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TABLE III. Comparison of time-of-flight intensity
measurements on KCN I with previous powder diffraction
results.

hkl | F | 2(TOF) Pk
111 1.8%0.2 2.16
200 5.740.5 5.72
220 3.740.3 3.40
311 0.31+0, 06 0.25
222 1.940.2 2.11

®Reference 7.

the basis A, =3, +3,, A,=2,-13,, and A;=3,. We
now have a C-centered monoclinic structure with
two molecules per cell and CN~ lying in the (010)
plane.

The nature of the monoclinic distortion from the
rhombohedral structure can be inferred from the
fact that no “peak broadening” was observed for
diffraction from the rhombohedral (101) «— hexagon-
al (110) planes which are parallel to the [111] diag-
onal of the rhombohedral unit cell while broadening
was observed for diffraction from the rhombohedral
(110), (100), and (200) planes which intersect the
[111] axis. In the monoclinic cell which coincides
with the undistorted rhombohedral cell (Fig. 4)
this implies a distortion of A, and &, in the plane
perpendicular to A,, but no change in Kz, which is
perpendicular to the [111] rhombohedral axis.

Such a distortion of A, and A, will change the sym-
metry from rhombohedral to C-centered monoclinic,
but will not alter the plane spacing of planes which
are parallel to the [111] rhombohedral axis.

There are three centered monoclinic space
groups C2(C3), €2/m(C3,), and Cm(C2) which are
subgroups of R3m(D3,). C2(C3) and C2/m(C},) give
completely wrong diffraction intensities for all
allowable positions of C and N and so the final
choice is the space group Cm(C?) with the C and N
nuclei in the A;A; plane of Fig. 4 which includes
the [111] rhombohedral axis. In what follows we
describe the monoclinic cell with the parameters,
a, b, c, and cosp where A, =a, A;=b, A3=c, and
cosp= (&, - K,)/ac.

A fit to the KCNIV diffraction pattern based upon

the space group Cm(C:) was made using the modi-
fication of the least-squares-fitting technique de-
scribed in Eq. (3) with the carbon nuclei at (x, 0,
z) and the nitrogen nuclei at (xy, 0,2zy). Symmetry
requires that the C and N atoms lie in the plane
perpendicular to the unique monoclinic b axis.
This is a more general requirement than that indi-
cated by their location along the primary rhombo-
hedral axis of the undistorted cell shown in Fig. 4.
The structure factor |Fj |?in Eq. (4) becomes
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with
Aj=byg P e B [b¢ cos2m(hxg +12¢)
+bycos2m(hxy +1zy)] e~Bon/ 44 s
and
B;=[b¢ sin2n(hxg +12)
+ by sin2m(hay +lzy)] e~Bon/ 45 (7

In the monoclinic cell d; in Eq. (1) becomes?

dz=(1 - cos?g)!/?

h? k%1 -cosB) b 2nlcosp\l’/?
X(Ez+ ( bﬁ{ gB +F2'— ac ﬁ) . (8)

All other parameters in Eq. (7) have been previ-
ously described. In the computer fit summarized
in Egs. (1), (4), and (7), the parameters a, b, c,
and cosp, the lattice parameters for Al;,05, u, v,
X¢y Zcy XNy 2y, Bk, Beny @, ¥, and & were varied
to yield the best least-square fit to the data. This
gives ten KCN crystal parameters to be determined
from 53 peaks in the monoclinic structure. Most
of these peaks are overlapping pairs or triplets but
this analysis technique can readily handle overlap-
ping peaks. The results for the diffraction pattern
taken at 25 kbar and 23 °C are shown in Fig. 5 and
Table IV. The monoclinic structure seems to ac-
count very well for the diffraction line positions.
The value obtained for the monoclinic cell angle,
cosp=0.0771+0.0003 (Table IV), rules out the pos-
sibility that the unit cell for KCNIV is orthohombic.
However, some intensity discrepancies appear in
the fit using the space group Cm(C?). It is evident
from Fig. 5 that the observed intensity for the (002)
peak of the monoclinic pair (002), (220) is signifi-
cantly lower than allowed in the best fit (solid line).
The inset at the lower right-hand side of Fig. 5
showing a restricted region of the fit to the data for
the 30° scattering angle shows the same discrep-
ancy for the (001) peak of the monoclinic pair

(001), (110). The experimentally observed inten-
sity for the monoclinic pairs of diffraction lines
labeled (401), (312) and (200), (111) in Fig. 5 is
larger than allowed in the fit to Cm(C3). The dis-
crepancy for the (401), (312) and (200), (111) mono-
clinic pairs is far more serious in the fit to the dif-
fraction pattern of KCNIV collected at 34 kbar and
23 °C where it is also apparent that the observed
intensity of the (400), (222) monoclinic pair is
larger than allowed in the fit to C3., These dis-
crepancies might be due to the presence of pre-
ferred orientation which, in view of the latter ob-
servations, must become more pronounced with
pressure. It is known that application or reduction
of pressure in a solid pressure medium can give
rise to preferred orientation, Indeed, we found
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FIG. 5. TOF neutron-diffraction pattern for KCNIV. The solid line shows the result of fitting the observed diffrac- |

tion pattern assuming that KCNIV is described by the centered monoclinic space group Cm (C}) (see Sec. IV). The inset
above and to the left of the (001), (110) monoclinic pair shows the result of doing the above fit to the data for the 30°
scattering angle. The vertical lines just below the diffraction pattern give the monoclinic line positions while the posi-
tion of the observable Al,O3 lines due to the pressure cell are marked by the symbol A.

that, after release of pressure, the intensities ob-
served for the (111) and (222) peaks in KCNI were
reduced by a factor of 2 with respect to their val-

ues prior to the application of pressure (Table III)
while the intensities for the other peaks remained

unchanged.

The temperature factors for the K" and CN~ ions,
By and Bgy, are smaller in KCNIV than in KCNIII,
indicating that the ordering of the CN™ molecules is
more complete in this phase. The value for B.y
in the fit to the diffraction pattern collected at 25

kbar, 23 °C (By=2.8 A%, Table IV) gives a linear |
motional amplitude for the CN ion (u2)142~0.19 &
[Eq. (4)], which is to be compared with the values
Boy=4.0 A2 (u2)/2~0,24 A for KCNIII. The val-
ue for By in phase IV is essentially zero in con-
trast to the large Bx=2.7 A found in phase III.
(The fact that the thermal factor for the potassium
ion By has been set equal to zero in each of the
above fits means that, in the course of the fitting,
the statistical error for this parameter exceeded
its value.) An explanation for this result is sug-

TABLE IV. Results of C3 analysis of KCN IV phase.

P, T 25 kbar, 23°C 34 kbar, 23°C 22 kbar, 66°C
Goodness of fit 3.7 5.7 2,0
a 5.5307+0, 0013 5.5050+0, 0018 5.5166 + 0, 0024
b 5.2093 + 0, 0008 5.1885+0, 0011 5. 2662 + 0, 0022
c 3.7431+ 0. 0009 3.7286+0, 0012 3.7579+ 0. 0020
cosp 0. 0771 +0. 0003 0. 0825+ 0. 0004 0. 0596+ 0, 0007
1 Unit c?%Vomme 53.76+0, 03 53.07+0, 05 54,4940, 07
(A%)
Carbon x, z 0.426+0.008,0.365+0.008  0.434+0.010,0.366+0.014  0.429+0. 008, 0, 350+ 0, 011
Nitrogen x, z 0.583+0.006,0.544+0,006  0.587+0.007,0.563+0.010  0.570+0,006,0.514+0, 011
Bg(&?) 0.0 0.0 0.0
Bcy(R?) 2.84+0,23 1.52%0,29 4.56+0,24
C-N bonj{i length 1.14+0. 06 1.16£0. 09 1.02+0. 08
(A)




