12]. m. p.: 142° C; 3-nitro-
- phenyl-4-nitro benzoate prepared from sodium-3-nitrophenolate by treating
il with 4-nitrobenzoyl chloride in benzene, m. p.: 173—174° C.
Ketones. 5-nitro-2-hydroxy-acetophenone [13], m. p.: 102—103° C;
* 4-nitro-3-hydroxy-acetophenone [9], m. p.: 131—132° C; 4-nitro-2-hydroxy-
acetophenone [3], m. p.: 67—68° C.

_Determination of temperature of decomposition

The powdered samples of nitrophenols, esters or ketones were intimately
mixed with powdered anhydrous aluminium chloride in a round-bottomed
flask .(25 ml) connected with a flask (5.1) fitted with a guard tube. Paraffin
wax was molten and allowed to stand till the temperature dropped to 60° C.
The bath was then heated. When the temperature reached -65° C again the
flask containing the samples was dipped into the bath and the heating con-
tinued. till max. 210° C with a rate illustrated in Table VII.

On heating the molten substances subsequently solidified . owing to
complex formation, melted again at a higher temperature and a gas-evolution
was observed, then decomposed (if at all) with a slight explosion.

In the case of 3-nitrophenyl phenylacetate the black residue was boiled
with dil. hydrochloric acid, twice with ethanol and finally with tetrachloro-
methane. 0,7 g remained insoluble consisting of 5,6 % N, 67,2% C, 3,3 %"
H and 0,4 % inorganic material. ‘

' Carrying out a number of repeated measurements it was concluded that
the average error of determination is less than 3° C.
* ok k.

"* Melting points are uncorrected.
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PA3JIOYKEHHE MOHOHHTPO®EHOJLHEX DPUPOB B MPUCYTCTBUU
XJIOPUCTOTO AJIOMHHUAS

AL Dyprka uw T. Cean

ABTopnrl HalMomadH YTO B HPHCYTCTBHY XJAOPHCTOrO aJIOMHHHA MOHOHHTDPO(EHOJbI,

MOHOHNTPOdeHOoMbHEIe 3(DHpPE H HHTPOTHAPOKCH-aueTOMeHOHbl, B pe3yabTaTe HarpeBaHHs,
pacuanann. Temneparypa pacmaja 3aBHCHT TJABHHIM 0o6pa3oM  OT MOJIOXEHHS ~ HHTPO-
IPYNNOE M OT COOTHOLIEHHS MOJei HHTPO- COGJII/IH&HP'H H XJOPHCTOTO aMOMHHHS.
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The aluminium chloride catalysed Fries isomerisation of 4-nitrophenyl! acetate, 3-
and 4-nitropheny! phenylacetate was carried out in the absence of a solvent The products
formed were the corresponding ortho hydroxy ketones.

In a previous work {1] it has been found that nitrophenolic esters de-
compose on heating -in the presence of aluminium chloride and the factors
having an effect on decomposition determined. These results made possible
to choose proper experimental conditions under which, instead of decomposi-
tion FRIES rearrangement may take place (if at all). A. S. U. CHOUGHULAY
et al [2] reported that 4-nitrophenyl acetate, using 2,2 moles of aluminium
chloride and no solvent, decomposed instead of rearranging. Our attempt [3]
to rearrange 3-nitrophenyl phenylacetate in the presence of 2 moles of alumi-
nium chloride also failed. Using, however, 0,8—0,85 moles of the catalyst the
realisation of the FRIES reaction .of 4- mtropheny] acetate, 3-nitrophenyl
phenylacetate and that of so far unknown 4-nitrophenyl phenylacetate in the
absence of a solvent was successful. Products of these reactions were the
known 5-nitro-2-hydroxy-acetophenone [4] (yield*: 28 %), the so far unknown
4-nitro-2-hydroxy-w-phenyl-acetophenone (yield: 3,5%), and 5-nitro-2-
hydroxy-w-phenyl-acetophenone (yield: 6 %), respectively. The structure of
4-nitro-2-hydroxy-w-phenyl-acetophenone was proved by the Friedel-Crafts
reaction of 4-nitro-2-hydroxy-w-bromo-acetophenone [8] with benzene, which
gave identical product with that obtamed by the FRIES reaction of 3-nitro-
phenyl phenyl acetate.

II' : — ’ '
0—C—cH,—~ > OH 4 . OH o

I - I |
O Onn a0 P Onaint'®
NS NS NS T NS NS

0N : O.N . - O,N

* The rearrangement carried, out in nitrobenzene gave yields of 24,79/, [5]), 25,1 %o,
[6], 2590 [2) and 359, [7].
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- It may be concluded that in order to avoid decomposition it is not
advisable to use more than one mole of aluminium chloride when rearrang-
mg nitrophenolic esters. This is also supported by the fact that we could
isomerize 2-nitrophenyl acetate [3] in the presence of one mole of aluminium
chloride, while LINDEMAN and ROMANOFF [4] could not, usmg probably more
than one mole of the catalyst.

Experimental *
Fries reaction of 4-nitrophenyl acetate

Ester prepared according to the method of F. D. CHaTTAWAY [9] (10 g,
55,3 millimoles) was thoroughly mixed with anhydrous aluminium chloride
(6,2 g, 46,6 millimoles), introduced into a flask provided with a guard tube
and kept for 25 minutes at 140—150°C on a-sand bath. On heating the
ester melted, gas evolved, then it solidified again. The cooled mixture was
dissolved in 30 ml of ethanol, made acid by adding 10 ml of concentrated
hydrochloric acid and 300 ml of water and allowed to stand in a refrigerator
for 2 hours. The black precipitate: was filttered off and dissolved in 10 ml
of hot ethanol. The filtrate was extracted with 440 ml of tetrachloro-methane
which’ was then combined, heated and added to the hot ethanolic solution.
Next the solution was cooled, filtered through cotton and .shaken with
5x40 ml of 1,5 N sodium hydroxyde solution. On acidifying the aicalic .
extract a black material separated (6,5 g) which was dissolved in 150 ml of .
hot ligroin (resins remained undissolved) and allowed to stand in a refrige-
rator for 3 hours. The separated orange yellow crystals (3,6 g) were recry-
stallized from ethanol, then from ligroin. The colourless product (2,8 g) melted
at 101—102°C and was found to be identical with 5-nitro-2-hydroxy-acetophe-
none obtained by a different method [5] (Found: N 7,42 %, CsH,O.N=181,1
requires: 7,73 %). Phenylhydrazone melted at 224——225°C 2,4~ dm1tr0phenyl-
hydrazone at 255—258°C.

Fries reactzon of 3—mtr0phenyl phenylacetate

The ester prepared as described previously [3] (13 g, 50 millimoles) was
intimately mixed with aluminium chioride (5,3 g, 40 millimoles) and warmed
on a paraffin wax bath for 25 minutes at 140°C (gas evolved). Having de-
composed the mixture as described above a black oil and an aqueous layer
were obtained. The method of the isolation of the ketone was the same as
that of 5-nitro-2-hydroxy-acetophenone, but before extracting the tetrachloro-
methane solution with aqueous sodium hydroxide, it was shaken with 50 ml
of water, filtered through cotton and the organic layer removed.

Yellowish crystals were obtained (0,45 g), m. p.: 152—153°C. (Found:
N 5,8%, C,H,;O,N = 257,24 requires: 5,44 %). Phenylhydrazone was prepared
from the ketone by boiling it with phenylhydrazine in 60 % ethanol for a

* Melting points are uncorrected.
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few minutes. Red needles, m. p.: 198—199°C. (Found: N 12,4 %, CyH;;O;N;=
= 347,36 requires: 12,1°%,). The ketone was found to be identical with the
. product obtained by boiling 4-nitro-2-hydroxy-w-bromo-acetophenone in
benzene in the presence of 2 moles of aluminium chloride for an hour.

Preparation of 4-nitrophenyl j)/zenylacetate

Sodium-4-nitrophenolate (8,1 g, 50 millimoles) (prepared from 4-nitro-
phenol dissolved in benzene by giving ethanolic sodium ethylate to it) was
treated with phenylacetyl chloride (7,7 g, 50 millimoles) in benzene (50 ml),
the mixture refluxed for 30 minutes and filtered to remove sodium chloride.
The solvent from the filtrate was evaporated and the residual oil poured into
water (100 ml) while being stirred. The separated oil was then treated with
ethanol (5 ml) and petroleum ether (25 ml), and allowed to stand in a refri-
gerator for 3 days when white platelets of the ester were obtained (9 g),
m. p.: 64—65°C. On recrystallizing from ethanol it had a m.p.: 65—66°C.
(Found: N 5,80 %, CyH;O,N = 257,24 requires: 5,44 %o).

Fries reaction of 4-nitrophenyl phenylacetate

The mixture of ester (3,7 g, 13,6 millimoles) and aluminium chloride
(1,5 g, 11,4 millimoles) was placed into a paraffin wax bath of 105°C, and"
the temperature raised to 140°C in 12 minutes. On heating a slight explo-
sion was observed at 134°C, dark gases evolved. The ketone (0,22 g) was
isolated as desribed in the case- of the rearrangement of 3-nitrophenyl -
phenylacetate. Colourless needles, m.p.: 115—116°C. (Found: N 5,78 %,
C.H,;O.N = 257,24 requires: 5,44 %). The yellow phenylhydrazone melted at
185—186°C (Found: N 12,5%, Cy,H;;O:N;==2347,36 requires: 12,1 %).

* k%
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MEPEPACHIPEAENEHME ®PH3A HECKOHbKHX 30HPOBR HUTPODPEHOJIA

B OTCYTCTBHH PACTBOPI/ITEJ}ﬂ

/ .
A. Pypxa w T. Cean

Ilepepacnpenenerne ®@pusza 4-HuTpo-QEeRMJILHOTO aueraTa, 3- H 4-HHTPO-deHHIbHOrv:
(EHH/IbALIETATA, KATAJM30BAHO XJIOPHCTHIM aJNIOMUHAEM GbLIO HCMOJHEHO 6e3 pactsopuress.
Hponymm ObLJIH -COOTBETCTBYIOLINE OPTO- rmxpoxcu KETOHBI.
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