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The structure of fluoromalonic acid (HOOC-CFH-COOH) has been determined from three-dimensional
X-ray data. The accepted space group is Pram. The unit cell, of dimensions a=4-606, b=8-315, c=
11-220 A, contains four molecules, implying a plane of symmetry in the molecule. The structure has been
refined to an R index of 0-047 by least-squares methods. The bond lengths (1-251 and 1-245 A) in the
carboxyl group and the C-C-O bond angles (116-7 and 116-9°) have values which differ from those

usually observed.

Introduction

Infrared and X-ray investigations of crystalline tar-
tronic acid indicate that the aliphatic hydroxyl group
is not involved in hydrogen bonding (van Eijck,
Kanters & Kroon, 1965; Kanters, Kroon, Peerdeman
& Vliegenthart, 1969). In this structure the molecules
form chains by carboxyl group coupling as is frequently
observed in dicarboxylic acids. From the lack of hydro-
gen-bond interaction between these chains it was
expected that substitution of the hydroxyl group by a
fluorine atom would not essentially change this simple
hydrogen bond scheme.

In order to verify this the structure of fluoromalonic
acid was determined.

Experimental

Small prismatic crystals of fluoromalonic acid were
obtained by sublimation in vacuo. Because of its very
hygroscopic character a single crystal of dimensions
0-2x0-2x01 mm3 was sealed in a glass tube. The
following crystal data were obtained: C;O,H;F; a=
4-606 + 0-001, 5»=8-315+0-001, ¢=11-220+0-001 A ;
V=430 A3; D(Z=4)=1-88 g.cm-3,

The unit-cell dimensions and their standard devia-
tions, calculated by least-squares methods, were de-
termined from the Cu Ka; component (1=1:54051 A)
of 33 reflexions with 20 >130°, measured on a General
Electric diffractometer with a single-crystal orienter
and equipped with a scintillation counter.

Intensity data were collected from one single crystal
using the -apparatus mentioned above. Ninety-five per
cent of the independent reflexions within the Cu K«
sphere could be measured. Non-linearity was corrected

for experimentally

5-46
( Tcorrected = Iobs [

5:46—1:1033-10-5 . Ions ] ) ’

but absorption was neglected.

From Weissenberg photographs the following ex-
tinctions were deduced: Okl: k+I/=2n+1; h0l: h=
2n+1; (h00: h=2n+1; 0k0: k=2n+1;00/: I=2n+1).
These extinctions are compatible with both space
groups Pnam and Pna2;. As Pnam has an eightfold
general position and the unit cell contains four mole-
cules, the molecule must have a mirror plane in this
space group.

Structure determination

A strong resemblance between the cell dimensions and
0kl reflexion intensities of tartronic acid (a=4-485, b=
8:813, c=10-895 A ; space group P2,2,2,) and those of
fluoromalonic acid led us to accept the tartronic acid
coordinates as starting parameters in the least-squares
refinement of fluoromalonic acid (Table 1).

Table 1. Starting parameters
(B overall=3 A2)

X y z -
F . —0-1779 +0-0999 +0-2387
o) +0-3797 —0-1403 +0-1101
0(2) +0-2228 +0-0926 +0-0568
0O(3) +0-2662 +0-1161 +0-4128
04) +0-3809 —0-1283 +0-3775
C(1) +0-2267 —0-0154 +0-1253
C(2) +0-0367 —0-0145 +0-2422

+0-2433 —0-0011 +0-3545

C@3)

Refinement in space group Pna2; of carbon, oxygen
and fluorine atoms with isotropic thermal parameters



Table 2. Final parameters

The expression for the anisotropic thermal parameters (A2) is:
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by a block-diagonal least-squares program (Peterse,

exp [—2n2(h2a*2U 1y + k2b%2Upp + 12¢*2U 33 + 2a*b*hk Uy + 2b*c*klU 3+ 2c*a*thU 31)] .

S Q488 1969) including all non-zero observed reflexions, with
o ©om—o the exception of the 020 reflexion which apparently
§ ++ suffered from extinction, yieldled R=0-10 (R=
2| Fo— Fel[ 2| F).
At this stage of the refinement a difference Fourier
synthesis of low order terms (sin 6 < 30°) was computed.
5”« 878 It clearly revealed the position of the aliphatic hydrogen
o omgvto atom and indicated the positions of other hydrogen
§ B atoms. Further refinement with anisotropic thermal
parameters, keeping the isotropic thermal parameters
of the hydrogen atoms fixed, reduced the R index to
a value of 0-049.
:‘: S8Q8S The structure was then refined in space group Pngm
o NN and this gave an R index of 0-047; thus the reduction
§ RSO I of the number of parameters (from 81 in Pna2; to 45
in Pnam) has a lowering effect on the R value, which
is contrary to expectation.
- Refinements in both space groups were continued
S ooccca with a full-matrix least-squares program (Derissen,
Smmons 1968). The correlation matrix showed large off-diagonal
g yommns terms (up to |0-95]) between corresponding parameters
of atoms that are independent in Pna2,, but symmetry-
related in Pram.
§e::~:a After refining the structure in both space groups
S comae with the full-matrix least-squares program the R index
S nninTw was reduced to a final value of 0-042 for space group
Pna2, and 0-047 for space group Pnam (431 reflexions;
o 020 omitted). Also the two final difference Fourier
e syntheses, which showed no peaks above the level of
2 33333? T 0-30 e.A-3, justified termination of the refinement.
S S8R an In our opinion the structure of fluoromalonic acid
- is not satisfactorily refinable in space group Pna2,
because of interactions between parameters of inter-
dependent atoms. This leads to high estimated standard
SIS deviations, poor convergence and, in this particular
S5oSow case, to rather different bond lengths in the carbon
NQACZB24888 chain (1-:51 and 1-56 A). An analogous case was re-
2223’_2?? ported by Geller (1961). However, in space group
) Pnam the refinement proceeds smoothly and according-
g ly we accepted this space group for the description of
£ fluoromalonic acid. Our experience with these refine-
5 PR ments is in agreement with the observations of Ermer
g %g%%%gg & Dunitz (1970) and Parthasarathy, Sime & Speakman
£ ~88882=yg (1969).
g - g-drid Table 2 shows the final positional and thermal
= +r+T 00+ parameters. Table 3 contains the structure factors,
© observed and calculated. Analytic constants for atomic
s scattering factors for F, O, C and H were taken from
5 Moore (1963).
g @@@@@a@ Discussion of the structure
S NE8285wm .
v 2AQQR5Sag As has already been stated, there is a strong resem-
g SSSEESS blance between the structures of fluoro- and hydroxy-
3 Pttt i+ malonic acid. In tartronic acid the aliphatic hydroxyl
- group apparently does not participate in hydrogen
2 bonding, which indicates that the stacking of the mol-
£ ~asaca ecules is gov;rned chiefly by polymer formation
@ LSSOOET through coupling of the carboxyl groups only. The
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covalently bonded fluorine atom is not involved in In contrast with tartronic acid the bridged carboxyl
hydrogen bonding (Fig. 1), which is in accordance groups in the polymer chain of fluoromalonic acid are
with other observations (Hughes & Small, 1962; coplanar, parallellism in the latter case already being
Krausse & Dunken, 1966; Kvick, Jonsson & Olovsson, fixed by the choice of the space group. In Table 4 bond
1969; Kanters, 1971). lengths and bond angles are listed. With the exception

Table 3. Observed and calculated structure factors (x 10)
The columns of each group are A, k, I, |Fol, |F.l.
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Fig. 1. Projection of the structure along the a axis, Hydrogen bonds are represented by dashed lines.
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Table 4. Bond lengths, bond angles and standard deviations (in parentheses)

C(Q2)-F 1-364 (4) A
C(1)-C(2) 1-532 (4)
C(1)-0(1) 1-251 (4)
C(1)-0(2) 1-245 (4)
C(2)-H(1) 0-97 (7)
0(2)-H(2) 0:96 (7)

Hydrogen bond distance O(2)-H(2)---O(1"")
The following superscripts are used in this Table and in Fig. 1:

(): i+x
(): 1—x
(I/I): — x
(iv): X

of the C-O bond distances and C-C-O bond angles
all values found are compatible with values reported
in the literature. The bond lengths in the carboxyl
group are equal within the limit of error, though
obeying the Speakman rule (Manojlovi¢ & Speakman,
1967). The C-C-O bond angles are equal too. Average

0_..---_.

\
125

Fig.2. Comparison between the carboxyl groups of (a) tar-
tronic acid and,(b) fluoromalonic acid.

C(1)-C(2)-C(1tv) 111:0 (3)°
F —C(2)-C(1) 110-2 (3)
O(1)-C(1)-0(2) 1264 (3)
O(1)-C(1)-C(2) 116:9 (3)
0(2)-C(1)-C(2) 116:7 (3)
F —C(2)-H(1) 109 (5)
C(1)-C(2)-H(1) 108 (5)
C(1)-0(2)-H(2) 103 (5)
2:651 (4) A
-y z
I+y -z
-y 7z

y o i-z

values of C-O bond lengths and C-C-O bond angles
of crystalline carboxylic acids from the literature are:
1-31 and 1-22 A, and 113 and 123° respectively; how-
ever, exceptions have recently been reported (Sintes,
Housty & Hospital, 1966; Manojlovi¢ & Speakman,
1967; Housty, 1968).

The atoms C(1), C(2) and O(1), O(2) are coplanar
within experimental error. The carboxyl group is rota-
ted 6-5° about the C-C bond out of the plane through
C(1), C(2) and F. Corresponding values in tartronic
acid are 16 and 18° respectively (Fig. 2). The distance
O(1)-O(1%v) in fluoromalonic acid is equal to the cor-
responding distance O(1)-0O(4) in tartronic acid.

The authors thank Professor A. F. Peerdeman for
valuable discussions and suggestions.
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