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The mean molar susceptibility (xm) for the two compounds 3,5-dibromo-
-p-aminobenzoic acid, BroCgllz (p-N1I2)COOH, and 3,5-dibromo-p-hydroxy-
benzoic acid, BrCsll2(p-OII)COOII, has been determined. The principal
molecular susceptibilities Kl and K+ have been evaluated. The magnetic
anisotropy of each of the two compounds was obtained. From the atomic co-
ordinates, as given by the X-ray structure analysis of Br, CgIl2 (p-NH,)COOII,
the crystal susceptibilitics (iva, X5, and xc) have been calculated. The mag-
netic properties are interpreted in the light of the crystal structure.

PACS numbers: 35.20.My

1. Introduction

The strong anisotropy of the diamagnetic susceptibility of benzenoid com-
pounds 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 eval-
uated from the crystal susceptibilities (1, X2, and x3) combined with the orienta-
tion of the molecule in the crystal. The details of this method was given elsewhere
[9]. On the other hand, the diamagnetic anisotropy AK of the molecule can be
calculated from the measured value of the molar susceptibility xn according to
the relation [11]:

AK =3(xjp° - KN, (1)
where Kl is the in-plane susceptibility whose value can be determined from the
sum of the atomic susceptibilities of the molecule as discussed by Ioarau [11] or
from the local values of in-plane susceptibilities y! (Av) as worked out by Mason
[12], Amos and Roberts [6], and by Long and Memory [13]. In our recent paper
[14] these two different methods that are used for the calculation of Kll have been
outlined.
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In this paper the molar magnetic susceptibility X3P as well as the anisotropy
of the diamagnetic susceptibility of 3,5-dibromo-p-aminobenzoic acid and
3,5-dibromo-p-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 by the au-
thor for studying the magnetic properties of similar materials [9, 14, 16].

2. Experimental

The two compounds studied in this paper are:

(a) 3,5-dibromo-p-aminobenzoic acid, BraCgIl2(p-NII;)COOI,

(b) 3,5-dibromo-p-hydroxybenzoic acid, BraCe¢H2(p-OH)COOIL.

The motivation of such choice is that the crystal structure of the first com-
pound is known [15]. The hydrogen bonding system is therefore clear. The 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 x§p* of each compound has been accurately measured by means of
Gouy method. The description of this method was given elsewhere [9].

3. Results and discussion

The observed and calculated values of the molar susceptibilites x§b° and x§3'

for the two compounds are shown in Table I. The method used for the calculation
of x§3'¢ was given elsewhere [14, 16]. The diamagnetic susceptibilities used here
for such calculations are

Xbenzene ring = —55.20 [17]) XB: = —27.80 [17]7 XCOOH = -17.20 [17];

XnH, = —10.94 [14] and xon = —6.70 [14].

TABLE I
Observed and calculated susceptibilities (in 10~% emu mol~1).
Compound XRE° X5g'e Axm
3,5-dibromo-p-aminobenzoic acid —129.03 | —-130.94 | —1.91
BraCslly(p-NH,)COOI
3,5-dibromo-p-hydroxybenzoic acid | —124.97 | —126.70 | —1.73
BryCeH,(p-OI)COOI

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 I by O-II.. O hydrogen bonds of length 2.63 A [15] and
to molecules of type II by weak N-II. . O hydrogen bonds of length 3.07 A, whereas
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on the other side it is bonded to molecules of type IL by N-H.. O hydrogen bonds
of length 2.90 A. Molecule I is, however, held by strong O-H. . O hydrogen bonds
of length 2.58 A and N-II.. O hydrogen bonds of length 2.90 A on one side and
by weak N-H.. O bonds of length 3.07 A on the other side, see Fig. 1. The crystal
structure of the second compound is not determined.

Fig. 1. 'The hydrogen bonding system in 3,5-dibromo-p-aminobenzoic acid (after A.K.
Pant, Ref. [15]).

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 bond-
ing on the magnetic properties of the molecule by comparing the delocalization
anisotropy of the molecule (AK’) with that of the benzene ring. According to Ma-
son [12] and Craig [19] the hydrogen bond can give rise to electron delocalization
resulting in magnetic anisotropy. The delocalization anisotropy AK’ is given by

AK' = I\,'L - ZXatomic-
The values of the atomic susceptibilities used for the calculation of Y~ xatomic are:
xc = —7.40 [12], xu = —2.00 [12], xo = —4.60 [20], xB. = —27.80 [17], and
XN = —7.30 [14]. On the other hand, the average susceptibilities used for the
calculations of K, Table II, are

XﬂJ(AV) =-3.23 [6]) Xlxli(AV) = —2.69 [6])
xb(Av) = —3.54 [21], xI (Av) = —4.50 [12, 19],
xh(Av) = —4.00 [12, 19], ¥l (Av) = —27.80 [22].

For the benzene ring the value of AKX’ 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 AK’
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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) TABLE II
The  principal  molecular  susceptibilities  for  BraCgHaz(p-NH2)COOII (T)
and BryCgl, (p-OH)COOII (II) (Kl and K+) and the contribution of hydrogen bonding
(in 10~¢ emu mol~1).

Kl= K=
Z XA +na E xM(Av) | Kl (mean) K+ AK' Al AKsemi | A*?
I -10 7.30 --103.69 -10 5.49 --176.11 | -42 .21 | - 3.15 | - -70.62 | -5.6 2
1I ~-102.60 -100.54 -101.57 -171.77 -42.57 | -3.51 -70.20 -5.20
@ A=AKLt - AK{, ... = AK'—39.06.

b A* = AKsemi — AKcalc = AKsemi — 65.00.

The principle of the sccond method used for studying the effect of the hy-
drogen bonding is to compare the semi-experimental magnetic anisotropy of the
molecule (A Kgemi) with the calculated one (A Kcaic). This method is usually prefer-
able because, according to Lashcen [24], the experimental errors in x§b® may result
in some errors in the absolute values of K+ and K, but even a 10% crror in x5S
makes an almost negligible error in A Ksemi. Fortunately, the magnetic anisotropy
of the benzene ring has been investigated both theoretically and experimentally.
The calculated values are —60.90 [6], —60.24 [25] and —60.00 [8], while the experi-
mental value is —59.70 [8, 23]. In the present work the magnetic anisotropy is taken
as —60.00. For the COOH group, its magnctic anisotropy is —5.00 [26]. Thus the
calculated value of the magnetic anisotropy of any of the two compounds is there-
fore —65.00. From Table II one can see that the numerical increase in the magnetic
anisotropy per one molecule is about 5. Thus for two molecules, i.e. one dimer, the
combined eflect is about 10. This numerical increase in the magnetic anisotropy is
altributed to the electrons flowing in the rings formed by the hydrogen bonding,
i.e. the so-called ring currents.

For the first compound, the crystal structure as well as the coeflicients of
thermal expansion were determined [15]. Since the compound belongs to an or-
thorhombic system, therecfore, the axes ol the triaxial ellipsoid coincide with the
crystal axes. Thus the direction cosines of the K’s values, cos a3, cos B;, and cos v;,
i =1, 2, and 3, are calculated from the atomic coordinates as given by the X-ray
structure.

The squares of the direction cosines are

cos® a; = 0.0000, 0.9964, 0.0036,
cos? B; = 0.7454, 0.0004, 0.2534,
cos?y; = 0.2545, 0.0026, 0.7425, i=1, 2, and 3.

Assuming that Ky = K, = Kl and using the set of equations [9] relat-
ing crystal susceptibilities for an orthorhombic system (x4, x5, and x.) with the
principal molecular susceptibilities (Kl and K+), we get the values (in 10~8 emu
mol~1)

Xa = —105.74, x» = —123.31, and yx.= —157.83.
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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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