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Hydrogen Bond Studies. XVII.* The Crystal Structure of Dinlethylammonium Chloride 
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(Received 11 May 1967) 

The crystal structure of dimethylammonium chloride, (CH3)2NH2C1, has been determined from three- 
dimensional single-crystal X-ray data obtained at room temperature. The crystals are orthorhombic, 
space group Ibam, with eight formula units in the cell of dimensions a--7.301, b= 14.515, c= 9.926 .~. 
The structure contains infinite planar chains of chlorine and nitrogen atoms linked together by hydrogen 
bonds of lengths 3.12 and 3.09 ,~. The dimethylammonium and chloride ions form a distorted NaCl- 
type structure. 

Introduction 

In conjunction with the study of simple hydrogen- 
bonded structures in progress at this Institute an in- 
vestigation of the changes in the N - H . - . C 1  bond 
lengths accompanying replacement of hydrogen in 
ammonium by methyl groups is of considerable interest. 
The crystal structure of monomethylammonium chlor- 
ide was studied by X-ray diffraction technique by 
Hughes & Lipscomb (1946). 

In the present investigation the crystal structure of 
dimethylammonium chloride has been determined from 
single-crystal X-ray diffraction data obtained at 20°C. 

Experimental 

The sample used was commercial dimethylammonium 
chloride. The salt was recrystallized three times from 
chloroform, and dried in a vacuum desiccator as de- 
scribed by Whitlow & Felsing (1944). The crystals had 
to be handled in a dry-box as they were highly hygro- 
scopic. In the first attempts powder samples were sealed 
in glass capillaries and single crystals were grown by a 

* Part XVI: Acta Cryst. (1967), 23, 971. 

zone-melting technique, the growth of the crystals 
being followed with a polarizing microscope. The 
melting point was found to agree with that earlier pub- 
lished, 167°C (Hunter & Byrkit, 1932). Most of the 
crystals thus obtained had their crystallographic axes 
orientated at an angle of 45 ° to the capillary axis. It 
proved very difficult to obtain a crystal with suitable 
orientation. Weissenberg photographs demonstrated 
that the crystals were probably twinned; furthermore 
the X-ray reflexions became unusually diffuse on pas- 
sing from lower to higher layers. Owing to these dif- 
ficulties crystals grown from solution were tried in- 
stead. Plate-like crystals were obtained with chloro- 
form alone as a solvent, but from a solution with equal 
amounts of chloroform and ethyl alcohol needle-like 
crystals with a nearly circular cross-section were ob- 
tained. One of these with a diameter of 0.15 mm and 
a length of approximately 2 mm was chosen and sealed 
in a thin-walled glass capillary. An appropriate crys- 
tallographic axis was thus obtained parallel to the 
capillary axis. With this, the a axis, as rotation axis, 
equi-inclination Weissenberg photographs, layers 
0 <h  < 6, were recorded with Ni-filtered Cu Ka radia- 
tion. It was now clear that the previous crystal, grown 
by the zone-melting procedure, was indeed a twin 
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composed of two or more components rotated 90 ° 
about e in such a way that the a axis of some compo- 
nents coincided with the b axis of the rest. Owing to 
the particular type of twinning it was not possible to 
detect the twinning phenomenon with a polarizing 
microscope. This strong tendency to twinning is readily 
explained in terms of the atomic configuration as 
shown in the section dealing with the description of the 
structure. 

The number of independent reflexions recorded was 
507, but the intensities of 121 of these were too weak 
to be measured. The relative intensities were estimated 
visually employing the multiple film technique (5 films) 
and comparison with an intensity scale. The data were 
corrected for the Lorentz and polarization effects. No 
absorption corrections were applied; the linear ab- 
sorption coefficient is 50.0 cm -1 for Cu Ke; and for a 
crystal radius of 0.008 cm,/zR = 0.4. 

The crystal was also mounted in a Weissenberg 
camera modified for operation at low temperatures 
(Olovsson, 1960) and gradually cooled. Oscillation pho- 
tographs were taken at 25 ° intervals from - 2 5  ° to 
- 150 °C and finally at - 186 °C to investigate possible 
phase transformations. No such transformation was 
observed but the crystal was evidently subjected to 
strong thermal strains as the X-ray reflexions became 
progressively more diffuse as the temperature was 
lowered. However, the intensity distribution remained 
the same as on the photographs taken at room tem- 
perature. 

Unit cell and space group 

The diffraction symmetry mmm with systematic ab- 
sences for hkl with h + k  + l odd, for hOl with h odd 
and Okl with k odd indicate either the non-centro- 
symmetric space group Iba2 or the centrosymmetric 
Ibam. As will be shown below, the structure is appro- 
priately described in terms of the space group Ibam 
(No. 72, International Tables for X-ray Crystallo- 
graphy, 1952). 

The b and c axes were determined from quartz-cali- 
brated zero-layer Weissenberg photographs employing 
the following constants: a=4.9128 A for a-quartz at 
18°C; ;l Cu Kcq=l.54051 and 2 Cu Ke2= 1.54433 A. 
The most probable b and c dimensions were then deri- 
ved from the  observed 0 values by the least-squares 
method. The a axis was determined from a quartz-cali- 
brated rotation photograph (c = 5.4045 A for e-quartz 
at 18 °C). The cell dimensions together with their es- 
timated standard deviations are 

a=7.301 + 0.002, b =  14.515 + 0.001,c=9.926 + 0.003A. 

A rough estimate of the density was obtained by 
measuring the volume and weight of a large homoge- 
neous sample in a glass tube. The measured density 
was 1-01 +0.05 g.cm -3 as compared with a value of 
1.030 g . c m  -3 calculated with a cell content of eight 
formula units. 

Determination Of the crystal structure 

The positions of the chlorine atoms were determined 
from a three-dimensional Patterson synthesis. The 
interpretation was then based on the centrosymmetric 
space group 1barn. At first the chlorine atoms were 
placed on the glide plane b. A Fourier synthesis based 
on these positions gave a very poorly resolved electron 
density map, evidently due to the introduction of too 
high a symmetry. However, when the chlorine atoms 
were moved away from the glide plane the Fourier 
synthesis gave well-resolved nitrogen and carbon peaks. 
Carbon was thus found to occupy the 16(k) positions 
while nitrogen and chlorine each occupies an 8(j) set 
in the space group Ibam. 

The preliminary atomic coordinates were first im- 
proved in a three-dimensional electron density calcula- 
tion. The Patterson and Fourier syntheses were all 
carried out with the crystallographic programs STRIX 
and PROFFS (Liminga & Olovsson, 1964) written for 
the computer FACIT EDB. 

A series of least-squares refinements was then cal- 
culated, using the program SFLS written by /•s- 
brink & Brandrn (1962). A block-diagonal approxi- 
mation is used in this program which minimizes the 
function Zw(IFol- IFcl) 2. The weighting function was 
that suggested by Cruickshank, Pilling, Bujosa, Lovell 
& Truter (1961), namely w=l/(a+lFol+clFolZ), in 
which the final values for the constants were a = 5.0 and 
c = 0-01. Only observed reflexions were included in the 
refinements. During these refinements, individual iso- 
tropic temperature factors and individual scale factors 
for the separate layers were refined. The structure was 
successfully refined in accordance with the space group 
lbam. When all shifts in the parameters were less than 
one tenth of the estimated standard deviations the R 
value was: R = 22 I IFol - I Fcll/SIFol = 11.8 %. A difference 
synthesis was now calculated to locate the hydrogen 
atoms. The hydrogen atoms thus determined were in- 
troduced with fixed positional and temperature param- 
eters in the subsequent refinements (see below). The 
isotropic temperature factors for the methyl hydrogen 
atoms were set to 10 A z, and for the others to 7 A z. 
Three least-squares cycles were then carried out with 
the full matrix program OR FLS (Busing, Martin & 
Levy, 1962), otherwise under the same conditions as 
above, giving a R value of 10.7 %. The above difference 
synthesis showed characteristic dumb-bell formed 
peaks, indicating considerable thermal anisotropy. An 
anisotropic refinement with one over-all scale factor 
was therefore performed giving an R-value of 8.2%. 
The inter-layer scaling was then based on the previous- 
ly obtained individual scale factors. The hydrogen 
atoms were included with the same fixed parameters as 
above. In total only five more parameters were refined 
by allowing for thermal anisotropy. 

The structure was also refined in /ha2 ,  starting with 
the preliminary coordinates derived from the Patterson 
synthesis but with the atoms shifted somewhat from the 
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centrosymmetric positions. A significance test was Table l. Atomic parameters 
made on the R-factor ratio as described by Hamilton with standard deviations ( x  10 4) 
(1965) with the hypothesis that Ibam rather than Iba2 The form of the anisotropic temperature factor is: 
is the correct space group. The ratio obtained after exp [-(b]~h2+b22k2+b3312+2b]2hk+2b~3hl+2b23kl)]. 
final anisotropic refinements is 1.004. According to  The r.m.s, components (R0 of  thermal displacement of  the 

atoms along the ellipsoid axes are also listed (/~, x 103). 
Hamilton's  table the hypothesis cannot be rejected Chlorine Nitrogen 
even at the 50 Vo level. The space group Ibam is there- x 2116 (3) 2887 (10) 
fore considered to be the best choice. The differences in y 1392 (1) 3510 (5) 
the final atomic coordinates and interatomic distances z 0 0 
in the two space groups are within one standard devia- b~ 228 (6) 270 (21) 
tion obtained using Iba2. b22 51 (1) 60 (4) 

The atomic parameters with standard deviations b33 150 (3) 120 (8) 
after final refinement in Ibam are found in Table 1. bl2 1 (2) 9 (6) 

b13 0 0 
The observed and calculated structure factors are b23 0 0 
listed in Table 2. The atomic scattering factors used R~ 233 (2) 245 (8) 
were those for CI-, N 0, C 0, and H 0 listed in International Rz 248 (4) 247 (8) 
Tables for X-ray Crystallography (1962, p. 202). R3 274 (3) 274 (10) 

Carbon 
2131 (12) 
3912 (5) 
1222 (7) 

416 (22) 
85 (4) 

118 (8) 
30 (8) 
24 (10) 

8 (4) 

239 (8) 
287 (8) 
350 (9) 

Table 2. Observed and calculated structure factors 
Reflexions too weak to be measured are marked with an asterisk and the values of  [Fol given correspond to minimum 

observable intensities. 

u ~ x I%1 I~'01 ,. ~ ,, Iz.,l Iz.,l ~, ,, z I%1 I701 u ~ x I~'ol I?o1 u ~ z IF,  I I?,l  ~, ~ x l?ol I%1 

0 18 0 10.2 6.5 
0 16 0 2.1. 0.3 
0 1 4  0 23.6 16.1 
0 12 0 19.6 15.5 
0 10 0 36.8 30.0 
0 6 8 0  ~5:60 ~.370"6.3 
0 2~ 0 1 7 7 . 4 2 0 ~ . .  ! 

18.2 20.0 
0 1 8  2 9.0 7.8 
0 16 2 2.11, 0.3 
0 14 2 26.0 20.3 
0 12 2 13.8 lO.5 
0 lO 2 40.7 38.5 
0 8 2 45.5 42.9 
0 6 2 53.6 54.6 
0 k 2 1 0 6 . 1  I10.1 
0 ~ ~ 332 370 

135.2 173.3 
0 1 4  ~ 27.3 21.3 

12 6.7 6.3 
0 I0 4 42.7 40.2 
0 8 4 25.5 22.5 
0 6 4 56.9 53.5 
0 4 4 50.2 49.9 
0 2 4 38.2 36.9 
0 0 4 57.4 64.1 
0 14 6 15.1 12.8 
0 1 2  6 6.7 6.4 
0 I0 6 26.7 22.8 
0 8 6 28.0 23.2 
0 6 6 27.5 26.8 
0 4 6 52.8 48.4 
0 ~ ~ 159 14. 

65.0 63.~ 
o 14 8 5.8 6.6 
0 12 8 5.5 5.3 
0 10 8 10.2 10.9 
0 8 8 22.5 19.2 
0 6 8 10.5 1~.8 
0 4 8 45.1 37.8 
0 2 8 2.3- 4.1 
0 0 8 44.0 48.5 
0 1 0  I0 6.3 8.1 
0 8 10 8.7 9.1 
0 6 I0 7.6 8.6 
0 4 I0 17.1 17.3 
0 2 10 2.4~ 3.1 
0 0 I0 23.4 21.6 
0 6 1 2  4.7 5.6 
0 4 12 1.4. 3.5 
0 2 12 1.6, 2.6 
0 0 12 1.6. 4.2 

15 0 4.0 3.7 
13 0 4.0 4.9 
I I  0 10.3 9.5 
9 0 7.3 7.4 
7 0 21.4 18.9 
5 6.4 5.6 
3 27.3 27.0 

16 13.1 11.6 
14 9.3 7.4 
12 24.7 20.9 
I0 17.5 14.9 
8 29. p. 22~.7.6 
6 27.- 
4 31.9 27.2 
2 6.3 6.6 

15 2 2.1~ 3.6 
13 2.2. 3.4 
11 2 9.1 8.3 
9 1.7" 2.3 
7 2 19.4 18.7 
5 6.3 5.5 
3 2 29.4 31.2 
1 22.9 24.2 

16 3 8.2 6.5 
14 3 9.2 7.9 
12 3 12.1 8.6 
I0 3 25.7 23.6 
8 3 10.6 7.0 

i 51: I 5,,:o~ ] ] I . I ,  1.9 
2 3 8s.5 9, .o ~ 5.6 5.1 I ~  

15 4 1.9" 2.3 2 16 4 1.5. 0.2 3 2 

~? 4 3.9 1.4 2 14 4 18.3 16.7 3 15 4 4.7 4.3 4 8 4 7.6 8.5 5 4 5 1.61` 1.2 
7 ,  , 7  , ,  , ,  , 7 ,  

4 1.9, 1.4 22 1 0 :  32.8 31.0 3 I I  b, 7.5 13.4 4 4 4 16.1 16.3 5 13 6 2.9 3.5 
4 14.5 15.6 18.1 18.5 3 9 4 3.0 3.1 4 2 4 8.0 8.8 5 11 6 9.1 9.7 

5 4 13.5 11.5 2 6 4 36.0 38.9 3 7 4 26.0 28.4 4 0 4 18.6 20.6 5 9 6 1.6. I .  I 
3 4 26 .b ,  27.3 2 4 4 35.5 38.8 5 5 7  6 1 0 . 1  16.8 

"1~ ~ 27.2 2 8 . 0 2 0  ~ 2 2 4 2b, .2  24.8 1 35 ~ 20.2 19.7 .4 44139_ 5 8.2 7.7 41.0 4 2 . 5 1 1  . 1.7- 2.2 5 5 6 7.1 6.1 
5.1 5.1 41.5 b,9.5 3 1 4 40.0 41.7 12.8 12.2 ~ ? 66 20, .3  21.2 

14 5 7.0 5.8 , 1 7 ,  1.6, 1.8 3 1 6  5 2.0 3.2 ~ 7 5 1.7, 0.6 14.5 16.4 
12 5 6.0 6.7 2 13 5 7.1 6.0 3 14 5 3.8 3.5 4 5 5 12.9 13.5 5 12 7 0.7, 1.9 
108 5 20.3 17.85.4 2 1 1  5 2.1, 1.8 3 1 2  5 5.1 4.4 ~ ? _5 3.7 3 . 5 5 0  ~ 11"3".5~ 2.01"3 

5 5.6 1 ? ~ 9.7 9.0 3 1 0  5 11.6 10.7 ~ , 8.3 9.1 " 1° 
6 ~ 32.8 35.8 1.8, 1.4 3 8 5 4.7 4.2 14 3.7 4.7 ~ 6 ~ 1 1.6, .7" 11"8.3 

4.7 1.8 1.5" 08:~ 3 6 5 21.2 12 2.4 2 5 477 534 ~ ; ~ 90  18.4 ~ ~ 1 5 .  3 4 5 1 5 .  1.4 4 1 0  6 80  80  ~ ~ ~ 317"6 32°0 
13 6 2.0, 1.8 2 I 5 1.4. 3.9 3 2 5 26.3 29.9 ~. 8 6 8.2 8.3 
11 6 2 2 .  49  2 1 4  6 109 101 3 1 5  6 3 4  3 9  ~ ~ 66 79 89  ~ ~ 88 97 112 
9 6 2.2, 0.6 2 12 6 6.2 5.1 3 13 6 4.7 3.8 14.1 15.9 1.6- 0.4 
7 6 8.7 9.4 2 10 6 17.8 17.7 3 I1 6 9.9 10.6 4 2 6 4.6 4.4 5 3 8 11.2 11.9 
5 6 5.3 3.1 2 8 6 19.0 18.1 3 9 6 2.O. 1.0 4 0 6 17.8 20.0 5 I 8 6.8 7.3 
3 6 12.3 12.5 2 6 6 17.5 2 0 . 1 3 7 6  19.4 ?_. 4.4 0.9, 11o 1 6 112 99  2 4 6 , 4 0  360  , , 6 7 . 4 1 6 9 : 6  ~ 13 3.5 ~ 8 9  1.2- .2 

I1 ~" 1.4- I . I  
12 7 9.2 9.6 2 2 6 10.5 10.6 3 3 6 21.6 24.7 4 9 7 7.8 8.1 5 4 9 1.4. 0.6 
10 7 9.4 8.4 2 0 6 45.0 46.5 
8 7 1 1 . 0 1 1 . 9  2 1 3 7  1.6, 3.3 1 1  / 7617:819.42.3  ~ 7 ~ 8.95"9 11.55"5 ~ 2 1 9 0 . 9 - 1 " 5 "  : :~ 
6 7 13.6 13.5 2 I i  7 2.0, I . I  3 12 7 6.0 6.0 4 3 7 8.1 10.5 5 3 I0 5.7 7.8 
4 7 7.3 8.1 2 9 7 6.2 6.3 3 I0 7 5.5 5.3 4 I 7 10.2 12.7 5 I I0 4.4 5.8 
2 7 9.5 14.7 2 7 7 6.3 4.8 3 8 7 7.1 7.5 4 I0 8 3.8 4.1 6 12 0 1.2, 0.9 

11 8 1.9, 3.7 2 5 7 7.4 9.0 3 6 7 7.9 9.0 4 8 8 6.4 6.7 6 I0 0 1.4, 2.0 
9 8 2.2, 1.9 2 3 7 7.8 8.9 3 4 7 5.5 5.3 4 6 8 4.0 ~..2 6 8 0 3.0 2,4 
7 8 4.0 5.6 2 I 7 8.6 10.2 3 2 7 6.5 10.5 4 h 8 11.8 13.0 6 6 0 1.3, 2.6 
5 8 4.0 0.0 2 14 8 3.5 5.2 3 13 8 2.7 3.6 4 2 8 1.81` 1.8 6 4 0 5.5 4.8 
3 8 5.6 6.1 2 1 2  8 1.5, 4.4 3 1 1  8 6.7 7.6 0 8 16.5 16.3 6 2 0 0.7, 1.3 
1 8 2.1. 2.6 2 I0 8 8.3 8.5 3 9 8 4.3 3.5 ~ ~ ~ 3.6 5.1 ~ I~ 6.8 6.1 

12 9 5.1 6.2 2 8 8 15.0 14.9 3 7 8 11.4 12.3 4 7 9 3.8 3.6 6 1 1  1.3, 1.0 
10 9 4.8 5.1 2 6 8 6.8 9 . 1 3 5 8  2.O. 0.6 14.4 11.3 
8 9 8.7 7.6 2 4 8 28.0 28.9 ' 3 8 10.7 13.3 ~ 5 9 9 6 . 5  5.0 6.6 7.2 6 ?9 9.8 8.6 
6 9 39 81 2 2 8 2 o .  3 3  3 , 8 68  77 4 , 9 70 80  6 5 185 162 
4 , 63 5.4 ~ ,0 .8 3~.~ ,6.8 , 1 0  9 1 3 .  2.6 4 8 1 0  29  , 4  6 3 149 159 
2 9 2.2, 3.1 - 1. , - .~"  1.1 3 8 9 4.5 4.8 4 6 10 2.0 3.2 6 1 16.9 18.4 
7 1 0  1.9" 3.1 2 9 9 1.8, 2.7 3 6 9 1.8, ,'1.3 ~ k 10 5.4 6.3 6 1 2  2 1.2, 0.2 
5 10 2.1, 0.4 2 7  9 4.8 2.9 3 4 9 1.9- 2.9 .4 z 10 1.5, 1.3 ~ 10 1.4- 1.9 
3 10 2.1. 3.3 2 5 9 5.5 5.6 3 2 9 2.0, 3.1 4 0 10 7.0 7.7 6 8 2 1.4v 1.3 
1 1 0  2.2- 2.1 2 3 9 6.2 5.4 3 9 1 0  1.1, 1.2 c; 15 0 8.4 7.5 6 6 1.3- 2.3 
6 I I  6.7 7.4 2 I 9 6.3 6.3 3 7 I0 5.8 7 . 3 5  1 3 0  10.7 8 . 6 6  ~ 2 3.0 3.3 
k I I  I .8 ,  0.2 2 10 10 4.2 6.4 .) a 10 1.6, I . I  5 11 0 22.0 18.3 6 2 1.0t, I . I  
2 I I  9.4 9.9 2 8 1 0  6.0 7.2 3 3 1 0  6.7 8.5 5 9 0 8.8 9.3 6 0 2 3.4 4.5 

2 1 8  0 5.7 5.2 2 6 1 0  5.6 6.8 3 I 10 4.9 6.3 :) t u 32.9 30.6 6 1 3  6.3 6.7 
16 0 1.8, 0.0 2 4 I0 12.0 13.6 3 6 I I  4.2 4.6 5 5 0 4.3 0.3 6 I I  3 1.3, 1.5 

2 14 0 16.2 12.6 2 2 I0 2.01, 2 . 5 3  1.3, 0.2 34.2 6 9 1 I .  10.8 
12 0 13.4 1,.8 2 0 1 0  16.1 16.9 3 ~2 I I  6.0 6.2 ~ ; 0 399 1~,  1.5 22.2 18.3 6 7 3 

2 1~ 0 25.5 22.0 3 1 7  5.7 5.3 ~ 12 4.2 1 1 4  1.3, 1.2 ! 5 12.5 12.2 
0 50.1 48.6 3 1 5  9.4 8.3 1~ ~:~ 5.9 12 3.8 3. ,  3 3 5.9 4.5 

2 6 0 32.9 27.3 3 13 11.4 I0.1 4 12 0 6.3 5.3 5 10 1.7. 3.2 9.8 9.2 
4 0 1 2 7 . 2  122.6 3 I I  20.7 20.9 4 I0 0 11.3 10.1 5 8 5.0 4.8 6 12 4 I.O. 0.5 
2 0 18.1 11.8 3 9 I1.1 12.2 19.8 4.8 6 10 1.3, 1.4 

2 1 7  1.4, 3.3 3 7  4 0 . 7 3 7 . 8  ~ 8 0 2 0 : ~  11.3 ~ 6 ~:~0 3.0 6 6 8 4  1.4, 0.2 
2 15 1.9'I' 1.7 3 5 I . I ,  2.0 4 4 0 51.9 42.4 5 2 4.2 4.0 1.4. 1.5 

13 8.1 6.5 3 3 55.4 48.6 4 2 0 6.2 5.5 5 1 5  2 6.2 5.9 6 4 4 1.4, 1.5 
2 I I  3.0 4.0 3 1 23.3 21.9 ~ 13 I t . 4  8.4 5 13 7.2 5.9 6 2 1.3. 0.7 

9 14.0 12.7 3 1 6  ~:6 ~:~ . 11 1.8, 2.3 5 1 1  2 18.5 15.7 6 0 4 1.2" 2.3 
2 7 14.6 1~.7 3 14 4 9 18.1 16.:0 5 9 1.7" 2.8 6 1 1  I .o .  1.3 

5 25.0 20.8 3 12 14.8 13.1 4 7 14.0 14.1 5 7 2 28.0 28.5 6 9 5 8.7 8.5 
2 3 34.6 32.6 3 1 0  10.5 9.8 4 5 29.0 2,3.5 5 5 10.5 8.8 6 7 5 1.4, 0.7 

1 38.9 33.9 3 8 18.5 17.1 4 3 30.8 27.4 5 3 2 33.8 35.6 6 5 5 9.9 9.6 
2 lo 2 4.3 6.2 • ~ 22.2 I~.k 4 I 28.9 30.3 5 I 27.0 26.7 6 3 5 3.6 3.k 

16 ,: 1.7- 0.2 3 k 15.4 1~.5 4 14 7.7 7.3 5 14 3 1.2, 2.0 6 I 5 7.6 7.1 
2 1 4  2 17.8 15.9 3 2 20., 16.2 4 , 2  2 4.2 3.9 5 1 2  1.5. 2.7 6 1~ 6 I 'O.  0.9 

12 2 9.5 8.5 3 17 2 4.8 4.3 4 I0 2 14.2 12.9 5 10 3 5.7 4.1 .2,  0.9 
2 I0 2 28.3 29.1 3 15 7.J 6.4 4 8 2 14.4 14.0 5 8 1.7- 2.5 6 6 6 1.41, 0.9 

8 2 34.0 32.3 3 1 3  2 8.5 6.6 ~ 6 2 15.5 15.0 -5 6 3 9.1 8.3 6 4 6 1.41, 2.2 
2 6 2 39.2 37.5 3 11 20.6 17.6 .o .. • .30.3 28.6 :) .; 1.3, 1.3 6 2 6 1.4, 0.4 

4 2 80.3 74.8 3 9 2 4.4 3.9 ~ 2 2. 8.5 8.~ s 2 3 , , .8  , , . ,  6 o 6 3.6 2.s 
2 2 2 22.9 23.3 3 7 35.0 3 4 . 2 . ,  v • 38.2 39.1 -5 13 4.8 3.0 6 9 7 4.3 5.7 

0 2 9~. .5111.2 3 5 2 12.8 10.5 4 1 3  3 11.4 9.7 ~ I1 k 13.1 12.0 6 7 7 3.7 3.6 
2 17 3 3.9 3.3 3 3 5,'1.1 47.5 4 I I  3 1.8. 2.5 _5 ~ ~ 1.7, 1.6 6 5 7 6.4 8.0 

15 3 1.8, 2.3 3 I 2 40.3 ,'16.3 4 9 3 16.5 15.7 5 7 4 23.7 2b,.2 6 3 7 5.6 6.9 
2 13 3 9.4 7.6 .16 ~. ~ 4.1 4 7 3 1.5 w' 0.7 5 13.8 15.2 6 I 7 7.5 8.6 

,~. 4.5 4 18.1 6 6 8 1.0, 0.8 11 3 2.o. 1.8 14 3 5 3 19.9 5 3 b, 28.3 33.1 
12 7.8 4 3 3 7.8 5.4 1.2. 1.7 

0.4 1.2- 13.7 14.0 12.9 S 1.31, 2.1 
2 ~ 1 1.5, 0.2 I 33 7.9 • 4414 b,4 7.2 7.7 5 1 0  1.6- 3.9 6 ~ ~ 3.25 . . . . .  4.5 

29.5... 28.7... 12 1.7- 1.8 5 8 5  1.7, 2.1 
4 I0 4 12.9 13.7 5 6 6.8 6.5 6 I 9 3.9 5.5 

~6.6 43.0 
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Distances and angles with their standard deviations, 
given in Table 3, were calculated using the program 
OR FFE written by Busing, Martin & Levy (1964). The 
standard errors of the distances and angles were com- 
puted from the errors of the atomic parameters in the 
form of a variance-covariance matrix, obtained in the 
final cycle using OR FLS. The errors of the cell param- 
eters were also included in the error calculation, but 
their influence was negligible. 

Table 3. Distances and angles with standard deviations 

Distances 
N-C0,2) 1.455 (8) A 
N...CI(1) 3.126 (7) 
N...C1(2) 3.091 (8) 
N. . .  Chlorine atoms in adjacent chains > 4.2 
CI(1)... other chlorine atoms > 4.8 
Angles 
C(1)-N-C(2) 113.0 (0.8) ° 
e l ( l ) . . .  N-C(1,2) 109"0 (0"4) 
C1(2)- • • N-C(1,2) 111.1 (0-4) 
CI(1)... N . . .  C1(2) 103.0 (0.2) 

Description and discussion of the structure 

General 
The nitrogen and chlorine atoms are located in the 

planes z = 0  and z=½, respectively. Fig. 1 gives the con- 
tent in and close to the plane z=0 .  The relative posi- 
tions of the atoms in the plane z=½ may be derived 
from the space group symmetry. The nitrogen and 
chlorine atoms are linked together by hydrogen bonds 
of 3.12 and 3.09 A. Infinite planar chains are thus 
formed in the [100] direction and there are only weak 
bonds between adjacent chains (cf. Table 3). In the 
present compound, (CH3)ENH2C1, both hydrogen 
atoms bound to nitrogen are expected to be involved in 
hydrogen bonds. Since the only atom capable of ac- 
cepting such hydrogen atoms is chlorine it may be con- 
cluded that each chlorine atom should, in turn, be 
hydrogen-bonded to two nitrogen atoms. This is the 
situation realized in the structure. Corresponding prin- 
ciples can of course be applied to all alkylammonium 
halides but in practice complications sometimes arise 
due to orientational disorder or restricted rotation of 
the groups involved in bonding. The situation will be 
surveyed in a later paper. 

In analogy with many other methyl substituted am- 
monium halides, dimethylammonium chloride crys- 
tallizes with a structure similar to one of the simple 
inorganic ioniccompounds. Dimethylammonium chlor- 
ide thus has an arrangement of (CH3)2NH + and C1- 
ions which may be regarded as a distorted sodium 
chloride structure. The strong tendency of twinning of 
the present compound is now readily understood in 
terms of its crystal structure. From Fig. 1 it is evident 
that only small shifts of the ions are needed to convert 
the hydrogen bonds along [100] into similar bonds 
along [010]. In this connexion it is noteworthy that the 
b axis (14.515 A) is close to twice the a axis (7.301 A). 

Bond distances and angles 
Distances and angles are shown in Fig. 2 (cf. Table 3). 

The distances in Table 3 are not corrected for thermal 
motion. If the carbon atom is assumed to ride on the 
nitrogen atom the N-C  distance changes from 1.455 
to 1.476 A. However, since no experimental scaling has 
been done and since part of the anisotropy has prob- 
ably already been accounted for using individual scale 
factors for the separate layers, distances corrected this 
way will not be used in the following discussion. 

The N - C  bonds are 1.455 + 0.008 A and the C - N - C  
angle is 113.0+0.8 ° . The corresponding values for 

c0,2) ct(2) 

b (1) 

t _a o ! ? S.A 

::e ot- 

. a 2 a  

Fig. 1. The plane z = 0 as viewed along the c axis. One  o f  the 
carbon  a toms is lying below z = 0  and  is therefore  h idden 
by the o ther  one. 

1~6 ~ ct¢2i 

113" ~ N 103" ,~ ,,~¢..~.... / 

Fig. 2. Bond distances and angles around nitrogen. 

C! N C H 

Fig. 3. Part of a hydrogen-bonded chain showing the orienta- 
tion of the methyl groups. The mirror plane perpendicular 
to the c axis is indicated. 
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gaseous dimethylamine are 1.46 ___ 0.03 A and 108 +_ 4 o 
(Bauer, 1938). Accordingly there is no significant dif- 
ference in the N-C  bond lengths. The bond angle 
C - N - C  is, however, smaller in dimethylamine than in 
dimethylammonium chloride. This may, of course, be 
expected from the well-known empirical rule that a 
lone pair exerts a stronger repulsion than a bonding 
pair. 

Hydrogen 

The difference map calculated before the anisotropic 
refinement (see above) was used to locate the hydrogen 
atoms. 

A very well resolved peak appeared on the 3.09 A 
bond at about 1.03 A from nitrogen. The other peak 
(on the 3.12/k bond) was not equally well resolved but 
plainly distinguishable. These hydrogen atoms were 
therefore located on the bond axes at 1-03 A from the 
nitrogen atom; the coordinates are (0.26, 0.28, 0.0) and 
(0.43, 0.35, 0.0). The following assumptions were made 
concerning the location of the methyl hydrogen atoms: 
(a) the C-H distances are about 1.1 A, (b) the H - C - H  
angles are about 109.5 ° . One of the hydrogen atoms 
could be quite well located experimentally since the 
corresponding peak was very well resolved. From the 
position of this hydrogen and the assumptions made 
above, the other hydrogen atoms were located within 
the other two rather diffuse peaks found in the dif- 
ference map. The coordinates determined are: (0.07, 
0.37, 0.12), (0.21, 0.47, 0.12) and (0.29, 0.37, 0-21). 
These positions, illustrated in Fig.3, correspond to a 
staggered configuration of the methyl groups relative 
the bonds around nitrogen. It is also found that the 
three hydrogen atoms are nearly directed towards the 
three closest chlorine neighbours which are not hy- 
drogen-bonded to the dimethylammonium ion now 
considered. The H . . . C I  distances are approximately 
2.85 A. 

N - H . . .  CI distance 

When the N - H . . . C 1  distances in the present com- 
pound are compared with those in related substances 
several effects must be taken into consideration. Thus, 
when one or more hydrogen atoms in an ammonium 
ion are replaced by other groups, the N - H . . .  C1 dis- 

tance is expected to change depending on the difference 
in electronegativity of the substituents and hydrogen 
as discussed in a previous paper (Olovsson, 1960). The 
coordination numbers of both atoms involved in the 
hydrogen bond must also be considered. A detailed 
comparison between the N - H . . . C 1  distances in the 
different alkylammonium halides will be postponed un- 
til data on more compounds become available. Struc- 
ture determinations of such closely related compounds 
are at present in progress at this Institute. 
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