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of 2:11 A is somewhat smaller than the value of 2:16 A
found in the octahedral Ni(tren) (SCN), (Rasmussen, 1959).

In the case of copper(Il) trigonal bipyramidal stereo-
chemistries have already been found by X-ray analysis
(Mori, Saito & Watanabe, 1961; Bertrand, 1967; Kilbourn
& Dunitz, 1967; Jain & Lingafelter, 1967).

For nickel(II), the structure of a low spin trigonal bi-
pyramidal complex has been recently published (Stevenson
& Dahl, 1967). Ni(Mestren)Br: is the only case of this type
of configuration so far reported for a high spin nickel(II)
complex.

We wish to thank Dr Ciampolini for supplying crystals
of the compounds. Thanks are expressed to Professor L.
Sacconi for his continuous interest. The financial support
of the Italian Consiglio Nazionale delle Ricerche is grate-
fully acknowledged.
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The structure of poly-L-proline II. By STRUTHER ARNOTT and S.DAvID DOVER, Medical Research Council Biophysics
Research Unit and Department of Biophysics, King’s College, 26-29, Drury Lane, London, W. C.2, England

(Received 22 July 1967)

The crystal structure of poly-L-proline II (space group P3;, a=662, ¢=9-31 A (e.s.d.’s 0-01 A) and three
prolyl residues per unit cell) has been reappraised. Two crystal models have been considered: in the first
the threefold helical molecules at each lattice point are all parallel; in the second there are two half coaxial
antiparallel chains at each molecular site (such an arrangement corresponds to a statistical crystal structure
in which each site is occupied, with equal probability, by up- and down-pointing chains). Refined molecular
conformation and packing parameters have been obtained for both models by a least-squares method in
which bond lengths and angles are constrained to have values in agreement with single-crystal analyses. The
refined non-statistical model (with standard conformational angles ¢=99-8°, w=—95-1°, w=—04°) pro-
vides a markedly better fit with the X-ray intensities and is preferred also on stereochemical grounds.

Cowan & McGavin (1955) analysed the X-ray diffraction
from doubly oriented films of poly-L-proline II and found
a trigonal unit cell, space group P3,, with a=6-62, c=
9-36 A (we find a= 662, c=9-31 A both with e.s.d. 0-01 A).
They concluded also that the three prolyl residues in each
unit cell were in a single molecule related by the same left-
handed screw triad as the space group. Sasisekharan (1959)
published a similar molecular model and from considera-
tion of intermolecular contacts and optical transforms de-
cided the radius vector of one «C made an angle, v, between
30° and 35°, with a. Burge, Harrison & McGavin (1962)
determined y to be 40+ 2° by examining the variation of
R with w. A feature of both crystal models is a short
(2:80 A) yC---O contact between molecules which might
be a CH- - -O hydrogen bond.

We have refined the crystal structure of poly-L-proline II
using powder diffraction data and the linked-atom method
of Arnott & Wonacott (1966a). In this method bond lengths
and angles can be kept fixed at standard values while the
variables are the chain dihedral angles (), the radius of
«C (D) and the Eulerian angles (0z,6y,0:) which determine
the chain orientation. Additional parameters are the scale
(K), the average isotropic temperature factor (B) and the
molecular orientation (). By those means the number and
kind of variables is rendered appropriate to the paucity
(only fifteen in this case) and low resolving power of inten-
sity data given by the polymer.

The function minimized in a least-squares fashion was
=0+ X )1Gh ¢y
P

where
D= Zwm{oFm—(l/K)cFm CXD(—BQZ/4)}2 (2)

and 4. is the Lagrange multiplier appropriate to the con-
straint, G =0 to be imposed on the solution. Six equations,
Gr=0, involving some of the cylindrical polar atomic co-
ordinates with

Gi=R(1)-R(7),
Gy=2Z(1)—Z(D—¢/3,
Gs=Z(4)—Z(1a)—¢/3,

Ga=o¢(1)—o(7)+120°,
Gs=R@4)—R(Ta) ,
Ge=2Z(5)—Z(8)—c[3,

were used so that all prolyl residues were joined appro-
priately in a left-handed threefold helix of pitch equal to c.
(The atom numbering key is in Fig.1.)

We have also considered another possible crystal model
to determine if poly-L-proline has a statistical crystal struc-
ture like other polypeptides such as ¢-poly-L-alanine (Elliott
& Malcolm, 1959; Arnott & Wonacott, 19665) and -poly-
L-alanine (Arnott, Dover & Elliott, 1967). The second
model has two half (coaxial) molecules at each lattice point,
the half molecules having -CO.NH.CH= sequences of
opposite sense. For such a model two more parameters are



600

needed: the relative translation (TRANS) and relative
orientation (ROT) of, say, the up-pointing half molecule
with respect to the down-pointing one.

The same standard bond lengths and angles (see Fig.1)
were used in both cases. Although the statistical model has
more degrees of freedom (12— 6=6) than the model with
parallel chains (10—6=4), a significantly better fit to the
observed data was obtained with the latter, which had
minimum $=1-1x 105 and R=0-077 against ®=2-9 x 105,
R=0-134. (Observed and calculated structure amplitudes
are in Table 1.) The parameters and atomic coordinates of
the two refined models are listed in Tables 2 and 3, where
it can be seen that the non-statistical model has also the
more credible temperature factor. The non-statistical model
is further favoured by stereochemical considerations: r7=
180-4° shows that the expected coplanarity of the atoms
about the peptide bond has scarcely been violated in the
refinement, but the value 176:5° for the alternative model
is less satisfactory; the statistical model has an unacceptably
short intermolecular yC- - -yC contact of 2:8 A, while in
the non-statistical model the only such short contact is the
yC---O distance of 2-80 A noted previously. The possi-
bility of a CH---O intermolecular interaction occurring
between poly-L-proline helices therefore appears to have a
sound experimental basis. We have, however, no evidence
that there is an attractive force between these atoms. Since
other orientations of the awkwardly shaped poly-L-proline
II molecule lead to more serious short contacts it is more
likely that the situation we observe is merely the best com-
promise. It is of interest also, that of the two possible
puckers of the pyrrolidine ring that Leung & Marsh (1958)
found equally likely in L-leucyl-L-prolylglycine, only one
(the Cg of Leung & Marsh) is probable in polyproline
sincz the alternative results in a yC- - -O distance of only
2:6 A.

AN
3 1
Tas /
4 5

Tas T'sssg

6 _——>5a

t%
— 7

'B,N

/ 8-

SHORT COMMUNICATIONS

Table 1. Observed and calculated structure amplitudes
for the two models for poly-L-proline II
The scale is arbitrary and non-accidentally overlapping re-

flexions (kkl, khl etc) are listed together under one set of
indices (hk!).

Fc Fc
h k1 Fo, (Non-statistical) (Statistical)
1 00 127 125 135
1 0 1 155 146 138
1 0 2 112 120 126
110 23 40 51
1 11
Ll } 94 93 98
2 00 55 56 45
2 01
1 0 3 141 150 129
11 2
2 0 2 88 93 73
113 66 54 59
210
1 0 4 62 65 54
211
2 0 3 64 55 84
21 2 98 79 83
300
11 4 82 84 83
3 01
2 0 4 51 51 62
21 3
1 05 88 89 93
3 0 2

The only short non-bonded, intramolecular interatomic
distance (apart from those associated with the planarity of
the peptide group) is 2-8 A between N and O of successive
residues. This is within 0-2 A of the sum of standard van
der Waals radii and therefore allowable.

Fig. 1. Left: the atomic numbering and conformational parameters of poly-L-proline. During the refinements the pyrrolidine
ring parameters (723, 734, T4s) Were kept constant. Right: the stereochemistry used in the two linked atom refinements of poly-

L-proline II structures.
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Table 2. The crystal and molecular paramerers
of the two refined poly-L-proline 11 models
The angles in italics were not refined.

Non-statistical ~ Statistical

723 —~23-8° —-23-8°

T34 314 31-4

T45 94-7 94-7

56 95-1 965

767 180-4 1765

778 200-2 201-8

0z 1-0 —18

0y 2324 231-2

0. 552 545

D 1-244 A 1243 A
v 42:4° 10-7°
ROT - —65°
TRANS - —6923 A
K 2:400 2:413

B 5-10 A2 0-832 A2

The refined crystal structure we prefer is very similar to
that of Burge et al. (1962), and has standard (J. Mol. Biol.
(1966), 15, 399) polypeptide chain parameters ¢=99-8°,
v=-951° o= —04°,

We thank Professor Sir J.T.Randall for our excellent

facilities, Professor M.H.F.Wilkins for his interest, and
the Medical Research Council for a scholarship for S.D.D.
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Table 3. The cylindrical polar coordinates
of the basic (up) poly-L-proline chain unit

Non-statistical Statistical

R 7] zZ R ] V4

A) © A) A © A)
aC(3) 1-24 0 0 1-24 0 0
C(1) 0-27 1220 116 0-32 147 1-20
N(1) 1-04 —-753 195 1-03 -739 197
o) 1-14 1146 1:34 1115 1092 1-41
aC(1) 1:24 —120:0 3-10 1:24 —120-0 3-10
BC(1) 2:64 —1052 340 2:65 —106-1 335
yC(1) 319 —-792 2:86 321 —802 2-82
5C(1) 245 —673 166 2:44 —67-4 1-65
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The crystal structure of Zr,Se* By H.F.FranzeN and L.J.NorrBY?, Institute for Atomic Research and Department

of Chemistry Iowa State University, Ames, Iowa, U.S.A.

(Received 6 December 1967)

The crystal structure of Zr,Se has been determined and refined by X-ray single-crystal methods. Zr,Se
was found to be isostructural with TaP [Nylund, Acta Chem. Scand. (1966), 20, 2393] and with Ti,S
[Owens, Conard & Franzen, Acta Cryst. (1967), 23, 77].

The coordination polyhedra types between trigonal pris-
matic and tetrakaidecahedral found for boron, silicon and
phosphorus in many compounds of these elements with
transition elements (Aronsson, Lundstrém & Rundgvist,
1965) were recently found also for sulphur in Ti,S (Owens,
Conard & Franzen, 1967) and in Nb,;Sg (Franzen, Beineke
& Conard, 1968). The work reported here was carried out
with the purpose of further exploring the crystal chemistry
of the lower chalcogenides of transition elements, and in
particular to determine whether other cases of augmented
trigonal prismatic coordination could be found for chal-
cogens.

The method of high temperature preparation has been
described previously (Owens, Conard & Franzen, 1967).
In the case of Zr,Se the sample was prepared at a final
annealing temperature of 1550°C. The single-crystal X-ray
diffraction data were collected with a Hilger—Watts full
circle diffractometer coupled to an SDS-910 computer in

* Work was performed in the Ames Laboratory of the
U.S. Atomic Energy Commission. Contribution No.2227.

1 Present address: Institute of Inorganic and Physical
Chemistry, University of Stockholm, Stockholm 50, Sweden.

a configuration described elsewhere (Dahm, Benson, Nim-
rod, Fitzwater & Jacobsen, 1967). Mo Kua radiation was
used with balanced Zr and Y filters to collect data for about
1300 reflections at 260 <80°.

The Lorentz, polarization and absorption corrections
were applied as described previously (Franzen, Beineke &
Conard, 1968). The standard deviations of all observations
were obtained with the use of the law of propagation of
errors and estimated standard deviations in the 6 angle and
the absorption factor and standard deviations in the inten-
sities (corrected for background) based on counter statistics.
Data were accepted only if ¢(/)/I <04, leaving 438 inde-
pendent reflections.

The lattice parameters were determined from a Guinier
powder photograph at 25°C using KCl as internal standard
and Cu Ka, radiation, A= 1-54050 A:

a=12-6400+27 A, b=15-7968+32 A, c=3-6016+10 A,
V=719-1+3 A3,
With Z=12, (cf. below), D=7-24 g.cm-3,
By comparison of the Weissenberg pattern of Zr,Se with

that of Ti,S it seemed likely that these two compounds are
isostructural. Accordingly the Ti,S positions were used as



