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fiber repeat. A temperature function corresponding
to B =30 A% was used in the computation. This
temperature factor is probably too large by about 5 A2
but the general character of the Patterson function
would not be changed materially by this correction.
A comparison of the theoretical function with the two
experimental Pattersons shows that only a few general
conclusions can be drawn as to the possible ap-
plicability of an «-helix model to the structures which
the Patterson diagrams represent. The dissimilarity
between the calculated projection and the Patterson
diagram for collagen indicates that it is improbable
that single x-helices are major structural components
of that compound. There are some points of similarity
with the poly-y-methyl-L-glutamate function, parti-
cularly in the region of the line # > 3-0 A. The main
point of disagreement between these two functions is
the absence of any well distinguished peaks along the
line  ~ 10 A in the theoretical function. This probably
reflects the fact that the peaks at x~1-0 A in the
observed functions are artifacts or the result of dis-
orientations in the structure which were not duplicated
in the theoretical function. The line ¢(0, x).x from the
calculated projection is included in Fig. 2(a) for pur-
poses of comparison with the experimental curves.
In all comparisons between the observed and theoreti-
cal functions at large x values it must be kept in mind
that no side-chain atoms, other than a § carbon atom,
were included in the latter. The general rise of the
observed functions for values of x greater than 5 A
is of course due to main-chain, side-chain and inter-
chain interactions, which appear to be more and more
important because of the weighting on z.
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Conclusion

It has been found that cylindrical Patterson functions
calculated from relatively meager X-ray data given
by a fibrous protein and a synthetic poly-peptide
yield only general, semi-quantitative information about
the structures of these compounds. More detailed con-
clusions might be reached if the resolution of the pro-
jections were improved ; this might be achieved by the
inclusion of more intensity data at shorter spacings.
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The Structure of Titanium Oxydifluoride
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The structure of titanium oxydifluoride, TiOF,, has been determined from X-ray powder photo-
graphs. The structure consists of titanium atoms octahedrally coordinated by randomly distributed
oxygen and fluorine atoms, these octahedra sharing all six corners with neighboring octahedra. It is
shown that powder data previously attributed to TiF, are probably due to TiOF,.

Experimental

In the course of a study of various halides of titanium,
titanium oxydifluoride, TiOF,, was obtained as the
product of hydrolysis of titanium tetrafluoride; it was
also prepared by the hydrolysis of titanium trifluoro-
chloride, and from the reaction of aqueous or an-

hydrous hydrogen fluoride with titanium dioxide
(Vorres & Dutton, 1954). The oxydifluoride, when
purified, was a white powder. The various methods of
preparation did not give any single crystals. Powder
specimens were sealed in glass capillaries and photo-
graphed in a Straumanis-type camera with filtered
Cu Kx radiation, A = 1-542 A. Relative intensities
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were estimated by use of the multiple-film technique.
The pattern obtained could be indexed on the basis
of a simple cubic unit cell, with

ay = 3:798+0-005 A .

There was no evidence of lines due to a larger unit
or to a structure of lower symmetry. The measured
density was 2-92 g.cm.3; there is thus one molecule
of TiOF, per unit cell (calculated density, 3-09 g.cm.—3).
There are only two structures possible which are
consistent with the observed cubic symmetry and
unit-cell size; both require a random distribution of
the one oxygen and two fluorine atoms in the positions
3(d) of the space group O}—Pm3m:

(4) Tiin 1(a) at (0,0,0), O and 2 F atoms at (0,0,3)C;
and
(B) Tiin 1(d) at (3,3,%), O and 2 F atoms at (0,0,3)C.

Intensities for structures 4 and B were calculated
using the atom form factors of Viervoll & Ogrim
(1949) and Qurashi (1954), and a temperature factor
B = 1-43 A2 The comparison between observed and
calculated intensities is presented in Table 1, where it

Table 1. Powder data for TiOF,

Ie; Ie;

Rkl do (A) structure 4  structure B I,
100 3-76 1540 254 1387
110 2-67 186 186 187
111 2:18 5 886 4
200 1-89 365 365 431
210 1-69 383 89 450
211 1-54 61 61 94
220 1-34 141 141 180
221, 300 1-26 126 35 150
310 1-20 23 23 19
311 L — 1 181 <1
222 1-09 40 159 41
320 1-050 45 14 45
321 1-012 26 26 317
400 0-949 18 18 4
410, 322 0-921 68 23 56
411, 330 0-895 18 18 11
331 — 1 66 <1
420 0-850 73 73 49
421 0-829 77 29 56
332 — 16 16 <1

is seen that structure 4 is obviously the correct one
for TiOF,. The average discrepancy

R=ZX|I,~1,|=2I,
is 0-142.

Discussion

The structure of TiOF, consists of titanium atoms
octahedrally coordinated by randomly distributed
oxygen and fluorine atoms. The TiX, octahedra share
all six corners with adjacent octahedra. The Ti-X
distances are 190 A, as compared with the Ti-O
distance of 1-96 A in rutile. The sum of the ionic
radii for Ti-F and Ti-O are 2-04 A and 2-08 A re-
spectively. Additional examples of oxyfluorides in
which there is a random distribution of oxygen and
fluorine atoms are AcOF (Zachariasen, 1951), PuOF,
ThOF, (Zachariasen, 1949), and (NH,);MoO,F, (Paul-
ing, 1924). Structure 4 is also shown by ReQ,, while
CrO; and WO, have slightly deformed versions of it
(Wells, 1950). Structure B, for which the four atoms
in the cell lie in the positions of cubic closest packing,
is said to be found in the compounds AuCu,, PdCu,,
PtCug (Johnson & Linde, 1925, 1927), NaPb, (Zintl &
Harder, 1931), CaPbg, CaSn,, CaTl; (Zintl & Neumayr,
1933).

The ASTM data for TiF, (X-Ray Diffraction Patterns,
1945) are interesting in that they contain every line
of the pattern for TiOF,, and, moreover, the three
strongest lines listed for TiF, are the strongest lines
for TiOF,. Since TiF, will react extremely readily
with any trace of moisture it is highly probable that
the sample of TiF, used had hydrolyzed to a large
extent and the pattern obtained is essentially that of
TiOF,.

The authors wish to acknowledge the guidance and
encouragement of Dr Frederic B. Dutton in the work
dealing with the preparation of the titanium oxy-
fluotide.
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