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1. Introduction.

The objects of our study are to inquire
into the crystal habit modification of ammo-
nium nitrate caused by adsorption of surface
active substances on the growing surfaces
of the crystal, also to explain some other
properties of the crystal and to turn the
results to improve properties of industrial
explosives.

Ordinary crystal form of ammonium ni-
trate is (110) prisms at normal temperature.
In some cases crystals grown from aqueous
mother liquor containing certain surface
active substances show different habits, i.e.
fibrous, needlelike, lathy or platy. The phe-
nomenon, crystal habit modification, has
attracted many researchers’ attention. The
works of de Lisle about 1783 and of Leblanc
1802 are classical examples mentioned in
the textbooks. Later P. Gaubert, W. C.
France,”? H. E. Buckley®® and J. Whetstone
have made valuable contributions to the sub-
iect. General aspects and many instances
of habit modification are extensively worked
in the writing of H. E. Buckley.? So far as
we know, the habit modification of ammo-
nium nitrate is first treated by A. Butchart
and J. Whetstone,” though in the paper the
habit modifying substances are described
only about sulfonated dyes. J. Whetstone has
investigated mostly the habit modification of
ammonium nitrate with sulfonated dyes, and
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presented a new theory for adsorption of
dyestuffs®, but his distinguished work was.
the application of the modified crystal to-
protect ammonium nitrate from caking.9~*%

In the present investigaion we have made
efforts to find habit modifying substances.
among many organic substances, and such
substances are dealt inclusively under the:
name of the surface active substances in-
cluding dyes, dye-intermediates and surface
active agents. Although considerable atten-
tion has been paid to habit modification with
sulfonated dyes, comparatively little is known
of habit modification with such substances.
Still more we suggest to apply the modified.
crystals to ammonium nitrate fuel oil type
explosives (AN-FO), for the explosive AN
~FO becomes exceedingly sensitive owing to-
the modified ammonium nitrate. In this.
paper, the first one of the series, crystallo-
graphical properties of habit modified ammo--
nium nitrate are described.

2. Crystal Structure Analysis by X-ray

Diffraction.

2-1. Determination of the Crystal System.

There are many kinds of surface active
substances which are adsorbed on the grow-
ing crystal surfaces of ammonium nitrate
and modify its crystal habit. The substances
are summerized and discussed later. In this
section, several kinds of typically habit
modified ammonium nitrate ‘crystals are
selected and their crystal structure is studied
by x-ray diffraction. The x-ray diffraction of

pure ammonium nitrate crystal was examined



foremost by C. D. West'?), The latest x-ray
diffractometric data on ammonium nitrate
1V, the stableform at room temperature, are
shown in the A.S.T.M. card'®. In our expe-
riments pure ammonium nitrate and habit
modified crystals are examined by powder
diffractometry.

Samples for the test were prepared by
grinding in an agate mortar and passing
through a Tyler 325-mesh screen. Diffraction
angles of all kinds of ammonium nitrate
tested coincided substantially, though the
intensity of diffraction differed on a count
of preferred orientation. The modified crys-
tals werc apt to take the orientation. One
of the examples is illustrated in Fig. 1. It
is shown that the change in appearance of
the crystal has no relation to inner structure
of the crystal. The crystal system of pure
and habit modified ammonium nitrate are
the same. That is to say the change is
modification of the crystal habit.
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Fig. 1. X-ray diffraction patterns of pure and
habit modified ammonium nitrate
crystals.

2-2, Accurate Determination of the Lat-

tice Size.

2-2-1. Introduction.

It was determined in the last section that
the crystal system of pure ammonium nitr-
ate and that of habit modified ones were the
same. In this section we test more precisely
whether the lattice sizes are changed or not.
In some cases of habit modification in which
foreign substances go into the space lattice,
expansion or contraction of the space lattice
may be observed. If foreign substances are
merely adsorbed onto the surface or inters-

tice, on the contrary, no change of the lat-
tice size will be observed. Therefore accurate
determination of the lattice size is an appro-
priate way to determine the action of the
surface active substances.

2-2-2, Experimental.

The lattice constants of pure ammonium
nitrate and that of habit modified crystals
were determined by x-ray diffraction method.
Although the accurate determination is
usually carried cut by powder photograph
method, we made use of specrometric powder
technique due to the next reasons: 1, We
just needed to determine the difference of
the lattice constants between pure and habit
modified ammonium nitrate, not the absolute
value of them. 2, The increase in accuracy
using photographic method is not so large
in comparison with effort and time needed,
for there is no proper line in higher Bragg
angle.

With the incre ase in Bragg angle 0, the
measured value of interplaner spacing raises
precision. It is readily explained by differ-
entiating the Bragg equation with respect to
g:

2d sin 0=nl,

24d[40 sin 0-+2d cos 8=0,

Jdid=—cot 0+J0 «ooreveerernuenns (1)
On the other hand with increasing angle
the intensity of diffraction line is decreased,
and diffraction measurement meets with a
difficulty in practice. These points were
taken into account and diffraction from, (002)
(020), (102) planes were adopted. According
to the Bragg equation higher angle diffrac-
tion can be attained by longer wavelength
radiation concerning with the same spacing,
therefore C,K. radiation, which is the lon-
gest x-ray commonly used, was adopted.

The samples of habit modified ammonium
nitrate were crystallized from the mother
liquor containing a surface active substance.
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After being dried up the samples were
prepared for x-ray analysis by grinding in
an agate mortar and passing through a Tyler
325-mesh screen. The surface active sub-
stances selected for the test were laurylamine
acetate, sodium dinaphthyl methane disulfo-
nate, 1,6-Cleve’s acid—>G acid, and Acid
Magenta (C. 1. 42685). The instrumental
conditions were as follows.

Geiger-counter x-ray spectrometer “Gei-

gerflex”,

C.K. radiation: 2=2.29094,

Filament current: 8mA, Voltage : 30kV,

Slits : 25°25°0.4, Time const.: 4,

The experimental results are shown in

Fig. 2.
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Fig. 2 X-ray diffraction angles of pure
and habit modified ammonium
nitrate crystals.

2-2-3. Discussion.

As it is shown in Fig. 2, the deviation of
observed angles of modified ammonium nit-
rate from that of pure ammonium nitrate
4(20) is less than 3. On the measurement
the maximum error is probably caused by
eccentricity of specimen, it means that the

22 (22)

surface of specimen is displaced from the
center of goniometer. from the simple geo-
metrical consideration the error is expressed
by the equation:

40=2u cos 0/R,

where 40 : error in Bragg angle,

u : displacement of the specimen,

R : dia. of the goniometer, 185cm.
From the experimental conditions we sub-
stitute 0=46°42/2, and 40=3//2, then we get
1#=0.04mm. Actually we cannot eliminate
this magnitude of displacement, that is, in
this measurement observed deviations 4(2¢)
<3’ are not significant but experimental
error.

In an orthorhombic lattice, interplaner
spacing d is given by the equation:

Ydi=(hjao)*+(k/be) +(Uc,)’.
for (002) plane
d=fo/2,
accordingly
BA|d=dc,fc, +--revreremremrerieans (2)
From the equation (1) and (2)
dcofc,=—cot 6- 40,
from the experimental conditions,
0=46°44'12, 40=3{2=4.4% 10 *rad.,
and c,=5.7454,
it follows that
de/5.745A=—cot(46°44/2) x 4.4
x1074,
or  dc,=0.006A.
For other axes similar results are obtained
in the same wav.

2-2-1. Conclusion.

No significant change was found in the
lattice constants of the habit modified ammo-
nium nitrate within the experimental error
0.006A. Tt would appear therefore that the
adsorption of the surface active substances
did not affect interplaner spacing, and be
able to assume that the surface active sub-
stance was adsorbed on the surfaces or
interstices of the crystal.
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2-3. Determination of the Axes of the
Modified Crystal by Rotation Crystal
Photography.

It was pointed out by C. D. West'? that
recrystallization from water at room tem-
perature gave (110) prisms. In our experi-
ments most modified crystals held the habit
extending parallel to the ¢ axis.

A single crystal of modified habit, being
considered typical one of that species of
adsorbing substance was picked out of the
mother liquor, dried up carefully and pre-
pared for the test. Modified crystals were
fibrous, needlelike, lathy or platy prolonged
to a direction. The crystal was first oscillated
around the direction and diffraction photo-
graph was taken by copper Ka radiation
using cylindrical camera. An example of
such an oscillating crystal photograph is
shown in Photo. 1. ,This is taken from a
platy crystal, which is crystallized out of
mother liquor containing sodium dinaph-
thylmethane disulfonate as an adsorbing sub-
stance, oscillating around the axis parallel to
the longest direction.

Photo 1 Oscillating Crystal photograph
of a Habit Modified Ammonium
Nitrate

From the distance between two layer
lines in the photograph the period of the
lattice construction paralle] to the axis is
calculated to be 0.75A. Then the axis is
supposed to be the ¢ axis and positions of
the diffracted points lare calculated. The
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results are essentially in conformity with
the positions of the spots in the photograph.
In this wav the axis is determined to be
the ¢ axis. In case of platy crystal another
oscillating photograph is taken around the
other axis 'perpendicular to the ¢ axis dnd
in the plane, and then the axis is determined
to be the a axis. The developed face of the
platy crystal must be (010) accordingl'y.

(010)

b
Fig. 3 Direction of the axes of platy

crystal, sodium dinaphthylmeth-
ane disulfonate adsorbing cryatal

3. Optical Properties of the Habit

Modified Ammonium Nitrate.

The habit modifications are classified into
two groups, one is platy or lathy and the
other is needlelike or fibrous. For the former
group, about a hundred of surface active
substances which give platy crystals have
been discovered, and without exception all
of them are (010) habit modifiers. Fortu-
nately this face is quite easily detected by
optical method and this fact facilitates the
investigation.

3-1. Optical Properties of Ammonium

Nitrate IV,
Optical properties of ammonium nitrate
IV are asfollows.
biaxial negative,
optical axial plane (100),
acute bisectrix b,
optical axial angle 2V'=35°,
refractive indices, electric vector parallel
to b, a=1413,

(23) : 23



toa, S=1611,

) . 7
Fig. 4 Optical indices

Ammonium nitrate IV has NO, triangles
arranged parallel to (010) plane. When
electric vector of a ray is in the plane, po-
larization of NO, is far greater than the
case when the electic vector is perpendicular
to the plane. Therefore two refractive indices
in the NO, triangle plane are greater than
the perpendicular one. This is illustrated in
Fig. 5.

3-2. Determination of the Axes by Cono-
scope.

Fig. 5 Orientation of the NO, ion
triangle and refractive indices.

Watching the platy modified crystal having
(010) habit, placed on a microscope slide
flatwise, through conoscope using an objecti-
ve of numerical aperture of (.65, we see two
melatopes in the interference figure. In other
words, when we see the melatopes, the face
in question is determined to be (010). As
we can recognise from Fig. 4 the direction
passing two melatopes is the ¢ axis and the
other one which is perpendicular to the ¢
axis and in the plane is the a axis.

24 (2¢)

All kinds of platy modified crystals having
crystalized on a microscope slide showed
clear interference figures and melatopes
when the concentration of surface active
substances was more than a critical concen-
tration, then it was certified that the crys-
tals had (010) habit.

Summary

Habit modified ammonium nitrate crystals
were studied crystallographically, which were
crystallized out of the mother liquor conta-
ining certain surface active substances being
adsorbed on the growing surfaces of the
crystal. X-ray analysis showed that the
change in appearance of the crystal had no
relation to the inner structure, that is, the
change was modification of the crystal habit.
The adsorption of the surface active subst-
ances had no effect on the lattice size of
ammonium nitrate crystals. Oscillating crys-
tal photography and conoscopic observations
showed that all the platy modified crystals
had (010) habit.
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