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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 Pnam. 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 ~) in the 
carboxyl group and the C-C-O bond angles (116"7 and 116.9 °) have values which differ from those 
usually observed. 

In~oduction 

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 
0.2 x 0.2 x 0.1 mm 3 was sealed in a glass tube. The 
following crystal data were obtained: C304H3F; a =  
4.606+0.001, b=8.315+0.001,  c=11.220+0.001/~;  
V=430 A3; D e ( 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 Kea component (2=  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 theappara tus  mentioned above. Ninety-five per 
cent of the independent reflexions within the Cu Kc~ 
sphere could be measured. Non-linearity was corrected 

for experimentally 
5.46 

( Ic°rrectea = I°bs [15.46_ l. l O33.10-S . iobs ] ) , 

but absorption was neglected. 
From Weissenberg photographs the following ex- 

tinctions were deduced: Okh k + l=2n+ l ; hOh h= 
2 n + l ;  (h00: h = 2 n +  1; 0k0: k = 2 n +  1; 00l: l = 2 n +  1). 
These extinctions are compatible with both space 
groups Pnam and Pna21. 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 
Okl reflexion intensities of tartronic acid (a =4-485, b= 
8"813, c = 10.895 A; space group P212121) 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 ~2) 

x y z 
F - 0.1779 + 0.0999 + 0.2387 
O(1) +0.3797 -0.1403 +0-1101 
0(2) + 0.2228 + 0.0926 + 0-0568 
0(3) + 0.2662 + 0.1161 + 0.4128 
0(4) + 0-3809 - 0.1283 + 0.3775 
C(1) + 0.2267 - 0.0154 + 0-1253 
C(2) + 0-0367 - 0.0145 + 0-2422 
C(3) + 0.2433 - 0.0011 + 0.3545 

Refinement in space group Pna21 of carbon, oxygen 
and fuorine atoms with isotropic thermal parameters 
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by a block-diagonal least-squares program (Peterse, 
1969) including all non-zero observed reflexions, with 
the exception of the 020 reflexion which apparently 
suffered from extinction, yielded R=0.10 (R= 
r, lFo- FcI/~,lFoI). 

At this stage of the refinement a difference Fourier 
synthesis of low order terms (sin 0 < 30 °) was computed. 
It clearly revealed the position of the aliphatic hydrogen 
atom and indicated the positions of other hydrogen 
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. 

The structure was then refined in space group Pnam 
and this gave an R index of 0.047; thus the reduction 
of the number of parameters (from 81 in Pna2x to 45 
in Pnam) has a lowering effect on the R value, which 
is contrary to expectation. 

Refinements in both space groups were continued 
with a full-matrix least-squares program (Derissen, 
1968). The correlation matrix showed large off-diagonal 
terms (up to 10"951) between corresponding parameters 
of atoms that are independent in Pna2b but symmetry- 
related in Pnam. 

After refining the structure in both space groups 
with the full-matrix least-squares program the R index 
was reduced to a final value of 0.042 for space group 
Pna21 and 0.047 for space group Pnam (431 reflexions; 
020 omitted). Also the two final difference Fourier 
syntheses, which showed no peaks above the level of 
0.30 e.A. -3, justified termination of the refinement. 

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 
deviations, poor convergence and, in this particular 
case, to rather different bond lengths in the carbon 
chain (1.51 and 1.56 A). An analogous case was re- 
ported by Geller (1961). However, in space group 
Pnam the refinement proceeds smoothly and according- 
ly we accepted this space group for the description of 
fluoromalonic acid. Our experience with these refine- 
ments is in agreement with the observations of Ermer 
& Dunitz (1970)and Parthasarathy, Sime & Speakman 
(1969). 

Table 2 shows the final positional and thermal 
parameters. Table 3 contains the structure factors, 
observed and calculated. Analytic constants for atomic 
scattering factors for F, O, C and H were taken from 
Moore (1963). 

Discussion of the structure 

As has already been stated, there is a strong resem- 
blance between the structures of fluoro- and hydroxy- 
malomc acid. In tartromc acid the aliphatic hydroxyl 
group apparently does not participate in hydrogen 
bonding, which indicates that the stacking of the mol- 
ecules is governed chiefly by polymer formation 
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)5 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 ( × 10) 
The co lumns  of  each group are h, k, l, IFol, levi. 

B 0 I 168.4 173,1 1 2 ~ 429,1 435.6 1 8 8 22,8 18,7 ,2  4 3 87,2 96,0 3 3 0 66.7 93.4 4 2 2 21.9 19,8 
359,2 356,2 162,6 193.1 4 28o3 25.8 • 168,9 187,5 ~ 22.8  17.2 ~ 30.1 31,6  : 4 6 1 . ,  486.3  ~ 44.? 66.3 ~ 31.8 ,.8 , 8 . . . .  1 .2  9 .6  11.3 , . 4  3 , . 4  
283.9 296,6 3001 28,5 30.1 30,4 129.6 140,• 3 123.? 124.5 I 7,8 • 8 . 8  

,~ . . . . . .  57.2 ~ . . . . . . . . .  : . . . .  20 . . . . . . . . . . . .  ; . . . . . . . . . . . . . . . .  
O 8 42.0 42.2  200,8 20006 16,4 1502 8 258,6 165,7 208.1 204.0 ~ 3204 31,~ 

3 96.8  94.?  8 255,6 25203 1 9 1 53,9 55,5 9 78,1 80,4 6 25.6 25.0 2005 16,4 

61.2  63.6  1 30.6  3201 86.? 84,~ 11 5,8 605 58.4 54.3 1 14~6 16,4 
9 77.1 81,4 12 36.3 39,6  ~ 63.6 65,1 1~ 80,3 82,4 10 11.0 16.4 4 3 ~ 7 .8  6 ,2  

11 133.3 13?.2 ~3 13,7 12,0 1603 18,3  2 5 O 69 , •  7601 11 64,8 60.6 33.3 31,3  
1~ . . . . . . . . .  3 : * . . . . . . . . .  Z2,9 ~ o 2 ,02 . ,  ,08.9 1 , . 3  186.4 ~ 3~:~ 11.2 4 8 ,  53,2 8 4 o 55.? ,~.9 78.1 79.5 11,9 5,5 1 32,0 33.0 46.1 45.1 

4 67.1  74.2  2 15,1  16.4 1 10 0 12,3 $6,1 
156.7 154.1 11~.3 11605 ~ 15,1  15.9 5 28,3 51o2 19.2 19.8 20,5  16,4 27.4 23,? 30,9 842 31.7 : 24.6 22., 

10 126.0 172.5 ~ "114,1 11906 ~ 250b 32,5 ~ 21.9 2207 42.5 40.4 40.2 39.3 
12 8 .7  6.2 28.3  27,0 2 0 ~2 ,?  23200 21,5 2~06 6 40.2 44.6 9 4~,4 42,1 

O 3 1 59 .8  68 .5  ~ 20 ,5  2303 1 269,8  278,0 : 28 ,3  2 | , 3  10 16.0 13 .9  4 4 0 41 .1  39 .?  
3 71.7 68 ,9 .  32,2  3704 12,6 13,4 228.2  224,2  11 1? .8  19.2 1 94.0 97 , ?  

• 2400 424.4 g 34709 153.2 ?03 6.0 1~ ?,6 809 3 5 0 216.4 128.7 ~ 58.4 5900 
59.3  80.1 10 10.0 9,3 • 100,8 l v8 , I  2 6 34,~ 35,6 ~ 12,8 7.9 47,0 49.6 

° 83,5  81.4 11 15.1  1804 5 g8.1 34,6 ~ 53,4  56,3 21.9 19 .0  4 18.? 12,6  
11 140.6 139.8 12 17,8 17,6 6 31,5 33,? 16,? 17.6 ~ 79.9 35.4 6 29.2  29,0 
1~ 12 .8  31 .1  1~ 21 .9  2301 ? 173o9 167.4  3 83,5 86 ,7  12 .8  12 .8  ~ 55 .7  ST,0 

4 50?.1 501".9 1 4 15,1 2001 8 148.5 144,? ~ 108,4 I 08 ,6  S 176.2 182.6 66.2 63,2  
166,6 159.6 ~ 50,7 49,8 9 102,5 91,6 4?.0 46,8 6 44,3 47.5 9 32.4 31.5  

3 5 . 8 -  71 .3 '  124,2  184.5  10 56 ,6  59 .?  6 63,7 65 , 3  8 31 ,5  29 .3  • 5 0 31 ,0  33 ,8  
291.2 272.8 ~ 26.0 2407 11 , 4  . s  ? 486 ,2,2 ~ 443 448 

41.5 34.8  27,4 25,2 12 11.7 24.6 ~ 57.5,  63,0 1 30.1  24.5  ~ 37,96"1 370911'3 
10 55 .7  53 ,5  ~ 9 .6  302 2 1 0 86,? 32.6  26.5 27,8 8 6 0 186.0 145.8  4 24 .6  26 .4  

1809 16 ,6  
0 5 30.1 30 .5  ~ 72 ,6  72 ,9  139,3 158.9  2 7 26 . °  29 .3  3 14 ,6  13,0 23 ,7  26 ,9  

3 54.8 5 • . 9  11,9  9,2 3 256,1 253,4 ~ 64,8 65.5 ~ 69,8 71.2 4 6 O 26,5 27o9 
108.6 106,0 10 9 ,6  10,0 4 237,3 257,0 42,4 44,1 42.9  45.1 ~ 26,9 32,0 

12,8 10,5 12 7 ,8  6.7 24;6 24,5  51,1 48.4 ~ 186,6 11603 6 •4.3 47,0 
9 18 ,3  18 ,4  1 5 ~ 30 ,8  83o7 28 ,5  19 .9  56,1 5600 8 20 ,1  1 8 , •  ~ 16 ,8  13 ,6  

1~ ?,.1 6?.? - o 2  93,5 ~ 571 611 ~ , ,  6o8 , 119  141 15.1 1 ~ ,  
0 6 66,2  61.0  ~ 2 | , 8  27.5 10,0 9,9 15,1 15,5  3 ? 0 16,4 20.5 6 13.7 15.5 

4 61 ,2  79 .4  225,5  229.2  9 21,9 27.6 O 5 ,9  3,5 3 26.n 2?.3 4 7 o 26,0 26,2  
6 80.8 72.3 ~ 12604 127.7 10 35.3 37,3 2 3 0 42.4 3905 ~ 31,~ 30.q ~ 11.0 10.4 
3. 75 .3  ? S . ?  94 .9  9903 11 26,0 11,8 ~ 32,0 3~,3 ? , 8  4 .7  19 ,2  1 8 . 8  

10 24 .2  2 1 . •  ~ t 3 . ?  13 .?  12 41,5 40 .?  28 ,3  3o ,8  ~ 1=.8 1 , . 5  ~ 46 .8  • • . :  
"7 1 92 .2  8 6 , •  54,0 56 ,5  I~  17,8 16 .1  3 24,2 2402 3 8 28 .3  31 .2  18.1 20,1 

3 •2 .9  38,5 ~ 63,0 65,9  2 2 160,2 161.8 4 36,3 38,1 1 9.1 3.7 5 1 O 22.8 19.8 
157.0 152.6 143,3 141,5 1 22,8 15,4 3 28,3 29,0 2 14,6 12,5 ~ 95,4 16,5 

n 3 272.0 252.5 10 22.4  23.2 ~ 41,5 44.8 ? 28,3 27,5 3 16,0 12,9 5 • . 3  49,5 
2 21,9  18,4 12 26,0  26,7 36,1 36.? ~ 22,8 23,4 4 17.8 17,7 3 27,8  25.5 
• 94,9  92,7 1 6 .O 65.3 66,8 4 152.5 158,6 2 9 16,0 15,7 5 30.1 31,4 4 27,4 25,1 
; . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . .  3 . . . . . . . . .  : . . . . .  5.0 : . . . . . .  

70 ,5  72 .9  89 ,9  91,3 ~ 67,6 65 ,8  ~ 12o3 11~0 19,2  18 ,8  36,3 40,6  
0 9 1 60 .3  55 .0  3 39 .3  38 .2  6 . ?  5~5 8 1 133,3  11608 4 0 0 60 .3  52 .5  5 2 6 7 . |  6 ,9  

. . . . . .  : . . . . .  200 ~ . . . . . . . .  ~ . . . . . . . .  ~ . . . . . . . .  ~ . . . . . . . .  
27 .8  24.2  36,1 38.0  1 39,? 41,4 16,9 15o? ~00.4 97.~ 28,8  27,6  

18 O 94 .9  99.1 ? 99 ,5  99 ,6  11 20,5 21,8  ?8.5 6?.9 ~ 111.4 113 . . . .  2.~ 33.9 
10,7 13.~ ~ 01,2  78,? 1~ 39,3 34,6 26,0 26,4 134.6 132,4 5 9 .6  4 ,9  
16,0 17.5 49,3 4602 2 3 32.4 31.8 5 31,5 27,6 5 15,1 13.7 ~ 30.1 27,5 

1 1 ~ 432.2 447.5 10 16,9 16,0 ~ 179,8 177,4 6 66,6 6608 6 42.4 35,2 23.'7 26.8 
3110 ? 310,5 11 8.2 903 183.3 130,3 ? 42,0 4011 ? 10,0 8 .2  5 3 O 43,4 41.? 

. . . . . . . . . . . .  ~ 113.7  . . . . . . . .  110.6  : 230,5  . . . . . . . . . . . . . . . . . . . .  235,0 11 55,? 57,6  : . . . . . . . .  ~ 18 . . . . . .  506.6 479.1 23.7 23,9  8 .7  3 ,9  

169,2  259,8 63 ,3  64 ,3  6 39.3 33 ,3  67,8 68 ,7  1 20,5  16 .7  11 ,3  24 ,8  
7 38,3 39.6 4 71,2  7300 7 53.4 37,8 ~ 16,9 5,8 3 82,6 81.0 ~ 17,8  17o? 

36 .3  37.1 5 50 ,7  49 ,9  ~ 2?o4 34.7  44 ,?  41o8 ; 31,1 49.5 21 .0  10.0  
27,4 22 .2  ~ 16 .9  16 ,0  22,3 26,0 • 73,0 72,6 7 .8  2 .0  3 4 1 10 ,0  9 ,3  

10 89,9  93,1 51,6 53,3 10 39,? 3g,? 5 113,9 11406 6 16.9 13,4 3 11,4  37,8  
11 31 .5  33 .0  9 44 ,8  41 .6  11 17 ,8  13 .6  ~ 156.1 18109 ~ 13 .7  12 ,2  4 11 ,9  12.4  
12 97.2  91,4 10 18,7 17,8 12 48,8 46,2 13,7 10,4 • 42,0 89.3 5 S 0 33,0 30.5 
13 81,2  ?6 .0  1 6 O 44,7 47.8  2 4 ~ 63,4 62.8 ~ 49.$ 44,a 9 34,2 35,3 ~ 14,1 13,9 

i 2 ~ 70 .3  74,9 ~ 43 ,8  51 ,3  201 .?  215,9  1 16,4 11 ,6  • 2 | 53 ,0  51 ,3  8 .6  13,1 
438.2 436.? 36,1 36,7 2 89,9 98,6 11 46,1 45o2 1 •44.3 46.6 

l / . . . . . . . .  

/ 

5 .... / 

a 3J ~ ~ ...... -'" 

YL_+z m m 
Fig. 1, Projection of  the structure a long 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(2)-F 1"364 (4) ,~ C(1)-C(2)-C(1 iv) 111.0 (3) ° 
C(1)-C(2) 1,532 (4) F mC(2)-C(I) 110.2 (3) 
C(1)-O(1) 1.251 (4) O(1)-C(1)-O(2) 126.4 (3) 
C(1)-O(2) 1.245 (4) O(1)-C(1)-C(2) 116-9 (3) 
C(2)-H(1) 0.97 (7) O(2)-C(1)-C(2) 116.7 (3) 
O(2)-H(2) 0.96 (7) F---C(2)-H(1) 109 (5) 

C(1)-C(2)-H(1) 108 (5) 
C(1)-O(2)-H(2) 103 (5) 

Hydrogen bond distance O(2)-H(2)---O(1'") 2.651 (4) A 
The following superscripts are used in this Table and in Fig. 1 : 

('): ½+x ½--y z 
("): ½--x ½+y - z  
('"): --x - y  --z 
(iv) : x y ½ - z 

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 (Manojlovi6 & Speakman, 
1967). The C-C- O  bond angles are equal too. Average 

"0" 
H / 
(a) 

H-/- O" ~ / / O H . _ _ _ . _ .  

2.57 : J 

"F 
(b) 

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

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; Manojlovi6 & Speakman, 
1967; Housty, 1968). 

The atoms C(1), C(2) and O(1), 0(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 iv) in fluoromalonic acid is equal to the cor- 
responding distance O(1)-O(4) in tartronic acid. 

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