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Ammonium acid phthalate crystallizes in the orthorhombic system with ¢ = 6-39,, b = 10-23,,
¢ = 26-14, A. The space group is Pcab, and there are 8 molecules in the cell. The structure was

E
analyzed via two-dimensional electron-density projections and a bounded projection o(z,y,z)dy.

The benzene ring (which is slightly distorted from a regular hexagon) and the two carbon atoms of
the carboxyl groups lie in a plane, but the planes of the two carboxyl groups are inclined to the
benzene ring by angles of 21° and 65°. The benzene ring is slightly distorted from a regular hexagon,
with C-C distances ranging from 1-35 to 1-40 A. The distance of 3-08 A between two oxygen atoms
belonging to different carboxyl groups of the same phthalate ion suggests a weak hydrogen bond,
but a neutron study would be required to confirm this. General features of other alkali acid

phthalates are discussed.

Introduction

The morphology of the acid phthalates of ammonium
and several alkali metals was examined by Muthmann
& Ramsay (1890) and Zirngiebl (1902), and para-
meters are given in Groth’s Chemische Krystallographie
(1917). These data suggest isomorphism of the Na, K
NH,, Rb and Cs acid salts, with rhombic bipyramidal
symmetry and perfect or nearly perfect cleavage
parallel to (001).

Crystals were grown by simple evaporation of
aqueous solution. The K salt grows with particular
ease in very large crystals. X-ray data for several
related salts are given in Table 1. The appearance of

Table 1. Cell constants, space groups and observed
densities for several acid phthalates:

C.H,(COOH)(COOM?)
[ Space
Mt a(A) b(A) ¢(A) Z (gem."®)  group
Nat 6-76 931 2642 8 1504 C;'~B2ab
NH,* 640 10-23 26:14 8 1415 D} —Pcab
CH,NH,+ 722 11-01 2446 8 1.349, D}—Pcab
K+ 647 961 1326 4 1636 D}-P2,22
Rb+ 6-55 10-02 12:99 4 1.933 D} P222
TH 6-63 1054 12995 4 229  DI-P22.2
Cst 6-58 1081 1284 4 2178 D3-P2,2.2

three different space groups is intriguing. The present
report chiefly concerns the NH, salt; but X-ray data
from the Rb salt were very helpful in solving the NH,
salt structure.

* Research supported by Grant A-228 from the National
Institutes of Health. X-RAC and S-FAC computations sup-
ported by Contract N6onr-26916, T.O. 16, with the Office
of Naval Research.

Experimental

Cu K& X-ray intensity data for the NH, and Rb salts
were obtained from Weissenberg photographs about
the @ and b axes. The multiple-film technique was
used, with 7-12 sheets of Dupont Type 608 film (trans-
mission factor 0-57). Almost all reflections within the
Cu Ko sphere were observed. Owing to the small size
of the crystals utilized and the low absorpion co-
efficient of the NH, salt, no absorption correction was
made. A comparison of F, and F, values at the end
of the analysis showed that extinction effects were
negligible.

Unit cell and space group of NH, salt

The unit cell constants of the NH, salt are given in
Table 1. These were obtained from Weissenberg photo-
graphs with crystals mounted on pure aluminum rods,
the latter being wused for calibration. Zirngiebl’s
(1902) density value leads to 7-96 ~ 8 molecules per
cell; g, = 1416 g.cm.=%; g, = 1-423 g.cm.”3. Space
group D3-Pcab is deduced from the following system-
atic absences: (k0I) for % = 2h; Okl for I &= 24; hkO for
k =+ 2n. Eightfold general positions are

i(x: Y, 2, %—l—.’l}, ’]2‘_?/’ Z, %_x’ Y, %—*—Z, x, %‘i‘?/, %_Z) .

Every atom must be in a general position.

Electron-density projections on (100)

As a first step in the structure determination, the
electron-density projection of the rubidium salt on
(100) was studied, since the asymmetric unit of the
rubidium salt projected on this plane was expected
to have a structure similar to the corresponding projec-
tion of the ammonium salt. This was concluded by
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comparison of the three space groups, as shown in
Fig. 1. The position of the rubidium atom was easily
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Fig. 1. Comparison of three space groups of alkali acid phtha-
lates. Contacts of benzene rings are made through twofold
screw axes. Cleavage planes are indicated by symbol CP.
(a) D3-P2,2,2 (two unit cells), origin halfi way between 2
in plane of 2,2,. (b) C}j-B2ab (one unit cell), origin on 2.
(¢) D}j~Peab (one unit cell), origin at 1.

fixed by the Patterson projection on (100). The first
approximate electron-density projections, using signs
as determined by rubidium contribution only, were
difficult to interpret. This was due to the fact that the
rubidium contribution was not predominant for many
structure factor signs. The position of the phthalate
ion was assigned only after structure-factor calcula-
tions based on several trial structures. Successive
refinements of the structure projection on (100) were
done as usual, using X-RAC. Once a reasonable ap-
proximate structure was attained for the rubidium
salt, the projections were of much help in the structure
determination of the ammonium salt.

Starting from an approximate structure deduced
from that of the rubidium salt, successiveelectron-
density projections of the ammonium salt on (100)
led to the final projection, as shown in Fig. 2.
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It is interesting that hydrogen atoms attached to
the benzene ring are discernible, even in this projection
(Fig. 2), in the deformation of the lowest contour
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Fig. 2. Electron-density projection of NH, acid phthalate on

(100). Equi-interval contours on an arbitrary scale; atom

denumerations as used throughout this paper; O used as
in Fig. 4.

(approximately 1-5 e.A-2). Atoms Cy, Oqr, Oy and the
ammonium ion are not well resolved, and their Y
coordinates were adjusted by choosing positions which
give the best possible agreement between F, and F..

Electron-density projection on (010), and bounded

projection \ o(x,y,z)dy
v

The electron-density projection on (010) was next
considered, using z coordinates hitherto obtained and
trial = coordinates deduced from packing considera-
tions. Refinement of this projection resulted in the
(010) projection shown in Fig. 3. In order to resolve
all the atoms, especially the overlapping Oy, C; and C;,

1
&

Fig. 3. Electron-density projection of NH, acid phthalate on
(010). Equi-interval contours on an arbitrary scale.
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use was made of a bounded projection S e(x,y,2)dy,

calculated from

o (— I)Q(k—l)
> [Z Fu+22 {Z i F,,,d}] cos 2n(hx+l1z) .
! ev’:an o?ld o]:id
0

These limits were chosen because the y coordinate of
Or is greater than }. This bounded projection is shown
in Fig. 4. The projection on (010) and the bounded

® |

3
Fig. 4. Bounded projections g o(z,y, z)dy. Contours at inter-

vals of 1 e.A~2, lowest contour at 2 e.A—2. Atom Oft cor-
responds to Or, but in phthalate ion related by glide plane
at ¥y = }.

projection were calculated manually at % and 7
intervals along the ¢ and c axes respectively.

The z and z coordinates were determined from the
bounded projection, and are listed in Table 2 together
with the y coordinates obtained earlier. Only slight

Table 2. Atomic coordinates for ammonium acid

corrections were required for series-termination effects;
and these have been made. In Table 3, structure fac-
tors are listed for (0kl) and (20!); the disagreement
factors X||F,|—|F ||=-Z|F,| are 0-159 and 0-148 re-
spectively for these projections. Temperature factors
of 4:0x10-1¢ cm.2 for carbon and nitrogen atoms, and
3:1x 10718 cm.? for oxygen atoms, were applied to the
atomic scattering factor given by McWeeny (1951).

Description of the NH,-salt structure

The ammonium acid phthalate crystal is essentially
ionic, containing the ammonium ion and the mono-
basic acid phthalate ion. Each ammonium ion is sur-
rounded by six oxygen atoms: five from carboxyl
group Il with distances 2-81, 2-87, 2-92, 2-97 and
3:10 4; and one from group I with distance 2-95 A.
These oxygens form a distorted octahedron around the
ammonium ion. The distances are comparable to those
in ammonium trioxalatochromate(IIT) (van Niekerk
& Schoening, 1952), which has distances down to
270 A; in the case of ammonium trinitrate (Duke &
Llewﬁlyn, 1950) all NH,~O distances are longer than
3-01 A.

All the polar parts of the structure lie near the planes

=0 and z = 4, and are clearly distinguished from
the non-polar parts which are formed by contact
between benzene rings around the twofold screw axes
at z = } and . The perfect cleavage parallel to the

phthalate

Atom T Y z

NH, 0-219 —0-120 0-0175
C, 0-389 —0-050 0-2250
C, 0-380 0-061 0-1935
C, 0-486 0-062 0-1475
C, 0-586 —0-050 0-1298
Cs 0-593 —0-158 0-1620
Cq 0-505 —0-152 0-2090
Cr 0-479 0-192 0-1170
Cr 0-724 —0-050 0-0821
O1 0-443 0-290 0-1385
01 0-506 0-177 0-0703
O11 0-899 0-005 0-0820
Oon 0-652 —0-120 0-0475
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Fig. 5. Schematic projection of NH, acid phthalate on (100).
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Table 3. Observed and calculated structure factors for ammonium acid phthalate
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Fig. 6. Bond distances and bond angles in phthalate ion, from NH, acid salt.

phthalate structures cannot be properly clarified
without a neutron diffraction analysis.

A projection of the structure, illustrating packing
and coordination around the ammonium ion, is shown
in Fig. 5. All van der Waals’ distances between aro-
matic carbons are normal.

That the benzene ring and C; and Cy lie in a single
plane was established by obtaining the equation of
the plane through these eight carbon atoms. The
equation, evaluated by least squares, is

40647,y +2-099,z = 0-832, ,

z, y and z being measured in fractions of cell edges.
The displacement of all eight atoms from this plane
is less than 0-05 A. The benzene ring is a slightly
distorted regular hexagon, with somewhat short dis-
tances of 1-35 A for the bonds C¢-C; and Cy~C4. All
carboxyl groups are planar within the limits of error.
Carboxyl group I has two non-equivalent bonds, with
C-O; probably a double bond and C-Oj a single bond.
The non-equivalency of C-O bond lengths in a car-
boxyl group is of course found in other crystals:
1-184 and 1-338 A in nicotinic acid (Wright & King,
1953); 1:16 and 1-26 A in furoic acid (Goodwin &
Thomson, 1954); and 1-187 and 1-285 A in oxalic
acid dihydrate (Ahmed & Cruickshank, 1953).

Bond lengths and angles are shown in Fig. 6.

Owing to steric hindrance, the carboxyl groups are
not in the plane of the benzene ring. The angle be-

tween the plane of the benzene ring and that of the
carboxyl group is 21° for group I and 65° for group I1.

Coordinate accuracy was assessed by the method of
Cruickshank (1949). The standard deviation of bond
lengths is calculated as 0-03 A, and that of bond angles
as 5°
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