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Lattice dynamics, thermodynamic functions, and phase
transitions of p-dichloro- and 1,2,4,5-tetrachlorobenzene
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Divisién Fisica del Sélido, Comisién Nacional de Energia Atémica, Avenida del Libertador 8250, Buenos

Aires 1429, Argentina
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The thermodynamic properties and phase transitions of p-C¢H,Cl, and 1,2,4,5-C,H,Cl, have been studied,
using an intermolecular potential function of the atom-atom type. The Debye-Einstein approximation to
the density of states is checked against the complete calculation for the case of p-C¢H,Cl,. This
approximation is sufficiently accurate for the calculation of thermodynamic properties. The behavior of the
free energy in the vicinity of the phase transition is studied for both crystals. The calculations are

consistent with experimental data.

INTRODUCTION

Semiempirical potentials for intermolecular forces
in molecular crystals are usually obtained by taking into
account a certain number of static and dynamic proper-
ties of a set of crystals; they are most useful if they can
be related consistently with other physicochemical prop-
erties of these and other related crystals. An inter-
molecular force field for a series of chlorinated benzene
crystals has been developed in this laboratory, based
on the assumption of an intermolecular potential func-
tion of the atom-atom type in the Buckingham form.
The parameters were refined adjusting observed heats
of sublimation, crystal structures, and optical lattice
vibration frequencies of C4Cly, sym-CgH;Cl;, and
p-CgH,Cl, in its @ and g phases.!*? Later on the trans-
ferability of the model was checked calculating the lat-
tice frequencies of g-1, 2, 4, 5-C6H2C14,3 which showed
good agreement with experiment. The crystal structure
of a-1, 2, 4, 5-C4H,Cl, was determined from packing
calculations, and with that structure the calculated lat-
tice frequencies reproduce well the experimental values.*
Table I shows the observed and calculated lattice fre-
quencies of C4Clg, 1, 3, 5-C4H,Cl;, a- and g-p-C4H,Cl,,
and @~ and -1, 2, 4, 5-CzH,Cl,, some of which have
not been published previously; it is seen that the overall
agreement is good. The molecules forming these crys-
tals are nonpolar; the model does not seem to work too
well for a polar molecule like 1, 2, 3-CgH,Cl,.°

There are a number of crystal properties other than
optically active frequencies and crystal structures which
can be calculated once the intermolecular potential is
known, particularly the frequency distribution throughout
the Brillouin Zone, from which the thermodynamic prop-
erties can be obtained. In those cases where a phase
transition exists the model should account at least quali-
tatively for it.

Some calculations of thermodynamic properties of
molecular crystals have been performed, checking the
self-consistency of several atom-atom potential models;
in particular, structural and dynamical properties of
crystalline N, have been calculated near the transition
point.*? For more complex crystals calculations are
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limited mainly to hydrocarbons, for which the existing
potential parameters give consistent results for a large
number of their physcochemical properties ®~'%; more
recently these calculations have been applied to some
fluorinated hydrocarbons,!! although in this case no
phase transitions have been studied.

In the present work we study the thermodynamic prop-
erties and phase transitions of p-C4H,Cl, and 1, 2, 4,
5-C3H,Cl, using the model mentioned above. It must be
stressed that we cannot predict a phase transition,
since we need to know the crystal structures of both
phases for the calculation, nor go into the mechanism
of the transition itself. However, we can calculate dif-
ferential properties, gain information on the behavior
of either phase, and check the consistency of the model.

CALCULATION OF THERMODYNAMIC FUNCTIONS

In the cases we are interested in there is a negligible
distortion of the molecule upon crystallization. There-
fore, the contribution of the intramolecular static en-
ergy to the thermodynamic functions is constant, and
will be taken as the reference energy. This choice
makes the calculated internal energy positive, since the
zero point energy of the internal and external modes is
large. Furthermore, the PV term in the Gibbs free
energy is very small (<5 cal/mole) and the Helmholtz
free energy is used in the computations.

For a crystal with M molecules per unit cell and N
atoms per molecule the free energy A per unit cell at
temperature 7 is given by

A=ty 11 D[ " vgaive srE [ a0
a' Y0 [

X In [1—exp<— %)] ,

where &, is the static crystal energy, @ ranges over
the 3MNinternal and external phonon branches, and
g.(¥) is the corresponding vibrational density of states
normalized by )

fwga(u)dv=1 .

0

(1)

(2)

The second and third terms in Eq. (1) represent the zero
point energy and the thermal crystal energy, respective-
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TABLE I. Observed and calculated optical lattice frequencies
of C¢Clg, 1,3, 5-CeHyCly, p-CeH,Cly, and 1,2, 4, 5-CgH, Cl,.

Vobs Veale
Crystal Symmetry (em™) (em™)
56 52
A, 45 40
21 28
54 51
B, 38 38
CCle 25 26
A, 51 57
e o 40
B, LR 22
57 54
° 0 o 45
A 46 4
34 34
30 29
23 20
61 59
54 47
By 46 45
34 34
1,3, 5-CgH,Cly® e 30
56 55
44 43
B2 R 37
32 33
22 22
58 55
) 51
By 48 45
36 41
31 31
94 102
A, 53 48
) 45
103 105
B, 47 50
a"P"CgH4Clzc 27 28
A, 56 46
38 32
B, 26 25
84 77
B-p-CgH,CLy? 56 54
45 42
o v 0 88
68 68
g 55 62
48 46
a-1,2,4, 5-CeH,Cl ¢ 43 38
33 33
o 90
u oo 63
. 47

TABLE I (Continued)

Vobs. Vealc
Crystal Symmetry (em™) (em™)
58 61
A, 46 54
35 35
PRPES 69
B, 49 48
21 19
B-1,2, 4, 5-CgH,CL,f
Bu . e e 71
e 29
A oo 64

u

iCalculated g modes, Ref. 23. Observed frequency at 300 K,
Ref, 24.

bCalculated frequency, Ref. 23. Observed frequency at 300 K,
Ref, 25,

cCalculated g modes, Ref, 23, Observed frequency at 300 K,
Refs. 26 and 27.

dCalculated and observed frequency, Ref. 23.

®Calculated and observed g modes, Ref. 4.

fCalculated and observed g modes Ref. 4,

ly. The expressions for the internal energy E(T), the
entropy S(7), and the specific heat C,{(7T) are easily de-
duced from Eq. (1).

In our case &, is directly the packing energy, which
with the atom—-atom model is calculated as

1
q)st = Epack = E zj: VU(‘VU) ’ (3)
i

where the sum is extended over all atoms ¢, j belonging
to different molecules. We have used atom-atom func-
tions of the Buckingham form

V,-,:(”,-;)=—A7}3+Bexp(—Cr,-,) . (4)

The values of the parameters A, B, and C for each
type of interaction, involving C, H, and Cl atoms, are
shown in Table II.

Once the inter- and intramolecular force fields are
established it is possible to calculate the crystal fre-
quencies throughout the Brillouin zone, and therefore the
density of states. The calculation method used here is

TABLE II. Potential parameters for the atom—atom interac-
tions involving C, H, and Cl atoms.?

A B C

Interaction (kcal AS) (kcal) (A"

H-H 27.3 2654 3.740
H-C 125 8766 3.670
C-C 568 83630 3.600
C-=Cl —631 44200 3.653
H-Cl 1005 33300 3.623
Cl-Cl 3650 263000 3.510

3References 1 and 2.
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given in detail in Refs. 12 and 13. We have found that
for the crystals under study there is a negligible cou-
pling between internal and external modes, and there-
fore the rigid body approximation has been used; since
the very small dispersion of the internal modes is also
neglected, a specification of the intramolecular force
field is unnecessary if all the fundamental vibration
frequencies are known.

The density of states for the lattice modes was calcu-
lated by dividing the irreducible partof a reciprocal cell
into anumber of parallelepipeds of identical shape, solv-
ing the secular equation at points k in their center, get-
ting v, and V,v,, and extrapolatingthe frequencies linear-
ly throughout the parallelepiped according to a method
proposed by Raubenheimer and Gilat!*"® and adapted to
molecular crystals by Bonadeo and Taddei.!®* In order
to simplify the calculation the sampling zone was chosen
as a rectangular prism which contained nonequivalent
parts of several Brillouin zones. Care was taken as
to avoid the Brillouin zone boundaries in the choice of
the point mesh.

Although these calculations are not too difficult to
perform, they present another problem: they are very
lengthy, and therefore extremely costly in terms of
computer time. This leads to the search for alternative
simpler models, which must be contrasted with the
more exact calculation in order to evaluate their degree
of accuracy. One approach, which has been used with
success for the simpler crystals of a- and y-N,, ® con-
sists in solving the secular equation for k=0, and
adopting the Einstein approximation for the 63/-3 optical
branches and the Debye model for acoustic modes,
taking as the Debye cutoff frequency that of the lowest
lying optical mode. Since the internal modes are also
treated in the Einstein approximation, the vibrational
contribution to the free energy per unit cell can be
written as

Al(T)= 35:‘;'3 L1y, (k=0)+ 2TIn {1 - exp[~ iy (k=0Y/k T}

+ 3 hvp = kTD(hup/0T) , (5)

where v;(k=0) are the optical frequencies, v, is the De-
bye frequency, and D(hu,/kT) is the Debye function de-
fined as

D(x)=3/x° fox ?t_—_a—ldt . (6)

It must be noted that In Egs. (1) and (5), A(7) depends
on the temperature both explicitly and via the packing
energy and crystal frequencies, which for the lattice
modes change appreciably over relatively large temper-
ature ranges. However, in order to recalculate g(v) and
E .o at various temperatures it would be necessary to
know the crystal structure at these temperatures, which
is not our case, and anyhow the calculation would be-
come extremely cumbersome. Therefore, it was as-
sumed that in the vicinity of the temperatures at which
the structures were obtained the main contribution to the
temperature effects is the statistical one, a fact that was
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verified by changing the values of v(k = 0) in the Debye-
Einstein approximation over ranges of experimental vari-
ation.

p-DICHLOROBENZENE

Crystalline p-dichlorobenzene has three known phases:
7, stable below 273 K; @, between 273 and 303 K; and
B, stable between 303 K and the melting point at 326 K.
Each of the three phases may be found by adequately
varying the cooling conditions, at any temperature be-
low 200 K, and the crystal may be almost indefinitely
metastable.'® The B phase is triclinic, space group
P 1, with one molecule per unit cell'’; the & and y
phases are monoclinic, space group P2,/a, with two
molecules in the unit cell. 1819

In the present work we are interested in the a—p
transition. The optical frequencies for these phases
have been calculated and show good agreement with ex-
periment (see Table I). Furthermore, the dispersion
curves of the g phase in the (¢, 0, 0) and (0, 7, 0) direc-
tions were obtained by inelastic coherent neutron dif-
fraction by Reynolds et al.2® for the completely deuter-
ated crystal, and the calculations using the parameters
of Table II compare well with the neutron data.! We
have also calculated dispersion curves in several other
directions of reciprocal space for both phases, and
these are available upon request.

The lattice vibration densities of states for the o and
B phases were calculated on the basis of the crystal
structures determined at 295 and 300 K, respectively,
according to the method outlined in the previous sec-
tion. The calculation was performed on 500 and 2000
points in reciprocal space for the ¢ and g phases, re-
spectively, in order to obtain similar point densities
for both phases. The contributions were channeled into
intervals of 0.5 cm™, a choice which gives more than
sufficient detail; it has been shown that for benzene!?
the linear extrapolation method is accurate to 0.1 cm™,
The results are shown in Figs. 1 and 2, together with
the densities of states in the Debye-Einstein approxima-
tion. It is clear that this approximation will be ex-
pected to be accurate a priovi if the frequencies at the
critical point I' dominate the density of states; this
could have been the case for both phases of p-C4H,Cl,,
since they do not have any other symmetry required
regular critical point. Figure 1 shows that there is a
fair correlation for the a phase, although the Debye
model overestimates the low frequency part of the den-
sity of states; for the g phase (Fig. 2) g(») is rather
flat, in contrast with the infinitely sharp Einstein model.

The complete densities of states were used to calcu-
late, in the rigid body approximation, the contribution
of the lattice vibrations to the internal energy, free en-
ergy, entropy, and specific heat in a range of tempera-
tures near the phase transition. The results have been
added to the internal mode and static contributions.
Table III shows the values of the thermodynamic func-
tions calculated for both crystal phases, together with
sublimation energies and entropies, and available ex-
perimental data. The sublimation energy per molecule
is calculated as

J. Chem. Phys., Vol. 68, No. 10, 15 May 1978
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FIG. 1. Calculated density of
states for a-p-CgH,Cl,.
Debye~Einstein approximation.

40 60 80

AHgp=Egas—Epacy = Ejat+ AE 0+ PV, (N
where E,, is the translational and rotational energy of
the molecule in the gaseous phase (3RT), E,.y is the
crystal packing energy, E,,, the contribution of the lat-
tice frequencies to the internal crystal energy, and

A E,,, the difference between the internal vibrational en-
ergies in the gaseous and solid state; this difference is
about — 0. 3 kcal/mole, i.e., less than 3% of the total
heat of sublimation in our case; however, it could be-
come important in less rigid molecules, where the crys-
tal forces introduce appreciable molecular distortions.

It can be seen that the difference between the heats
of sublimation of the two phases is small (<1 kcal/mole),
and of the order of the observed one. The values of the
heats of sublimation are appreciably lower than the ob-
served ones; this fact is readily explained since the
potential parameters on which the calculation was based
were originally adjusted to give packing energies which
were equated to heats of sublimation, i.e., neglecting

(afbilrary units)

g (v}

~
beccrcccccccmemenmecac)e s mmm e mm e e —m e ——

~

Lecmmmees

100 b tem™

entropic effects. It is important to point out that this
widely used approximation turns out to be, at least in
our case, quite poor, since the entropic contribution is
about 15% of the total heat of sublimation. The difficulty
remains, however, that the density of states calculation
is extremely lengthy, and not related in a direct way to
the potential parameters, and it would be impossible to
include such complication in a potential parameter re-
finement.

The sublimation entropy is calculated as A Sg = Sgas
— S..yst; the values obtained compare well with experi-
ment. However, they are about 10% higher than those
calculated from AS,,=A H,,/T, due to the fact that the
calculated change in the Gibbs free energy in the crys-
tal-gas transition is not strictly zero due to the approx-
imations in the potential parameters discussed above.

Figure 3 shows the free energy vs. temperature plots
for both crystal phases. It can be seen that both curves
are almost coincident in the range 200-400 K; since

FIG. 2. Calculated density of
states for g-p-CgH,Cl,.
Debye—Einstein approximation.

20 40 60 80

100

A

(cm™)
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TABLE III. Thermodynamic functions of a- and f=p-CgH,Cl,.
Eaox 18 the packing energy; Ey,; and Ey; are contributions
from the lattice and internal modes to the internal crystal en-
ergy respectively; E=E;, +Ey, +E .. Ay and Ay, are con-
tributions from the lattice and internal modes to the free ener-
gy A=Aj +Apne + Epaers AHgyp 18 the heat of sublimation; Sy,
and Sy, are contributions from the lattice and internal modes
to the crystal entropy; and ASg,, the sublimation entropy.

Bonadeo et al.: Crystal properties of p-dichloro and 1, 2, 4, 5-tetrachlorobenzene

they do not show any difference in slope, no phase
transition would be expected to exist. This apparent
contradiction, however, is explained by the fact, men-
tioned before, that both phases exist in metastable form
in the temperature range where the other one is stable—
in fact, the g phase can be undercooled to liquid nitrogen
temperature and maintained without changes almost in-
definitely. This, of course, means that the difference

Calculated Experimental in free energy must be extremely small over the whole
Phase Phase temperature range considered, and due to the approxi-
o B o ] mations involved it is not apparent in our calculation.
Function Units 300K 318K 300K 318 K
At this point we wish to focus our attention again on
Epaex —15.13 -15.10 the Debye-Einstein approximation. It was stated before
g‘“ 52’22 5232 that, if accurate enough, it could be an undoubtedly ad-
int 40: 73 41: 49 vantageous procedure for calculating the lattice mode
keal/mol contributions to the thermodynamic functions. In order
Alat -5.68 -6.30 to check the model we have recalculated these functions
Agnt 48.46  48.23 for the @ and B phases of p-CzH,Cl,. The optical fre-
A 27.65  26.83 quencies used were those calculated with our potential
AHg,, 13.62 13.49 15.48+0.1 15.06+0.1% s . .
parameters, in order to preserve the internal consis-
tency (see Fig. 2). The results obtained by using the
Stat 30.93  31.69 approximation differ from those obtained with the com-
Stut 12.68  14.24 plete density of states by less than 3% of the lattice
S 43.61 45.91 s . s . .
ASun cal/moleK 48.67 47.23 51.6£0.3 47.3+0.3 mod? contribution to the thermodynamic funct1_ons; in
Cy 1t 11.86  11.88 particular, the free energy curves are only slightly
cu:m 17.50  18.70 shifted, and neither their slopes nor their relative val-
C, 29.36  30.58 ues are appreciably changed. These results are quite

2Reference 21.
bCalculated from data in Ref. 21, as ASgyp=AHgw/T-

(Kcal/mol)

A

remarkable, given the simplicity of the model and the
enormous computational simplification achieved by it.
It is worthwhile to point out that since the optical fre-

FIG. 3. Free energy vs tem-
perature curves for a- and
B-p=CgH,Cl,.

T T T

250 300 350 T{K)
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FIG. 4. Densities of states for
a-and B-1,2,4,5-CgH,Cly in the
Debye—Einstein approximation,

T
40 60 80 100

quencies and the Debye function have a relatively simple
connection with the potential parameters, it is in prin-
ciple possible to include thermodynamic properties via
the Debye~Einstein density of states in a potential pa-
rameter refinement, and to overcome the difficulties
mentioned before.

1,2,4,5-TETRACHLOROBENZENE

There are two known phases of crystalline 1, 2, 4,
5-CgH,Cl,: a, stable below 188 K, and B, stable between
188 K and the melting point. The crystal structure of
the B8 phase has been completely solved by x-ray spec-
troscopy, and found to be monoclinic, space group
P2,/a, with two molecules per unit cell located at inver-
sion centers. The crystals of the @ phase grow twinned,
and only the parameters of the triclinic unit cell were
determined by x-ray diffraction.? The atomic positions
were obtained from packing calculations and the results
are supported by spectroscopic evidence; the two mole-
cules in the unit cell are located at symmetry unrelated
inversion sites.* The optical frequencies for both phases
have been calculated previously, and show good agree-
ment with experiment (see Table I).

In contrast with p-dichlorobenzene the 1, 2, 4, 5-tet-
rachlorobenzene crystal shows an extremely sharp phase
transition, with no metastable states, and therefore
provides a counterexample to the case discussed in the
previous section.

Taking into account the success of the Debye—-Einstein
approximation for p-dichlorobenzene it was used to
calculate the thermodynamic functions of 1, 2, 4, 5-tet-
rachlorobenzene in the temperature range 100-300 K
(see Fig. 4).

Table IV shows the calculated values of the internal
energy, free energy, entropy, specific heat, and heat
of sublimation for this compound at temperatures near
the phase transition; unfortunately, there are no ex-
perimental data to check their accuracy. In this case

V em™)

the entropic contribution to the heat of sublimation is
only about 8%. Figure 5 shows the free energy vs. tem-
perature plots for both phases near the transition. It
can be seen that the curves have a well defined crossing
point near 200 K, to be compared with the transition
temperature of 188 + 2K. This result is surprisingly
accurate, since given the approximations involved in the
calculation we would have expected only qualitative
agreement.

CONCLUSIONS

In the present work we have calculated thermodynamic
properties of two phases of p-dichlorobenzene and 1, 2,
4, 5-tetrachlorobenzene, using an intermolecular poten-
tial of the atom—atom type; in particular, we have ob-
served the behavior of the free energy in the vicinity of

TABLE 1IV. Calculated thermodynamic functions of ¢~ and
p-1,2,4,5-C¢H,Cly. For definitions see Table III.

Phase
o B

Function Units 180 K 200 K
Ejack -18.81 -17.78
Eiy 2.18 2.41
Eint 39.55 39.90
E 22.92 24,53

kcal/mole
Agg -2.16 -3.33
Ant 39.01 39.26
A 18.04 18.15
AHg, 17.76 16.66
Siat 24.13 28.70
Sint 3.01 3.18
S 27.14 31.88

cal/mole K
Cy,1at 11.74 11.82
Cu'mt 16.64 18.15
C, 28.38 29.97
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FIG. 5. Free energy vs tem-
perature curves for a- and
ﬁ-l, 2, 4:, 5_CGH2014.

150 200

the phase transitions. There are several important
points which have resulted from this investigation:

(i) The calculations are consistent with the experi-
mental data. The free energies of both phases of p-
dichlorobenzene are almost coincident, which is con-
sistent with the fact that the phases are metastable, and
the free energy curves for 1, 2, 4, 5-tetrachlorobenzene
cross at a temperature which is very near the transi-
tion temperature, in coincidence with the well defined
transition behavior.

(ii) For p-dichlorobenzene the Debye—Einstein ap-
proximation to the density of states is sufficiently ac-
curate for the calculation of thermodynamic properties;
this fact, together with its success for the cases of a-
and 7-N,, suggests that it could be extended to other
molecular crystals as a simple tool to avoid cumber-
some calculations.

(iii) The entropic contributions to the heat of sub-
limation are by no means negligible, and should be
taken into account in future potential parameter fittings.

1{{. Bonadeo and E. D’Alessio, Chem. Phys. Lett, 19, 117
(1973).

2H. Bonadeo and E. D’Alessio, Rend. Sc. Int, Fis. “Enrico
Fermi,” 55, 136 (1972).

3E. D’Alessio and H, Bonadeo, Chem, Phys, Lett. 22, 559
(1973).

4E. Halac, E. Burgos, H. Bonadeo, and E, D’Alessio, Acta

J. Chem. Phys., Vol.

Crystallogr. Sec. A 33, 845 (1977).

SE, Burgos, E, D’Alessio, and H. Bonadeo, J. Chem,. Phys,
66, 347 (1977).

A. Zunger and E. Huler, J. Chem, Phys, 62, 3010 (1975),

"G, Filippini, C. M, Gramaccioli, M. Simoletta, and G. B.
Suffritti, Chem, Phys. Lett. 40, 210 (1976).

&5, Lifson and A. Warshel, J. Chem. Phys, 49, 5116 (1968).

%A. Warshel and S. Lifson, J. Chem, Phys. 53, 582 (1970),

g, Filippini, C. M. Gramaccioli, M. Simonetta, and G, B.
Suffritti, Chem, Phys., Lett. 35, 17 (1975) and references
therein,

g, Filippini, C. M. Gramaccioli, M, Simonetta, and G. B.
Suffritti, Chem. Phys. Lett, 39, 14 (1976).

12G, Taddei, H, Bonadeo, M. P. Marzocchi, and S, Califano,
J. Chem, Phys. 58, 966 (1973),

13y, Bonadeo and G. Taddei, J. Chem. Phys. 58, 979 (1973).

143, Gilat and L, J. Raubenheimer, Phys. Rev. 144, 390
(1966).

157,. J. Raubenheimer and G, Gilat, Phys. Rev. 157, 586
(1967),

16M, Ghelfenstein and H. Szwark, Mol. Cryst. Lig. Cryst. 14,
283 (1971).

173, Housty and J. Clastre, Acta Crystallogr, 10, 695 (1957).

18F Frasson, C. Garbuglio, and S, Bezzi, Acta Crystallogr,
12, 126 (1959).

%R, Fourme, G. Clec’H, P. Figuidre, M. Ghelfenstein, and
H. Szwark, Mol, Cryst. Lig. Cryst. 27, 315 (1974),

2p, A. Reynolds, J. K. Kjems, and J, W, White, J, Chem.
Phys. 60, 824 (1974).

2p N, Walsh and M, O, Smith, J, Chem. Eng, Data 6, 33
(1961).

2F_ H, Herbstein, Acta Crystallogr. 18, 997 (1965).

E. Burgos, H. Bonadeo, and E, D’Alessio, J. Chem, Phys.
63, 38 (1975).

68, No. 10, 156 May 1978



Bonadeo et al.: Crystal properties of p-dichloro and 1, 2, 4, 5-tetrachlorobenzene 471

23, B, Bates and W. R. Busing, J, Chem. Phys. 60, 2414 and Phonons, »” Proceedings of the International: Symposium
(1974). on Molecular Crystals, Beirut, 1967 (Cambridge University,
%3, B. Bates, D, M. Thomas, A, Bandy, and E, R, Lippin- London, 1968).
cott, Spectrochim, Acta Part A 27, 637 (1971), ¥'B, Wincke, A, Hadni, and X. Gerbaux, J. Phys. (Paris) 31,
%M, Ito, M. Suzuki, and T. Yokoyama, “Excitons, Magnons, 893 (1970).

J. Chem. Phys., Vol. 68, No. 10, 156 May 1978



