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The Crystal Structure of Tetramethylammonium Mercury 
Tribromide, N(CH3)~HgBr3 
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The crystal structure of tetramethylammonium mercury tribromide was determined and refined 
by two-dimensional Fourier methods. Each mercury atom forms approximately equal bonds of 
average length 2.52 .~ to three bromine atoms but  these bonds are not coplanar. In both of the 
crystallographically independent anions the mercury atoms are distorted about 0.3 /~ out of the 
planes of the bonded bromine atoms. In  addition, there is a close approach of 2.9 /~ between the 
mercury atom of each anion and one bromine atom of a neighboring anion in the z direction. Thus 
the structure is intermediate between one consisting of discrete anions and a structure with infinite 
anion chains running through the crystal, analogous to the metasilicates. 

The ferroelectric reversal which occurs at room temperature in these crystals may  be explained 
by a relative movement of each mercury atom to a corresponding position on the opposite side of 
its three bonded bromine atoms. 

Introduction 

A new ferroelectric crystal ,  t e t r a m e t h y l a m m o n i u m  
mercury  tr ichloride,  N (CHs)dHgCI3, was recent ly  
described (Fatuzzo & Nitsche, 1960), and  several 
isomorphous compounds, also ferroelectric, were la ter  
prepared b y  subs t i tu t ion  of other halogens for chlorine 
and  phosphorus for nitrogen. The spontaneous 
polar izat ion of these crystals  was in  the range 1-3#  
coulomb.cm -~' at  room tempera ture  and  the coercive 
f ield was very  high. No Curie point  was observed, 
as on rais ing the tempera ture  the crystals  decomposed 
while st i l l  in  the ferroelectric state (Fatuzzo, Nitsche, 
Roetschi  & Zingg, 1962). 

The crystal  s t ructure analysis  described in the 
present  paper  was carried out as an  essential  f irst  step 
in  unders tanding  the ferroelectric mechanism in these 
compounds. Since i t  w a s  bel ieved tha t  the exact  
disposit ion of the halogen atoms wi th  respect to the  
mercury  atoms might  be of key  importance,  the  
compound t e t r a m e t h y l a m m o n i u m  mercury  tri-  
bromide was selected. Here, the rat io of the average 
scat ter ing contr ibut ion of the mercury  a tom to tha t  
of the rest of the molecule is a lmost  ideal  for f inding 
the  positions of the  bromine atoms by  the heavy  a tom 
method.  Whi le  the very  high scat ter ing power of the 
mercury  atoms would necessari ly make  the location 
of the cat ion atoms diff icul t  and  imprecise, no 
der ivat ives  were known where a l ighter  a tom was 
subs t i tu ted  for mercury  in the same structure.  

Crystal data 

T e t r a m e t h y l a m m o n i u m  mercury  tr ibromide,  
N(CH3)dHgBr3; formula  weight 514.5. 

Uni t  cell dimensions:  

a = 9"05 _+ 0"02, b = 15.90 + 0.05, 

c=7-94_+0.02 J~; fl=93.6_+0-2°; 

volume of un i t  cell, 1140 j[a. 
dc 3.00 g.cm-3; dmeas 2"96 g.cm -8. 
Monoclinic; absent  spectra 0/c0 when k is odd; 

space group P21(C~). 
Four  molecules per uni t  cell; two molecules per crystal  

a symmet r i c  unit .  
Absorpt ion coefficient for Cu K s  radiat ion,  

# = 392 cm -1. 

Experimental 

The crystals  used in  the X- ray  invest igat ion were 
prepared in  Laboratories RCA Ltd.,  Zfirich (Fatuzzo, 
Nitsche,  Roetschi  & Zingg, 1961). These were in  the 
form of needles elongated along the c axis. They 
cleaved most  easi ly on (100) and  poorly on (001). 
All  the crystals  examined  showed mul t ip le  twinning 
such t ha t  the  a and  b axes of ad jacent  twins were 
paral le l  bu t  the  c axes were at  an  angle of 2ft. In  a 
p re l iminary  examina t ion  of the f irst  member  of the 
f ami ly  prepared, N(CH3)dHgC13, oscillation photo- 
graphs gave the  appearance of or thorhombic sym- 
metry ,*  bu t  Weissenberg photographs of the hOl 
zone showed clearly the t rue na ture  of the twinning 
involved.  

X- ray  in tens i ty  da ta  for the three m a i n  zones 
were recorded wi th  Ni f i l tered Cu Kc~ radia t ion  on 
Weissenberg photographs using a mul t ip le  f i lm 
technique.  In tens i t ies  were es t imated  v isual ly  by  
comparison wi th  a s tandard  scale. Four  crysta]s were 
used. For the hkO zone a crystal  was cut to a cross- 

* Tetramethyl ammonium mercury trichloride is monoclinic 
with a----8-68_+0.04 A, b----15.75_+0.08 ~, c---7.69_+0.04 A, 
fl = 93.0 __ 0.2 °, space group P21. 
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section of 0-08x0.12 m m  and accurate absorpt ion 
corrections were made for all  the reflections (Evans, 
1952). Two approx imate ly  cyl indrical  crystals,  radi i  
0.055 and  0-096 m m  respectively were obtained for 
the  0/el data.  Both  in tens i ty  sets were est imated,  
cyl indrical  absorpt ion corrections were applied, and  
a mean  weighted 2:1 in favor of the smaller  specimen 
was taken.  The crystal  used for the hO1 zone was again 
roughly cyl indrical  and  had a cross-sectional radius 
of 0.078 ram. The hOl photographs recorded reflections 
from two sets of twins oriented as described above, 
and  the in tens i ty  est imates  in  the small  regions 
where the two sets of reflections overlapped were 
necessari ly of lower accuracy than  elsewhere. While  
this  hOl data  was used only in a very  l imi ted way 
as described below it  is clear tha t  i t  would not be 
worthwhile to collect full  three-dimensional  data  from 
such twinned crystals. As the analysis  proceeded the 
observed and  calculated structure factor comparison 
could be used to check for the presence of extinction.  
Only the 1 i0  reflection appeared to be at all  seriously 
affected and  this discrepancy was omit ted  from the 
later  stages of the difference densi ty  calculations. 

Structure determinat ion 
Pat terson projections of the  hk0 and  Ok/zones, wi th  
F2s sharpened to atoms at  rest, showed clearly the 

positions of the two crystal lographical ly independent  
mercury  atoms in  the uni t  cell. Electron densi ty  maps  
of the two zones, using the  phase angles calculated 
from the mercury  atom positions, showed five of the 
six bromine atoms. F rom this  stage on both Qo and  
~o-Qc maps  were computed for each ref inement .  
For Q2 h/c0 the positions of the  five strongest peaks 
other t h a n  mercury  were added into the  phasing 
calculations and  the difference electron densi ty  map  
showed decisively tha t  one of these peaks was an  
unresolved double peak of two near ly  overlapping 
atoms (Br3 and  Br6). The analysis  of the Okl zone 
was not  quite so s t ra ightforward because of the 
occurrence of false mirrors of certain bromine atoms. 
However, from ~3 0/cl the correct positions of all  the  
bromine atoms were established. 

The two zones invest igated were not by  themselves  
sufficient to give a unique solution since the  same 
coordinates referred to an  acute or to an obtuse fl 
angle would give ident ical  projections. Accordingly a 
Pat te rson  project ion of the hOl zone was prepared and  
this establ ished very  clearly which of the two alter- 
nat ives  was correct. 

Ref inement  was carried out up to ~5 hk0 and  Q6 0kl 
which are shown in Figs. 1 and  2. At  each stage 
coordinate changes of 1.96 × the  change in peak 
position between Qc and  ~Oo were applied for the hk0 
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Fig. 1. The electron density ~5 projected down the c axis. Contours are drawn at intervals of 5 e./~ -~" for the bromine and 

lighter atoms starting at the 5 el. line which is dotted. For the mercury atoms the contours are drawn at 5, 10, 20, 30, etc. 
e.A-~. The molecular skeletons indicate the final atomic positions. 
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Fig .  2. T h e  e l ec t ron  d e n s i t y  ~6 p r o j e c t e d  d o w n  t h e  a ax is .  C o n t o u r s  are as  for Fig .  1. 

zone and 1.93 shifts were used for the O#l zone. 
In the difference density maps of the later refinements 
the regions of largest residual density could be cor- 
related with approximately tetrahedral tetramethyl x y z 

groups and for ~5 hkO and ~6 0#l these atomic positions 
I-Ig 1 0"165 0 .000  0-025 

were added into the phasing calculations. Br  x 0.421 --0.045 --0-023 ] 
The final coordinates for all atoms are listed in Br~ --0.052 --0.101 --0.007 

Table 1 together with the estimated standard devia- Br s 0.148 0.127 0.223 
tions (Cruickshank, 1949). The final observed and Hg~ 0 .278  0 .046  0 .528  

Br  4 0 .250  - - 0 . 1 0 6  0 .430  i 
calculated values of the structure factors are collected Br  5 0.514 0.126 0.550 

f in Table 2. The scattering factors used are those given Br 6 0.089 0.100 0.720 
in Internationale Tabellen zur Bestimmung von Kristall- ~1 0.67  - - 0 . 1 3  0-42 
strulcturen (1935), corrected for anomalous dispersion c1 0 .57  -0.18 0.35 
(Dauben & Templeton, 1955). An isotropic temper- 02 0.59  - - 0 . 0 8  0.51 

C 3 0-74 --  0 .08  0 .30  
ature factor with B = 4 . 7  was found to give the best c4 0 .77  - - 0 . 1 7  0-50 
agreement with the observed data, and this high N~ 0-64 0 .19  0.07 

C 5 0 .56  0 .25  --  0 .01 value is probably indicative of some disorder in the c6 0-56 0 .13  0 .14  
structure. While the final difference density maps c 7 0.73 0.23 0-19 
could be interpreted in terms of anisotropic vibrations, c 8 0 .73  0 .15  - - 0 . 0 5  

Table 1. Coordinates of the atoms with estimated standard 
deviations for the positions of the mercury and bromine 

atoms 

e .s .d .  

0 .009  A. 

0 .022  

0 .009  

0 .022  
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T a b l e  2.  Calculated and observed values of the structure factors for one asymmetric 

hkl 2"c 2"0 
001 1 < 9 
002 180 180 
003 26 26 
004 135 132 
005 32 27 
006 25 35 
007 22 20 
008 5 < 12 
020 185 181 
040 33 31 
060 8 12 
080 73 62 

0,10,0 39 37 
0,12,0 29 29 
0,14,0 29 29 
0,16,0 13 10 

100 19 32 
200 64 71 
300 63 63 
400 23 29 
500 30 41 
600 11 < 11 
700 38 39 
800 2 < 13 
900 35 44 

10,0,0 11 10 
011 17 14 
021 69 68 
031 37 45 
041 124 132 
051 20 16 
061 80 79 
071 29 25 
081 62 66 
091 23 23 

0,10,1 55 60 
0,11,1 6 < 14 
0,12,1 49 52 
0,13,1 13 18 
0,14,1 31 35 
0,15 1 11 < 12 
0,16,1 17 18 

012 72 71 
022 ] 43 143 
032 70 86 
042 72 76 
052 15 27 
062 68 75 
072 24 22 
082 55 48 
092 14 16 

0,10,2 4 17 
0,11,2 19 20 
0,12,2 26 26 
0,13,2 4 < 13 
0,14,2 14 16 
0,15,2 14 < 12 

0,16,2 8 < 12 
013 36 39 
023 71 65 
033 36 3O 
043 66 54 
053 16 < 14 
063 39 25 
073 10 15 
083 43 32 
093 45 45 

0,10,3 56 49 

hkl 2"c 2"0 
0,11,3 48 49 
0,12,3 41 39 
0,13,3 21 < 13 
0,14,3 22 19 
0,15,3 12 < 12 

014 29 34 
024 87 77 
034 58 55 
044 21 17 
054 53 47 
064 4 < 14 
074 24 30 
084 23 26 
094 17 < 14 

0,10,4 15 19 
0,11,4 7 < 1 4  
0,12,4 6 < 13 
0,13,4 10 < 12 
0,14,4 11 < 12 

015 24 30 
025 35 29 
035 32 31 
045 41 32 
055 22 18 
065 21 18 
075 28 22 
085 34 33 
095 32 28 

0,10,5 21 16 
0,11,5 27 21 
0,12,5 10 14 

016 54 53 
026 30 28 
036 48 44 
046 31 25 
056 18 23 
066 14 23 
076 17 < 13 
086 8 18 
096 17 < 13 

0,10,6 2 < 12 
0,11,6 10 < 12 
0,12,6 6 <11  

017 13 16 
027 19 18 
037 13 16 
047 12 16 
057 17 19 
067 7 19 
077 16 19 
087 13 18 
097 21 17 

0,10,7 17 15 
0,11,7 22 15 
0,12,7 6 11 

018 16 < 12 
028 8 < 12 

038 20 18 
048 8 < 11 
058 21 17 
068 2 < 10 
078 18 14 
110 182 152 
120 32 32 
130 113 120 
140 13 21 
150 41 32 

hkl 2,c 2'0 
160 22 12 
170 40 50 
180 41 41 
190 26 32 

1,10,0 59 52 
1,11,0 8 < 11 
1,12,0 34 30 
1,13,0 18 20 
1,14,0 6 < 11 
1,15,0 12 11 
1,16,0 2 < 11 

210 74 71 
220 67 59 
230 50 64 
240 84 76 
250 27 19 
260 91 84 
270 78 77 
280 43 41 
290 67 66 

2,10,0 12 < 11 
2,11,0 41 41 
2,12,0 15 16 
2,13,0 24 20 
2,14,0 9 < 11 
2,15,0 22 22 
2,16,0 13 < 11 

310 46 51 
320 55 65 
330 l0  11 
340 19 29 
350 69 66 
360 90 84 
370 92 88 
380 79 68 
390 39 40 

3,10,0 40 35 
3,11,0 21 19 
3,12,0 18 15 
3,13,0 32 29 
3,14,0 24 23 
3,15,0 14 < 11 
3,16,0 22 19 

410 46 52 
420 8 12 
430 72 74 
440 33 39 
450 53 51 
460 61 62 
470 38 36 
480 48 42 
490 36 29 

4,10,0 26 19 
4,11,0 28 26 
4,12,0 33 25 
4,13,0 16 20 
4,14,0 21 17 

4,15,0 15 13 
4,16,0 7 < 9  

510 19 22 
520 54 6O 
530 5 13 
540 55 55 
550 35 36 
560 32 32 
570 51 51 
580 15 21 

unit  

hkl Fc Fo 
590 45 45 

5,10,0 18 21 
5,11,0 26 26 
5,12,0 20 15 
5,13,0 23 21 
5,14,0 15 10 
5,15,0 17 12 
5,16,0 10 < 9  

610 43 46 
620 23 29 
630 20 20 
640 24 24 
650 21 24 
660 53 55 
670 27 29 
680 40 36 
690 13 18 

6,10,0 19 15 
6,11,0 8 < 12 
6,12,0 14 14 
6,13,0 14 10 
6,14,0 24 24 
6,15,0 9 < 9 
6,16,0 16 14 

710 10 16 
720 38 45 
730 22 24 
740 35 44 
750 39 37 
760 16 20 
770 20 20 
780 11 < 13 
790 5 < 12 

7,11,0 11 11 
7,12,0 9 < 10 
7,13,0 18 20 

810 40 50 
820 13 16 
830 30 34 
840 15 18 
850 21 22 
860 5 < 13 
870 16 12 
880 6 < 12 
890 3 < 11 

8,10,0 6 < 10 
8,11,0 12 < 10 
8,12,0 8 < 9  

910 6 < 1 3  
920 26 33 
930 3 < 12 
940 12 12 
950 5 < 12 
960 12 11 
970 10 10 
980 15 13 
990 6 < 9 

9,10,0 7 12 
9,11,0 3 < 7 
9,12,0 6 8 
10,1,0 13 10 
10,2,0 9 10 
10,3,0 16 13 
10,4,0 6 < 10 
10,5,0 16 14 
10,6,0 5 < 8 
10,7,0 8 10 
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for some of the heavier  atoms, par t icu la r ly  in the  
y direction, these effects m a y  be due to residual  
absorpt ion errors and the exper imenta l  da ta  does not  
seem to jus t i fy  anisotropic ref inement.  For  218 
observed reflections the  re l iabi l i ty  coefficient R is 
0.120. 

D e s c r i p t i o n  of t he  s t r u c t u r e  

The structure m a y  be visualized from Figs. 1 and  2 
together  wi th  Fig. 3 which shows the atomic positions 
as projected down the crystal  b axis. The dimensions 
of the  two HgBr8 groups are i l lus t ra ted  in  Fig. 5, 

Cl2 

Br 2 

Br6 

O ~  Br5 _ 

~8r 4 C t ~ ' ~  C 3 ~  

~ Br 3 % ~ ~  C 7 
C6 

~ c5 ~ 
B r l  

Q 

Fig. 3. The final atomic positions as viewed 
in projection on (010). 

Hgl 

Brl 

Br3 Br5 

Br2 Br4 

Fig. 4. A view of the anion chain which runs 
through the crystal in the direction of the c axis. 

Anion A Anion /3 

Br l  R r 4  

111~\\ /~\\ 
/ (~1 \ / / ~ l  \\ 

Br 2 4.39 Br 2 Br5 4.18 Br6 

0'31 0"52 

Fig. 5. Dimensions of the two crystallographically independent 
anions. Distances are in /~ and angles in degrees. The 
underlined figures at the bottom are the distance in /~ of 
the mercury atoms from the planes of the bromine atoms. 

and  the mercury -b romine  bond distances and bond 
angles are l isted in Table 3 with the corresponding 

Table 3. Bond distances and bond angles for 
the anions and estimated standard deviations 

Hg-Br distances 

Intra-anion 
Atoms distance e.s.d. 

Hgl-Brl  2.48/~ 
Hgl-Br2 2.53 

J Hgl-Br3 2.56 
Hg2-Br4 2.55 0.025/~ 
Hg2-Br5 2.49 
Hg2-Br6 2.52 

Inter-anion 
Atoms distance e.s.d. 

Hgl-Br6 2.94/~ ) 
Hg2-Br3 2.92 0.025 A 

Br-Hg-Br bond angles 

Atoms Angle e.s.d. 
Brl-Hgl-Br2 121.8 ° } 
Br2-Hgl-Br3 119" 1 
Brl-Hgl-Br3 114-4 
Br4-Hg2-Br5 125.3 
Br5-Hg2-Br6 113"3 
Br4-Hg2-Br6 116.9 

0.8 ° 

es t imated  s tandard  deviat ions (Cruickshank, 1949; 
Jeff rey & Parry ,  1952). These groups are considerably 
closer to a p lanar  configuration t han  to a pyramida l  
one in  which there are bonds from an a tom at  the 
centroid to three atoms at  apices of a regular  tetra- 
hedron. Referred to orthogonal axes X, Y, Z where 
X - -  x + z cos fl, Y = y, Z = z sin # the equat ions of the  
planes of the  bromine atoms in  anions A and  B 
respectively are 

and 
X -  3.881 Y + 6 . 7 7 2 Z -  5.355 = 0 

X -  1.275 Y + 2 - 5 1 9 Z -  12 .788=0 . 

The deviat ions of the mercury  atoms from these 
planes are 0-32 A for anion A and 0.31 A for anion B. 

The most  interest ing feature of the s tructure is the 
a r rangement  of these approx imate ly  p lanar  anions. 
They lie roughly perpendicular  to the c axis and  in this  
direction they  are not  in ter leaved b y  cations. Ins tead  
there appears to be an  in teract ion between successive 
anions in the  c direction. Atoms Hg2 and  Br3 are only 
2.92 A apar t  and the  dis tance H g l - B r 6  is 2.94 J~. 
These distances are appreciably  less t han  the  expected 
v a n  der Waals  approaches and  they  mus t  be regarded 
as the result  of polar  a t t ract ions  between the  mercury  
a tom of one anion and  one bromine a tom of the next .  
Thus this  par t  of the s t ructure  m a y  be regarded as 
being in te rmedia te  between a set of discrete anions 
HgBr~-, and  a s t ructure  consisting of inf ini te  chains 
(HgBrs)~- running  through the crystal  para l le l  to the 
c axis and  analogous to the metasi l icate  chain, 
(Si08)~ n-. A view of this  anion chain, which is re- 
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produced twice in each unit cell by the operation of 
the screw axis, is shown in Fig. 4. The difficulty of 
cleaving the crystals across the c axis can readily be 
understood on this model. 

The atomic coordinates for the carbon and nitrogen 
atoms, derived in a structure containing so many 
very much heavier atoms, have necessarily quite low 
accuracy. The tetramethylammonium groups appear 
to be at least approximately tetrahedral. The eight 
carbon-nitrogen bond distances computed from the 
coordinates of Table 1 average 1.35 A with individual 
variations of up to + 0.1 /~. This mean value is con- 
siderably lower than the expected C-N single bond 
distance but the discrepancy is probably an artifact 
of low resolution. The average fractional contribution 
of the cations to the intensities falls off very rapidly 
with increasing sin 0/2 and a systematic error may be 
produced by a tendency of the separate peaks to 
cohere. The cations link the separate anion chains 
together. _411 the carbon-bromine approaches of less 
than 4 J~ are listed in Table 4. Bromine atoms with 
coordinates related by the screw axis to those of 
Table 1 are dashed and atoms which are translated 
along a, b or c from the standard molecule are so 
indicated. 

Table 4. Cation-anion approaches less than 4 1~ 

Atoms  Distance 
C1-Br 1 3.88 A 
C1-Br 4 3-28 
C1-Brs"( + a - - b T c  ) 3"25 
Cz-Br 4 3-14 
C~-Br 5 3.43 
Ca-Br 1 3.80 
C3-Br~ ( + a) 3.18 
Cs-Brl '  ( + a) 3.27 
C6-Br 1 3.25 
Ce-Br a 3" 78 
C6-Br 5 3.28 
CT-Br 5 3.91 
Cs-Brs(- -c  ) 3.65 

Discuss ion  
(i) Chemical considerations 

The configuration found for the HgBra groups in 
N(CH3)cI=IgBr3 appears to be unique among mercury 
compounds. Divalent mercury compounds tend to 
form either two colinear bonds, presumably sp, or 
four tetrahedral bonds by sp a hybridization. Thus in 
HgBm (Verweel & Bijv0et, 1931) each mercury atom 
forms two colinear bonds to bromine atoms at 2.48 ~_, 
while 4 bromine atoms at 3.23 A complete a distorted 
octahedron. In crystals of NHdHgC13 (Harmsen, 1938) 
two chlorine atoms are again covalently bonded to 
mercury at 180 ° while four chlorine atoms are the next 
neighbors at larger distances. The compound 
[N(CHs)4]2HgBrd, which exists in solution equilibrium 
with the tribromide, probably has tetrahedral coor- 
dination of the bromine atoms about the mercury 
atoms as found for the coordination of zinc by chlorine 
in [N(CHs)4]2ZnC14 (Morosin & Lingafelter, 1959). 

The coordination of mercury found in the present 
investigation is very close to trigonal. Most probably 
these bonds are formed by 8p 2 hybridization, which 
would require exactly planar anion groups, and the 
distortions found are due to the highly polar environ- 
ment. The reduction in the potential energy achieved 
by the interaction between adjacent anions must 
override the tendency of the groups themselves to be 
planar. I t  is noteworthy that  while the largest devia- 
tion of the mercury-bromine bond distances within 
anions from the mean value of 2-52 A is only two 
standard deviations and cannot be considered certainly 
real, there are deviations in Br-Hg-Br  bond angles 
from the mean value of 118.5 ° of eight times the 
standard deviations. In a low symmetry crystal it 
would be surprising if the mercury atoms were 
distorted out of the planes of the bromine atoms in 
a symmetrical fashion and it seems that  the extreme 
variations in the bond angles are real. 

(ii) Ferroelectricity 
Before the present work was begun it was speculated 

that  the ferroelectric reversal might occur by a 
movement of each mercury atom through the plane 
of its three bonded bromine atoms to a corresponding 
position on the other side of the plane (Nitsche, 1959). 
This hypothesis would require that  the mercury 
atoms are displaced out of the bromine planes by an 
amount sufficient for an appreciable resultant dipole 
to be created, but not so far that  their required 
movement on reversal of the electric field would cause 
breakdown in the crystal. As a result of the crystal 
structure analysis it appears that  both conditions are 
fulfilled. 

The deviation of the mercury atom from the plane 
of the three bromine atoms is in the same sense for 
the two crystallographically independent anions in 
the unit cell, and hence there is a resultant dipole 
component which is additive along the b axis for the 
four anions in the unit cell, but which cancels in all 
other directions because of the symmetry of the 
screw axis. From the atomic coordinates given above 
the dipole component along b may be calculated to 
be 0-136/x for anion A and 0-0915/~ for anion B 
(where # is the dipole moment of the Hg-Br bond 
and the moments of the six independent bonds are 
assumed to be equal). Thus the resultant dipole com- 
ponent along b is 0.455# for each unit cell. 

It  would be surprising if the cations did not suffer 
some distortion in the asymmetric field of the anion 
part of the structure. Unfortunately the present 
analysis gives no concrete information on this point 
because of the relative lightness of these groups. 
However, it seems reasonable that  induced dipoles 
in the tetramethylammonium groups could contribute 
a significant fraction of the total polarization. 

A detailed examination of the atomic movements 
required in the polar reversal of the anion part  of 
structure leads to the conclusion that  this is most 
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eas i ly  accomplished by  main ta in ing  the  fl angle for 
a given uni t  cell constant  in  both  states. Change of 
the  fl angle from obtuse to acute would require 
progressively larger a tomic movements  through dif- 
ferent  uni t  cells, a lmost  cer tainly incompat ib le  with 
fast  switching. The reversal  mechanism which seems 
to minimize  the atomic movements  is i l lus t ra ted in  
Fig. 6, which shows the positions of the anions in  two 
projections under  both polarit ies of the appl ied field. 
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\ \  
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(b) 
Fig. 6. An illustration of the reversal of the anions under 

an external field viewed in (a) down the crystal a axis 
and in (b) down the crystal b axis. The full lines connect 
bonded atoms in the positions for one polarity of the 
applied field and the dotted lines the positions for the 
other polarity. 

Anion A moves to the  configuration of the  mirror  
image in  (010) of anion B related by  the screw axis 
to the s tandard  ion, and  anion B takes up the reversed 
configuration of the corresponding anion A. Thus the 
reversed structure is an  exact  mirror  image of the  
original s tructure and  the resul tant  dipole component  
along the b axis is reversed. The origin referred to the  
coordinates of Table 1 has been t rans la ted  by a/2, c/2 
and approx imate ly  -0 .454b.  (Since there is no unique 
origin in  the y direction, no t rans la t ional  motions are 
required to accommodate  to s y m m e t r y  elements.  
The mercury  atoms, however, might  move s l ight ly  
in  this  direct ion to minimize  movement  of the  bromine 
atoms.) The movements  of the atoms required for 
reversal  under  this  mechanism are quite large, about  
0.7 _~ for the  mercury  atoms alone, and  the high 
coercive f ield observed is unders tandable .  

One interes t ing feature is t ha t  the  close inter-ion 
approaches between H g l  and  Br6 and  between t tg2 
and  Br3 are destroyed on reversal,  bu t  ident ica l  close 
approaches are set up between the new posit ions of 
H g l  and  Brd, and  Hg2 and B r l  respectively.  I t  m a y  
well be tha t  these interact ions are dominan t  in  creating 
the two energy m i n i m a  for the two polari t ies  of the  
structure.  

Anomalous dispersion X- ray  exper iments  under  an  
appl ied field could correlate the absolute polar i ty  of 
the  H g - B r  bonds wi th  the direct ion of the external  
field. Such exper iments  have not  yet  been carried out 
because the crystals  obta ined  so far are ra ther  un- 
sui table  for precision measurements  close to an 
absorpt ion edge. 

The author  wishes to t h a n k  Dr R. Nitsche and  his 
colleagues of Laborator ies  RCA Ltd.,  Ziirich for 
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