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Crystal structure\of ammonium hydrogen malonate*; ;

Gervais Cha‘puis Allan Zalkin, and David H. Templeton

5 D

Ammomum hydrogen malonate, NH,HC,H,0,, is monoclinic, space group C2/¢, with cell dlmensmns at 22°%:

a=11214(3), b =8.647(3), c = 11.507(4) A, B =

107.292)% Z =8, D, = 1.510(3) gem™>, D,, = 1.51(1) gém~>. The

structure was détermined from x-ray diffraction data collected with an automatic diffractometer for 794

independent nonzero reflections, and the model was refinéd to R = 0.040. The two carboxyl groups lie in planes -
which are nearly perpendicular. They aré linked by strong symmetrical hydrogen bonds [0-O = 2.488(3) and
2.476(3) A], so that each can be regarded as half-ionized. Average bond lengths are C-O = 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

l. INTRODUCTION

- Recent developments in 3¢ nuclear magnetic reso-
nance spectroscopy make it pqssiblé 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-

3

ing. X consistent results are found for the same groups

in various crystals, then the NMR technique may be

used with confiderice as a probe of orientation in other
phases, Pines and his co-workers have studied several
carboxylic acids and salts for these purposes, ! v

[y

In this paper we report 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 Pines! 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. - ‘

Il. EXPERIMENTAL

Commerical “ammonium malonate” was recrystallized
fromwater; this procedure invariably yields the acid salt,
ammonium hydrogen malonate, ratherthanthe neutral ‘
one.?? A crystal with dimensions 0.20x0.12x0.08 mm

* was used for measurements with a Picker FACS-I auto-.

miatic diffractometer using graphite-monochromatized
MoK a radiation (=0, 70926 A for Ka,). Unit cell di-

mensions a=11,214(3), b=8,647(3), c=11,507(4) A, and

B=107.29(2)° were determined by 2 least-squares re-
finement using the setting angles of 12 accurately cen-.
tered reflections which were in the range 40°< 26 < 45°,
The Ko, and K&, components were resolved, The tem-
perature was 22+1°, Intensities were measured by the
6-20 scan techniqiie for 2015 reflections in half the re-
ciprocal spheré (%, +k, +I) with 26 < 50°., Averaging of
equivalent reflections yielded 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.,
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* With an absorption coefficient 11=0.96 cm

. and oxygen atoms are designated in the tables.

-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-
metry and the diffraction conditions h +k =2 for hkl and
1=2n for ROl. The statistics of the normalized structure
factors indicated centric symmetry. Acecordingly, 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 program4 and refined by our full-ma-
tr1x least-squares program, A Fourier synthes1s 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, Inthe

last cycle, no parameter shifted more than 0.03 times
its estimated standard deviation,

An extinction correc-

FIG. 1. Crystal structure of ammonium hydrogen malonate,
viewed down the b axis. The numbers indicate how the carbon
For clarity,
only about half the contents“of the unit cell are shown. Hydro—
gen bonds are indicated by broken 11nes
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TABLE I. Observed structure factors, standard deviations, and values of | Fy| — [ F,|

CBSEPVED STAUCTURE FACTORS, STANDARD NEVIATIONS: AND DIFFERENCES (X10.0) FOR A
AMMCNTUM MYOROGEN MALONATE r 0,08 = 2562
SG = ESTIMATED STANDARD DEV 10N OF F0B. DEL .~ /FOB/-JFCA/. ® INDICATES ZFRC WE[GHTED DATA.

K FOR SG DEL ® FNB SG DEL % FOB SG ﬂﬁ.

K FOB SG OEL K FOB 5G DEL K FOB SG OEL X FOB SG DEL K FCB $G DEL R FOA SG DEL X FOB SG NDEL K FOB SG DEL X FOB SG OFL K ma $G DEL
Hetx 0, O 3 $ -2 T 2T 5 -2 4160 3 2 5 2410 4 2 8 5 -2 Hole 4, 8 Mil= S, 3 Milx 6, 0 1106 2 ~1 0125 & 2 S 1819 4¢ 2 3 -1
255111 30 s 53 2 -3 Hel= 1. 10 6 89 2 -3 T LT T -3 4 1510 -6 ©0 71 3 & 1 31 2 -1 0152 3 2 3 91 2 2 2238 6 0 T 18 8 16 N.L- 11,-10
4180 4 -5 7 S8 3 -2 1 513 -5¢ 8 65 2 1 9 320il -3 & 40 6 O 2 B2 & & 3 37 2 -1 2 %2 2 -3 5 64 3 -1 & 68 2 O HMt= 9, 0 1 2T & 3
6 63 2 0 Hel= 1y -6 3 2014 9 Het= 2, 3 Hol= 3, =3 Mets 4, -9 4112 3 2 5 76 2 -2 4 22 & 1 T 914-10% & &l 2 <2 1 912 9% M= ll, -9
B 35 2 2 1179 & -t 5 ST 3 2 2 47 2 3 1169 3 -3 2 0O n -3¢ 6 20 9 9 7T 20 3 0 6 1T 6 4 Melx T -1 8 24 6 1 3 69 3 -6 1 42 3 -1
10 915 4% 3 3% & 3 Hete e Ll 4266 5 -0 3 S& 1 2 4 61 -0 Mel= &4, 9 Hele S, & 8 18 3 1 L 119 3 -2 Het= 8, -l 5 22 4 -0 3 .74 2 &
Mels 0, 1 5 57T 2 -2 1 &8 3 1113 56 5134 3 0 & 11 u 9% 2 21 &4 -0 1L 91 & -2 Mol 6y L 3 17 5 6 2 S8 2 -2 T 025 -84 Hel= Il, -8
2269 6 5 7 2004 3 3 1513 3 B 26 4 & T 1515 Te Hets 4, -8 4 3 3 -1 3 Bl 2 A4 2 8 4 3 S 83 3 -5 4112 & -4 L= 1 1 62 3 5
% 33 02 1 9 1214 6% 5 1014 1% ML= 2, 4 9 67 2 3 4 A1 2 -1 Hel= 4, 10 5 412 -1 & 67 2 3 7 1217 7+ 6 T 7 -3 1 1214 e 3 29 5 o
6 25 2 -5 Helz 1y -5 Mel= 1. 12 0367 7 -4 Helw 3, -2 2 015 -1% 0 129 T 1116 B¢ 6 16 7 9 Het= T, © 8 27 5 -7 3 24 8 -10 Heb= 11, -7
4 62 3 1 1303 6 & 2 0 1310 7 13 4 63 6 -9 2131 3 3 Hel* S 5 8 35 2 -3 1 86 3 @ Hels 8, O S 66 3 -2 1 26 5 -3
10 21 6 -4 3 21 2 -1 1 -1 32% 6 3 6 5% 5 -4 4 916 -9¢ 1 58 2 -2 Mol 6072 3 B85 2 1 0262 6 4 T 1517 4+ 3 68 2 -3
Melz Oy 2 5 96 3 -5 « -3 sn3 3 -1 8 35 7 2 Hols S5,-13 3 88 2 -3 0 27 5 -6 5 T 14 -1 2162 & 1 ML= 9, 2 5 28 5 7
cHe7 3 & T 9% 2 -2 3 2 1 55 3 -4 Hot= 4, -7 L 712 3 S 61 3 -2 2 S8 2 3 1 15 5 & 4 36 & 0 1 41 3 -1 Melz dle =6
Z2 75622 22 9 2213 0 2. 5 9 32 9 -0 2266 5 1 3 4l & -L 7 S8 2 -3 4 70 2 -4 Meie Ty 1 6 39 3 -0 3 40 3 L 1 92 & 1
“ 20 2 -0 Hilx Ly -4 2 - Hele 3, -1 & 73 3 -3 Hal=  Se-12 Mel» 5, 6 6129 3 -2 1163 3 -1 & 43 3 -1 5 015 -1¢ 3 29 5 -2
& 69 2 -1 135 8 & 3 -3 1202 6-I6 6 1620 166 1 B4 3 -3 I ¥5 2 3 B T19 -3 3 46 2 -2 Hols 8, 1 Ml= 9, 3 5 22 8 T
8 43 2 -1 3 & 2 1 S5 4 3341 7 2 8 LLIS 0% 3 914 55 3 43 & -6  Hite 6, 3 014 ~9¢ 2 35 & -5 1 18 &6 12 ML= Lio -5
10 49 2 2 5 41 3 -a@ 6 -5 5 28 & -3 Mel= &y =6  Hol= S,=11 5 22 & -2 2 28 3 -2 1_32 4 4 356 3 -2 3 185 1 1 5 2 1
Hel= 0, 3 7 43 2 0 2, & 7 23 5 & 6 32 2 3 L 4B Z 3 T 1216 12¢ 4 42 3 & Hale T, 2 6 49 2 -3 5 S4 3773 3 4l 3 &
262715 32 9 23 9 4 4 &7 3 -6 0 1612 -3 9 65 2 1 222 5 -t 3 50 6 3 ML= 5, 7 & 9 2 L Li3w 3 -2 Hel= 8, 2 Ml= 9, & S5 &1 5 &
4 185 4 -8 Het= Ly =3 6 916 -4¢ 2129 3 -} Mel= '3, O 4 UST- 3 3 S 30 3 -2 L 47 3 -1 B 4012 S 3 28 6 3 0126 & -4 1 1316 -6 Hils Ll —&
6156 3 4 L 620 -5¢ H,le 2,-10 4175 & 6 1 1416 0% & 26 8 -4 Hle 5,-10 3 23 & -2 Hel= 60 & 5 1116 4% 2 66 2 2 3 1012 -1¢ 1 07 3 -3
6 19 4 -0 3304 B 4 0 20 5 6 6168 4 -3 3143 3 6 & 3 7 & 1 65 2 1 5 1120 -l* 0166 3 2 7 21 T -5 & 32 5 O S 2T 6 -5 3 50. 3 O
10033 6 1L S & 2 -3 2 66 2 6 8 &0 2 -3 5 58 2 1 Holx 4y =5 3 52 4 -z Hele 5S¢ 8 2 85 3 T Het= T, 3 6 83 & -6 Hitx 9 S5 5 2010 3
Melx 0y & 7 &1 2 -2 4 012 -200 Hel= 2, T T T6& 2 1 2 T6 2 5 S 4T S t 12 -4 4 76 3 -3 1 87 3 & Mel= 8y 3 L 915 3¢ ML= 11, -3
0 25 2 -3 9 46 2 1 6 38 3-10 2 2L 3 -2 9% 32 6 2 4 29 3 & Hels 5, -v 3 21 8 1 6 S0 2 -2 3 33 3 3 2 66 2 1 3 68 2 & L 84 3 L
2 13 &4 1 - HMllr 1, -2 Melx 2, =9 & 1316 1 Hle 3, 1 6 111 3 1 Til 2% 5 33 5 2 Wetr 6, 5 5 1516 Lle & 18 3 -6 Hil= 9, 6° 3 &7 2 5
431 7T 2 1 29 3 8 2 23 5 -3 6 T5 2 3 1369 8 -1 8 59 3 & 3 49 2 -1 Mela Sy 9 2 73 3 0 7 [012 3¢ 6 1417 9% 1 2617 O S5 29 5 2
6 9% 2 -1 3177 & -6 4 8 4 0 6 2010 1Z 3152 3 O Hels 4, -4 5 20 6 -9 1 30 & -4 4 1520 -4¢ H,ls T, # Motz 8, & 3 40 3 & Hel= 10, =2
81l 3 0 S190 & -1 6 ST 2 -2 Hebe 2, 8 S 86 3 -1 O 623 u AT 7 89 2 0 3 39 3 0 & 33 & T 1 011 -4¢ O 59 3 -4 Mol= 10,-11 L 8L 2
Helr 00 5 7 48 2 1 HeLe 2, -8 0 66 2 3 7 1912 -0 2 166 -1 Hel= 55 -8  Hyle S, 10  Hils 6, 6 3 36 4 -6 2 BT 2 3 2 33 9 -4 3 24 3
2181 3 -3 9 3866 -15% O I3L 3 3 2T5 & -2 9 3% 1 -1 4 %52 1 4 1 95 2 -1 1 1215 10%¢ 0 8L 2 -1 5 &8 3 -6 4115 3 -t Hele 10,-10 5 8 13
4157 3 4 Hol= 1o =1 2 78 2 & & 83 3 -2 Hete 3, 2 6 29 & 3 3 16 6 -4 Mele 6,-13 2 19 3 6 T 1518 3¢ 6 44 & 4 0 28 T -5 Hek= 1.
6 52 2 2 1156 4 2 & 62 2 ~1 6 29 4 -1 1152 3 6 6 2219 -3 5 58 3 -9 2 ¥IT 3 z 4 23 3 4 Hole T, 5 HeLe 8, 5 2100 3 3 .1 37 3
8 ST 2 -1 3221 5 -2 6 69 2 -3 Mele 2, 9 3183 6 0  Helx 43 -3 T 28 5 2 Hele 6¢0-12 6 22 5 4 1 Ok -3¢ 2 82 3 -2 & 22 & 4 13 St 2
Helz 0, 6 5128 3 & 8 2020 2¢-2 32 9 -0 5 9 2 -2 164 4 -3 wl= 5, -T 916 -1l wits 6. T 3 44 S 4 22 1 -5 Hete 10, -9 S 46 3
023s 5 1 1182 5 1 Mele' 2, -7 4103 3 1 7 1014 3 4212 5 -1 L1o& 2 3 2 87 2 -1 2 68 3 3 5 1T 9 11 Hele B, 6 2 26 T 13 Hele L1,
2187 4 4 9 56 9 6 2:52 3 2 6 12 9 5 9 21 8 -6 6 68 2 -1 3 66 4 L & 1517 6e 4 42 3 2 Hel= 7o 6 0 35 &4 8 4 34 o 1 2410
4 79 2 -1 Helz 1 0 6135 4 -0 Hele 2. 10 Hel= 3, 3 8 71 2 2 5 1316 10% Hil= 6.-IL 6 1315 Te L 21 S-11 2 59 4 -l MyLe 10, -8- 3 35 .2
6138 3 -0 1 4t lz SIL 6 47T 3 -1 0102 3 2 1 §8 3 0 M= 4, -2 T 49 5 9 2 23 B 3 M= 6, 8 3 916 -3% 4 2716 -1 O 39 2 5 1919
" 43 3 0 3150 -6 8 T2 2 4 2 63 3 -1 3151 3 -2 0463 10 't4 ol 5. -6 4 39 & 11 0 109 75 1819 3¢ Hx 8, T 2 88 2 -4 Hel= 11,
Mel= 0, T 5 16 A 4 Melx 20 -6 & 26 & -4 S145 3 -2 2 652 -2 1 7V ~T*  Mel= 6y-10 2. 8 k1 -3% Hilx T, T 2 022 -T* 4 53 3 6 L 43 3
2 8 2 .-5 T 1119 -2% 037s 9 25 Hyls 2,11 7 93 t & 86 2 3 3 7 u ~2¢ 0379 8 1 4 1320-10¢ I 1117 5% ML= B, @ Wil= 10, -7 3 AT 10
4 38 2 -2 9 49 3 5 2 B8 9 -2¢ 2 21 7T O 9 1516 4 6121 3 3 5 93 3 3 2121 3 -1 Hel= 6. 9 3 2123 4% 0 72 3 =3 2 812 4% Hdi= Ll
6 46 2 -4 Hetx 1, 1 & 26 2 & 4 28 9 1 Hel= 3, & 8 15 4 15 7 1118 5% &4 664 & -1 2 37 2 s w77 -2 Hels 9url2 & 79 2 -1 1 69 2
8 13 9 12 1 18 2 -1 6 OLl -4% Mls 2,12 1 &7 2 -2 Hols &, -1 Hele 5o =5 & 16 5 &2 Het= 7,-13 Mele 7o 8 1 72 2 2 6 018 -8% 3 26 9
WeL= O, 8 3150 3 -4 @ 39 & -6 O 56 & 5 3192 5 -5 21023 3 2 1282 5 1  Hyl= 6 -9 1 3¢ 1932 -3 M= 9,-t1 MoL= 10, -6 Hil= 11,
0o 83 2-1 5130 3 -i Wele 2, -5 2 31 4 1 5 21 4 T 4128.3 -2 3 37 4 -1 2 81 3 -l HMel= 7,-12 3 1116 0¢ 1 1316 3% 0179 & -10 1 33 &
2 35 2 1 7T T8+ 3 2 2 99 2 & Melz 3,-13 7 1518 O0¢ 6 B8 4 -2 SI3L 3 1 & T1e & 1 Se 2 Hel= 8,-02 3 80 2 -1 2 88 2 -& 3 19 9
4 37 2 -2 9 815 S* 4 55 2 2 1 iS 54 9 34 5 8 8 27T & -4 7TUl6 3 1 6 30 4 1 3 6% 3 3 0 312 -l1¢ mlec 9-10 4 T3 2 -2 Hol> 12,
6 47T 2 -2 HWel= 1y 2 6 D15 =5%°3 56 2 & Hel= 3, 5 Mele 4, 0 9 33 3 Hole 6, -8 Motz To-i1' 2 19 9 -4 1 1e10 6 &6 S1 5 3 O LT 19
8 2T 4 1 18915 6 B 45 3 3 Mel= 3,-12 1 15 4 <2 0 T 8 &% Hys S, -¢ 010 3 5 1 76 2 Hol= Bo-I1 3 1517 T¢  WLl= 10, -5 2 23 &
Hol= 00 9 3131 3 -4 Hela 2, =6 4 31 3100 3 -2 2 37 -1 L2286 S 8 2221 % -3 3 &8 5 -1 2 1617 -3 5 2125 S* 2 22 & Hel= 12,
2 20 5 -3 5 3 &4 1 0137 & 3 3 &3 7 5158 3 -6 4 HO12-ik* 3 8 3 5 4 TS 2 -2 5 22 5 & 4 61 2 3 Hil= 9, -9 & 65 3 -1 2 37
4 66 2 -L T T4 & L 243210 28 Hels 3,-11 7 4k & =3 6 75 2 & 5 19 2 2 & 4% & -2 L= 7. 10° Hel= 8,510 1 33 S -3 & 18 8 7 Hel= 124
6 30 2 t- 9118 5 2 6205 5 13 93 3 Hike 3, 6 8 28 T T 015 -9% Hyl= 6, -7 1 3 -2 33 6 ~2 3 55 2 -2 Hoi= 10, = O
“ilz 0, 10 Mele By 3 & T4 2 1 315 9 2 115 3 -3 Helx 4, 1 9 25 8 7 2248 & -3 3 16 la & 2 1113 3+ 5 24 9 -2 0 1T 4 -0 2 2326
0 26 3 -7 1132 3 -8 B 114 4¢ 5 1219 -3¢ 3 68 3 2 2 TT 2 -5 Melw 5. -3 4 46 4 -2 5 56 & 6 & S0 2 5 Hels S, =8 2 38 3 -3 4 61 4
2 30 2 -2 Y108 2 8 Hols 24 -3 Mele 3,-10 5 &1 6 -4 & 46 2 -2 1219 6 2 & €6 2 3 MLz Ty -9 Hele 8, -9 1 U6 3 -5 & 1917 -7 Hil= 12,
4 28 3 1 5 69 3 -1 248010 26 1 25 9 0 T 35 2 1 6 69 3 -3 315 3 -1 8 617 <-0v L 1613 16 2118 3 -2 3 7L 2 -1 6102 &4 -0 2 49 2
6 1329 0% 7 62 3 2 4 64 2 -3 3 65 5 -4 HWels 3, 7 8 S6 2 -2 5 50 3 2  Melr 6, -6 3138 3 -0 4 60 5 -3 5 99 2 - Hel= 10, ~3 4 10 19
Melx O, 11 9 016 ~8% 6 1611 -2 5 37 3 O t S2 4 2 Mel= & 2 7 42 & -2 OL1s 3 1 5 49 & -4 6 015 -8% Hil= 9 -7 215¢ & -2 Hils 12,
2 35 2 -1 Mel» 1, 4 B 20 3 & T 16 9 -1 3 O I8-1&* O J7 2 -2 9 1816 13+ 2 27T & 6 Hl= T, -8 Mel= B, -8 1 EL g4 -4 4173 & -0 O 83 3
4 1016 -4+ 1 1414 3% 10 48 & -0 Hel= 3, -9 5 S4 3 -0 224 5 3 Hel= Sy -2 4200 4 1 1132 3 2 0152 3 -3 3 246 6 & 5 S -0 2 20 7
Malx 0, 12 3173 2 Hel= 2, -2 1 B& 4 0 7 1414 -B% 4 55 3 -6 1322 7 20 6 81 2 -2 3 48 3 -1 2 86 3 -0 5 62 S5 -1 Hol= 10, =2 4 33 &
0 1015 -2¢ 5 1s 5 -6 0 39 5 8 3 53 3 M= 3, 8 6 T6 3 -1 3 4 2 L 8 92 8 1 S5 66 3 2 & 99 3 0O Helz 9, -6 0 53 3 2 Hol= 12,
2 29 3 -4 1 81 1 2160 3 =1 5 1413-10 L 72 2 -1 B8 20264 3¢ 5 55 2 -1 Hel= 6o =5 7 9215 1¢ & 41 & .5 1 31 & -3 2 31 3 -1 2 36
4 18 3 3 9 IC14 4% 4249 & 6 T 2023 26 3 T & -1 Mele &, 3 733 9 -0 2 99 2 2 Het= T, -7 Hyle 8, -7 3109 3 -6 4107 5 1 & &7 5
Holz 1,-13 Hels le 5 6 95 2 4 M= 3, -8 5 2020 -T¢ 2106 3 2 9 52 2 0 4130 3 -3 1 28 3 -6 2 26 S 1 5 915 0% & 1015 2% M= 12,
1 1120-13% 1218 4 4 8 95 3 1. 1 5 3 -0 7T 4% 3 -3 4197 & -0 Mels S, -1 & 27 & 3 3 A3 Z 5 & 15¢ 3 -3 7 T 20 2% Hel= 10, -1 0159 4
Helx 1,-12 3223 S ~¢ 10 915 -3¢ 3142 3 3 Wils 3, 9 6 016 -0* 12648 T O 8 20 6 -4 5 31 3 0 & 57 3 1 Hel=z 9, =5 2 5T 3 -3 2 23 3
T 1817 3¢ S 86 2 -1 Hels 20 -L 5 1821 -B¢ 1 1821 -1¢ 6 52 3 4 3198 & 2 Molz 6, -4 T 62 2 3 Mele 8y =6 1 1920 5¢ & 123 -6¢ 4 23 8 12
3 43 5 7T Bl 2 1 2 1B19 2% T 6 il -8« 3 36 5 2 Myl= 4, 4 5211 5 0 0292 6 6 Mel= 7. -6 DO IE& 5 -2 318 & -2 & 38 5 T Hetx 12, -1
Mels 1,-11 9 14 16 Be 4 192 6. Mil= 3. -T 5 1617 -6* 0353 7 3 T I8 3 S 2152 4 5 113135 3 -1 2 19 2 -2 51% 3 O Mel= 10, O 2 &2 2
155 2 Helx Ls 67 6 91 -4 1 3 2 2 Melw 3,10 . 2162 3 2 9 73 2 1 4 82 3 2 3140 & 1 & 56 2 0 7 4 4 T 0195 & -1 4 25 8 9
3 85 3 1- 1 51 2 -1 B 1417 4+ 3132 3 & 1 1215 -7% & 75 2 & Helx 5, 0 6166 4 -0 S 38 9 2 5104 3 -1 Hele 9, -4 2214 5 3 Hilr 12, ©
S 1320 &= 3 59 2 -2 10 37 4 A 501 3 -0 3 30 5 B 6 I214 1*¢ 1 86 2 -3 8 1420 5¢ 7 65 & &  Hel= 8, -5 1 910 -3 & 1215 10¢ O 14 16 S¢
Hels 1.-10 5 46 3 3 Hel= 2, 0 7 4L 2 6 5 1322 -9« 8 2t ¥ 6 3 91 2z 3 Mola 6y =3  Melx 7, -5 2 B8 2 4 3 33 6 2 & 1217 4% 2 30 3 &'
1 20 -0 T &7 2 -3 0 47L 12 23 Hils 3y -6 Hel® 3, 11 Mel= &, 5 5 26 2 -0 222 5 -0 1 3 2 & 4100 2 ~-L 5 1014 S®  Hel= 10, | Hel= 12, 1
3 30 & -3 HMete 1, T 2250 5-22 1 28 3 3 ‘1 1720 B¢ 2 25 3 5 T 4 5 0 & 95 2 -2 3 48 2 -1 2L12 1 7T 1120 e 2 80 2 5 2 17 3
5 3t 4 3 1 35 3 4 414D 3 -6 3 27 3 3 3 34 4 -12 4113 3 -Z 9 20 6 -2 b6 42 2 2 5 1319 9% 8 2228 -~4* KL= 9, -3 4 22 4 -2 Hol= 12, 2
Metx Ls -9 3 20 6 -3 6129 3 2- S 83 3 2 Hel= 4,-13 & 30 3 2 Hete S5, 1 8 24 & -3 7 102 3 Hel= 8y -4 1120 -6 6 018 -14% 0 8 H
1 %4 & -4 5106 3 -2 813 I 7T 22 4 -4 2 1619 13% 8 2711 -1, L 161 5 2  Milm B, =2 Helx Ty -4 - 0 510 4r 3 42 3 1 Hel= 10, 2 Hele 13, =6
3 65 2 -2 T Bl 2210 59 & 2z 9 33 3 3 Hel=  &,-12 Mels 4, 6 3270 7 © 025 8 2 1 710 6 2160 4 -6 5 25 7 1 0189 & 3 1 43 & 5
5100 3 -4 Hat= 1, 8 Hel= 24 L Mit= 3, -5 0 91 3 -5 0 T16 2¢ 5 13 6 8 2 86 2 -3 3 45 2 -1 4134 & -0 7 1610 11 2 43 5 3 Hels 13, =5
T 47 5 -4 1114 3 -5 255213 -1 L18 3 & 2 T3 3 -5 2 2 3 4 7105 3 -5 & 29 2. 2 5 61 & -2 6151 6 O Melx 9, -2 4 28 5 3 1 L1 te -r2«
Hsle 1y -8, 3 58 2 - 4271 6 7 37116 3 -6 4 &1 2 1 4 59 2 [} 9 13 16°-ie* 6 26 3 2 1 &5 7 -2 8 79 & 2 1 93 & 5 Hels= 10, 3 Hel= 13, -4
1168 6 -1 5 512 -2¢ & 8% 2 0O 5162 4 -3 Moz 4,11 6126 3 -3  #te 5, 2 8 53 & -1 MaLe T, -3 Melz 8, -3 3108 2 -2 2 16 B -2 L B13 B8+
3 73 2 0 7 2712 1 8 54 & 0 THT 3 1 2 82 3 -5 8 2 5 15 1110 2 -3 Mel= 6, -1 1 21 4 -3 2 3% 2 2 % 32 1 -6 4 49 & -1 Hols 13y -3
s 37 2 0 ML= 1y 9 10 25 4 -5 9 1015 Te & 63 3 -7 Hol=x &, 7 3105 3 0 2 8T 2 -4 3 22 T 1 & s8.4 -4 7 75 5 1 Het= 10, & 1 26 3
T 3 3 1 1 59 2 1 Hols 2, 2 Mels 3, -4 6 48 & O 2142 3 -3 5 33 2 -0 4158 3 1 515 & -1 35 4 -5 Helx 9, -1 0 29 3 7 Mel= 13, =2
Hel= 1o =7 3 24 & -6 0813 |s ~26 L 69 2 -6 Hole 4,10 4134 3 "1 7 4 2 -1 & 22 10 -4 1113 S¢ 8 016 -3% L 1216 6 2 &0 11 &7 3 1
1176 & -0 5 35 5 5 2266 ~2 3 AL 2 0 01470 &4 -1 6 21 & -1 9 30 9 ~& B8 99 & 2 itz T, -2 Hele 8, -2 3 5 T -3 HyLe 10, 5
tion of Fy by the factor (1+el), with € =6.7x107", re- and >

sulted in a change of 23% for 022, the strongest reflec- TwlAF|#|/2

tion. The final residual values obtained were o= YwlFyl? § =0.040

ZIAF| C , where w=1/(c%F)+pF?) for the 794 reflections with

=0.040 , ‘
21 Fyl . _ ‘ I=0(I) and w=0 otherwise; p has been adjusted to 0. 04.

R=

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(~ ), h;h;B; afa%t/ 4) —
with k; a Miller index, af a reciprocal axis length, and By, in units A2, - .

% -y z By By Bsg By, Bys B
C(1) 0.1854(2) 0.0732(2) 0.3740(2) 1.93(7) 2.50(8) 2.56(8) 0.13(6) 0.85(6) 0.22(6)
C(2) 0.1954(2) ~0,0205(2) 0.2668(2) 2.21(8) 2.53(8) 2.76(9) -0.17(7)  0.95(7) - 0.27(7)
Cc(3) 0.3110(2) 0.0126(2)  0.2294(2) 2.79(9) 2.48(8) 2.45(8) -0.23(7) 1.27(7) =0. 59(6)
o(1) 0.0984(1) 0.0496(2) 0.4166(1) 2.65(6) 3.81(7) 3.93(7) ~0.63(5) 2,03(5) —0.64(5)
0(2) 0.2698(1) 0.1763(2) 0.4147(1) 3.08(6) 4,02(7) 3.63(7) -~1.60(5) 2,03(5) -1,48(5)
0(3) 0.4098(1) —0.0598(2) 0.2912(1) 2.39(6) 5.69(8) 3.64(7) 0.72(6) 1.61(5) 1.18(6)
0(4) 0.3073(1) 0.1025(2) 0.1465(1) 4.08(7) 3.65(7) 3.66(7) 0.21(6) 2.17(5) 0.83(5)
N - 0.0449(2) 0.2644(3) 0.5149(2) 4,1(1) 3.8(1) 5.0(1) 0.55(8) 2.85(9) 0.32(9)
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TABLE ]I[I Coordinates and isotropic thermal parameters for
hydrogen atoms.

x y z B(AY
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)
H4) 0. 500 —0.053(6) 0. 250 " 9.3(12)
H(5) 0. 045(5) 0.259(5) . 0.548(4) 12. 2(15)
H(6) —0.073(3) 0.309(3) 0.428(3) 5.8(7)
H(T) —0.083(3) 0.328(3) 0.574(2) 5.5(6)
H(8) —0.064(4) 0.165(6) 0 9.6(12)

. 525(3)

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.® For hydrogeh we used the scattering fac-
tors calculated by Stewart, Davidson, and Simpson. ®
The spherical values were used for -the two hydrogen
atoms in the special positions, and the polar values were
used for the others as described elsewhere.” The anom-
alous dispersion coefficients given by Cromer and Liber-
man® were included in our calculations. Table I gives a
listing of Fy, its standard deviation, and A= |F,| - |F,l.

I1. RESULTS AND DISCUSSION

The final atomic parameters are listed in Tables II
and III, Interatomic distances are given in Table IV 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. i
The planes of the two carboxyl groups are nearly per-
pendicular to each other. This configuration differs
totally from that in most of the dicarboxylic acids and in
potassium hydrogen malonate, !* where the nonhydrogen
atoms lie nearly in a plane. In the present compound,
the malonate residue lies on a general position with two
carboxyl groups geometrically almost identical although
not related by symmetry, As in the potassium salt, '
the malonate ions are connected in infinite chains by
strong symmetric hydrogen bonds, In this case, half

these bonds are on centers of inversion (O-O=2.488(3) &) _

and half are on twofoldaxes (O—O=2.476(3) A). The re-
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)—0(2) 2.488(3)
C(1)=-0(1) 1.232(2) 0(3)=0(3) 2.476(3)
C(1)=0(2) - 1.283(2) N-O(1)? 2.897(3)
C(3)~0(3) 1.287(2) N-O(1) 2.939(3)
C(3)—0(4) 1.222(2) N-0(2) 2.992(3)
C(2)-H(1) 1.07(2) N=-O(3) 2.901(3)
C(2)=H(2) 1.02(2) N~O(4) 2.803(3)
N-H(5) 0.97(5) 0O(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) 0O(3)~H(86) 1.90(3)
N-H(8) 0.90(5) 0(4)-H(7) 1.78(3)
0(2)=H(3) 1.244(1)

4This neighbor is not hydrogen bonded.

“tetrahedral within two standard deviations,

4921

TABLE V. Bond angles (in degrees).

0(1)~C(1)-0(2) . . 123,7(2).
0(1)-C(1)-C(2) 119.8(2)
0(2)-C(1)-C(2) - 116.5(2)
C(1)-C(2)~C(3) T 114.2(9)
0(3)=C(3)=0(4) 124.4(2)
0(3)=C(3)~-C(2) 114.9(2)
0{4)—C(3)—-C(2) 120.7(2)
H(1)~C(2)~C(1) : 106(1)
H(1)—C(2)-C(3) 111(1)
H(2)-C(2)-C(1) "107(1)
H(2)—~C(2)~-C(3) 109(1)
H(1)-C(2)—H(2) 110(2)
H(5)-N~-H(6) 112(5)
H(5)-N-H(7) 110(4)
H(5)=N—H(8) 100(5) .
H(6)-N-H(7) 112(3)
H(6)=N—H(8) 118(4)
H(7)-N-H(8) 105(4)
0(2)-H(3)=0(2) _ 180
0(3)=H(4)-0(3) 174(5)
N-H(5)-0(2) 159(4)
N~H(8)-0(3) 162(2)
N=H(7)-0(4) 160(2)
N-H(8)—0(1) 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—Q =1. 283 or
1,287 &),

The hydrogen atoms of the ammonium ion are regular
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... Ohydrogenbonds,
as depicted in Fig, 1.

The relatively low thermal parameters for H(1) 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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