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the  effect of extending the range of the  methods of 
electron-diffract ion s t ructure  analysis beyond t ha t  
admi t t ed  by earlier theoret ical  work, it must  be born 
in mind tha t ,  as for montmori l loni te ,  ment ioned in 
the  In t roduct ion ,  excessive bending can render diffi- 
cult  or impossible a s t ructure analysis in the con- 
vent ional  sense of the term. This provides an addi- 
t ional  a rgument  for the requirement  t ha t  any  quanti-  
t a t ive  electron-diffraction work should be accompanied 
by detai led and careful electron-microscope examina- 
t ion of the specimen. 
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CrC12 is found to have an orthorhombic unit  cell, Pnnm, with 

a0=6.64_+0.01 , b0=5.98+_0"01, c0=3.48_+0.01/~. 

The cell contains the equivalent of two CrC12 groups in which chromium(II) is surrounded by an 
elongated octahedron of halogens. The structure consists of interacting planar chains in which 
chromium ions are bridged by two chloride ions. 

Chromium(II)  chloride is the  only dichloride of the  
first row t rans i t ion  metals for which the crystal  
s t ructure  has not  been reported. H a n d y  & Gregory 
(1951) observed t ha t  X-ray  powder diagrams could be 
indexed on the basis of an or thorhombic  uni t  cell, 

* From the Ph.D. thesis of JWT, University of Washington, 
1960; present address Northwest Nazarene College, Nampa, 
Idaho. Financial support for the work at Seattle was received 
from the Office of Ordnance Research, U.S. Army. 

6.65 x 5.99 × 3.48 ~3, and t h a t  the s t ructure  appeared 
to be of a deformed ruti le type,  similar to CaC12; 
however the  a tomic positions were not  determined.  
I t  became known to the authors  of the  present  paper  
t ha t  the s t ructure  had  recent ly  been dete.rmined 
independent ly  and at  pract ical ly  the same t ime in 
four different laboratories;  hence results will be re- 
por ted under  jo int  authorship.  
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Experimental 
CrC12 m a y  be prepared by reaction of chromium metal  
at 900 °C. with dry  hydrogen chloride gas or by  reduc- 
tion of CrC13 with hydrogen at 500 °C. (Schlaefer, 
1957), and purified by  fractional subl imat ion in an 
evacuated silica tube. Crystals suitable for X-ray  
examinat ion  m a y  be grown in a silica tube in a pressure 
of ca. 25 cm. (Hg) of argon. After a sample was held 
near  835 °C. for twenty-four hr., small  la th-shaped 
th in  needles were found at tached to the wall near the 
mouth  of the furnace. The crystals are colorless, easily 
cleaved into fibers, extraordinar i ly  deliquescent and 
when moist  are quickly oxidized in air. They m a y  be 
kept  indefini te ly in a dry  atmosphere,  however. 
Specimens to be X-rayed were selected and inserted 
into thin-walled Pyrex (or Lindemann)  capil lary tubes 
in a dry  box;  the crystal end was anchored in a wax 
and  the capil lary sealed. 

At Seattle, diffraction lines from sodium chloride 
(a0 taken as 5.640 /~) were superimposed on rotat ion 
and Weissenberg photographs used to determine cell 
dimensions;  Cu K a  radiation,  2 =  1.5418 /~, was used 
with a crystal  ca. 0 .08×0.13 mm. in cross-section. 
Systematic  absences of (hO1) for h + l odd and of (0kl) 
for k + 1 odd indicated the space group to be P n n m  or 
Pnn2. After allowance for angular  in tensi ty  factors, 
corresponding reflections on al ternate layer lines for 
rotat ion about  c were observed to have similar  inten- 
sities. This indicates a symmet ry  plane perpendicular  
to c and hence the space group Pnnm,  provided all 
atoms lie at z = 0 or z = ½-. hie0 projections were used to 
fix the only two remaining parameters,  namely  x and y 
for the chloride ions. Unintegrated Weissenberg ex- 
posures were taken with Cu radiat ion on mult iple 
f i lms;  intensit ies were est imated visual ly and inde- 
pendent ly  with a scanning recording microphotometer  
(intensities taken as proportional to peak heights). 
Lorentz and polarization factors were applied and an 
overall anisotropic temperature  factor (exp - B(sin 0/2) 2 
with f inal  value of B = 0 . 8 + 3  cos 2 ( Z - 0 . 1 5 ) ;  Z is the 
negative of the acute angle (cycles) between b* and 
the normal  to the plane) used in calculation of struc- 
ture factors. Scattering factors for Cr ++ and C1- 
(Berghuis et al., 1955) were used. :No correction for 
absorption was included. Calculations were performed 
on an IBM 650 computer. 

At Ztirich, 30 ° precession photographs of the (Ok/), 
(2kl), (hOl) and (hl/) sections and Weissenberg photo- 
graphs of the (hkO) layer were taken with Mo Kc¢ 
radiation, 2--0.7107 A. The cell dimensions were 
determined from the zero-level precession photo- 
graphs. Intensi t ies  of (hkO) and (Okl) reflections were 
recorded with a double beam microdensitometer.  
The crystal  cross-section was ca. 0.07 mm. Temper- 
ature factors of the form (exp ( -0 .0137h2-0.0119k2)  
were applied (anisotropic; Bx = 2.4, Bu = 1.7, Bz = 0 A2). 

At Ames, data  were collected with Mo radiat ion 
and a temperature  factor of the form e x p ( - B s i n  20/22) 

Table 1. Summary  of results 

T G L  D M  R S  Y W 

Cell a 0 • 6.653/~ 6.631/~ 6.621/~ 6-638/~ 
pa rame te r s  b 0 A 5.992 A 5.980 A 5.957/~ 5.984/~ 

c o A 3.494 A 3.487 A 3.480 A 3.476/~ 

Dens i ty  Observed* 2.878 Calcula ted 2.930 g.cm. -a 
(2 CrC12 in uni t  cell) 

Space group D ~ - P n n m  

Atomic  coordinates  Cr (0, 0, 0); (½, ½, ½) 
Cl+_ (x, y, O); _ ( x + ½ ,  ½--Y, ½) 

x 0.362 0.360 0.359 0.36 
y 0.274 0.275 0-270 0.28 

Fina l  rel iabi l i ty index 0.106 0.084 0.148 

Bond  lengths  Cr-C1 2.40/~ 2.39/~ 2.40/~ 
Cr-C1 2.91 /~ 2.90 A 2-88 A 

2.37/~ 
2.92 A 

* Biltz & Birk  (1924). 

Table 2. Observed and calculated structure factors 

h k 1 F o Fc h k 1 Fo Fc 
2 0 0 12.7 13.4 
4 2.4 2.6--  
6 10.5 11.6 
8 8-2 7.5 
1 1 0 24.3 22.7 
2 22-1 23.5--  
3 11.7 11.7 
4 5.4 5.3 
5 9.1 8.0 
6 7-5 7.7 
7 5.8 5.9 
8 3.7 3.6--  
0 2 0 5.7 5-9-- 
1 5.7 5.6 -- 
2 18-0 18.8 
3 <2 .3  2.4 
4 18.2 22.1 
5 3.8 3.2 
6 <3 .1  1.6 
7 < 3 . 5  0.2 
8 <3 . 8  0.2--  
1 3 0 8.2 8.6 
2 14.6 14-3 
3 15.9 16.2 
4 2.8 3.9--  
5 7.4 8.2 
6 5.7 5.9--  
7 <3 . 6  1.3 
8 <3-9  2.8 
0 4 0 22.9 23.1 
1 6-8 6.5 
2 8.8 7.8 
3 3.4 3.4 
4 <3 .1  0.5--  
5 4.6 4-8-- 
6 6.5 7.6 
7 <3 . 8  0.4--  
8 5.0 5.1 

1 5 0 12.8 15-1 
2 7.3 7-5-- 
3 <3-2  0.7 
4 <3 .3  2.2 
5 4.3 3-2 
6 4.6 3.5 
7 6-3 6-2 
0 6 0 < 3-2 0.9 
1 5.7 5.8--  
2 6-7 6.8 
3 <3 . 5  3.1--  
4 8-8 8.4 
5 6-0 4-5 
6 < 4 . 0  1.6 
1 7 0 < 3-6 0.6 
2 3.6 3-1 
3 8-4 9-0 
4 <3-9  0 . 9 -  
5 4.1 4.4 
0 8 0 5.6 5.5 
1 4.0 4.1 
2 4.0 3.1 
0 1 1 15.9 14.5 

3 21.4 21.0 
5 <5-6  0-1 
7 12.6 11.4 

0 0 2 28.5 33.9 
2 < 4 . 9  3.2--  
4 20.7 19.4 

0 1 3 11.0 8.5 
3 16.2 14.3 

0 0 4 21-2 22.4 
2 <4-9  3.7 
4 12.8 14.8 

R = 45.7/542-2 = 0"0843 

was used with Bcr--3"75, Bc1=4"97. At Oak Ridge, 
the structure was determined by a combinat ion of 
powder X-ray (CrK~ radiation,  2=2 .290  A) and 
neutron diffraction data. The results of the four in- 
dependent  determinat ions are summarized in Table 1. 
Table 2 lists the calculated and observed structure 
factors compiled at Ziirich. Similar tables m a y  be 
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obtained from the other laboratories by direct inquiry, 
if desired. 

D i s c u s s i o n  

While results are in good general agreement, the values 
reported for the cell dimensions vary slightly more 
than the uncertainty estimated independently by the 
separate groups of authors. The structure is shown in 
Fig. 1 which also includes the bond lengths and angles 
calculated from the Seattle data (indicated uncertainty 
calculated from Cruickshank's criteria (1949)). Each 
chromium atom is in the center of a plane of four 
chlorine atoms at equal distances, 2.40 A, with two 
others at a somewhat greater distance, 2-91/~, in direc- 
tions nearly perpendicular to this plane. The elongated 
and slightly distorted CrC18 octahedra share their 

! .~ \ ! ! 

O:: . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  D 
Fig. 1. Chromium(II) chloride. 

Interatomic distances and bond angles 
Cr(1)-Cr(2) 4-806 + 0.010/~ 
Cr(2)-C1 (1) 2.395 + 0.012 
Cr(2)-C1 (2) 2.915 
C1 (1)-CI (2) 3.775 _+ 0.013 
C1 ( 1)-C1 (3) 3.272 
C1 (2)-C1 (3) 3.768 

C1 (1)-Cr(2)-C1 (3) 86-2 _+ 0.3 ° 
C1 (1)-Cr(2)-Cl (2) 90.1 

shortest edges and form a densely packed linear 
'ribbon' or chain (indicated by the dashed lines, 
Fig. 1) parallel to c. The long bonds, e.g. Cr(2)-Cl(2), 
Cr(1)-Cl(1), etc., link each ribbon to its four neigh- 

boring ribbons which are oriented approximately 90 ° 
to it. Ligand field theory (e.g. Jahn & Teller, 1937; 
Nyholm, 1956; 0rgel & Dunitz, 1957) leads one to 
expect a distorted arrangement for octahedral coor- 
dination of halide ions around chromium(II) with four 
spin free d electrons. Jack & Maitland (1957) report a 
somewhat similar arrangement in monoclinic CrF2 
although in the fluoride the short bonds are of two 
slightly different lengths and the shared edges are not 
those that  would give maximum density in the 
'ribbon'. The strong interaction in the infinite chain or 
ribbon is undoubtedly associated with the observed 
acicular morphology. The smallest vibration amplitude 
(anisotropic temperature factors) is also observed in 
the direction parallel to the chains. Co gives the effec- 
tive diameter of the chloride ion along the ribbon, 
3.49 /~, appreciably less than found in more sym- 
metrical ionic crystals, e.g. 3.62 A (Pauling, 1960). 
This diameter gives an apparent radius of 0.64 /~ for 
Cr ++ in the plane of chloride ions. A larger radius is 
possible in the perpendicular direction. 
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