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chains are themselves linked together transversely by 
means of N - H . . . O  hydrogen bonds from the 
(CH3)2NH + cations to form interlocking puckered 
layers perpendicular to b. The interaction between the 
layers involves van der Waals forces and possibly very 
weak C - H . . .  O hydrogen bonds; the H . . .  O contacts 
are 2.47 (2), 2.51 (2) and 2.54 (2) A. It can be argued 
(see Fig. 2) that both unsubstituted hydrogen atoms 
of the cation participate in bifurcated hydrogen bonds 
[N . . .O(1 )=2 .766  (1) A, N- - .O(4)=3 .072  (1) A and 
N . . . 0 ( 3 ) = 2 . 9 0 0  (1) A, N . . . 0 ( 2 ) = 3 . 0 6 5  (1) A]. The 
terms of reference for such a bonding situation are 
somewhat diffuse; see, for example, Donohue (1968). 
It is clear from this that any suggestion of bifurcation, 
if based on X-ray data, must be viewed with the 
utmost suspicion [cf. the case of ~-glycine, J6nsson & 
Kvick (1972)] and can here await the more definitive 
findings of a current neutron diffraction study for 
verification. 

The absence of spurious peaks in the final difference 
synthesis would suggest that both methyl groups are 
ordered in the structure at 25°C; here again neutron 
diffraction data is necessary to provide confirmation 
of the existence of C - H . . . O  bonds. 

The internal geometry of the HC20~- ion is similar 
to geometries arising in other compounds [see Table 3 
in Thomas & Renne (1975)]. The C(1)-O(2) and 

C(2)-O(4) distances are here both marginally longer 
than the corresponding distances in CHaNHaHC204 
(1.252 (3) and 1.291 (3) A), the O . . . O  hydrogen bond 
linking the HC20 ~- ions is also slightly longer here 
(2.533 (1) compared with 2.515 (2) A). The ion again 
shows a small distortion from planarity; the dihedral 
angle between the C O 0  planes at the two ends of the 
ion is 3.6 (1) ° compared with 1.1 (1) ° in CHaNHaHC204. 

The untiring interest shown in this work by Professor 
Ivar Olovsson is hereby gratefully acknowledged, as is 
the financial support provided by the Swedish Natural 
Science Research Council. 
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Abstract. Monoclinic, P21/m, a= 5"608 (I), b = 8"402 (1), 
c=8.513 (1) A, fl=105.88 (1), V=385.81 A 3 at 25°C, 
(CH3)3NH.HC204, Z = 2 ,  Dx= 1.284 g cm -3. Single- 
crystal four-circle diffractometer data. The HC204 
ions link by means of asymmetric 2.489 (2) A O - H . . -  O 
hydrogen bonds to form infinite chains lying in the 
y=¼ and ¼ planes and running along [100]. A 
(CH3)zNH + cation, also lying across the mirror plane, 
is hydrogen-bonded to an anion via a strong and a 
weak N - H .  • • O interaction; N. • • O distances 2.759 (3) 
and 2.936 (2) A. Large thermal vibration amplitudes 
along [010] suggest the possibility of statistical dis- 
ordering across the mirror plane; refinements have 
been unable to provide satisfactory confirmation of 
this, however. 

Introduction. Crystals of (CHa)aNHHC204 were pre- 
pared in a manner analogous to that described for 

CH3NHaHC204 by Thomas (1975). They were ob- 
served to melt while decomposing at 160-170°C. 
Weissenberg films suggested a monoclinic space group, 
with only 0k0 for k = 2 n +  1 absent. Cell dimensions 
were determined with a Guinier-H/igg XDC-700 
powder camera calibrated with silicon. 30 observed 0 
values were used in the least-squares refinement. An 
automatic Stoe-Philips four-circle diffractometer fitted 
with a graphite monochromator  was used for the data 
collection (radiation: MoK~,  2=0.71069 A). The 
specimen selected measured 0.40 x 0.19 × 0.11 mm. 
General details relating to the data collection proce- 
dure appear in Thomas (1972). The 1779 reflexions 
(not including standards and systematic absences) 
measured out to sin 0/2=0.65 /k -~ were reduced to 
849 by averaging hAl and hfcl reflexions. Of these, 726 
were in excess of 2a and used in the refinements. An 
absorption correction ( p = l . 1 9  cm -1) was made in 
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which the crystal  was described in terms of  its six 
ra t iona l  b o u n d a r y  planes. 

The  oxalate  g roup  was located in a Pa t te rson  syn- 
thesis;  the r emain ing  a toms were found  in Four ie r  
difference syntheses fol lowing successive refinements.  
In  the ful l -matr ix  least-squares ref inements  (based on 0(`1) 
F )  the reflexions were weighted according  to the 0(2) 
express ion:  w =  1/•2(F), where aZ(F)=aZ(FZ)/4F 2 and 0(3) 

2 2 2 2 a ( F ) = a c o u n t ( F  )+(0"015F2) 2. An a t t empted  refine- 0(4) 
C(I) 

men t  of  an isot ropic  ext inc t ion  pa rame te r  (Coppens  & c(`2) 
Hami l t on ,  1970) indicated tha t  only two reflexions N 
(012 and 020) were affected by ext inct ion.  These were C(`3) 
r emoved  f rom the final ref inement  and  no ext inc t ion  c(4) 
cor rec t ion  was applied.  Final  R(F) and Rw(F) values H(I) 
(for 83 varied parameters )  were 0.045 and 0.057, H(2) 
respectively. A tomic  scat ter ing factors  were used as in H(,3) 

H(4) 
T h o m a s  (1975). H(5) 

Final  pos i t iona l  and the rmal  parameters  are given H(6) 
in Tables  1 and  2.* H(7) 

Table  1. Atomic coordinates (× 105) /'or non-hydro,~en 
atoms and ( x 103) hydrogen atoms 

The refined isotropic temperature factors (B, ,&2) for the hydro- 
gen atoms are also included. 

x y z 
56202 (29) 25000 5479 (19) 
62029 (27) 25000 - 19121 (18) 
12129 (31) 25000 -32057 (,20) 
7767 (27) 25000 -7009 (18) 

48892 (37) 25000 -9372 (25) 
20593 (37) 25000 -17539 (25) 
29827 (35) 25000 28494 (22) 
53869 (60) 25000 40981 (37) 
15004 (54) 10670 (29) 29431 (32) 

- 107 (6) 250 - 125 (3) 
340 (5) 250 189 (3) 
506 (7) 250 516 (5) 
627 (5) 154 (3) 388 (3) 
123 (,4) 104 (3) 405 (3) 

2 (,5) 114 (3) 203 (3) 
250 (5) 19 (,3) 279 (3) 

5-7 (8) 
4.6 (6) 
7.4 (9) 
7.1 (`7) 
5.6 (5) 
6.3 (6) 
7.6 (7) 

Discussion. This  is the th i rd  of  three papers  describing 
the structures of  (CH3), ,NH4_,HC204. All three struc- 
tures con ta in  the fami l ia r  H C 2 0 4  ion chains,  and it is 
the pr ime purpose  of  these studies to examine  the 
detai led geomet ry  of  these ions in the different hy- 
d rogen -bond  env i ronment s  provided  in these three 

* A list of structure factors has been deposited with the 
British Library Lending Division as Supplementary Publication 
No. SUP 31017 (4 pp.). Copies may be obtained through The 
Executive Secretary, International Union of Crystallography, 
13 White Friars, Chester CHI 1NZ, England. 

compounds .  The  work  also const i tu tes  the s t ructural  
basis for  current  n.m.r ,  measurements  at this Inst i tute .  

The main  features of  the s t ructure  and  all re levant  
distances and angles in (CH3)3NH. HC204 are summa-  
rized in Figs. 1 and  2. 

As expected, the s t ructure  is the simplest o f  the three:  
HC20  4 ions l ink via asymmetr ic  2.489 (2) A O - H -  • • O 
hydrogen  bonds  to form infinite chains  lying in the 
mi r ro r  planes at y = ¼  and ¼, and  runn ing  a long  [100]. 
The  ca t ions  also lie across the mi r ro r  planes,  each 
fo rming  a s t ronger  and a weaker  N - H . . . O  bond  

Table  2. Anisotropic thermal parameters (flu x 104) for  the non-hydrogen atoms 

The expression for the temperature factor is: exp [-(,8~1h2 + . . .  + 2p~hk +...)]. The r.m.s, components of thermal displacement 
along the principal axes of the thermal vibration ellipsoids (Rl × 103/~) are also given. 

,8~, ,82z ,833 fl,2 ,B,3 ,823 R, R2 R3 
O(1) 191 (6) 456 (6) 87 (3) 0 30 (3) 0 167 (3) 175 (3) 404 (3) 
0(2) 182 (5) 294 (4) 107 (3) 0 64 (3) 0 148 (3) 194 (2) 324 (2) 
0(3) 224 (6) 446 (6) 84 (3) 0 29 (3) 0 168 (3) 186 (3) 399 (3) 
0(4) 155 (5) 291 (4) 95 (2) 0 48 (3) 0 144 (3) 181 (2) 323 (2) 
C(1) 157 (,7) 189 (5) 89 (3) 0 42 (4) 0 148 (3) 175 (3) 260 (3) 
C(2) 177 (7) 188 (5) 89 (3) 0 45 (4) 0 155 (3) 175 (3) 259 (3) 
N 257 (7) 197 (,4) 85 (3) 0 52 (4) 0 165 (3) 195 (3) 265 (3) 
C(3) 304 (11) 494 (13) 103 (5) 0 26 (6) 0 184 (4) 222 (4) 420 (6) 
C(4) 552 (11) 169 (4) 185 (4) - 7  (5) 105 (6) 12 (3) 236 (3) 255 (3) 285 (3) 

02 

5 

{CH313NH.HC20 q 

- v 

e 

ICH313NH. HC20 ~ 

Fig. 1. A general stereoscopic view of the structure. The labelled atoms correspond to the chosen asymmetric unit. Covalent 
bonds: thick solid lines; short H." .O contact in HC20~ ion chain: thick unfilled line; longer H . . . O  contacts: thin unbrokea 
lines. The thermal ellipsoids for the non-hydrogen atoms are drawn to include 20 % probability. 
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LiDC204. D20 
N2HsHC204 
N2DsDC204 
KHC204* 

(CHa)NH3HC204 Thomas (1975) 1.1 (1) 2.515 (2) 1.544 (3) 1.225 (3) 
(CH3)zNH2HC204 Thomas & 

Pramatus (1975) 3.6 (1) 2.533 (1) 1.545 (2) 1.226 (2) 
(CHa)3NHHC204 This work 0 2"489 (2) 1"549 (3) 1"218 (3) 

* Note the somewhat different chain linkage in this 

Table 3. Summary of  the observed geometries of  HC20 4 ions when they occur in infinite chains 

The atom notation used in other studies has been converted to correspond to that used in this series, tp is the dihedral angle 
between the CO0 planes at either end of the oxalate group. 

Compound Reference q~ 0(2).. .0(4) C(1)-C(2) C(1)-O(I) C(I)-O(2) C(2)-O(3) C(2)-O(4) 
NaHC204.H20 "1. Tellgren & 12.9 (1) ° 2.571 (2)/~ 1.552 (2)/~, 1.242 (2)/~ 1.251 (2)/~ 1.207 (2) .~, 1.313 (2)/~ 
NaDC204.D20 / Olovsson (1971) 12.6 (1) 2.593 (2) 1.553 (3) 1.244 (2) 1.247 (2) 1.209 (2) 1.310 (2) 
LinC,O4.U20 Thomas (1972) 2.1 (1) 2.490 (1) 1.547 (1) 1.240 (1) 1.259 (1) 1-210 (1) 1-309 (l) 

2-2 (l) 2-506 (1) 1.547 (1) 1.239 (1) 1.259 (1) 1.209 (1) 1.312 (1) 
Thomas (1973) 0 2.457 (1) 1-550 (2) 1.224 (1) 1.279 (1) 1.224 (1) 1.279 (1) 

1-5 (1) 2.466 (2) 1-552 (2) 1.232 (3) 1.268 (3) 1.219 (3) 1-284 (3) 
Einspahr, Marsh & 
Donohue (1972) 13-9 (1) 2.523 (2) 1"552 (2) 1.234 (2) 1.256 (2) 1.211 (2) 1.308 (2) 

1.252 (3) 1-194 (3) 1.291 (3) 

1-260 (2) 1.214 (2) 1.29.5 (2) 
1.251 (3) 1.196 (3) 1-294 (3) 

case. 

02 1.218 
] . 2 5 1 ~  ( ~  /~I0.97 

114"8~ 118"61.549 1"91~ 

c2 1.196, 122,1 1 / ., 112.6 2.29 

V 125.2 
3 

2.489 

1 

1.01 
~75 

1.48 

C4 

0.96 

Fig. 2. Distances and angles in the structure. The thermal ellip- 
soids for the non-hydrogen atoms are drawn to include 50 % 
probability. The average standard deviations are X-X: 
0-003 /~, X-H: 0.03 A, /X-X-X:  0.2 ° and /_X-X-H (or 
/ X-H-X) : 1.5 °. 

( N . . . O ( 1 ) = 2 . 7 5 9  (3) A and N . . . 0 ( 4 ) = 2 . 9 3 6  (2) A) 
with one of the anions. Refinement in the non-centro- 
symmetric space group P21, though giving slightly 
better R values [R(F)=0.040, Rw(F)=0.049 for 134 
varied parameters], resulted in an unrealistic geometry 
especially for the cation. Moreover, the statistical 
distribution of normalized structure factors E corre- 

sponded well with theoretical prediction for a centro- 
symmetric space group. 

The elongation of the thermal ellipsoids (especially 
those associated with the oxygen atoms) along [010] 
suggested statistical disordering across the mirror 
planes. The suspicion is reinforced by the general 
observation that completely fiat oxalate groups are 
rare; twists of up to 12.9 ° have been observed [in 
NaHC204 .H20:  Tellgren & Olovsson (1971)]. It has 
been impossible to resolve the disorder by refinement 
methods, however. The refinement of a statistically 
disordered model did not diverge but was unstable and 
resulted in inferior agreement indices. 

A summary of the geometry of the C204 part of 
HC20 4 ion chains, as determined by X-ray diffraction, 
is given in Table 3. 

The authors greatly appreciate the untiring interest 
and expert guidance afforded this work by Professor 
Ivar Olovsson, and the amiable environment created 
by the scientific and technical staff of his research 
group. The work is supported by grants from the 
Swedish Natural Science Research Council, which are 
hereby gratefully acknowledged. 
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