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Crystals of KI .  Hg(CN)2 are orthorhombic: 

%=4.412, b0=16.190, c0=9.690 A (all +0.004 A), Z = 4 .  

Of the possible space groups, Cmc21, C2cm and Cmcm, the centric group Cmem was selected. 
The crystal structure was refined to R =0.097 using Mo Kc¢ radiation with counter data out to 
20 of 50% 

Linear Hg(CN)2 groups are incorporated normal to sheets consisting of iodine atoms weakly 
bound to the central mercury atom. The sheets are puckered at a 140 ° dihedral angle about the 
strings of iodines parallel to %. Each mercury atom is coordinated to four iodine atoms and con- 
versely each iodine atom is surrounded by four mercury atoms, t tg - I  bond lengths are 3.383 A, 
lying between the 2.75 A predicted for covalent single bond radii and the 3.70 A from van der Waals 
contact radii. The Hg-C distance of 2.079 A is near the 1.986/~ measured in Hg(CN)2 but is shorter 
than 2-20 A predicted for single bond covalent radii. Adjacent sheets are held together by the 
K + ions. 

Introduction 

In  the system Hg(CN)2. K I .  H20 or HgI2 .KCN.  H20 
the only complex solid phase obtained is K I .  Hg(CN)~ 
(Aggarwal & Mehrota, 1958). Infra-red absorption 
spectra of the solid phase, KI.Hg(CN)2,  and of 
aqueous solutions of this and related mercuric cyanide 
complexes have been obtained at  this  laboratory 
(Penneman & Jones, 1961). The crystal  s tructure 
analysis  of KI .Hg(CN)2 is the first  of a series of 
invest igat ions of the crystal  chemis t ry  of complex 
cyanides and halides. 

Experimental  

Potass ium iododicyanomercurate(II)  was prepared by  
evaporat ing at  room tempera ture  an aqueous solution 
containing potassium iodide and mercuric cyanide in 
the molar ratio 1:1. KI .Hg(CN)2 formed from solu- 
t ion as colorless la th-shaped crystals. I~ecrystallized 
mater ia l  kept  in a closed container remains stable for 
long periods of time. However, KI .Hg(CN)2 decom- 
posed on exposure to X-rays  in a photochemical  
process which apparen t ly  occurred over a period of 
four to six weeks rendering the crystals metal l ic  black 
in color. I t  was also noticed tha t  some samples, when 
left in an open dish in laboratory atmosphere,  devel- 
oped a crust of red HgI2 crystals. Thermogravimetr ic  
analysis  of pure, fresh KI .Hg(CN)2 showed no com- 
position change in the sample unt i l  the mel t ing point  
was approached. 

X-ray  diffraction da ta  and  optical properties are 
given in Table 1. Par t ia l  X- ray  powder diffraction 

* T h i s  w o r k  w a s  p e r f o r m e d  u n d e r  t h e  a u s p i c e s  of t he  U.S .  
A t o m i c  E n e r g y  C o m m i s s i o n .  

Table 1. K I .  Hg(CN)2 crystallographic data 
X-Ray  diffraction data 

D i f f r a c t i o n  s y m m e t r y :  I n c l u d e s  s p a c e  g r o u p s  Cmc21(C~v), 
C2cm(C~6v), Cmcm D!~.~ ( zn," S t u d i e s  s u g g e s t  Cmcm t o  be  t h e  
c o r r e c t  s p a c e  g r o u p  a s s i g n m e n t .  

Cell d i m e n s i o n s :  % = 4 - 4 1 2 ;  b 0 = 1 6 . 1 9 0 ;  c 0 = 9 . 6 9 0  A. 
(~t Cu Ko¢= 1.5418/i~). 

a 0 :b0:c 0 = 0 .273 :1  • 0.59 9 ; cell v o l u m e  = 692.2 A 3. 
F o r m u l a  w e i g h t s  p e r  cel l :  4. 
F o r m u l a  w e i g h t  : 422.4. 
D e n s i t y :  3.94 g . c m .  -a ( X - r a y ) ;  4-04 g . c m .  -a  ( p y c n o m e t r i c ) .  

Optical properties 
B i a x i a l  n e g a t i v e .  
R e f r a c t i v e  ind ices  (5893 A) :  

nx = 1.718 + 0.005, ny :- 1.84 _ 0.01, nz = 1.88 _ 0.01 ; 

g e o m e t r i c  m e a n  1.81. M o l e c u l a r  r e f r a c t i v i t y  45.9 cm.  -a .  
O p t i c  o r i e n t a t i o n :  X = b, Y = a,  Z = c. 
O p t i c a l  a x i a l  angle :  2 V = 60 ° + 2 °, d i s p e r s i o n  m o d e r a t e  r > v. 

Color less .  

data  are given in Table  2. The long la th-shaped 
crystals will give preferred orientat ion effects unless 
the sample is very thoroughly ground. 

The lath-l ike crystals could be easily cleaved and 
the chunky pieces were shaped to ellipsoids in a 
Bond sphere grinder. Specimens used for the collec- 
t ion of in tens i ty  da ta  were ellipsoids with no axial  
ratio greater t han  two. An ellipsoid was prepared and 
the da ta  were collected over a short period of t ime 
(four days) using Mo K a  radia t ion and a proport ional  
counter on the G . E .  goniostat.  Four  monitor  spots 
were used throughout  the run  to insure tha t  no 
decomposit ion had  occurred. Intensi t ies  for a total  
of 380 unique reflections were obtained by averaging 
equivalent  reflections from a total  of 775 measured 
and of the 380 examined,  306 were above background. 
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Table  2. KI .Hg(CN)2 .  Partial powder diffraction data 

I 
^ 

hk l obs. ealc~ do de sin 20c 
020 95 100 8.071 8.095 0.0091 
021 25 9 6.166 6.212 0.0154 
002 4 2 4-841 4.845 0.0253 
110 40 10 4.251 4.257 0,0328 
022 50 13 4.145 4-157 0.0344 
040 70 22 4.334 4.048 0.0363 
111 - -  1 - -  3.897 0.0391 
041 45 10 3.724 3"735 0.0426 
130 4 2 3.412 3.416 0.0509 
1 3 1 ]  100 , 17 - -  3.221 0.0573 
112 ~ ~ 88 3.196 3.198 0.0581 
042 15 4 3.098 3-106 0-0616 
023 20 5 2.995 3.000 0.0660 
132 80 34 2.787 2.791 0-0763 
060 10 2 2.692 2.698 0.0816 
150 50 11 2.605 2.610 0.0872 
061 - -  4 - -  2.599 0.0880 
113 - -  1 - -  2.573 0.0898 
043}  20 { 2 ~ 2.525 0.0932 
151 3 2-517 "[ 2.521 0.0935 
004 35 11 2.418 2.422 0.1013 
062 } 60 { 13 2.352 { 2.357 0.1069 
133 6 2.347 0.1079 
024 45 11 2-319 2.321 0.1103 
152 40 8 2.296 2.298 0.1125 
200 35 10 2-204 2.206 0.1221 

Io: Relative peak intensities, from diffractometer measure. 
merits. 

Ic: Final atomic parameters (Table 3), average overall tem- 
perature factor, B----3.2, not absorption corrected. 

do: Philips 114.6 ram. powder camera, Straumanis mounting 
A(Cu K~)=  1.5418 A. 

Pr ior  to  averag ing  the  equ iva l en t  reflect ions,  an  
empir ica l  abso rp t ion  correct ion was applied.  For  
K I . H g ( C N ) 2  the  #(Mo K a ) = 3 1 1  cm. -1 and  the  aver- 
age 0.04 ram. specimen d i ame te r  gave # r = 0 . 6 .  The 
abso rp t ion  correc t ion  was made  up of a spherical  
absorp t ion  effect modif ied  for the  el l ipsoidal  specimen 
shape by  coefficients f rom an  empir ical  curve ob t a ined  
f rom measu remen t s  on the  c rys ta l  itself.  Though  th is  
cons t i t u t ed  an  i m p r o v e m e n t  in  the  da ta ,  the  non- 
spherical  abso rp t ion  effect p roved  to  be the  largest  
source of error  in  the  r e f inemen t  of the  s t ructure .  
Correct ions for the  usual  Loren tz -po la r i za t ion  factors  
were appl ied  to the  un ique  reflect ions.  

S t r u c t u r e  d e t e r m i n a t i o n  

The sys temat ic  absences (hkl: h + k  odd and  hOl: 
(h odd) I odd) were charac ter i s t ic  of th ree  space groups,  
Cmc2~, C2cm and  Cmcm. T h r o u g h o u t  the  expe r imen ta l  
phase  of th is  i nves t iga t ion  the re  was no ind ica t ion  of 
non-cen t r ic  s y m m e t r y .  Also, since a Wi l son  p lo t  
i nd i ca t ed  a centr ic  space group,  Cmcm was chosen 
as the  mos t  p robab le  space group.  An  Okl P a t t e r s o n  
p ro jec t ion  revea led  the  y and  z pa rame te r s  of t he  Hg,  
I and  K+ a toms.  Then  a full  hkl P a t t e r s o n  func t ion  
was compu ted  for x sect ions a t  O, s x, ¼, ~ and  ½- and  
f rom i t  were deduced  a p p r o x i m a t e  x, y, z pa rame te r s  
for t he  th ree  heav ie r  a toms.  Mercury  was p laced  a t  

the  or igin and  a few leas t -squares  cycles were com- 
p u t e d  in  order to ob ta in  be t t e r  y pa r ame te r s  for I 
and  K + as well as a p p r o x i m a t e  scale and  i so t ropic  
t e m p e r a t u r e  factors.  Fol lowing this ,  a full Fo(hkl) 
Four ie r  was compu ted  using phases  f rom the  las t  
leas t -squares  cycle. The C and  N peaks  appea red  
near  the  Hg  on a l ine nea r ly  paral le l  to  the  y axis.  
Polar ized  inf ra red  spect ra  f rom a single crys ta l  con- 
f i rmed  th is  o r i en t a t i on  of the  cyanides.  

Leas t -squares  r e f inemen t  wi th  all f ive a toms  a n d  
isotropic  t e m p e r a t u r e  factors  essent ia l ly  comple ted  the  
r e f inemen t  wi th  an R fac tor  of 0.120. F u r t h e r  least-  
squares  runs  were made  using aniso t ropic  t h e r m a l  
pa rame te r s  and  the  add i t i ona l  var iab les  he lped  br ing  
the  R fac tor  to  below 0.100, bu t  wi th  l i t t l e  change in 
pos i t ion  pa rame te r s  of the  a toms.  B o t h  an  Fo Four ie r  
and  a J F Four ie r  were compu ted  us ing the  f inal  
pa ramete rs .  No false or spur ious  peaks  were observed.  

All c o m p u t a t i o n a l  work was pe r fo rmed  on an  IBM 
704 using codes p repa red  a t  Los Alamos by  A . C .  
Larson,  D . T .  Cromer,  and  F. ~I. Kruse.  Sca t t e r ing  
fac tor  values  were genera ted  wi th in  the  compu te r  
using the  exponen t ia l  expression of F o r s y t h  & Wells  
(1959). I n  the  f inal  stages of re f inement ,  possible 
anomalous  dispers ion effects in me rcu ry  were e x a m i n e d  
by  car ry ing  out  least -squares  ca lcula t ions  using an  
fHg expression successively reduced by  one e lect ron 
increments .  The  resu l t ing  R factors  and  sums of 
residuals  squared  ind ica ted  no i m p r o v e m e n t  in the  
s t ruc tu re  and  thus  no anomalous  dispers ion effects 
f rom mercury .  

Most least -squares  ca lcula t ions  were made  ~dth  un i t  
weight  for the  Fo(hkl). W h e n  an  e x p e r i m e n t a l l y  
de t e rmined  s t a n d a r d  dev ia t ion  of Io(hkl) was p roper ly  
modi f ied  and  appl ied  to the  least-squares  ca lcula t ion,  
no i m p r o v e m e n t  in the  s t ruc tu re  was observed.  I t  
appears  t h a t  the  ma in  l imi t ing  fac tor  in  th is  r e f inemen t  
was the  X- r ay  abso rp t ion  effect and  poss ibly  the  
chemical  s t ab i l i t y  of the  crystal .  

Table  3. KI.Hg(C:N)2.  Final atomic parameters at 
R = 0 - 0 9 7  

(0, o, o; ½, ~, 0)+ 

Hg (a) 0, 0, 0; 0, 0, ½ 
I (c) 0, y, ¼; 0,~, ¼ 

y -- 0.4480 ± 0.0004 
K + (c) y = 0.7641±0-0013 
C (f) O,y,z; O,~,z; O,y, ½--z; 0,~,½+z 

y = 0.1253+_.0.0033 
z = 0.0468_ 0-0059 

N (f) y = 0.1854 ± 0"0030 
z ---- 0-0863 ± 0.0068 

The  f inal  pa r ame te r s  are g iven  in Table  3. The  
observed and  ca lcula ted  s t ruc tu re  fac tors  are p resen ted  
in Table  4. 

D i s c u s s i o n  of the  s t r u c t u r e  

P e r t i n e n t  bond  lengths ,  con tac t  d is tances  a n d  bond  
angles are recorded in Table  5. D i a g r a m m a t i c  p ic tures  
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H g - I  
Hg-C 
C-N 

Table 5. KI .  Hg(CN)e. Distances and angles 

Bond lengths Contact distances 

3.383 ± 0.011 A N - N  
2.079 ± 0.096 N - N  
1-046 ± 0.139 I-C 

I - I  

I~+ coordination 

K+-N 3.001_+0.107 
K+-IY 3-360 +_ 0.107 
K+-I  3.706 +_ 0.039 

3.172±0.142 
3.470 _+ 0.142 
3.814±0.097 
4.412_+0-010 

Angles 

I-I-I dihedral angle 

I - H g - I  (in rectangular plane) 

C-]~g-N (versus 180 ° expected) 
Hg-C-N (versus 180 ° expected) 

C-Hg- I  (versus 90 ° expected) 

139.0± 1.5 ° 
81.4±1.5 
98.6 + 1.5 

176.5±2.5 
171.0_+8.0 
85.0+_2.5 
95.04-2.5 

of the structure are presented in Figs. 1 and 2. This 
structure can be described as consisting of corrugated 
sheets of I atoms loosely held together by coordina- 
tion with the mercury atoms of the Hg(CN)2 groups. 
The Hg(CN)2 portion of the structure is nearly linear 
and is normal to the plane of I atoms coordinated 

Y 
"0.0 0.5 1.0 

z 0.0 

Kl'l-tg (CN)2- Projection down x 

Fig. 1. Structure of KI.Hg(CN)2 viewed down X axis. 
Dashed lines trace corrugated sheets of iodine atoms. 

y 0.0 0.5 1.0 

KI.Hg (CN)a- 
Projection down z 

View of mercury- 
iodine coordination 

Fig. 2. Structure of KI .  Hg(CN)2 viewed down Z axis. In the 
view of H g - I  coordination X is vertical and Z is the 
projected horizontal axis. 

to it. The 139 ° dihedral angle in the folds of the sheets 
comes about from the K+ ion's influence in binding 
the sheets together. Notice in Fig. 1 that  the K+ ion 
lies between two N atoms in the same yz plane and 
this K+ ion is near the I atoms above and below it. 
Also, there are at about 3-2 J~ two N atoms above and 
two below the K+ ion. The projection down z (Fig. 2) 
shows the N atoms above and below the K + ion, 
actually closer than the two in the yz plane of the 
K+ ion. Thus, the K+ ion can be said to exist in an 
8-fold coordination with 6 N atoms and 2 1 atoms. 

hi  the lower portion of Fig. 2 is a view down the 
Hg(CN)2 axis normal to the rectangular (nearly square) 
plane of four I atoms nearest the Hg atom. The 
Hg-I  bond length of 3.38 2~ lies between the tetra- 
hedral covalent Hg-I  single bond length of 2.75 /~ 
and van der Waals contact distance of 3.70 A. This 
kind of weak 'equatorial' bonding to mercury has 
been observed before, as described in review by Wells 
(1962). Closer approach of iodine to mercury is also 
prevented by contact between the cyanide carbon and 
iodine. 

Fig. 3. Sketch of the Hg(CN)2I- portion of the KI.Hg(CN)2 
structure. Large spheres represent iodine atoms ; 
N-C-I-Ig-C-N groups are apparent.  

In KI.Hg(CN)2 the Hg-C bond is 2.079_+ 0.096 
while in Hg(CN)2 Hvoslef (1958) reports 1.986 + 0.016 

and summation of single covalent bond lengths 
predicts 2-25 2~. Our X-ray diffraction data do not 
allow resolution of the light atoms as well as in 
Hvoslef's neutron diffraction experiment. Thus, we 
found C---N = 1.046+_0.139 • while Hvoslef ob- 
tained 1.186 +_ 0.024/~. 

Though the carbon and nitrogen were not located 
with great precision, the bond angles in the Hg(CN)2 
group deviate only slightly from an ideal 180 °. In 
the structure analysis of crystalline Hg(CN)2 Hvoslef 
(1958) found bond angles which were less than 180 ° 
by a number of standard deviations (C-Hg-C = 
171 +_ 2 °, Hg-C-N = 173 +_ 2°). Interactions between 
mercury and nitrogen in Hg(CN)2 account for some 
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Table  6. K I .  Hg(CN)2. Thermal parameters 

1. Anisotropic thermal parameters, x 104 (+ 5%) 

Bit B22 Baz B23 
Hg 491 22 70 --14 
I 329 33 38 - -  
K + 452 29 104 - -  
C 510 19 58 54 
N 812 13 153 --40 

2. Magnitudes and direction cosines of the principal axes of 
the vibration ellipsoids 

R.m.s. 
Axis amplitude B~ Cta Ci~ Cic 

Iffg 1 0"22 3"82 1"00 0"0 0"0 
2 0"16 2"01 0"0 0.82 0.58 
3 0'19 2"96 0"0 --0-58 0.82 

I 1 0"18 2"56 1"00 0"0 0"0 
2 0.21 3"43 0"0 1"00 0"0 
3 0"13 1"41 0"0 0"0 1"00 

K+ 1 0"21 3"52 1"00 0"0 0"0 
2 0.20 3"09 0-0 1"00 0.0 
3 0"22 3"91 0"0 0"0 l'00 

C 1 0.22 3.97 1.00 0"0 0'0 
2 0"07 0-41 0"0 0"72 --0"69 
3 0"22 3"78 0-0 0"69 0.72 

N 1 0"28 6.32 1"00 0"0 0.0 
2 0"11 1"01 0"0 0"97 0"25 
3 0"28 6"08 0"0 --0.25 0"97 

of t he  n o n - l i n e a r i t y  whi le  in  K I . H g ( C N ) 2  the  iodine  
a toms  p r e v e n t  th i s  k i n d  of i n t e r ac t i on .  I n f r a r e d  
s tudies  of t he  c rys ta l s  ind ica te  t h a t  t he  Hg(CN)2 
group is l inear  or n e a r l y  l inear ,  ru l ing  out  p ronounced  
d e p a r t u r e  f rom 180 ° . Obvious ly ,  more  precise ca rbon  
a n d  n i t r o g e n  p a r a m e t e r s  are needed  to  resolve th i s  
p rob lem conclusively .  

The  a u t h o r  would  l ike to acknowledge  the  ass i s tance  
of Mr Joe  J .  F i n n e y  for col lect ing d a t a  a n d  of Dr  
Al len  C. L a r s o n  a n d  Dr  D o n  T. Cromer  for con- 
s t ruc t i ve  discuss ions  of c rys t a l log raph ic  c o m p u t i n g  
problems.  
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S t r u c t u r e  du Di-Nitrosom6thane Cis 

PAR G. GERY/AII~, P. 13IRET * ET •.  VAN ~/fEERSSCHE 

Laboratoire de Chimie-Physique, Universitd de Louvain, Belgique 

(Refu le 21 mai 1962) 

C H 3 ~  /CH3 
oz/N=NNo 

crystallizes in the orthorhombic space group P212121. 
The unit-cell  dimensions are:  a=6 .03 ,  b=12.81,  c=5.41  /~; Z = 4 .  The crystal  s t ructure  was 

solved by  the in terpre ta t ion of the three-dimensional Pa t t e r son  function and refined by  Fourier  
and least-squares methods down to a final R value of 0.156 for the 538 observed reflections. The 
molecule is planar  within the exper imental  errors. The bond lengths and angles are : C-N = 1.47 + 0.03 ; 
N - N = l . 3 1 _ + 0 . 0 2 ;  N-O=1.31+_0.02  A; C-N-O=120.0+__1"5; C - N - N = 1 2 1 . 5 _ + l . 5 ;  O - N - N =  
119.0 + 1.5 °. 

I n t r o d u c t i o n  

Gowenlock  & Trotmar~ (1955) on t  mis  en 6vidence 
l ' ex i s tence  de deux  isom~res g6om6tr iques  dans  le 
d i -n i t ro som6thane  (CH3NO)2" 

CH3. /O CHa\ N~_N(~H3 
O )  N---~N ~ C H ~  O ~/  

t rans  cis 

* Chercheur qualifi6 du Fonds National Beige de la 
Recherche Scientifique. 

La  s t r u c t u r e  de l ' i sombre t r ans  a ddjS~ 6td ddterminde  
p a r  d i f f rac t ion  des R . X .  (Van Meerssche & Germain ,  
1959). La  s t r u c t u r e  d lec t ronique  de ce composd a dt6 
6ga lement  6tudi~e p a r  la m6thode  des orb i ta les  mold- 
culaires (Van Meerssche & Leroy ,  1960). La  ddter-  
ru ina t ion  de la s t r u c t u r e  de l ' i som~re cis fa i l  l ' ob je t  
du  prdsent  t r ava i l .  

P a r t i e  e x p 6 r i m e n t a l e  

Le monom~re  CHaNO se forme 1ors de 1 ' i r rad ia t ion  
du  n i t r i t e  de bu ty l e  t e r t i a i r e  pa r  les r a y o n s  U.V.  
(Coe & D o u m a n i ,  1948): 


