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Ammonium hydrogen malonate, NH4HC3H20 4, is monoclinic, space group C2/ c, with cell dimension~ at 22 •: 
a= 11.214(3), b = 8.647(3), c = 11.507(4) A, /3 = 107.29(2)•; Z = 8, Dx = 1.510(3) gcm- 3

, Dm = 1.51(1) gcm-3
• The 

structure was determined from x-ray diffraction data collected with an automatic diffractometer for 794 
independent nonzero reflections, and the model was refined to R = 0.040. The two carboxyl groups lie in planes 
which are nearly perpendicular. They are linked by strong symmetrical hydrogen bonds [0-0 = 2.488(3) and 
2.476(3) A], so that each can be regarded as half-ionized. Average bond lengths are C-0 = 1.29, C = 0 = 1.23, 
C-C = 1.51, C-H = 1.05, N-H = 0.99 A. The ammonium 'ion participates-in four N-H ... O hydrogen bonds 
with lengths from 2.80 to 2.99 A. 

I. INTRODUCTION 

· Recent developments in ~3C nuclear magnetic reso
nance spectroscopy make it possible to find the chemical 
shielding tensors of crystalline substances and to corre
late the orientations of these tensors with respect to the 
molecular structure determined by x-ray diffraction. 
The results may give better understanding of the rela
tion between electronic structure and magnetic shield
ing. If consistent resuits are. found for the same groups· 
in various crystals, then the NMR technique may be 
used with confidence,.as a probe of orientation in other 
phases, Pines and his co-workers have studied several 
carboxylic acids and salts for these purposes. 1 

In this paper we repol't the crystal structure of am.:. ' 
monium hydrogen malonate. We studied it by x-ray dif
fraction to complement the NMR study of Chang, Griffin, 
and Pines1 in the article which follows. The combined 
study yields orientations for the tensors for. carbon in 
the methylene group and in two independent carboxyl 
groups, and shows that the latter orientations are signifi
cantly affected by the nonequivalence of the oxygen 
atoms, one of which is involved in strong· hydrogen bond
ing. 

II. EXPERIMENTAL 

Commerical "ammonium malonate" was recrystallized 
from water; this procedure invariably yields the acid salt, 
ammonium hydrogen malonate, rather than the neutral 
one. 2•

3 A crystal with dimensions 0. 20x 0.12x 0. 08 mm 
was used for measurements with a Picker FACS-1 auto-

·~ matic diffractometer using graphite-monochromatized 
MoKa radiation (A= 0. 70926 A for Ka1). Unit cell di
mensions a= 11. 214(3), b = 8. 647(3 ), c = 11. 507(4) A, and 
{3= 107. 29(2) 0 were determined by a least-squares re
finement using the setting angles of 12 accurateiy cen
tered reflections which were in the range 40° < 28 < 45°. 
The. Ka 1 and Ka2 components were resolved. The tem
perature was 22 ± 1 o. Intensities were measured by the. 
8-28 scan technique for 2015 reflections in half the re
ciprocal sphere {±h,+k, ±l)with 28< 50°, Averaging of 
equivalent reflections yield~d 951 unique intensities of 
which 794 were greater than the standard deviation esti
mated from the counting statistics or the scatter of 
equivalent reflections, whichever gave the larger value .. 

· With an absorption coefficient J.J. = 0. 96 cm-1
, the absorp

tion effect is almost negligible,· and no. correction was 
made. A series of azimuthal scans (rotation of the 
crystal about a scattering vector) showed a variation 
of the intensities less than 3%. 

Preliminary photographic study, confirmed by the dif
fractometer measurements, showed monoclinic sym
mE:!try and'the diffraction conditions h +k = 2n for hkl and 
l.= 2n for hOl. The statistics of the normalized structure 
factors indicated centric symmetry. Accordingly, the · 
space group was assumed to be C2/ c, and this· symmetry 
was confirmed by successful refinement of the structure. 

The crystal structure was solved by direct methods 
using the MULTAN prog!'am 4 and refined by o.ur full-ma
tr}x least..:squares program. A Fourier synthesis using 
the phased_ normalized structure factors showed clearly 
all the carbon, oxygen, and nitrogen atoms. All the hy
drogen atoms showed up after two consecutive difference 
Fourier syntheses. 

Isotropic temperature factors were used for the hy
drogen atoms and anisotropic temperature factors for 
the other atoms in the least-squares calculations. In the 
last cycle, no parameter shifted more than 0. 03 times 
its estimated standard deviation. An extinction correc-

oc 
oo 
®N 
oH 

FIG. 1. Crystal structure of ammonium hydrogen malonate, 
viewed down the b axis. The numbers indicate ho~ the carbon 
and oxygen atoms are designated in the tables. For clarity, 
only about half the contents'of the unit cell ar(:l shown. Hydro
gen bonds are indicated by broken lines. 
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TABLE I. Observed structure factors, standard deviations, and values of I F 0 I -I Fcl 
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o 28 ' -s z 101 ] . ) 
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l II 14 -12• 
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l 26 3 1 
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L;I~FI 
R = L; I F 

0 
I = 0. 040 

where w = 1/(a2(F) + pF 2
) for the 794 reflections with 

/?: a(I) and w = 0 otherwise; p has been adjusted too. 04. 

TABLE II. Coordinates and anisotropic thermal parameters for the heavy atoms. The estimated standard devia
tion of the least significant digit is indicated in parentheses. The temperature factor is T= exp(- L; h;hJBiiat' aj I 4) 
with h; a Miller index, at a reciprocal axis length, and BtJ in units A2• . 

C(1) 
C(2) 
C(3) 
0(1) 
0(2) 
0(3) 
0(4) 
N 

X 

0.1854(2) 
0.1954(2) 
0. 3110(2) 
o. 0984(1) 
0. 2698(1) 
0.4098(1) 
0. 3073(1) 

-0. 0449.(2) 

y 

o. 0732(2) 
-o. 0205(2) 

0.0126(2) 
0. 0496(2) 
0.1763(2) 

-0.0598(2) 
0.1025(2) 
0.2644(3) 

z 

0.3740(2) 
o. 2668(2) 
0. 2294(2) 
0. 4166(1) 
0.4147(1) 
0. 2912(1) 
0.1465(1) 
0. 5149(2) 

1. 93(7) 
2.21(8) 
2. 79(9) 
2.65(6) 
3.08(6) 
2.39(6) 
4.08(7) 
4.1(1) 

2.50(8) 
2.53(8) 
2.48(8) 
3.81(7) 
4.02(7) 
5.69(8) 
3.65(7) 
3.8(1) 

2. 56(8) 
2. 76(9) 
2.45(8) 
3. 93(7) 
3.63(7) 
3.64(7) 
3.66(7) 
5.0(1) 

0.13(6) 
-0.17(7) 
-0. 23(7) 
-0.63(5) 
-1.60(5) 

0.72(6) 
0. 21(6) 
0.55(8) 
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0.85(6) 
0.95(7) 
1. 27(7) 
2. 03(5) 
2. 03(5) 
1. 61(5) 
2.17(5) 
2.85(9) 

o. 22(6) 
-0.27(7) 
-0. 59(6) 
-0. 64(5) 
-1.48(5) 

1.18(6) 
0.83(5) 
o. 32(9) 

!. 
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TABLE III. Coordinates and isotropic thermal parameters for 
hydrogen atoms. · 

X y z B(Ah 
H(1) 0.112(2) 0. 005(2) 0.194(2) 3.1(5) 
H(2) 0.195(2) -0.134(3) 0. 291(2) 2.7(4) 
H(3) 0.250 0.250 0.500 9.1(13) 
H(4) 0.500 -0. 053(6) 0.250 9. 3(12) 
H(5) 0. 045(5) o. 259(5) . 0. 548(4) 12. 2(15) 
H(6) -0.073(3) 0. 309(3) 0. 428(3) 5. 8(7) 
H(7) -0.083(3) 0. 328(3) 0. 574(2) 5. 5(6) 
H(8) -0. 064(4) 0.165(6) o. 525(3) 9. 6(12) 

For all data, R = 0. 052. The standard deviation of an 
observation of unit weight was 1. 22. For the nonhydro
gen atoms we used the scattering factors given by Doyle 
and Turner. 5 For hydrogen we used the scattering fac
tors calculated by Stewart, Davidson, and Simpson. 6 

The spherical values were used for ·the two hydrogen 
atoms in the special positions, and the polar valu~s were 
used for the others as described elsewhere. 7 The anom
alous dispersion coefficients given by Cromer and Liber
man8 were included in our calculations. Table I gives a 
listing of F0 , its standard deviation, and t. = I F0 I - I Fe I . 

Ill. RESULTS AND DISCUSSION 

The final atomic parameters are listed in Tables II 
and III. Interatomic distances are given in Table N and 
bond' angles in Table V. The crystal structure is shown 
in Fig. 1. · 

The configuration of the malonate is similar to that 
found in malonic acid by Goedkoop and MacGillavry. 9 

The planes of the two carboxyl groups are nearly per
pendicular to each other. This configur9-tion differs 
totally from that in most of the dicarboxylic acids and in 
potassium hydrogen malonate, 10 where the nonhydrogen 
atoms lie nearly in a plane. In the present compound, 
the mal.onate residue lies on a general position with two 
carboxyl groups geometrically almost identical although 
not related by symmetry. As in the potassium salt, 10 

the malonate ions are connected in infinite chains by 
strong symmetric hydrogen bonds. In this case, half 
these bonds are on centers of inversion (0-0 = 2. 488(3) A) 
and half are on twofold axes (0-0= 2. 476(3) A). There-

TABLE IV. Interatomic distances (in A). 

C(1)-C(2) 1. 508(3) 0(3)-H(4) ·1. 240(3) 
C(2)-C(3) 1. 510(2) 0(2)....()(2) 2.488(3) 
C(1)-<J(1) 1. 232(2) 0(3)....()(3) 2.476(3) 
C(1)-()(2) 1.283(2) N-<J(l)a 2. 897(3) 
C(3)-Q(3) 1. 287(2) N-<J(1) 2. 939(3) 
C(3)....()(4) 1. 222(2) N--()(2) 2. 992(3) 
C(2)-H(1) 1. 07(2) N--()(3) 2. 901(3) 
C(2)-H(2) 1.02(2) N-<J(4) 2.803(3) 
N-H(5) 0. 97(5) 0(1)-H(8) 2.05(5) 
N-H(6) 1.03(3) 0(2)-H(5) 2.06(5) 
N-H(7) 1.06(3) 0(3)-H(6) 1. 90(3) 
N-H(8) 0.90(5) 0(4)-H(7) 1. 78(3) 
0(2)-H(3) 1.244(1) 

~his neighbor is not hydrogen bonded. 

TABLE V. Bond angles (in degrees). 

0(1)-C(1)-Q(2) 
0(1)-C(1)-C(2) 
0(2)-C(1)-C(2) 
C(l)-C(2)-C(3) 
0(3)-C(3)-Q(4) 
0(3)-C(3)-C(2) 
0(4)-C(3)-C(2) 
H(1)-C(2)~C(1) 
H(1)-C(2)-C(3) 
H(2)-C(2)-C(1) 
H(2)-C(2)-C(3) 
H(1)-C(2)-H(2) 
H(5)-N-H(6) 
H(5)-N-H(7) 
H(5)-N-H(8) 
H(6)-N-H(7) 
H(6)-N-H(8) 
H(7)-N-H(8) 
0(2)-H(3)-Q(2) 
0(3)-H(4)-Q(3) 
N-H(5)-Q(2) 
N-H(6)-Q(3) 
N-H(7)-<J(4) 
N-H(8)-Q(1) 

. 123. 7(2) 
119.8(2) 
116.5(2) 
114.2(2) 
124.4(2) 
114. 9(2) 
120. 7(2) 
106(1) 
111(1) 
107(1) 
109(1) 
110(2) 
112(5) 
110(4) 
100(5) 
112(3) 
118(4) 
105(4) 
180 
174(5) 
159(4) 
162(2) 
160(2) 
169(4) 

sult is that the two crystallographically independent car
boxyl groups are chemically equivalent, and each can be 
regarded as half-ionized. The bond distances clearly 
differentiate the carbonyl oxygen atoms (C-O =1. 232 or 
1. 222 A) from those bonded to hydrogen (C-O =1. 283 or 
1. 287 A). 

The hydrogen atoms of the ammonium ion are regular 
tetrahedral within two standard deviations. Nitrogen has 
five oxygen neighbors, from five different molecules, at 
distances between 2. 80 and 3. 00 A. Four of these are 
located so as to participate in N- H .•. 0 hydrogen bonds, 
as depicted in Fig. 1. 

The relatively low thermal parameters for H(l) and 
H(2) reflect the fact that they are rigidly attached to the 
backbone of the malonate ion. The hydrogen atoms in 
the hydrogen bonds are evidently less restricted in their 
motion. A reviewer raised the question of single or 
double potential minima for the protons in the short 
hydrogen bonds. The resolution of the diffraction data 
(terminated at d = 0. 84 A) does not permit one to dis
tinguish motion in a single minimum (rms amplitude 
estimated as 0. 3 A) from disorder among two positions 
close together, each with a smaller amplitude of mo
tion. 

*Work performed under the auspices of the U. S. Atomic 
Energy Commission. G. Chapuis acknowledges the Swiss 
National Funds for financial support. 
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