
964 

Acta Cryst. (1962). 15, 964 

The Crystal Structure of a Complex of Cupric Chloride and 1:2:4-Triazole  
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The crystal structure of the 1:1 complex of cupric chloride and l:2:4-triazole was determined in 
order to discover the nature of the bonding between the triazole molecules and the copper atoms. 

The unit-ceU dimensions are: 

a=6.81,  b--11.39, c=7.13 .~; fl--96 ° 58'. 

The space group is I2/c and contains four units of C~NaH 8 . CuC12. The copper atom has a distorted 
octahedral coordination group consisting of two N at 1.98 A, two C1 at 2.34 A, and two C1 at 2-77 A. 
The structural unit is an infinite chain in which octahedral groups, joined by sharing edges, are 
also linked by triazole molecules. 

Introduction 

The 1 : 1 complex of cupric chloride and 1 : 2 : 4-triazole 
was first described by  di Paolini  & Goria (1932) who 
proposed a structure incompat ible  with modern ideas 
on the s tereochemistry of divalent  copper. Unit-cell  
dimensions were publ ished by  Sanero (1936). The 
present invest igat ion was under taken  to determine 
the nature  of the bonding between the triazole 

molecu les  and  the copper atoms. 

Experimental  

The complex of cupric chloride and  triazole, 
C2NsH3.CuCI~, was reported by  Sanero (1936) to 
form pale-green t ransparen t  monoclinic pr ismat ic  
crystals. The cell dimensions were given as 

a---6.92, b=11-58,  c = 7 . 2 4 A ;  f l = 9 5 ° 4 1  '. 

A measured densi ty  of 2.362 g.cm.-8 required four 
molecules of the complex in the uni t  cell. 

The cell dimensions obtained in the present in- 
vestigation, by  measuring resolved al:ag, doublets 
on Weissenberg photographs,  are 

a=6 .81 ,  b=11.39, c=7-13/~ ,  with /~=96°58  '. 

Systemat ic  absences occur for reflexions with h +/c + 1 
- - 2 n + l ,  and  the only hO1 reflexions recorded are 
those with both h and I even, so that the space group 
is ei ther Ic or I2/c. 

The calculated densi ty  for four molecules of 
C~N3H3. CuCle is 2.462 g.cm.-8; the densi ty  measured 
by f lotat ion in a mixture  of bromoform and  acetone 
is 2.454 g.cm. -3. 

Zero-layer Weissenberg photographs about  [b] and  
[c] were recorded, and  layers 0 to 6 inch~sive about  [a]. 
The usual  mult iple-f i lm and  visual-est imation tech- 
niques were used to measure intensities, which were 
then corrected by  Lorentz-polarization and  rotat ion 
factors to obta in  values for F2(hlcl) and hence IF(hkl)f. 

The values of IF(h]cl)I from the different layer-l ine 
photographs were brought  to the same a rb i t ra ry  scale 
by  comparing common reflexions measured on layers 
about  different axes. 

About  610 reflexions are accessible wi th  Cu K s  
radia t ion;  some 55 reflexions with h > 6  were not 
recorded. Of the 555 reflexions which could have 
been recorded on the photographs taken,  30 were too 
weak to measure. 10 very  strong reflexions with low 
indices were omit ted in the later  stages of the least- 
squares ref inement  because of extinction,  so tha t  the  
f inal  ref inement  is based on 515 measured hkl struc- 
ture factors. 

Structure determination 

The systematic  absences do not  determine the space 
group uniquely,  bu t  the [a] and [b] Pat terson projec- 
tions indicate tha t  the Cu and C1 atoms are in positions 
consistent with I2/c. If  the Cu and  C1 atoms are 
used to determine the phases the result ing s tructure 
will also have the symmet ry  of I2/c. If this is the true 
space group the triazole molecules mus t  be in special 
positions, the most reasonable assumpt ion being tha t  
they  have two-fold s y m m e t r y  and  lie on diad axes. 

If  the true space group is Ic, one would expect this  
to become apparent  f i rs t ly  in a t tempt ing  to refine 
the Cu and  C1 coordinates, and  secondly in the ap- 
pearance of 'ghost' peaks for the atoms of the triazole 
molecule. Since no such difficulties appeared, and  the 
vibrat ion parameters  are all uniform and quite small ,  
the  successful ref inement  confirms tha t  the space 
group is I2/c. 

Copper atoms lie at s y m m e t r y  centres at  0, 0, 0, 
½, 0, 0, ½, ½, ½, 0, ½, ½; chlorine atoms lie in eight- 
fold general positions at x, y, z; ½ + x ,  Y, z; x, y, z; 
½ - x , y ,  5; and the positions ½+x, ½+Y, ½+z;  etc. 
related by  body-centering. 

Peaks representing Cu-C1 vectors in the Pat te rson  
projections gave x = 0.25, y = 0.072, z = 0.24 as approx- 
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imate  C1 coordinates. The value of x was not  neces- 
sari ly exact ly  0.25, since two peaks represent ing 
Cu-C1 vectors overlapped in the  [c] Pa t t e r son  projec- 
tion. A port ion of a three-dimensional  Pa t t e r son  
section a t  y = 0 . 0 7 2  gave more accurate  values of 
x=0 .233 ,  z--0.240 for C1. 

The geometrical  s t ructure  factors for I2/c are:  

A(h e v e n ) =  + 8  cos 2n(hx+lz) cos 2n]cy, 
A (h odd) = - 8 sin 2~ (hx + lz) sin 2z/cy.  

Thus Cu a t  0, 0, 0, etc., a lways makes  a m a x i m u m  
positive contr ibut ion to s t ruc ture  factors with h even, 
and  it m a y  be assumed t h a t  large s t ruc ture  factors 
of this type  are positive. Copper makes  no contribu- 
t ion to s t ruc ture  factors with h odd, so t ha t  these signs 
mus t  be deduced from the chlorine contributions.  
Since x and  z for C1 are each about  0.25, the C1 con- 
t r ibut ion  to s t ructure  factors with h odd is small unless 
1 is even. Thus most  of the s t ructure  factors  with 
h even, and  ra ther  fewer t han  half  of those with h odd, 
have their  signs determined by  Cu and  C1. 

An [100] electron-densi ty projection in which all 
the  F(Okl) were assumed to be positive indicated t h a t  
the  triazole molecules lay in the planes z=O, z=½, 
presumably  on the diad axes a t  ¼, y, 0; etc. An [001] 
project ion confirmed this since peaks with the same 
y-coordinates as in the [100] projection were observed 
in positions corresponding to two overlapping five- 
membered  rings so t h a t  approx imate  values of x- 
coordinates for the light a toms could be measured.  

Wi th  the aid of the light a tom coordinates it was 
possible to derive the signs of most  of the s t ruc ture  
factors ;  ref inement  of the light a tom and  chlorine 
coordinates was continued by  means of three-dimen- 
sional lines and  sections and eventual ly  by  a three- 
dimensional  least-squares method  on the Dyestuffs  
Division 'Pegasus '  computer.  

The programmes  for the least-squares ref inement  
were wr i t ten  by  D. W. J .  Cruickshank of Leeds Uni- 
vers i ty  and enabled anisotropic t empera tu re  factors 
to be refined for the copper and  chlorine atoms,  and  
individual  isotropic t empera tu re  factors for the carbon 
and  ni trogen atoms.  The final agreement  factor  for 
515F(hkl) was R = 10-3%. 

The atomic coordinates from the final cycle of 
ref inement  are given in Table 1. The es t imated  stand- 

Table 1. Atomic coordinates 
Atom x y z 

Cu 0-000 A 0.000 A 0.000 A 
C1 1-586 --0-824 1-710 
N 1 1.012 1.706 0.029 
C 0.666 2.951 0.047 
N 2 1.702 3.746 0.000 

a rd  deviat ion for the coordinates of the C1 a tom is 
0.002 /~, and for the  C and  l~l a toms it is 0.01 J~. 

The final values of the thermal  vibrat ion paramete rs  
are given in Table 2 and  Table 3. In  Table 2 the  
U~j are the  components  (in j~2) of the mean  square 
v ibra t ion-ampl i tude  tensor  referred to the  reciprocal 
axes. I n  Table 3 the values of U are the mean  square 
ampli tudes  (in Ae) of the  isotropic vibrat ion.  

Table 3. Isotropic thermal parameters (in A 2) 
Atom 1~1 C N 2 

U 0.0083 0.0141 0.0177 

The value of U=0 .0177  j~2 for N._, corresponds to 
a value of B - - 1 . 4  A '~. 

D e s c r i p t i o n  o f  t h e  s t r u c t u r e  

Fig. 1 shows the unit  cell of the s t ruc ture  projected 
down the c-axis. The smaller and  larger solid black 
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Fig. 1. Triazole-CuC12: c-axis projection; C1 atoms (open 
circles) displaced in [a]-direction to avoid overlapping. 

Atom 
Cu 
C1 

Table 2. Anisotropic thermal parame~rs (in j~2) 
a 

Ull U22 U33 U12 U~3 
0.0168 0.0093 0.0185 - 0.0032 0.0070 
0.0180 0.0106 0.0082 - 0.0002 0.0099 

V13 
-- 0.00l.~ 
-- 0.0030 



circles represent  Cu a toms a t  z = 0, z = ½, respectively, 
and  the th inner  and thicker pentagons represent  
triazole molecules lying very  near ly  in the planes 
z = 0 ,  z=½-. The three kinds of open circles represent,  
in order of increasing size, C1 atoms near  to z = 
_ ~, + 1, + ~ respectively;  since z = 0.240 for CI the 
medium circles near  y =  1 are a t  z=0.260,  and those 
near  y =  O, y = 1 are a t  z = 0.240. 
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Fig. 3. Triazole-CuC12: structural unit. 

Fig. 2. Triazole-CuC12: bond-lengths (in A) 
and bond-angles (in degrees). 

Bond-lengths and bond-angles are shown in Fig. 2. 
The copper atoms,  a t  centres of symmet ry ,  have  an  
octahedral  coordination group consisting of two N 
a toms a t  1.98 /~, two C1 atoms at  2.34 .£~, and two C1 
atoms at  2.77 .4. 

The s t ruc tura l  unit,  shown d iagrammat ica l ly  in 
Fig. 3, is an infir~te chain parallel to the  c-axis, in 
which coordination octahedra  are joined by  sharing 
edges containing two C1 atoms. The octahedra  are 
also linked along the chain through the vertices formed 
by the N atoms, since vertices of adjacent  octahedra  
are occupied by  adjacent  N1 a toms of one triazole 
molecule. 

The direct link C u - N - N - C u  distinguishes the chain 
of the triazole: CuC12 complex from otherwise similar 
chains found in such compounds as CuC12.2H20 
(Harker ,  1936), CuC12(pyr)2 (Dunitz,  1957) etc. 

As can be seen from Fig. 1, the triazole molecules 
of adjacent  chains are parallel,  with intermolecular  
contacts  ranging from 3-53 • ( N 1 - "  N2) to 3.99 A 
( N 2 " "  N2). Atom N2 makes  contacts  of 3"33 /~ with 
C1 a toms of two neighbouring chains and there are 
C1 • • • C1 contacts  of 3-69 and 4.06 A between C1 a toms 
of neighbouring chains in the c- and b-axis directions 
respectively. 

The triazole molecules are symmetr ica l  and lie on 
diad axes. They are p lanar  to within 0.002 /~, bu t  the 
plane of the molecule is twisted by 2½ ° about  the  diad 
axis out  of the plane z = 0. The simplest formulat ion 
of the triazole molecule consistent with the space group 
s y m m e t r y  would have double bonds N I = C  and 
N ~ = C ,  but  the lengths of C-N2, C - N e ,  which are 
very  little longer t han  N1-C, indicate t h a t  these bonds 
also have considerable double-bond character .  
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