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Tableau 9. Les liaisons C-O et C-C adjacente dans les
ions oxocarbonium

Composés Cc-0 Cc-C
[CH;CO]J* [SbFg]~ 1,108 (15) A 1,385 (16) A
[CH3COJ* [SbClg]~ 1,109 (24) 1,452 (30)
[CH3-CH,CO]* [GaCly4]~ 1,099 (20) 1,435 (24)
[(CH3),~CHCO]* [SbCle]~ 1,116 (10) 1,439 (12)
[CH3-2-CgH4COJ* [SbClg]~ 1,111 (13) 1,387 (14)
[CH3-4-C¢H4COJ* [SbClg]~ 1,097 (9) 1,396 (10)

L’ion méthyl-2-phényloxocarbonium peut étre décrit
par les formes mésoméres suivantes:

O+ (o) O (o] O
Il | | I |
C C+ C C C
/ +
I <~— «——> <~ <~ +
AN
+
1 I III v v

Si ’on examine les longueurs des liaisons dans le
cycle benzénique, on constate que les valeurs les plus
courtes correspondent aux liaisons C(4)-C(5)=1,359 A
et C(6)-C(7)=1,375 A. Ce résultat exprime que la
forme mésomére (V) ot la charge positive est stabilisée
par la présence du groupement méthyle contribue
essentiellement & la structure de cet ion méthyl-2-
phényloxocarbonium (Fig. 3). La méme particularité
est également présente dans la structure de I’ion méthyl-
4-phényloxocarbonium (Chevrier, Le Carpentier &
Weiss, 1972).
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The Crystal Structure of Potassium Hydrogen Bis(homophthalate), K(CoH,0.)..(H)

By M.P.GuptA AND D.S.DUBEY
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(Received 19 April 1972)

The crystal structure of potassium hydrogen bisthomophthalate), K.(CsH;0,),.(H), has been deter-
mined by X-ray diffraction and refined by the method of least squares to an R value of 0-099. The
potassium ion lies on a twofold axis (0, y, 1) in a monoclinic unit cell with a=32-665, b=5-51,, c=
997, A, B=95-9°, Z=4 formula units of K .(CoH,0,),.(H); space group C2/c. There is fourfold coor-
dination around the potassium ion with potassium-oxygen distances ranging from 2-76 to 2-80 A. The
molecules are held together by van der Waals contacts, metal-oxygen ionic linkages, a short hydrogen
bond of 2:59 A between oxygen atoms belonging to carboxyl groups of adjacent homophthalic acid
units and an ultrashort symmetrical hydrogen bond of 2-41 A between two centrosymmetrically related
oxygen atoms with the proton on a centre of symmetry. The carboxyl groups are rotated out of the
plane of the central aromatic ring by 18°58’ and 95°44".

Introduction

The crystal structure of homophthalic acid (toluene-
a-2-dicarboxylic acid, C,HgO,) has been reported by

Gupta & Sahu (1971). The potassium salt is of interest
from the point of view of structural crystallography.
Firstly, the composition of the compound can be
written as K.CyH0,.CH,0,, as K.(C,H,.;0,),, or
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as K(Co,H,0,),.(H), each formula representing a differ-
ent structure. Secondly, some of the salts of dicarbox-
ylic acids show unusual structures (Ferguson, Sime,
Speakman & Young, 1968; Speakman, 1967; Sri-
vastava & Speakman, 1961) and it was thought worth-
while to determine if the title compound exhibits sim-
ilar features.

Crystal data

Crystals of potassium hydrogen bis(homophthalate)
were grown from aqueous solution containing a trace
of ethanol by mixing potassium hydroxide with homo-
phthalic acid in stoichiometric amounts.

Crystals of K..(CyH;0,),.(H) appear to be hexagonal
thin plates with edges corresponding to the zone direc-
tions [010], [011] and [01T], the angles [010] [011] and
[011]701T] being 122°40" and 118°30" respectively.
X-ray analysis of the crystals shows them to be mono-
clinic with a=232-665, b=5-51,, c=997, A, f=95-9°,
V =1785-6 A3. The lattice parameters were determined
from high sinf reflexions on Weissenberg films with
silver lines superimposed as internal standards. The
observed density is 1-48, g.cm™3. This gives 15984
a.m.u for the total unit-cell content. The expected
value for the empirical formula $K .(CyH;.50,) (Z=28)
is 1592 a.m.u. Gravimetric analysis confirmed the ab-
sence of water of crystallization.

Space group absences:

hkl, h+k=2n+1
0L 1=2n+1, (h=2n+1)

fix the space group as either C2/c or Cc. C2/c was pre-
ferred from intensity statistics, piczoelectric tests and
the crystal morphology. The linear absorption coef-
ficient for Cu Ko radiation is g=30-1 cm~"

X-ray diffraction data were collected using a single
crystal (0-03 x 0-02 x 0-01 cm) and Weissenberg photo-
graphy. 594 independent reflexions were collected; in-
tensities were estimated visually and brought to a
nearly absolute scale using statistical methods after the
application of appropriate corrections. No correction
for absorption was applied.

Structure determination and refinement

The structure was solved in a straightforward manner.
As there are only four potassium ions present they
must lie on special positions. Initially they were as-
signed the coordinates 0,3,0; 0,3,4. The [010] axis
Fourier projection based on potassium dominated
signs readily gave the positions of the light atoms in
the molecule. The inclusion of the light-atom contri-
butions reduced R(40/) to 0-17. A projection of a model
of the molecule on the (001) plane gave acceptable
values for the y coordinates, and R(#k0) dropped to
0-27. However, at the stage of the refinement of the
three-dimensional diffraction data, it was obvious that

the original choice of special positions for the potas-
sium ions was wrong and the correct positions were
on the diad axes 0,y,1; 0.7,2. With this change, the
refinement soon converged by full-matrix least-squares
refinement (using the program ORFLS of Busing, Mar-
tin & Levy, 1962, as modified by Hamilton, Ibers,
Srikanta & Johnson for use on the CDC-3600 com-
puter), with unit weights for all observed reflexions
and anisotropic temperature factors for all non-hydro-
gen atoms, to the final R(hk/) of 0-099. Hydrogen
atoms were not included. The coordinates of the atoms
are given in Table 1, a list of observed and calculated
structure factors in Table 2, and the thermal param-
eters in Table 3.

Table 1. Fractional coordinates with their e.s.d.’s ( x 10%)

x/a yib zle
C(1) 1114 (4) 3972 (36) 3130 (16)
C(2) 1441 (4) 2863 (37) 2357 (14)
C(3) 1830 (4) 4012 (38) 2471 (15)
C(4) 2136 (4) 3090 (46) 1720 (17)
C(5) 2071 (4) 1007 (45) 967 (17)
C(6) 1696 (5) — 87 (40) 824 (15)
Cc 1369 (4) 819 (40) 1624 (14)
C(8) 977 (4) —-733 (3D 1527 (15)
C(9) 609 (5) 392 (41) 626 (13)
o(l) 756 (3) 3527 (24) 2847 (11)
0(2) 1254 (3) 5455 (25) 4085 (11)
0Q) 279 (3) - 653 (30) 808 (10)
0O(4) 652 (3) 1943 (25) —-201 (11)
K 0 5788 (14) 2500 (00)
Results

Bond lengths, valency angles and intermolecular dis-
tances

Fig. 1 gives the labelling of the atoms. The bond
lengths are given in Table 4 and the angles in Table 5.
Tab}f 6 gives a list of intermolecular contacts less than
40 A.

Fig. 1. Labelling scheme of the atoms.
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The parameters are of the form:
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Thermal parameters (x 10°) with their e.s.d.’s

T=exp [—(b11h2+ byak? +b33l2+2b12hk +2by3hl+2b33kl)] .

b b2
69 (16) 526 (951)
46 (13) 747 (810)
56 (13) 3686 (1138)
49 (14) 3621 (1133)
48 (14) 3404 (1243)
88 (16) 2367 (1013)
68 (14) 2014 (970)
39 (11) 1562 (914)
98 (19) 1909 (1008)
55 (10) 2492 (675)
90 (10) 1640 (635)
70 (10) 6394 (922)
62 (10) 2663 (675)
58 (5) 3305 (375)

C(1)
C(2)
C(3)
C4)
C(5)
C(6)
C(M
C(8)
C(9)
Oo(1)
0(2)
0(3)
0(4)
K

Table 4. Bond lengths with their e.s.d’s

C()-C2) 1507 (0-021) A C(7)-C(8)  1-541 (0:022) A
C2)-C(3) 1416 (0:030) C(8-C(9)  1-553 (0-:021)
C3)-C(4) 1404 (0022)  C(1)-O(1)  1-201 (0:017)
C#)-C(5) 1376 (0032)  C(1)-0(2) 1301 (0:021)
C(5)-C(6)  1:360 (0-023)  C(9)-0(3) 1251 (0-020)
C(6)-C(7) 1483 (0021)  C(9)-0(4) 1205 (0-022)
C(H-C(2)  1:350 (0-027)

Planarity of the molecule
The least-squares plane passing through the central
aromatic ring of atoms C(2) ~C(7) is given by:

X—2-3638Y +3-2136Z—8-3216 =0 A).

b33

1009 (180)
852 (166)
985 (169)
1373 (225)
1467 (245)
1116 (184)
710 (152)
1295 (191)
460 (131)
1579 (155)
1234 (137)
1229 (138)
1428 (147)
1782 (80)

bi2
126 (111)
—150 (101)
54 (131)
62 (126)
97 (127)
181 (130)
13 (123)

b3 b23
88 (51) 253 (421)
~10 (44)  —316 (425)
—37 (44) 557 (488)
62 (53) 50 (558)
5 (52) 272 (560)
103 (50) 413 (458)
1 (45) 363 (473)

—57(108) —45 (42) 259 (452)
—27(129) —60 (45) 972 (409)
5(75) 39 (33) —421 (309)

157 (82)

—404 (96)

—33(79)
0 (0)

—175 (33)
—28(33)
3(3%5)
54 (17)

— 840 (324)
1416 (383)
1102 (358)

0 (0)

The equation of the plane passing through the carboxyl
group C(1)-0O(1)-0(2) is:

X—358-80Y +308-40Z—17560=0 (B).

The equation of the plane passing through the atoms
of the second carboxyl group C(9)-O(3)-0O(4) is:

X—3-0940Y —3-1669Z +0-5766 =0 (C).

X, Y, Z are referred to the orthogonal axes a, b and c*.

Planes (B) and (C) make angles of 18°38" and 95°44’
respectively with the plane (4). The deviations of
atoms from the plane (A4) are given in Table 7. The
direction cosines of the normals to the planes (4), (B)
and (C) with respect to orthogonal axes a, b and c*
are given in Table 8.



2680 CRYSTAL STRUCTURE OF POTASSIUM HYDROGEN BIS(HOMOPHTHALATE)

Table 5. Bond angles with their e.s.d’s

O(1)-C(1)-0(2) 124-0 (1-2)°
O(1)-C(1)-C(2) 121-3 (1-2)
O(2)-C(1)-C(2) 114:6 (1-1)
C(1)-C(2)-C(3) 117-1 (1-3)
C(1)-C(2)-C(7) 121-5 (1-3)
C(2)-C(3)-C(4) 1186 (1-4)
C(3)-C(4)>-C(5) 120:9 (1'5)
C(4)-C(5)-C(6) 119:4 (1-5)
C(5)-C(6)-C(T 119-0 (1-4)

Table 6. Intermolecular distances

The primes denote the following symmetry transformations:
None x,y, z; ” Xy i-z
! %, 7, % X J, 34z,
An atom designated as «C(1) indicates carbon atom C(1)
translated by unit a translation erc. Atoms related by C
centring are shown with an asterisk (*).

c(1)- - -C(6™) 3794 C(1)---CE™) 3-89 &
C(1)- - -C(9") 3-94 C(1)- - -,0(4”") 3-26
C2)- - C(6™) 379 C(@3)- +-C(6") 3-97
C(4)- - -C*4") 3-86 C(4)- - -»C*(4") 3-86
C(d)- - -C*(5") 3-66 C(d)- - -C*(5) 3-94
C(5)- - oC*3™) 392 C(5)- - -CH(5) 3-92
0Q2)- - -C(6™) 3-65 0(2): - -»C(6") 3-33
0(2)- - -sC(7™ 3-25 0(2)- - -C(8"™) 374
0(2)- - -»C(8"") 3-96 0(2): - -5C(9"") 3-56
o(1)- - -0(4"”) 3-62 o(1): - -,0(4"") 3-20
0(1)- - -0(3") 3-82 o(1)- - - C(9") 3-58
0(1)- - -C(8"") 3-97 0(3)- - 04" 312
0(2)- - -»0(4") 2:59

0(3)- --0(3" 2:41 } H-bonds

Table 7. Atomic deviations from the least-squares planes
of the central aromatic ring

Deviation  e.s.d.’s
C(1) —0049A  0:027A
C(2) —0-018 0-025
C3) 0-013 0-026
C(4) —0-016 0-031 o
C(5) 0-028 0-03] [ Aromaticring
C(6) —0031 0-028
C(7) 0023 0027
C(®) 0-134 0-026

Table 8. Direction cosines of the normals to the planes

) m n
Normal to plane (A4) 0-2432 —0-5748 0-7814
Normal to plane (B) 0-0021 —0-7584 0-6518
Normal to plane (C) 0-2203 —0-6817 -0-6977

Coordination polyhedron around the potassium ion

The potassium ion is surrounded by four oxygen
atoms belonging to four different molecules in a tetra-
hedral arrangement (Fig. 2). The potassium—oxygen
distances are given in Table 9.

Table 9. Metal-oxygen contact distances

K---0(1) 276 A
K---0(1") 276
K- 5003) 2:80
K- 50(3") 280

C(6)-C(7)-C(2) 118:6 (1-5)°
C(7)-C(2)-C(3) 121-3 (1-4)
C(6)-C(7)-C(8) 114:6 (1-3)
C(2)-C(71)-C(8) 1261 (1-3)
C(7)-C(8)-C(9) 1136 (1:3)
C(8)-C(9)-0(3) 1109 (1:2)
C(8)-C(9)-0(4) 122:8 (1:3)
0(3)-C(9)-0(4) 1262 (1-3)

Discussion of the structure

Figs. 3 and 4 show views of the crystal structure down
[010] and [100] respectively. In the crystal, the linkages
may be thought to be of the following types:

(i) metal-oxygen ionic linkages (2:76 to 2-80 A),

(i) a short hydrogen bond of 2:59 A between adjacent
molecules O(2)- - -,0(4"""),

(iii) an ultrashort symmetrical hydrogen bond of 2-41
A 0@3)---0(3),

(iv) weak van der Waals contacts of 3-12 A and up-
wards.

The two homophthalic acid species linked with one
potassium ion may be thought of as forming a simple
chelate complex. This unit is linked to another and
similar arrangement of two species by short hydrogen
bonds of 2:59 A between the oxygen atoms of carboxyl
groups, and also a short symmetrical hydrogen bond
of 2:41 A (between oxygen atoms) to a second similar
arrangement of two molecules. The linked arrangements
are themselves related by the ¢ glide. It may also be
noted that these hydrogen bonds form an extended
system in the crystal with zigzag links in vertical col-
umns parallel to [001].

The chemical composition of the compound

As Table 6 shows, the two short intermolecular con-
tacts between the oxygen atoms of the carboxyl groups of
the molecules are 2:59 and 241 A. Both of these must
be regarded as true hydrogen bonds. In the case of the
2:59 A hydrogen bond, the angle C(1)-0(2)-,0(4"") is

o(1)
Fig.2. Metal-oxygen polyhedra.
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Fig.4. The crystal structure viewed down [100].

113°36’, close to the expected tetrahedral value. Oxy-
gen atom O(2) is the donor and ,0(4'"') the acceptor.
The angle C(9)-O(3)-O(3’) is 111°54". The hydrogen
bond of 2:41 A is a symmetrical hydrogen bond, with
the proton on the special position 0,0,0, or oscillating
midway between the oxygen atoms O(3) and O(3").
Such a symmetrical hydrogen bond has been reported
(Ferguson et al., 1968) with nearly the same value
(246 A) for the bond length. Of the two carboxyl
groups in homophthalic acid, one, O(1)-C(1)-O(2), is
unionized, as evidenced by the significantly different
(>20) C-O bond lengths (1:20, 1:30 A). The other,
0(3)-C(9)-O(4), is ionized. In the formula unit
K(CyHg0,) .(CoH,0,), therefore, of the four carboxyl
groups {2[O(1)-C(1)-O(2)]+2[0(3)-C(9)-O(4)]} three
are unionized {2[O(1)~C(1)-0(2)]+[O(3)-C(9)-O(4)1}
and one is ionized [O(3)-C(9)-O(4)]. The unionized
carboxyl group O(3)-C(9)-O(4) provides, in alternat-
ing sequence, the proton which occupies the special
position. Thus the correct composition of the com-
pound may be regarded as K(CyH,0,),.H, although
the units K(CgH,0,) or K(CyH0,).(C,H,0,) do not
have any independent existence. An alternative ap-
proach would be to consider, following Skinner, Ste-
wart & Speakman (1954), that in the structure we have
only homopthalate ions (CoH,0,)~, K* ions and

protons, the last being statistically disordered near
0,0,0, thereby simulating an effectively symmetrical
hydrogen bond.

One of us (DSD) is grateful for the award of a Bi-
har State University Commission Research Fellow-
ship during the tenure of which this work was done.
We are grateful for the computer facilities on the CDC-
3600 machine at the Computer Centre, TIFR Colaba.
We also thank Dr S. M. Prasad of this laboratory for
his valuable help in the completion of this work.

References

Busing, W. R., MartiN, K. O. & Levy, H. A. (1962).
ORFLS. Report ORNL-TM-305, Oak Ridge National
Laboratory, Oak Ridge, Tennessee. The CDC-3600 ver-
sion, XFLS, incorporates modifications by W. C. HAMIL-
TON, J. A. IBERS, C. K. JOHNSON & S. SRIKANTA.

FERGUSON, G., SIME, J. G., SPEAKMAN, J. C. & YOuUNG, R.
(1968). Chem. Commun. p. 162,

GurTa, M. P. & SaHU, M. (1971). Acta Cryst. B27, 2469.

SKINNER, J. M., STEWART, G. M. D. & Speakman, J. C.
(1954). J. Chem. Soc. p. 180.

SPEAKMAN, J. C. (1967). Chem. Commun. p. 32.

SrivasTava, H. N. & SpeakmaN, J. C. (1961). J. Chem.
Soc. p. 1151.



