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Jones (1938) did a calculation similar to the present
case (b), using numerical integration methods and an
experimental profile for b(x) which approximates close-
ly to (1+x2x2)—2,

In the above analysis it is assumed that all experi-
mental profiles have been corrected for «;—«, overlap,
and that influences which vary slowly with 26 are
negligible or have been taken care of.

The results from line broadening and from fringe
spacing should be identical provided the specimen is
not faulted and is free of strains normal to the dif-
fracting planes. The ease with which measurements of
broadening and fringe spacing can be performed, al-
lows a quick test for strains and faults in the specimens.

Acta Cryst. (1967). 23, 537
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The Crystal Structure of Bis-(/V-ethylsalicylaldiminato)copper(I)
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The structure of the complex bis-(N-ethylsalicylaldiminato)copper(Il) of molecular formula
C1sH20N202Cu has been determined with two-dimensional Weissenberg and precession data by the
heavy atom method and refined with three-dimensional Weissenberg data. The crystals are monoclinic
with a=9-824, b=8432, c=20-989 A, f=101°. The space group is P2,/c with four molecules per unit
cell. The coordination polyhedron around the copper atom is a distorted tetrahedron. The angle between
the two coordination planes is 35° 52" and the step angles between the coordination planes and the planes
of the salicyl chelates are 11°30” and 22°44’. No interaction is possible between copper atoms.

Introduction

The o form of bis-(N-methylsalicylaldiminato)copper-
(II), the structure of which has been determined by
Lingafelter, Simmons, Morosin, Scheringer & Freiburg
(1961), shows a planar arrangement of the ligand atoms
about the copper atom. The space groups of the normal
N-substituted salicylaldiminatocopper(Il) complexes
(Frasson & Panattoni, 1962), indicate that in the N-n-
butyl and N-n-pentyl derivatives the coordination con-
figuration of the copper atom is planar. In fact the
presence of two copper atoms in a cell of space group
P2/c requires that they be at centres of symmetry.
For the N-ethyl and N-n-propyl derivatives, on the
basis of space group considerations alone, no informa-
tion is available on the type of arrangement of ligands
around the copper atom. We have now carried out
the determination of the structure of bis-(N-ethylsali-
cylaldiminato)copper(II).

Experimental

The compound, of formula Cj;3HyN,0,Cu, was pre-
pared by the method of Charles (1957) as modified by
Sacconi, Ciampolini, Maggio & Del Re (1960). Black

crystals, which have the form of thick plates, were ob-
tained.
The crystal data are as follows:

Molecular weight 354-9
a= 9-824+0012 A
b= 8-432+0-012
¢=20-989 + 0-026
p=101°+10

V=1706 A3
F(000)=748

om=1-38 g.cm—3
Qcale=1+40 g.cm™3
Z=4,

The systematic absence of reflexions 40/ for / odd
and 0kO for k odd uniquely determined the space group
as P2,/c. The cell parameters were measured from pre-
cession photographs and the density was measured by
flotation. A very small fragment (mean dimensions:
0-015 cm) was selected for intensity measurements.
Equi-inclination Weissenberg photographs of h0/
through 46/ and of Ok/ were obtained with nickel-
filtered Cu Ku radiation on a Wiebenga camera with
integration in one direction only (Scatturin, Panattoni,
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Bardi & Bezzi, 1959). Each spot on the multiple film
sets was scanned normal to the integration direction
with a densitometer feeding into an amplifier and
Honeywell recorder. The areas under the densitometer
tracings were measured and used as relative intensities.
All intensities were corrected for Lorentz and polariza-
tion factors but no correction was made for absorption
or for anomalous dispersion. The atomic scattering
factors used were those of Forsyth & Wells (1959). All
calculations were carried out on an Olivetti Elea 6001
3K computer, with programs written by Panattoni &
Frasson (1962). The corrected intensities of the various
layers were put on a single relative scale, the absolute
scale being established later by correlation with the
calculated structure factors. A total of 1508 indepen-
dent reflexions were observed.

The structure determination

The general features of the structure were deduced
from two-dimensional Patterson syntheses followed by
electron-density projections along [100] and [010], using
phases determined by the copper atom. It was apparent
that the copper atom is located at x=0-2815, y=0-1140,
z=0-1630. A series of difference syntheses on the same
projections allowed the determination of the positions
of the lighter atoms. The discrepancy indices R (defined
as R=2 ||Fo|—|F¢||/Z |F,l, where the summation is
over the observed reflections only), at this stage were
Ryx1=16% and Rpy=149%. Four cycles of least-
squares refinement of non-hydrogen atoms with aniso-
tropic temperature factors reduced the R indices to
Roxi=14% and Ry =12%.

With these coordinates and anisotropic temperature
factors a three-dimensional Fourier synthesis and two
three-dimensional difference syntheses were made
which reduced the Rpx; index to 15%.

A further series of non-hydrogen atoms least-squares
refinement was carried out with a program written by
Panattoni, Grubissich & Frasson (1965) in which are
described the basis of the choice of the following
weighting scheme:

for reflexions with F,>12-0
_ N Z'w(4F)?
T N Z'(AFy?
for reflexions with F,< 12-0
N;=number of reflexions with F, < 12-0
N,=number of reflexions with F,>12-0
Z"(AF)*=sum of (4F)? of reflexions with F,<12-0
Z'w(dF):=weighted sum (4F)? of reflexions with
Fo>120.
At this stage the Rpx; value was 10-3%;.

We tried to find the positions of the hydrogen atoms
from three-dimensional difference syntheses. However,
the calculated positions of the hydrogen atoms were
not consistent with the residual maxima in the maps;
accordingly, no further attempt was made to define
the positions of hydrogen atoms. The values of the
observed and calculated structure factors are reported
in Table 8. The values of the parameters and their
estimated standard deviations are given in Tables 1 and
2. Tables 3 and 4 show least-squares equations for
molecular planes, the angles between these planes and
the deviations of the atoms from the planes.

Discussion

The crystal consists of discrete molecules. Figs.1 and 2
show a perspective view of the molecule and a pro-
jection of the atomic coordinates on (010). The coor-
dination configuration about the copper atom is a
distorted flattened tetrahedron. The bond lengths and
angles with their e.s.d.’s are listed in Tables 5 and 6.
The bond lengths of several complexes of N-substituted
salicylaldimines are compared in Table 7 with our
values. The Cu-O distances of 1-90 and 1-89 A agree
with the values found in octahedral or planar com-
plexes, 1-:90 (column 1 of Table 7), 188 (column 4),
1-92 (column 2) and 1:91 (column 3). They are similar
also to the values found in other distorted tetrahedral
complexes, 1-93 and 1-89 A reported in columns (7)
and (8) and 187 and 1-89 A in 2,2'-biphenylbis-
(2-iminomethylenephenolato)copper(Il) (Cheeseman,

Table 1. Coordinates ( x 104) and their e.s.d.’s (in parentheses)

1
W= T 00044F2—0-095F, + 630
x/a
Cu 2821 (1)
First salicylaldimine group
xla /b zle

(0} 2913 (8) 1026 (11) 2546 (3)
N 1477 (9) 2893 (13) 1536 (4)
C(1) 2111 (13) 1724 (16) 2882 (5)
C(2) 2245 (15) 1278 (21) 3541 (5)
C(@3) 1371 (15) 1964 (20) 3925 (6)
C@4) 335 (16) 3002 (20) 3669 (6)
C(5) 171 (12) 3459 (17) 3023 (6)
C(6) 1041 (11) 2801 (16) 2622 (5)
C(n 837 (12) 3389 (16) 1970 (6)
C(®8) 1187 (18) 3737 (23) 910 (7)
Cc® 2433 (16) 4686 (21) 806 (7)

ylb z/c
1144 (2) 1637 (0)
Second salicylaldimine group
xla /b z[c

o’ 2132 (8) 449 (11) 783 (3)
N’ 4626 (10) 142 (13) 1690 (4)
c1n 2697 (11) —529 (17) 443 (5)
C(2") 1961 (17) —1022 (25) —177(7)
Cc@3" 2522 (18) —1989 (28) —552 (8)
C(4) 3941 (24) —2576 (27) —369 (9)
C(5) 4670 (14) —2096 (20) 231 (6)
C(6") 4101 (12) —1107 (19) 626 (5)
C(7) 4998 (12) —700 (17) 1244 (6)
C(8) 5734 (13) 405 (19) 2303 (5)
C9) 6483 (12) 1943 (16) 2261 (6)
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Hall & Waters, 1963). The Cu-N bond lengths of 1-96
and 1-95 A are slightly different from the values re-
ported for the methyl and phenyl derivatives, owing
perhaps to the different steric effects of the substituents.
In fact the C(8)-O’ distances in the methyl and phenyl
derivatives are 2-76-2-78 A, while in the present case
they are 2:95 A, and the sum of the van der Waals
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radii (Pauling, 1960) for intermolecular contacts
CH;-O and CH,-O is 340 A and for C-O contact
with aromatic carbon is 3-10 A. The fact that our
C(8)-0’ distances are 0-2 A greater than those in the
two other derivatives results from the non-planar co-
ordination and consequently from the smaller repul-
sive effect between the substituent and the oxygen atom.

Table 2. Anisotropic temperature factors (x 102) and their e.s.d.’s

3 3
Anisotropic thermal factors are of the form: exp [—-4 2 X Byhiiai*as*].
=1 =t

By, By B3;

Cu 232 (6) 304 (9) 264 (6)

() 332 (38) 281 (52) 266 (27)
o’ 234 (37) 357 (58) 284 (36)
N 211 (39) 250 (28) 225 (41)
N’ 233 (45) 179 (63) 266 (46)
C(1) 287 (59) 225 (80) 184 (44)
C(2) 471 (68) 351 (89) 230 (61)
C@3) 453 (73) 446 (93) 225 (58)
C(4) 481 (79) 523 (91) 329 (68)
C(5) 233 (55) 335 (87) 361 (60)
C(6) 186 (47) 156 (69) 386 (61)
Cc( 146 (46) 233 (80) 460 (66)
C(8) 451 (69) 234 (94) 322 (68)
C(9) 720 (115) 665 (139) 437 (92)
(1) 179 (45) 308 (81) 224 (51)
C(2) 278 (55) 326 (83) 259 (54)
C(3" 309 (64) 486 (96) 329 (62)
C4") 509 (78) 409 (102) 375 (69)
C(5") 350 (70) 368 (90) 376 (66)
C(6") 285 (57) 280 (81) 302 (54)
C(7) 298 (53) 270 (89) 352 (62)
C(8") 254 (63) 465 (83) 294 (57)
C(9) 467 (96) 810 (116) 381 (78)

i=l j=
B2 B3 By

51 (8) 27 (4) -9 (®)
202 (39) 101 (29) 43 (38)
87 (35) 67 (29) 130 (35)
22 (31) 131 (32) 6 (41)
63 (41) 25 (36) —179 (42)
—12 (49) 15 (40) —33 (44
—190 (67) —23 (52) 18 (61)
— 149 (65) 87 (50) —27 (57)
—219 (68) 165 (58) — 174 (63)
58 (49) 29 (44) — 58 (54)
—57 (44) 134 (42) —88 (51)
21 (43) 76 (44) —15 (51)
147 (65) 89 (54) 93 (63)
—238 (96) 37 (81) 276 (87)
19 (47) 74 (38) — 47 (49)
14 (56) 13 (42) —85 (58)
47 (64) — 53 (49) —27(63)
32 (66) 169 (58) 11 (64)
71 (65) 107 (53) ~8(62)
—10 (59) 119 (43) —28(57)
66 (50) 125 (46) —49 (55)
111 (61) —57 (46) —45 (60)
— 166 (82) —49 (67) —55(75)

Table 3. Least-squares planes
Coefficients of least-squares plane equations.

AX)+B(y)+C(2)=1

A B C
Chelate ring plane I («)
[0, N, C(1), C(6), C(7)] 0-1996 0-2346 0-0816
Chelate ring plane II ()
[0, N’, C(1"), C(6"), C(7] 1-0819 1-9128 —0-9849
Benzene plane I (y)
[C(1), C(2), C(3), C(4), C(5), C(6)] 0-1932 0-2414 0-0801
Benzene plane II (5)
[C1), C(29), C(3), C@4"), C(5"), C(6")] 1-2803 2:2319 —1-2482
Coordination plane I (¢)
[Cu, O, N] 0-2765 0-2465 0-0536
Coordination plane II ()
[Cu, O’, N’} 0-8602 1-6829 —0-7169
x'=x—zsin (f—90°)
Y=y
z'=zcos (f—90°)
Angles between the least-squares planes
B Y 0 e n
o 40°30’ 2°30" 41°40’ 11°0’ 43°38’
B — 39 40 3 06 37 25 23 40
y — 40 41 11 30 42 37
o — 38 34 22 44
£ — 35 53

AC23-3
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Table 4. Distances (A x 103)

Jfrom least-squares planes

y plane

Cu —281
(o) -52
ol

N -10
NI

C(1) 10
C(2) —-13
C(3) 13
C® -9
C(5) 7
C(6) -8
C( 67
C(8) 203
C(9) 1579
C(1)

C(2)

C@3")

Cc4)

C(5)

C(6")

C(7)

C(8)

C(9")

o plane

—245
-9

-11

26

15
—616
-50
—46
—-33
25
161
1485

J plane

—-99
44
—57

B plane

-92
19
—24

~39
—49
-26
—41

1411

Fig.1. A perspective view of the molecule.

This agrees with the observation that our Cu—N values
are close to the values found in the salicylaldoximates
(columns 2 and 3).

The value of the angle between the two chelate ring
planes is very much dependent on the different sub-
stituents on nitrogen. The value of 35°53 in the ethyl
derivative (present work) is about the same as that in
the «-phenylethyl derivative (Starikova, 1966). The
angle becomes zero when a phenyl group is introduced
directly bonded to nitrogen atom. Further, the minor
steric hindrance of the methyl derivative leads to the
separation between copper atoms of 3-33 A in a chain
of octahedral molecules.

Ce) 1443 C@)

Fig.2. Projection on (010).

Table 5. Intramolecular bond lengths (A) and intermolecular distances less than 3-6 A

Salicylaldimine group I

Cu—O

Cu—N

o0—C(1)
C(1)-C(2)
C(2)-C(3)
C(3)-C(4)
C(4)-C(5)
C(5)-C(6)
C(6)-C(7)
C(1)-C(6)
N-——C(7)
N—C(®)
C(8)-C(9)

O’ —C(8)
0" —C(9)
O0—C(8)
Cu—C(9)
Cu—C(8)
Cu—C(8)
Cu—C(9)

1-895
1-964
1-295
1-415
1-407
1-388
1-389
1417
1-433
1-417
1-272
1-476
1-513

2:951
3:584
2:959
3:443
2:968
3-:000
3-649

e.s.d.
0-006
0:010
0014
0015
0-020
0-022
0-018
0-017
0-017
0-017
0-015
0-018
0-024

0-021
0-020
0:015
0-017
0-018
0-012
0-012

Salicylaldimine group II

e.s.d.
Cu—0O’ 1-885 0-007
Cu—N’ 1-948 0-010
O'—C(1%) 1-284 0-015
C(1")-C(2) 1-425 0-020
C(2)-C3") 1-400 0-027
C@3)-C4) 1-443 0-028
C(4")-C(5) 1-387 0-024
C(5")-C(6") 1-378 0-019
C(6")-C(7) 1-463 0-017
C(11)-C(6" 1-444 0-017
N'——C(7) 1-282 0-016
N'——C(8) 1-530 0-014
C(8)-C(9") 1-502 0-020
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In the present complex the ¢ and # coordination
planes and the planes o and f of the salicyl chelates
are also not coplanar. The respective angles are 11°
and 23°40’, with distances of the copper atom from
the planes of the chelates of 0-092 and 0-245 A. This
distance reaches its largest value, 0-45 A, in the phenyl
derivative (Wei, Stogsdill & Lingafelter, 1964), and is
0-38 A in Dbis-(5-chlorosalicylaldoximato)copper(Il)
(Orioli, Lingafelter & Brown, 1964), and 0-065 A in
bis(salicylaldoximato)copper(Il) (Jarski & Lingafelter,
1964).

Among the most important features of the present
determination are the values of the bond angles in the
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coordination polyhedron. The tetrahedral angles be-
tween the oxygen and nitrogen atoms are very flattened
and different (O-Cu-O’ 151-6°, N-Cu-N’ 156:6°).
Their mean value and the mean value of the four other
angles agree well with the values (92° and 153°) found
in 2,2’-biphenylbis-(2-iminomethylenephenolato)cop-
per(Il) (Cheeseman, Hall & Waters, 1963) in which
the two salicyl groups are bridged by a biphenyl group.
The environment around the copper atom is best visu-
alized as a tetrahedron in which both angles between
the nitrogen atoms and between the oxygen atoms are
flattened. The explanation of the tetrahedral arrange-
ment is not clear. Whether it is mainly due to the Jahn-

Table 6. Intramolecular bond angles (°)

Tetrahedron angles

e.s.d.

0 -Cu-0’ 151-7 0-6

N -Cu-N’ 156-6 0-7

O -Cu-N 92-8 0-4

O’-Cu-N 91-1 04

O -Cu-N’ 93-0 04

O’-Cu-N’ 94-4 04

Salicylaldimine angles

Group 1 e.s.d. Group II e.s.d.

Cu—O0—C(1) 127-4 0-7 Cu—0—C(1") 127-9 07

O0—C(1)-C(2) 117-4 09 oO'—C(1)-C(2") 119-7 09

O—C(1)-C(6) 124-5 09 O'—C(1)-C(6") 124-1 09

C(1)-C(2)-C(3) 119-8 1-1 C(1)-C(2")-C(3") 122-7 1-3

C(1)-C(6)-C(5) 120-6 1-0 C(1)-C(6")-C(5") 122-6 1-0

C(2)-C(3)-C(4) 121-7 1-2 C(2)-C(3)-C(4") 118-6 1-5

C(3)-C(4)-C(5) 120-1 1-1 C(3)-C(4)-C(5") 1191 1-5

C(4)-C(5)-C(6) 120-0 1-1 C(4")-C(5")-C(6") 123-0 1-2

C(5)-C(6)-C(7) 116-2 1-0 C(5)-C(6")-C(7) 115-7 1-0

C(6)-C(1)-C(2) 118-1 1-0 C(6")-C(1)-C(2) 116-0 09

C(6)-C(7)-N 1249 09 C(6")-C(7")-N’ 124-7 1-0

C(7)-C(6)-C(1) 1233 09 C(7)-C(6")-C(1") 122-7 1-0

C(7)-N-—C(8) 116-3 1-1 C(7)-N'-—C(8") 1159 09

N-—C(8)-C(9) 11141 1-0 N’——C(8")-C(9") 110-6 09

Cu—N-—C(7) 125-8 0-8 Cu—N'—C(7) 1256 0-8

Cu—N-—C(8) 1181 09 Cu—N"——C(8") 118-5 0-7

N——C(7)-C(6) 124-9 09 N'—C(7")-C(6") 124-8 1-0

Table 7. Bond lengths (A) in salicyl complexes with copper
Cu Octahedral Planar Tetrahedral
coordination
1) ) 3) “4) &) (6) @) (8)

Cu—O0O 1-90 1-92 1-91 1-88 1-90 1-89 1-93 1-89
Cu—N 1-99 1-94 1-96 1-99 1-96 1-95 1-97 201
o—C(1) 1-32 1-36 1-33 1-31 1-29 1-28 1-36 1-31
C(1)-C(2) 1-40 1-39 1-40 1-42 1-41 1-42 1-44 1-41
C(2)-C(3) 1-39 1-38 1-38 1-40 1-40 1-40 1-45 1-40
C(3)-C(4) 1-40 1-36 1-40 1-37 1-39 1-44 1-41 1-40
C(4)-C(5) 1-37 1-36 1-36 1-37 1-39 1-39 1-42 1-41
C(5)-C(6) 1-39 1-44 1-40 1-42 1-42 1-38 1-42 1-42
C(1)-C(6) 1-42 1-40 1-44 1-40 1:42 1-44 — —
C(6)-C(7) 1-44 1-45 1-44 1-44 143 1-46 1-43 1-45
C(7)-N 1-31 1-25 1-26 1-30 1-27 1-28 1-30 1-30
N-—C(8) 1-52 — — 1-44 1-48 1-53 1-56 1-51

(1) Bis-(N-methyl salicylaldiminato)-Cu(1I). Lingafelter et al. (1961).

(2) Bis(salicylaldoximato)-Cu(Il). Jarski & Lingafelter (1964).

(3) Bis-(5-chlorosalicylaldoximato)-Cu(ll). Orioli, Lingafelter & Brown (1964).

(4) Bis-(N-phenylsalicylaldiminato)-Cu(II). Wei et al. (1964).

(5) Bis-(N-ethylsalicylaldiminato)-Cu(1l), salicyl group I. Present work.

(6) Bis-(N-ethylsalicylaldiminato)-Cu(II), salicyl group (II). Present work.

(7) Bis-(N-a-phenylethylsalicylaldiminato)-Cu(Il), salicyl group I. Starikova (1966).
(8) Bis-(N-a-phenylethylsalicylaldiminato)-Cu(ll), salicyl group II. Starikova (1966).
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Table 8. Observed and calculated structure factors for observed reflexions ( x 10)

K=0 10
L=0 1= 1=20 L=3 L=9 1=15 L=2
o FN FC " Fo1 bC M FO Fu HooFm FC W Em tC H  FO1 FC norm (X

014 0216 0206= 00+ 0890- 0852- 01~ 0428, 0422+ 06= U136+ 0133+ 0520499+ 05324
024 1333= 1307- Q1+ 1848+ 1726+ 02+ 0VR7» 017%s 07+ 0362- 0349~ 0640398+ 0392¢
U3+ 0209= 0178- 0O1e OHP?~ 08SE= 02~ 0391= 0357= 07 0410- U417= 07+0206- 0219~
0441075+ 0962+ 02+ U525, 0493+ 034 0123+ 0077+  09e¢ 0279¢ 0267+ 07=0438= 0467~
05+ 0510~ 0523~ 02= 0835+ 0UB12+ 046 0253= 0217- 09- 016N+ UIbl1e UBe013A= 0112«
06+ 0441= 0410= 03+ U513= 0OLH68= Ud4= 0157+ UL1Be 11= 013h= 0152= 09=024Re¢ (2b2e
07¢ 0521+ 0505+ 03« 01845~ 0144- 05 0177~ 0163~ L=4 10- 0113+
09+ 02K1= 0232= 04¢ G278= 0270- 05=0131+ 0071«
10+ 0252+ 0220¢ 04~ 033"~ U432- 06e 0182+ 0181

U5~ 0315+ 0326+ 0U+0037¢ 01224
06=0252¢ 0267+ 0200398 03U4~
07+ 0152= 0140= 02=0A18= 0470~
07=-0199= 0181= 03+0307¢ 0235¢

1=16 03=0308= U259~
00401146+ Qlpge 04=0237= 0171~

0147-  1,0359+ yua3s 0beU338= 0259+
0Us U2KAe 03134 11=0140= 0149 52.0133- g1p5- 05=0446e 0375

0le 0546+ 0445 Lal0 03=03HRe 04Bge 1U=0243¢ 00724
1140159 0163+ 05 USKIe USB7¢ 06= 0217~ 0254= (1= 036P- 1261= Q0+ U678+ 0700, U4¢0235¢ 0209e L=3
12+ 0134~ 0149= 05~ 0155, 0102+ 08=0278¢ 0301s 02+ 0238= 0212 (01,0478, 0363e 04=0275¢ U294 (0+043R+ 0500
Le2 06+ 0403+ 0430+ 1U=0093- 0154 03+ 01534 0132 (2, 0383= (345- UO=N171¢ U162+ yUleUlale 0218
- 07+ 0445=- U416~ _ V3= 0146 017%¢ (2w 0212- 0246~- 07=01h1es 0144+ (24USO3= 0489~
UUs 0736= U760= 1, (3cce (38R- L=22

01+1451- 1415~
01=0897+ UB39e
02¢0121¢ 0276«
(2= 0250= 0242~

V4e G1RZ= 0138~
08¢ G111+ 0100 YU+ U219= 0230- Obe 1477=

03¢ 0385~ 0347~ L=17 020633+ UBZ2e
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Table 8 (cont.)
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Teller effect will perhaps become clearer after further
investigation of the influence of the alkyl chains. In
order to throw some light on this question we are
studying the structure of bis(N-n-propylsalicylaldimi-
nato)copper(Il) and of bis(N-n-heptylsalicylaldimi-
nato)nickel(II).
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A Method of Positioning a Known Molecule in an Unknown Crystal Structure

By R.A.CROWTHER AND D.M. BLow
Medical Research Council Laboratory of Molecular Biology, Hills Road, Cambridge, England
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A function is proposed for determining the position of a known molecule of known orientation relative
to a crystallographic symmetry element in an unknown crystal structure. A Fourier-series summation
with appropriate coefficients is used to express the correlation between the observed Patterson function
of the crystal and the set of cross-Patterson vectors of a model structure. The point of maximum cor-
relation gives the value of the intermolecular vector between molecules related by the chosen sym-
metry element. The function has been tested on sperm whale myoglobin.

Introduction

A number of methods exist for determining the orien-
tation of a known molecule in an unknown crystal

structure (Rossmann & Blow, 1962; Nordman &
Nakatsu, 1963; Tollin & Cochran, 1964). Several
methods have also been used to solve the subsequent
translational problem of positioning the molecule rela-



