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The Crystal Structures of NaH~,2, NaHg and Na3Hg2 
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The crystal structures of NaHg and Na3Hg 2 have been determined from Weissenberg and precession 
camera data. NaHg is end-centered orthorhombic, a = 7.19, b = 10.79, c = 5.21 A, Z --- 8. Pairs 
of mercury atoms are grouped in ribbons which extend "through the crystal. Na3Hg~ is tetragonal 
with a ---- 8.52, o = 7.80 A, Z = 4. Mercury atoms are in isolated groups of four with a nearly 
square arrangement. Frompowder diagrams NaHg 2 was found to be the hexagonal A1B~ type 
with a = 5.029, c = 3-230 A. 

Introduct ion 

The determination of the crystal structures of the 
sodium amalgams has been undertaken as part  of a 
program for determining the structures of compounds 
formed by the alkali, alkaline earth and similar metals 
with the metals of group II-B. Of the five sodium- 
mercury compounds which are reported here, NaHg4, 
NaHg2, NaHg, Na3Hg 2 and NasHg2, the structures of 
three, NaHg 2, NaHg and Na3Hg~, have been completed. 
There is considerable disagreement in the older litera- 
ture as to the number and composition of the sodium 
amalgams (Hansen, 1936), and further work is neces- 
sary to determine the number, composition and struc- 
ture of the remaining sodium-mercury compounds. 

E x p e r i m e n t a l  technique 

Since the compounds of sodium and mercury decom- 
pose rapidly in the presence of oxygen or moisture, 
it is necessary to carry out all the preparations in an 
inert atmosphere or under vacuum. The procedure for 
preparing the amalgams was to bring known amounts 
of pure mercury and pure sodium together in a reac- 
tion vessel through which dry nitrogen was flowing 
at a rapid rate. Since the reaction is quite exothermic, 
the mixing was done slowly and a homogeneous sample 
was obtained by merely shaking the reaction vessel. 
Subsequent analyses indicated that  the samples were 
homogeneous and that  the compositions were those 
desired to within 1 ?/o of the molar ratio. 

Although this technique produced excellent powder 
specimens, it was found necessary to modify the 
method slightly to obtain single crystals. By preparing 
a sample having the d~sired atomic ratio and then 
altering its compositions slightly by adding a small 
amount of sodium or mercury, so tha t  the crystals 
could form from the melt over a range of temperatures, 
it was possible to obtain single-crystal specimens. The 
adjustment of composition was done by trial and error. 
The sample was melted under vacuum in a small 
vessel fitted with a closed side-arm tube into which 
the pure molten alloy was poured and allowed to cool. 
This side-arm tube was then sealed off under vacuum. 

Single crystals were mounted in capillaries by 
breaking the sample tubes under an inert atmosphere, 
scraping some crystals free from the sample, and pick- 
ing up these crystals with a capillary previously coated 
inside with Canada balsam and attached to an aspira- 
tor. This capillary was sealed and examined under a 
microscope for single crystals, likely specimens were 
selected, and the capillary was sealed off on each side 
of the crystals at a convenient distance. The crystal 
~vas fixed in place by gently warming the capillary 
until the Canada balsam softened. Since this method 
often resulted in chips of crystals, the Buerger preces- 
sion camera was very useful in aligning the specimens. 
Commercial nitrogen which had been passed through 
a drying train was used as an inert atmosphere. Single 
crystal specimens mounted in the manner outlined 
have kept for nine months without signs of decomposi- 
tion. 

NaHg2 

NaHg~ was found from a powder diagram to be iso- 
structural with the aluminum boride type. The hexag= 
onal cell has the dimensions 

a = 5.0290±5, c = 3.2304±16 A, U = 70.9 A 3, 
Z = 1, Dx = 9.96 g.cm. -3. 

The density from the data of Maey (1899) is 9.94 
g.cm. -3. 

Unlike those of the other sodium amalgams, the 
lines in the back-reflection region for NaHg~ (m.p. 
349 ° C.) were sufficiently resolved to obtain a precise 
determination of the lattice constants by the method 
of Cohen (1935). The precision measure was calculated 
by the method of Jet te  & Foote (1935). The inter- 
atomic distances are given in Table 1. 

Table 1. Interatomic distances in NaHg~ 

Atom Number of neighbors Distance (A) 
Na 12 Hg 3.16 

2 Na 3.23 

Hg 3 Hg 2.90 
6 Na 3-16 
2 Hg 3.23 
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N a H g  

NaHg is gold in color, which strikingly differentiates 
i t  from the other sodium amalgams observed. Zero- 
layer Weissenberg data (hk0) were obtained from a 
single crystal with Cu Kc~ and Me Ka  radiation. The 
Buerger precession camera using Me K~ radiation 
(/x = 25 °, magnification factor, 6.00)was employed 
to obtain (hOl) and (Ok[) data. Intensities were esti- 
mated visually, using a graduated scale. Crude ab- 
sorption c o r r e c t i o n s  w e r e  m a d e  a s s u m i n g  a c y l i n d r i c a l  
r o d  s h a p e  fo r  t h e  c r y s t a l  fo r  t h e  W e i s s e n b e r g  d a t a ,  
a n d  a f l a t  p l a t e  s h a p e  fo r  t h e  p r e c e s s i o n  d a t a .  T h e  e n d -  
c e n t e r e d  o r t h o r h o m b i c  u n i t  cel l  d i m e n s i o n s  as  d e t e r -  
m i n e d  f r o m  a p o w d e r  d i a g r a m  a r e  

a = 7-19, b = 10 .79 , -c  = 5.21 A,  U = 404 A a, 
z = 8, Dx = 7.36 g . cm.  -a. 

T h e  d e n s i t y  r e p o r t e d  b y  M a e y  (1899) is 7.26 g . c m .  -a .  

T h e  r e f l e c t i o n s  o b s e r v e d  w e r e  t h o s e  c h a r a c t e r i s t i c  
f o r  t h e  s p a c e  g r o u p s  Cmc-C~, C2cm-C~," 16 or  Cmcm-D~. 

S i n c e  C2cm p l a c e s  t w o  a t o m s  d i r e c t l y  o v e r  o n e  a n o t h e r  
in  t h e  c d i r e c t i o n  a n d  c is o n l y  5-21 A,  t h i s  s p a c e  g r o u p  

w a s  n o t  c o n s i d e r e d .  C m c m  w a s  a s s u m e d  t o  be  t h e  
c o r r e c t  s p a c e  g r o u p  in  p r e l i m i n a r y  w o r k .  Cmc,  w h i c h  
c o n t a i n s  a n  a d d i t i o n a l  p a r a m e t e r ,  w a s  n o t  n e e d e d  t o  
s e c u r e  i n t e n s i t y  a g r e e m e n t .  

A P a t t e r s o n  p r o j e c t i o n  m a d e  u s i n g  (hb0) d a t a  w a s  

i n t e r p r e t e d  t o  g i v e - a  r o u g h  p i c t u r e  of  t h e  s t r u c t u r e .  
T h e  s t r u c t u r e  w a s  f u r t h e r  r e f i n e d  b y  e l e c t r o n - d e n s i t y  
p r o j e c t i o n s  on  (100) a n d  (001) f o l l o w e d  b y  l eas t -  
s q u a r e s  t r e a t m e n t  of t h e  c o m b i n e d  (hk0), (0kl) a n d  
(hO1) d a t a .  T h e  e l e c t r o n - d e n s i t y  m a p s  (Figs.  1 a n d  2) 
d i d  h o t  g ive  a c l ea r  i n d i c a t i o n  of s o d i u m  a t o m  posi-  
t i o n s  (nor  d i d  Fo-F¢maps), so p o s i t i o n s  w e r e  a s s u m e d  
p r i o r  t o  t h e  l e a s t - s q u a r e s  t r e a t m e n t  w h i c h  w o u l d  p l a c e  

t h e m  as  n e a r l y  e q u i d i s t a n t  f r o m  t h e i r  n e i g h b o r s  as  

poss ib le .  T h e  l e a s t - s q u a r e s  t r e a t m e n t  p r o d u c e d  a sh i f t  

f r o m  t h e s e  v a l u e s  (YNa = 0"36 a n d  0.82) t o  t h e  v a l u e s  

l i s t e d  be low.  A neg l ig ib le  sh i f t  ( - 0 . 0 0 0 3  p a r a m e t e r  
u n i t s )  w a s  f o u n d  fo r  t h e  m e r c u r y  a t o m s .  

Indices Fo Fo 
200 414 --419 
400 255 284 
600 - -  7 
800 57 -- 40 

10,0,0 57 76 

110 * 

310 220 --271 
510 228 254 
710 129 -- 183 
910 63 87 

020 250 231 
220 189 --229 
420 93 81 
620 - -  - -  27 
820 - -  -- 30 

10,2,0 ~ 27 

130 - -  -- 15 
330 - -  20 
530 ~ - -  27 
730 ~ 16 
930 ~ 8 

040 276 --309 
240 220 197 
440 145 -- 133 
640 ~ 6 
840 ~ 21 

10,4,0 - -  - 38 

150 102 -- 52 
350 219 234 
550 226 -- 195 
750 159 164 
950 80 -- 71 

060 356 --326 
260 252 304 
46O 145 --132 

Table 2. Structure-factor data for 
Ind~es  Fo Fc 

660 - -  34 
860 - -  43 

10,6,0 39 -- 46 
170 115 -- 73 
370 130 107 
570 161 -- 145 
770 102 89 
970 59 -- 53 

080 105 - -  73 
280 88 59 
480 - -  -- 32 
680 - -  5 
880 - -  8 

190 - -  4 
390 ~ -- 38 
590 ~ 28 
790 - -  -- 28 
990 ~ 11 

0,10,0 146 124 
2,10,0 102 --106 
4,10,0 57 55 
6,10,0 - -  -- 11 

1,11,o 64 44 
3,1!,0 90 -- 68 
5,11,0 103 93 
7,11,0 79 -- 59 
9,11,0 ~9 35 

0,12,0 110 102 
2,12,0 102 -- 91 
4,12,0 46 35 

1,13,0 ~ 6 
3,13,0 ~ -- 33 

002 314 --516 
004 232 266 
006 105 -- 109 

* Not  est imated because of background. 

NaHg 

] Indices 

202 
204 
206 

402 
404 

602 
604 

802 

021 
022 
023 
024 
O25 
O26 

041 
O42 
043 
O44 
045 

061 
O62 
O63 
064 
065 

081 
082 
083 
084 

0,10,1 
0,10,2 
0,10,3 

0,12,1 
0,12,2 

282 
178 
51 

211 
64 

47 

331 
170 
257 
128 
125 
58 

369 
251 
257 
140 
131 

74 
360 

65 
143 

252 
71 

163 
49 

114 
108 

92 

34 
84 

318 
--176 

76 

--221 
123 

7 
6 

34 

--419 
- -  173 

257 
94 

- -  126 
- -  40 

--383 
242 
244 

- -  132 
--117 

52 
258 

- -  36 
- -  152 

18 

237 
61 

- -  1 6 5  

- -  3 6  

114 
- -  104 
- -  8 1  

- -  4 3  

- -  8 6  
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c/4 
Fig. 1. 

b/2 

2A 

o 

0 ) a/4 
Fig. 2. 

Fig. 1. Electron density of NaHg projected on (100). 
Fig. 2. Electron density of NaHg projected on (001). 

(o, o, o), (½, ½, 0)+ 
8 H g  in (g ) :x ,Y ,  ¼; ~,,y,~; x,~,~;; ~,~,-~ 
with x = 0.2124-0.0016, y = 0"088±0"001 o. 

4 Na~ in (c) : 0, y, t ;  0, y, ~, with y = 0-368±0.010. 
4 Na2 in (c): with y = 0.814±0.006. 

The s tandard  deviat ions in  the  parameters  which are 
l isted above were de termined f rom the least-squares 
t r ea tmen t  (Cruickshank, 1949a). The value of R = 
Z I[Fo[- IFc[[-ZFo prior to the  least-squares t r ea tment  
was 0.207 if all reflections were included, 0.150 if F ' s  
were omit ted  when F o was zero. After  the  least- 
squares ref inement ,  the  values of R were 0.203 and  
0.146 respectively,  indicat ing the relat ive insensi t iv i ty  
of the discrepancy factor to the positions of the sodium 
atoms. The tempera ture  factor used to adjus t  the 
calculated to the  observed da ta  h a d  a value of B -- 
3.55 j~2. The structure-factor da ta  are listed in Table 2. 
Tlie f inal  s tructure is shown in Fig. 3. A list of inter- 
atomic distances is given in Table 3. 

Table 3. Interatomic distances in N a H g  
Atom Number of neighbors Distance 

Hg 

Na 1 

Na 2 

1 Hg 3-05 
2 Hg 3.22 
1 N a  1 3.14 
3 Na 2 3.20 
1 Na 2 3.33 
2 Na x 3"36 
1 Na 1 3"38 

2Hg 3.14 
2 Na,  3.26 
4 Hg 3"36 
2 Hg 3-38 
2 Na,  3.64 

6 Hg 3.20 
2 Ns a 3.26 
2 Hg 3-33 
2 Na 1 3.64 

(A) 

b . 

> C  

Fig. 3. Structure of l~aHg. Large atoms are l~a. Two unit 
cells are shown with some of the atoms repeated by the 
unit translations in the a and b directions omitted. 

N a a H g 2  

Na3Hg 2 has  a pr imi t ive  te t ragonal  uni t  cell with 
a = 8.52, c = 7.80/~, U = 566 ~3, Dm (Maey, 1899) 
= 5.55 g.cm.-3, Z -- 4, D~ -- 5.51 g.cm. -3, formula  
weight = 470.21. 

The general  extinctions which were observed, (Okl) 
present  only with k+l even, are those which are 
characterist ic for space groups P4~Jmnm, P4n2 and 
P42nm. Precession camera diagrams were used to 
obtain (hkO) data  (Mo K s  radiation) and Weissen- 
berg diagrams were made  to obta in  the (0kl) da ta  
( C u K a )  from the same crystal.  Intensi t ies  were 
est imated visual ly  as for NaHg.  

Pre l iminary  positions for the mercury  atoms were 
obtained by  inspection of the (hk0) precession dia- 
grams. The electron-density projection made using the 
F(hkO) data  clearly indicated the positions of the 
mercury  atoms as well as the positions of four of the 
twelve sodium atoms. Addi t ional  small  peaks were 
also present  in the  electron-density m a p  but  in twice 
as great a number  as sodium atoms in the structure.  
The eightfold set of peaks labeled A in Fig. 4 could be 
e l iminated  on spat ia l  considerations. Sat isfactory 
distances between atoms could be obtained by  placing 
the atoms at  the other peaks on the electr0n-densi ty 
map.  
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Fig. 4. Electron density of l~a~Hg 2 projected on (001). 

A leas t -squares  r e f i n e m e n t  of t he  d a t a  i nd i ca t ed  
a negl igible  shif t  for t he  m e r c u r y  a tom,  0.005 para-  
m e t e r  u n i t  for  one  t y p e  of sod ium a t o m  a n d  0.001 
p a r a m e t e r  u n i t  for  t he  other .  

The  a tomic  posi t ions  are 

8 H g  in  ( j ) :  x , x , z ;  ~ ,5 ,  z; i+x, ½-x, ½+z; 
i - x ,  ½+x, ½+z; x, x, z; x, z, x; 
½+~, ½-x, i -z;  ½-~, ½+z, ½-z 

wi th  x+0 .125±0 .0005 ,  z = 0.190±0.001.  

4Nat in (g): x,~,o; ~,x, 0; i+z, ½+x, ½; 
i -x ,  i -x ,  } 

wi th  x = 0.210±0.010.  

4Na~ in (f):x,x,O; ~ , ~ , 0 ;  ½+x, ½ - x , i ;  
½-~, ½+z, ½ 

wi th  x -- 0 .368±0.010.  

4~Ta3 in (c): 0,½,0; ½,0,0; 0,½,½; ½.0,½. 

The  errors in  t h e  a tomic  pa ran /e t e r s  are  s t a n d a r d  
dev ia t ions  as ca lcula ted  f rom t h e  leas t -squares  t rea t -  
men t .  The  s t a n d a r d  dev i a t i on  of t h e  x, y coord ina tes  
of t he  sod ium a t o m  in  special  pos i t ion  (c) is 0.04 A, 
as d e t e r m i n e d  f rom t h e  e l ec t ron -dens i t y  m a p s  b y  
Cru ickshank ' s  m e t h o d  (Cruickshank,  1949b). The  
d i sc repancy  factor ,  R, for t h e  (hk0) d a t a  is 0.084. 

The  z p a r a m e t e r s  were  o b t a i n e d  f rom e x a m i n a t i o n  
of t he  (0bl) da ta .  I f  t h e  s t ruc tu re  is a s s u m e d  to  be 
based  on space group  P4~/mnm, t h e n  spa t ia l  considera-  
t ions  fix t he  posi t ions  of t h e  N a  1 a n d  Na2 a t o m s ;  t he re  
is a choice in  t h e  posi t ions  of t h e  N a  a a t o m s  to  be  
loca ted  in  (c) wi th  z va lues  of 0 a n d  ½, or in  (d) wi th  
z values  of ¼ and  ~; a n d  t h e  z p a r a m e t e r  of t h e  mer-  
cury  a t o m s  m u s t  be d e t e r m i n e d .  A P a t t e r s o n  projec-  
t ion  using F~(0ld) d a t a  c lear ly  showed  t h a t  t h e  H g  
a toms  were  sepa ra t ed  b y  a b o u t  ~c in  t h e  [001] direc- 
t ion,  a n d  i t  i nd i ca t ed  t h a t  t h e  N a  s a t o m s  were  in  
pos i t ion  (c). S t ruc tu re  factors  ca lcu la ted  w i t h  ZHg = 
0"190 gave  good  a g r e e m e n t  w i t h  t h e  obse rved  value~. 

Indices Fo Fc 
200 - -  1 
400 373 --391 
600 - -  18 
800 180 179 

10,0,0 15 5 

110 267 277 
2 1 0  353 --337 
310 296 --283 
410 36 -- 23 
510 195 - -  185 
610 199 192 
710 111 99 
810 - -  - - 5  

910 58 60 
10,1,0 66 -- 62 

220 44 56 
320 298 -- 300 
420 36 14 
520 209 206 
620 10 14 
720 151 138 
820 - -  9 
920 84 -- 82 

330- 195 196 
430 59 10 
530 129 121 
630 150 14 
730 96 102 

"8 .30  ~ .6 
930 • 7 1  - -  64 

Table  4. Structure-factor data for 
Indices Po 

440 292 
540 - -  
640 
740 
840 135 
940 

550 97 
650 116 
750 97 
850 

660 19 
760 86 
860 

7 7 0  49 

002 300 
004 101 
006 175 
008 133 

011 212 
013 297 
015 210 
017 84 
019 18 

O2O 0 
022 
024 
026 
028 

Na3Hg~ 

330 
0 
7 

--1 
- - 1 3 1  

2 

108 
--115 
- -  87 

- - 3  

7 
- -  82 

5 

52 

--28O 
91 

170 
129 

137 
298 
181 
5O 
18 

1 

2 
2 

- -  17 
1 

Ind~es .Fo .Fc 
031 151 --118 
033 218 235 
035 176 --155 
037 70 46 

040 323 387 
042 204 268 
044 - -  --8 
046 149 105 
048 163 108 

051 55 49 
O53 160 181 
055 124 127 
057 65 44 

060 - -  - -  13 
062 - -  8 
064 ~ 7 
066 - -  4 

071 25 32 
073 93 110 
075 73 69 
077 44 28 

080 138 154 
082 86 -- 88 
084 14 13 
086 60 51 

091 - -  35 
093 49 59 
095 60 48 
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A least-squares t r e a t m e n t  of only the  mercury  para-  
meter  indicated no change in the  Hg  positions. No 
a t t e m p t  was made  to v a r y  the  (x, y) coordinates of the  
atoms since these were fixed adequate ly  by  the  F(hkO) 
data .  The F(hkO) d a t a  were freer from absorpt ion 
effects t h a n  the  F(Obl) d a t a  and  therefore were judged 
to be more reliable. 

Placing the  sodium a toms in positions (c) seemed to 
create unnecessari ly short  distances between sodium 
atoms. These distances could be made  longer by  placing 
the a toms in positions (d). This change in the  sodium 
positions increased the  R value from 0.20 to 0.23, 
indicating t h a t  the  sodium atoms were correctly 
placed in positions (c). 

In  obtaining the  best  fi t  of calculated to observed 
F values, s l ightly different  t empera tu re  factors were 
found for the  (hkO) and  (Okl) d a t a  (B = 3.55 /~2 for 
(hk0) data ,  4.57 /~9 for (Okl)). This difference can be 
ascribed to a par t i a l  correction for absorpt ion effects 
which differed in the  two sets of da ta .  

An examina t ion  of the  other  space-group possibilities 
shows tha t ,  with f ixed x and  y coordinates, no different 
z a r rangements  are possible for the  mercury  atoms. 
The positions of the  N a  a a toms can be al tered along 
the c axis by  a r b i t r a r y  amounts ,  but  the  intensi ty  
da t a  do not  suppor t  such changes. The .combined R 
value for (hk0) and  (Okl) d a t a  for the  s t ructure  given 
above is 0.125. The calculated and  observed F values 

Atom 
Hg 

Table 5. Interatomic distances in Na3Hg9 

l~umber of neighbors Distance (A) 

Na 1 

Na2 

Naa 

1 Hg 2.96 
1 Hg 3.01 
1 Na 1 3.13 
2 Na 2 3.26 
1 Na 2 3.28 
2 Na 1 3.30 
2 Na a 3-68 

2 Na~ 3.05 
2 Hg 3-13 
4 Hg 3.30 

1 Na~ 3.18 
4 Hg 3.26 
2 Hg 3.28 
2 Na a 3"33 

2 Na~ 3.05 
2 Na 2 3.33 
4 Hg 3.68 

are listed in Table 4 . - In te ra tomic  distances are listed 
in Table 5. I n  the  d iagram of the  s t ructure  given in 
Fig. 5, some of the  a toms  on the  f ront  and rear  faces 
of the  cell have  been omi t ted  for greater  clarity. 

Other N a - H g  phases  

Pre l iminary  d a t a  have  been obta ined by  Weissenberg 
methods of N a H g  4 and  by  precession camera  methods  
of a phase t en ta t ive ly  designated as NasHg 2. N a H g  4 

has  a hexagonal  uni t  cell with a = 61-5, c = 9.7 •. 
The cell could contain about  230 units  of NaHga.  
NasHg 2 is rhombohedra l  with a = 18.52 A, c~ = 29 ° 23" 
(hexagonal cell dimensions, a = 9.39, c = 53.1 J~). 

> 0  

Fig. 5. Structure of NaaHg~. Small atoms are Hg. Some of 
the atoms repeated by the unit translations have been 
omitted for greater clarity. 

Discuss ion  of the s tructures  

N a H g  2 is isostructural  wi th  UHg~ (Rundle & Wilson, 
1949) and  has very  near ly  the  same unit  cell dimensions 
(UHg 2, a = 4.99, c = 3.23 A;  NaHg2, a = 5.029, c = 
3.23 J~). The distances between the  a toms in th is  
s t ructure  are considerably shorter  t h a n  in the  elements, 
corresponding to the  marked  decrease in volume upon 
format ion  from the  elements of 18.9% and the  high 
exothermici ty  of the  format ion  reaction. 

The na tu re  of the  envi ronment  of the  Hg  a toms in 
this s t ructure  is such t h a t  if, according to Paul ing  
(1947, 1949), one assumes a valence and  a correspond- 
ing single-bond radius for Hg,  then,  in order to obta in  
a self-consistent calculated valence for Hg,  the  single- 
bond radius and  valence of sodium are no longer 
a rb i t ra ry .  Table 6 shows a listing of assumed valences 

Table 6. Calculation of N a  valence in NaI-Ig 2 

Assumed Calculated 
valence Calculated valence 
of Hg R 1 for Hg* /~1 for Na for Na 

6 1.348 1.729 12.1 
4.5 1.391 1.512 5.4 
4 1.406 1-386 3"3 
3.5 1.421 1.142 1.3 

* Paulixig's radii have been converted to A from kX. units. 
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for Hg and the corresponding valences and single-bond 
radii for Na. The most reasonable values according to 
this scheme would appear to be Hg with a valence of 
about 4 and Na with a valence of about 3. 

In  the NaHg structure the mercury atoms group 
themselves in pairs at a distance close to tha t  in 
mercury metal, Hg-Hg  -- 3.05 A. The pairs are further 
grouped into ribbons in which the Hg-Hg distance is 
3.22 A between Hg~ pairs in the ribbon. These zigza~ 
ribbons extend in the [001] direction in the unit cell 
and form a C end-centered arrangement. The sodium 
atoms zigzag along [001] between these ribbons. 

The NaaHg~ structure has Hg 4 groups which are 
nearly square in arrangement. The Hga group could 
be considered as two Hg 2 groups which are ralher 
t ightly bound. The Hg 4 units are isolated in the struc- 
ture, being completely surrounded by sodium atoms. 
The Hg-Hg distances in the Hg 4 groups, 3.01 and 
2.96/~, are again very close to the values in mercury 
metal. 

The sodium-mercury structures fall into a pat tern  
indicated by Zn and Cd (B-type atoms) with more 
electropositive elements such as the alkali, alkaline 
earth and rare earth metals (A-type atoms). When the 
ratio of B to A atoms is high, the B lattice is three- 
dimensional in character and determines the size of 
the unit  cell and also the size of the holes in the lattice 
in which the other element is placed. The hole will 
accommodate the more compressible A elements over 
a considerable range of sizes less than the size of the 
hole, but  not greater than this size. This is the case 
for the NaZnla-type structure (Stru~urbericht, 1941), 
the BaCdxl-type (Sanderson & Baenziger, 1953) 
and the CaZns-type (Structure Reports, 1951). When 
the ratio of B to A diminishes, the three-dimen- 
sional framework of B atoms must necessarily dis- 
appear, but  the B-type atoms tend to remain 

grouped together as long as possible. In  NaHg, B 
atoms group into ribbons; in Na3Hg9 the B atoms are 
in isolated groups of four. Preliminary structural  in- 
vestigation of NasHg~ indicates tha t  the Hg atoms are 
isolated in the structure. NaHg 2 might be considered 
as transitional between a three-dimensional net  of Hg 
atoms and a two-dimensional layer net  of Hg atoms. 

Further  data  on the structures of A-type elements 
with the B-type elements are very meagre, so tha t  
the extent of the structural sequence is unl~nown. 
However, a sodium-lead structure, NaPb, contains 
tetrahedral  Pb 4 units isolated in the structure (Marsh 
& Shoemaker, 1953). 

This work was done under contract AT(ll-1)-72, 
Project No. 4, with the U.S. Atomic Energy Com- 
mission. One of us (J. W. N.) wishes to acknowledge 
support from an Allied Chemical and Dye Corporation 
fellowship for part  of this work. 
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