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ABSTRACT 

Crystals of L"{"NH3) 5co-02-Co(NH3) 57(SCN)4 were prepared, 
l 

and three-dimensional crystallographic data taken around one 

axis. Space group Pnnm, No. 58 was determined for the crystal 

with a unit cell in close agreement with previous work on the 
0 

comp'und by Vannerberg. The structure was redetermined to the 

extent that the data justified, and reasonable agreement with 

Vannerberg's findings was obtained. 

EXPERIMENTAL 

The crystals were prepared by Dr. Ulf Thewalt by oxygenat­

ing a solution of 20 gm of Co02·6H2o in 100 ml of water for 

about an hour, then letting the oxygenated solution sit over 

solid NH4SCN for another hour. The fine, dark red, needlelike 

crystals were then filtered from the solution, washed with acet­

one and preserved under mineral oil. 

A crystal was mounted with the needle (c) axis along the 

direction of rotation in a sealed capillary tube. The crystal 

was first aligned by means of an optical goniometer, and the 

alignment was checked by taking several oscillation photographs. 

A rotation photograph of the crystal was then taken, and 

used to calculate camera position for equi-inclination Weissen­

berg photographs that were taken next. Weissenberg photographs 

were taken of the layer lines for 1:0,1,2,3 and 4, all that 
Cl 

could be reached with the Fe Kcx ()_ = 1.934 'A) radiation used. 

From inspection of the Weissenberg photographs an orthorhombic 

unit cell was deduced, and measurements of the rotation photo­

graph and of the 0-layer Weissenberg gave the periodicities along 

the three axes as: a = 13.28 A, b ·· = 10.57 A and c - 7 88 A , - . . 



These are in good agreement with those of the previous work on 

decammine-µ-peroxodicobalt tetrathiocyanate by Vannerberg. His 

values were: a= 13.22, b = 10.58, and c = 7.88 Angstroms. 

(The latter values were used in all oub calculations,as the 

former were merely estimated from the intensity films, and 

there was no time to take precision photographs from the crystal.) 

Systematic absences in the reflections were noted for 0KL, 

K-tL odd, and for H0L for H+L odd. This indicated either space 

group number 58, Pnnm or space group number 34, Pnn2. The former. 

space group was arbitrarily assumed for the purposes of data 

reduction and structure factor calculations in the absence of 

indicative data to the contrary. 

In exposing the Weissenberg photographs, a multiple film 

technique was used with three films in the camera for each expos­

ure. Both a long (60 hr.) and a short (18 hr.) exposure was 

taken of each layer line. All films were developed a standard 

length of time. 

Relative intensities of maxima on the films were measured 

with a standard intensity strip provided by Dr. R.E. Marsh. This 

tclata was punched onto cards, and films in the same layer were 

scaled together, average intensities and standard deviations 

were calculated using the CRYRM system programs for that purpose. 

A data tape was prepared from the converted intensities. The 

computer program then applied Wilson statistics to the data and 

applied a scale factor of 8.0009 to the observed intensities. 

A Wilson temperature factor of 4 .20 was printed out and used as 

an isotropic temperature factor for all atoms in the cell in the 

later determinations of trial F values. 



Intensity data from the 0-layer Weissenberg photographs was 

used to prepare a Patterson projection onto {001). A unit cell 

with two formula units per cell was assumed at this point in 

accordance with the results of Vannerberg. The positions of 

the cobalt atoms were easily deduced from the Patterson project­

ion, and structure factors were calculated using just the cobalts. 

Assigning the derived signs to the observed intensities, an elect-

ron density map was then calculated. A dispersion correction of 

-1.74 electrons was applied to the cobalt atom for the use of 

iron radiation. 

Succeeding structure factor calculations were made and further 

electron density maps as more and more of the atoms were located. 

At the time of writing approximate positions for all of the atoms 

except the hydrogens have been determinedv(See Table I and Figure 

I.). No least squares determination of positions was done because 

it was felt that the accuracy of the data would not justify it 

(See below.). 

DISCUSSION 

Data Collectl on 

It was found that the crystals of decammine-p-peroxodico­

balt tetrathiocyanate suffered from severe internal disordering 

if exposed to atmospheric moisture. The disordering was so 

IBev-ere that no reflections could be observed on a crystal that 

had been exposed to the air for as short a time as a week. The 

crystals thus had to be kept under oil to preserve them and 

mounted in sealed capillary tubes for photographing. 

Some difficulty was encountered in collecting and analysing 



the data because of the shift of the x-ray facilities from the 

basement of Crellin Laboratory to the basement of the new Noyes 

Laboratory. In the month immediately preceeding the move, the 

developer in the darkroom was not changed, despite being almost 

completely exhausted, and lost strength rapidly with time. As a 

result, the films for the 3rd and Ll,th layer Weissenberg photo­

graphs were badly uneerdeveloped and the relative intensities of 

maxima on these films were much lower than they ought to have 

been and many reflections were too faint to be read properly. 

As a result of this high order terms in the Fourier series for 

electron densities will be too small in many cases, and thus the 

mapping and structure factor fit will be less accurate than they 

might be. 

Additional data would have been gathered both around the 

c axis and around either the a orb axis, but the x-ray tubes 

were disconnected for almost a. month an a half during the move 

and by the time they were reconnected and ready for use there 

was no time to mount another crystal and gather more data before 

the deadline for this report. (The crystal used for the data 

used here was destroyed inadvertantly during the move.) 

Results 

The gradual synthesis of the electron density maps as the 

positions of more and more of the atoms were discovered lead 

to the placement of disordered SCN groups at o½o and at ½½o, 
as was proposed by Vannerberg. In Figure 1 this means that in 

half of the unit cells the SCN group at ½½o is in the position 

S{2),C{2),N(5) represented by the circles, and in the other 

half of the unit cells is in the position S(2gC(2)',N{5)', 



represented by the crosses and related to the first positions 

by the twofold axis in the c direction at (Vannerberg also 

tried unsacessfully to construct a completely ordered structure. 

Due to the incomplete and inaccurate data it was not felt that 

any sort of attempt at comparison of the two possibilities was 

feasible at the present time.) 

The final positions of the atoms are presented in Table I. 

As can be seen from the table, the results of this work agree 

quite well with the results of Vannerberg's work, though we did 

not assume as he did that the sulfur and the nitrogen in the 

disordered SCN's occupy the same crystallographic positions. 

It was felt that the difference in the sulfur-nitrogen distance 

between the ordered and the disordered SCN groups was enough to 

make this possibility unlikely, and placed the alternate posit­

ions of the atoms in such a way that the average electron density 

of the two atoms as estimated from a superimposed map of one 

of the ordered SCN groups ~au.Id most closely approximate the 

observed electron density function. 

The column labled 11Mult. of position" is the crystallographic 

multiplicity of the position indicated in the table, and the 

column immediately following is the number of atoms in the unit 

cell that are used to fill that position. For all ordered atoms 

the last column will be equal to the multiplicity, but for the 

atoms in the disordered groups it is only equal to half of the 

multiplicity, since the group is centered on a position of half 

the multiplicity of the positions of the atoms and the group 

multiplicity determines the nU111ber o:f atoms. Another way of 



looking at it is that the position that,say,the carbon is in 

is a four-fold position, but the carbon is only there hal f of 

1bbe time, so there are only two carbon atoms needed to fill the 

crystallographic equivalence. 

An electron density map of the basal plane of the unit 

cell (z = 0.0) is presented in Figure 1. Contours are drawn 

at every 1 electron/ A3 starting at 1 electron/ A3, except for 

the cobalt atom where the contours are every 2 electron/ A3 

starting at 1 electron/ .. A3. The atoms presented in Table I 

are labled, and the labling also shows the two positions poss­

ible for the disordered SCN groups. There is a second plane 

at z =½which is related to the basal plane by the two net 

glide planes at y =¼and perpendicular toy, and at x 
, 

= 4 

and perpendicular to x. The net effect is to form the mirror 

image of the basal plane and translate it so the Co-0-0-Co 

i t d 111 group s cen ere on 222• 

Table II shows the Observed and calculated sturcture factors 

as of this las electron density map. The calculated structure 

factors are computed from the positions of the atoms as given 

in Table I. What is mainly of interest here is the fact 'that ::: 

for the 3rd and 4th layer line data ( L,~= 3, 4) the observed struct­

ure factor is systematically lower than the calculated structure 

factor, showing the effect of the underdeveloping noted above. 

At the present time the R index of goodness of fit is equal to 

29.5%, another indication of the problem with the data. 
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TABLE I. 

Coordinates of non-symmetry related atoms in the 
unit cell of decammine-~-peroxodicobalt tetra-
thiocyanate. a= 13.22 A, b = l0.58 A, C = 7.88 A. 
Space group no. 58, Pnnm. 

ATOM X y z X y z Mult. of No.of 
(observed) (Vannerberg) position atoms 

Co O .1087 O .1626 0.0 0.1103 0 .1636 0.0 4 4 

0 -0.010 0.064 0.0 -0.009 0.077 0.0 4 4 

N(l) 0.234 0.267 0.0 0.232 0.267 0.0 4 4 

N(2) 0.050 0.274 0.160 0.048 0.277 0 .171 8 8 

N(3) 0.162 0.052 0.155 0.163 0.047 0.173 8 8 

S(l) 0.248 0.752 0.0 0.245 0.751 0.0 4 4 

C(l) 0.182 0.626 0.0 0.187 0.623 o.o 4 4 

N(4) 0.138 0.528 o.o 0.130 0.526 0.0 4 4 

S(2) I o.466 o.4oo 0.0 0.463* 0.387* 0.0 4 2 
i 

C(2) 
I 

I 0.532 0.542 0.0 0.519 0.525 0.0 4 2 
I 

N(5) 1 
! 

O .451 <- 0.356 0.0 0.463* 0.387* 0.0 4 2 

S (3) I 0.415 0.018 0.0 O. 405*-l<· 0.017** 0.0 4 2 

C(3) o.464 0.007 0 .0 <, 0 .464 0.004 o<.o 4 2 

N(6) 0.375 0.027 0.0 0.405** 0.017** 0.0 4 2 



TABLE II. ~isting of observed and calculated 
structure factors. (Unobserved reflections are 
not listed.) Entries are K, Fob~, Fcal c • 
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Figure 1 - Electron density map of basal plane (z=O) of a 
unit cell. (See text for discussion.) 




