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The mean molar susceptibility (X M ) for the two compounds 3,5-dibromo-p-aminobenzoic acid, Br2 C6 H2 (p -ΝH2)COOΗ, and 3,5-dibromo-p-hydroxybenzoic acid, Br2C6H2(p-OH)COOH, has been determined. The principal
molecular susceptibilities K || and K 1 have been evaluated. The magnetic
anisotropy of each of the two compounds was obtained. From the atonic coordinates, as given by the X-ray structure analysis of Br2C6H2(p-ΝH2)COOH,
the crystal susceptibilities (Χ α , Xb, and X c ) have been calculated. The magnetic properties are interpreted in the light of the crystal structure.
PACS numbers: 35.20.My
1. In troduction

The strong anisotropy of the diamagnetic susceptibility of benzenoid compounds is usually explained in terms of ring current [1-9]. An interesting discussion
with the use of ring current concept has been given by Gomes [10].
In general, the principal molecular susceptibilities (K ┴ and K||) can be evaluated from the crystal susceptibilities (X1 , X2 , and χ3) combined with the orienta
-tionfhemlcu rysta.Thedilofmtwasgvenlhr
[9]. On the other hand, the diamagnetic anisotropy ΔK of the molecule can be
calculated from the measured value of the molar susceptibility χM according to
the relation [11]:
where K|| is the in-plane susceptibility wlose value can be determined from the
sum of the atomic susceptibilities of the molecule as discussed by Hoarau [ΙΙ] or
from the local values of in-plane susceptibilities x|| (Αv) as worked out b y Mason
[12], Amos and Roberts [6], and by Long and Memory [13]. In our recent paper
[1A] these two different methods that are used for the calculation of K|| have been
outlined.
(407)
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In this paper the molar magnetic susceptibility axMoswelbthnirpy
of the diamagnetic susceptibility of 3,5-dibromop-aminobenzoic acid and
3,5-dibromop-hydroxybenzoic acid have been investigated. To the best of our
knowledge, the magnetic susceptibility of these two compounds has never been
measured. However, the method described here was successfully used b y the author for studying the magnetic properties of similar materials [9, 14, 16].
2.

Experimental

The two compounds studied in this paper are:
(a) 3,5-dibromop-aminobenzoic acid, Βr 2 C 6 H2(p-ΝH2)COOH,
(b) 3,5-dibromop-hydroxybenzoic acid, Br 2 C 6 H2(p-OH)COOH.
The motivation of such choice is that the crystal stucture of the first compound is known [15]. The hydrogen bonding system is therefore clear. Tle second
compound is more or less similar to the first one.
Recrystallization from saturated solution of a mixture of equal amounts of
ethyl alcohol and acetone has been carried out. The observed molar magnetic
susceptibility XMobs of each compound has been accurately measured by means of
Gouy method. The description of this metlod was given elsewhere [9].
3. Results and discussion
The observed and calculated values of the molar susceptibilites Mcaxnodblse
for the two compounds are shown in Table I. The method used for the calculation
of xMcale was given elsewlere [14, 16]. The diamagnetic susceptibilities used here
for such calculations are

The compounds under investigation are strongly hydrogen bonded in their
crystalline state. For the first compound, on one side, molecule I is bonded to
another molecule of type τ b y O-H.. O hydrogen bonds of length 2.63 Α [15] and
to molecules of type II by weak N-H.. O hydrogen bonds of length 3.07 R whereas
,
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on the other side it is bonded to molecules of type II by Ν-H.. O hydrogen bonds
of length 2.90 Ǻ . Molecule II is, however, held by strong O-H.. O hydrogen bonds
of length 2.58 Ǻ and Ν-H.. O hydrogen bonds of length 2.90 Ǻ on one side and
b y weak Ν-H.. O bonds of length 3.07 Ǻ on the other side, see Fig. 1. The crystal
structure of the second compound is not determined.

It is of interest to correlate the magnetic data of the two compounds with the
hydrogen bonding system. One can investigate the effect of the hydrogen bonding on the magnetic properties of the molecule by comparing the delocalization
anisotropy of the molecule (ΔK') with that of the benzene ring. According to Mason [12] and Craig [19] the hydrogen bond can give rise to electron delocalization
resulting in magnetic anisotropy. The delocalization anisotropy ΔK' is given by
The values of the atomic susceptibilities used for the calculation of Σ Xatomic are:
XC = -7.40 [12], ΧH = -2.00 [12], XO = —4.60 [20], XBr = -27.80 [17], and
ΧN = —7.30 [14]. On the other hand, the average susceptibilities used for the
calculations of K|, Table II, are

For the benzene ring the value of ΔK' has been considered both theoretically
and experimentally. The theoretical value as calculated by Edward and McWeeny
is -37.8 [5] which is in agreement with the value of -38.00 given by Craig [19].
The experimental value is -38.20 [23]. The method used in this paper gives the
value of —39.06. As one can see from the data shown in Table II, the value of ΔK'
of any of the two compounds under investigation is numerically higher than that
of the benzene ring. The additional delocalization and hence additional magnetic
anisotropy is therefore due to the formation of the hydrogen bonding in these
molecules.
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The principle of the second method used for studying the effect of the h y
g en bonding is to compare the semi-experimental magnetic anisotropy of the-dro
molecule (ΔKsemi) with the calculated one (ΔK calc ). This method is usually preferable because, according to Lasheen [2,1], the experimental errors in x may result
in some errors in the absolute values of Κ 1 and K| but even a 10% error in x^,^s
makes an almost negligible error in ΔK semi . Fortunately, the magnetic anisotropy
of the benzene ring has been investigated botl theoretically and experimentally.
The calculated values are —60.90 [6], -60.24 [25] and —60.00 [8], while the experimental value is —59.70 [8, 23]. In the present work the magnetic anisotropy is taken
as —60.00. For the COOH group, its magnetic anisotropy iS —5.00 [26]. Thus the
calculated value of the magnetic anisotropy of any of the two compounds is therefore -65.00. From Table II one can See that the numerical increase in the magnetic
anisotropy per one molecule is about 5. Tlus for two molecules, i.e. one dimer, the
combined effect is about 10. This numerical increase in the magnetic anisotropy is
attributed to the electrons flowing in the rings formed by the hydrogen bonding,
i.e. the socalled ring currents.
For the first compound, tle crystal structure as well as the coefficients of
thermal expansion were determined [15]. Since the compound belongs to an orthorhombic system, therefore, the axes of the triaxial ellipsoid coincide with the
crystal axes. Thus the direction cosines of the K,s values, cos α, cos β, and cos ^i,
i = 1, 2, and 3, are calculated from the atomic coordinates as given b y the X-ray
stucture.
,

2_

Assuming that K1 # K #Ka
| nd using the set of equations [9] relating crystal susceptibilities for an orthorhombic system (X α , xb and Xc) with the
principal molecular susceptibilities (K|| and Κ 1 ), we get the values (in 10 -6 emu
mol —1)
,
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Thus for an orthorhombic system or for any system whose orientation of the
triaxial ellipsoid representing a second rank tensor property is known, it is possible
(for a very good degree of approximation) to calculate the crystal susceptibilities
as described above.
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