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he extent of dissociation of ammonium
chloride vapour has been discussed for

a long time. According to earlier investiga-
tions,! partial dissociation takes place.
However, later investigations,? including
a recent mass spectroscopic experiment,’
indicates complete dissociation of the
equilibrium vapour into ammonia and
hydrogen chloride. The present study by
electron diffraction was intended to
identify the ammonium chloride molecule
if present and to obtain information
concerning its molecular structure. The
'pux?)ose of this note is to report some

preliminary results.

A sample of ammonium chloride was
stored in a vacuum overnight before the
experiment. It was heated to 250° in a
furnace made of Monel metal and its vapour
was led into vacuum through a fine-tipped
nozzle. Electron-diffraction photographs ¢
were taken with 40 kV electrons at a
camera distance of 127 mm using an
7* sector. The densities of the photographic
plates were measured by a microphotom-
eter and were converted to intensities
in the usual way. The average intensity of
several plates, after careful correction for
the imperfection of the sector shape, was
leveled by use of a theoretical background
function over the range 16<<q<75. The
leveled intensity curve exhibited only
small fluctuations; therefore it was not
feasible to draw in an artificial background
curve. Analysis was performed by use
of the ‘smooth background method’.’

For the structure of ammonium chloride,
the monomeric forms of single, double,
and triple approach models, shown in
Fig. 1, as well as a diamond shaped dimeric

Yo

single approach double approach triple approach

Fig. 1. Monomeric forms of single, double
and triple approach models.
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form were individually tested. In addition,
the partial dissociation of each monomer
was considered taking the structure param-
eters of NH; and HCI from other measure-
ments.’ Thus, in the least-squares pro-
cedure, the inter-atomic distances r, and
amplitudes ! for N:--Cl, N—H (four
distances were assumed to be equal),
H:--Cl, and H—Cl in each monomeric
model were refined. In the dimeric model,
the distances and amplitudes for six atomic
pairs were refined. Computions based on
various assumed degrees of dissociation
led to the smallest variance for the 60 9,
dissociated single approach model.* For
this model the most probable values for
the parameters of an NH,Cl molecule
are given in Table 1.

Table 1.

rg = 2.56440.02A 1= 0.17+0.01 AforN---Cl

1.224-0.01 A 0.084-0.01 A for N—H
2.904-0.02 A 0.124+0.02 A forH---Cl
1.5644+0.03 A 0.10+0.03 A for H—Cl

Since the variance for each monomeric
model less than 60 9, dissociated was not
much different from that for the above
model, it was difficult to determine de-
finitely the degree of dissociation and the
form of the monomer. However, the
assumption of complete dissociation of the
vapour should evidently be ruled out
because the variance for this system was
much larger than that for any model
incorporating partial dissociation. A di-
meric model was also rejected.

To check further the impossibility of
complete dissociation the following experi-
ment was carried out. Electron-diffraction
photographs of NH,; and HCl were taken
in turn on a single plate at the same
pressure of each of tﬁe gases and with
the same exposure time. The intensity
curve thus obtained could be distinguished
from that of NH,Cl. As expected, the
molecular intensity was in good agreement
with the intensity calculated for complete
dissociation, shown in Fig. 2.

As can be seen from the above values
of the structural parameters, if the single
approach model is taken, the N---Cl
distance of 2.54 A is much shorter than

* OQur recent electron diffraction study of
gaseous ammonium fluoride has confirmed
that this molecule also has this form.
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Fig. 2. Comparison of the experimental and

calculated molecular intensity curves M(g).

The experimental data are shown in dots,
a: NH,Cl, b: NH; and HCI.

the distance 3.26 A found in crystals of
the NaCl type ® and is also shorter than
ordinary NH::-Cl hydrogen-bonded dis-
tances which range from 2.91 to 3.41 A.*
This shortening seems to be due to the
covalent character occurring from the
change of phase as seen in the cases of
alkali halides,!® and also due to the presence
of a strong hydrogen bond in the gaseous
NH,Cl molecule. With respect to this
point, it is of interest to note that the bond
length obtained for H—Cl in an NH,Cl
molecule is longer than that in HCI
molecule, 1.29 A, by about 0.2 A. The
amplitude of vibration for N:--Cl was
found to be 0.17 A. A simple calculation
gives 0.26 md/A for the force constant
of the NH---Cl hydrogen bond.

The author wishes to thank Professor Otto
Bastiansen and the Royal Norwegian Council
for Scientific and Industrial Research for a
fellowship during which the experimental work
was undertaken with the aid of the apparatus
in Oslo University.

1. Baker, H. B. J. Chem. Soc. 65 (1894) 611;
Smith, A. and Lombard, R. H. J. 4Am.
Chem. Soc. 37 (1915) 38.

2. Braune, H. B. and Knoke, S. Z. physik.
Chem. 135 (1928) 49; Smits, A. and de
Lange, W. J. Chem. Soc. 1928 2947;
Rodebush, W. H. and Michalek, J. C.
J. Am. Chem. Soc. 51 (1929) 748; Stephen-
son, C. C. J. Chem. Phys. 12 (1944) 318.

3. Goldfinger, P. and Verhaegen, G. J. Chem.
Phys. 50 (1969) 1467.

4. Shibata, S. Japan. J. Appl. Phys. 3
(1964) 530.

5. Shibata, S. and Bartell, L. S. To be
published.

SHORT COMMUNICATIONS

6. Bastiansen, O. and Beagley, B. Acta Chem.
Scand. 18 (1964) 2077. ’

7. Herzberg, G. Molecular Spectra and Molec-
wlar Structure, 1, Spectra of Diatomic
Molecules, 2nd Ed., Van Nostrand, New
York 1950, p. 534.

8. Wyckoff, R. W. G. Crystal Structures,
Interscience, New York 1948, Vol. 1,
Chap. 3.

9. Pimentel, G. C. and MecClellan, A. L.
The Hydrogen Bond, W. H. Freeman and
Co., San Francisco and London 1960,
p. 290.

10. Honig, A., Mandel, M., Stitch, M. L. and
Towns, C. H. Phys. Rev. 96 (1954) 629.

Received January 13, 1970.

A Reinvestigation of the General
Acid Catalysis Reported for the
Hydrolysis of Ethyl Orthoformate

in Dioxane-Water Solvents

MARKKU LAHTI and ALPO KANKAAN-
PERA

Department of Chemistry, University of
Turku, Turku, Finland

In recent papers '® we showed that the
hydrolysis of ethyl orthoformate pro-
ceeds in water and 1n 65/35 w/w dioxane-
water by the A-1 mechanism. First, the
structural effects in the hydrolysis of a
geries of orthoformates in water and in 65
wt. 9, dioxane-water were in accordance
with this mechanism. Second, the solvent
deuterium isotope effect, kp,o*/kn,0+=2.98,
in water point to a proton transfer pre-
equilibrium. The ratio was of the same
magnitude in 65/35 w/w dioxane-water.
Third, the lack of general acid catalysis in
water excluded the alternative mechanism,
a rate-determining proton transfer reac-
tion. Thus it is surprising that DeWolfe and
coworkers “* have presented experimental
evidence for general acid catalysis in the
hydrolysis of ethyl orthoformate in 50— 70
9, dioxane-water solutions although the
reaction is subject to specific hydronium
ion catalysis in water. On the basis of the

Acta Chem. Scand. 24 (1970) No. 2



