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Table 4. Crystallographic
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data for REZn3 compounds*

YZn;
a=6-690 + 0-005, b=4-405+ 0-003, ¢=10-111+0-009 A
Pnma
Equipoint x y z B
Zn(1) 4(c) 0-2152+0-0014 0-25 0-0449 + 0-0009 1:2240-17 A2
Zn(2) 4(c) 0-9162+0-0014 0-25 0-8549 + 0-0009 1-:27+£0-17
Zn(3) 4(c) 0-5362+0-0013 0-25 0-8956 + 0-0009 1-:20+0-16
Y 4(c) 0-2773 + 0-0009 0-25 0-3387 + 0-0006 0:62+0-10
DyZn:,
a=6700, b=4-398, ¢=10-06 A
Pnma
Equipoint x y z B
Zn(l) 4(c) 0-216 0-25 0-042 1-4 A2
Zn(2) 4(c) 0-961 0-25 0-853 1-1
Zn(3) 4(c) 0-535 0-25 0-897 09
Dy 4(c) 0-279 0-25 0-336 2:2
CeZn;

a=4-62+001, b=1043+0-01, c =664 +0-01 A
C2cm, Cmc2, or Cmcm

* YZns:

Sree Harsha & Ryba (1964)

DyZnj: Sree Harsha (1964)

CeZny: Lott &

Sree Harsha (1967) has investigated the structure of
CeZns, but full details are not yet available. The lattice
parameters are similar to those of the other REZn; com-
pounds, and it is suspected that only slight atom shifts are
necessary to change the symmetry.

We would like to acknowledge the assistance of Mrs
Cheryl Ailes in the collection and processing of the inten-
sity data.
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The crystal structure of tris- (2-dimethylaminoethyl)aminemanganese (II), -iron (II) and -zinc (II) bromides.
By M.DI VaIra and P.L.ORrioL1, Istituto di Chimica Generale e Inorganica, Universita di Firenze, Florence, Italy

(Received 16 April 1968)

The crystal structures of the isomorphous compounds Mn(Megtren)Br,, Fe(Megtren)Br; and Zn(Megtren)Br,

[Megtren = N(CH,CH,N(CH3);)3;] have been investi
to final R values of 0-067, 0-055 and 0-065 respecti
group P23, with a=12-216+0-007, 12-185+ 0-004

gated by three-dimensional X-ray analysis and refined
vely. Crystals of the three complexes are cubic, space
and 12-105+0-003 A for the manganese(Il), iron(1l)

and zinc(1I) compounds respectively; Z=4. The three structures consist of M(Megtren)Br* and Br- ions,

arranged in a distorted NaCl type arrangement. Th

e coordination polyhedron about the metal atoms is a

trigonal bipyramid with Cj crystallographic symmetry. The structure is essentially identical with that of the

cobalt(II), nickel(II) and copper(II) analogues. The

manganese(II) compound represents the first example

of pentacoordination for this ion so far described by X-ray methods. The iron(II) complex is the first struc-
ture determined by X-rays, with trigonal bipyramidal arrangement about this ion.

A series of five-coordinated high spin complexes with gen-
eral formula M¥(Mestren)X, where M!'=Cr,Mn, Fe,Co,
Ni,Cu,Zn and Maeetren = tris-(2-dimethylaminoethyl)-
amine, N(CH>CH,N(CH3)2)3, and X=ClI, Br, I, NO; or

A C24B -9*

ClO4, has been prepared by Ciampolini & Nardi (1966a,b).

As a part of an X-ray structural investigation of the iso-
morphous series of the complex bromides, we have pre-
viously reported the structures of the cobalt(II) (Di Vaira
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& Orioli, 1967), nickel(II) and copper(Il) complexes (Di
Vaira & Orioli, 1968). We report here the results of the
X-ray analysis on the manganese(II), iron(II) and zinc(II)
complexes.

Only a few significant details of the experimental pro-
cedure will be given, since the method used for the cobalt(II)
complex was closely followed for all the isomorphous com-
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plexes. Crystals of the three compounds, kindly supplied
by Dr Ciampolini, are tetrahedral in shape and belong to
the space group P2;3. Data for the three compounds re-
ported below refer to the manganese(Il), iron(II) and zinc(II)
complexes in that order. Cell dimensions and their standard
deviations are: a=12-216+0-007, 12-185+0:004 and
12105+ 0003 A; #=118-6 (Cu Kw«), 132:0 (Fe K«) and

Table 1. Positional parameters, temperature factors and their estimated standard deviations

3 3

Anisotropic thermal factors are of the form: exp (=2 X hihy Bij).
i=1 j=1

i=

j=

Estimated standard deviations are given in parenthesis.

Positional parameters x 104

Thermal parameters x 104

x/a ylb z[c Bu B2z B33 b1z b3 B3
Mn(Megtren)Br;
Mn 2260 (4) 2260 (4) 2260 (4) 28 3) 28 (3) 28 (3) 333 3@3) 33
Br(1) 1083 (3) 1083 (3) 1083 (3) 47 (2) 47 (2) 47 (2) —-6(2) -6 (2) —-6(2)
Br(2) 8181 (3) 8181 (3) 8181 (3) 69 (3) 69 (3) 69 (3) 11 (3) 11 (3) 11 (3)
NQ1) 3295 (24) 3295 (24) 3295 (24) 52 (24) 52 (24) 52 (24) —1(20) —1(20) —1(20)
N(2) 2730 (20) 1015 (21) 3553 (19) 34 (18) 35(18) 43 (17) 3(19) —1(16) 10 (16)
*C() 3648 (23) 2704 (28) 4294 (22) 42 (24) 62 (23) 5(16) 15 (20) —27 (15) =317
C2 3785 (27) 1468 (25) 4032 (32) 46 (26) 33 (20) 77 (29) -9 (20) —-17 (26) —20 (22)
C@3) 2995 (30) —86 (27) 3035 (31) 87 (35) 33 (23) 78 (32) 33 (22) 7 (27) -9 (20)
C(4) 1816 (33) 910 (28) 4370 (29) 82 (31) 27(25) 67(26) 21 (24) 35 (25) 12 (21)
Fe(Megtren)Br,
Fe 2278 (2) 2278 (2) 2278 (2) 53 (2) 53 (2) 53(2) 22 22) 2(2)
Br(1) 1102 (2) 1102 (2) 1102 (2) 56 (1) 56 (1) 56 (1) —10Q1) —10 (1) —10(1)
Br(2) 8158 (2) 8158 (2) 8158 (2) 65 (1) 65 (1) 65 (1) 7(Q) 7 (1) 7 (1)
N(1) 3323 (11) 3323 (11) 3323 (11) 51 (10) 51 (10) 51 (10) 13 (9) 13 (9) 13 (9)
N(Q2) 2765 (12) 1064 (12) 3466 (11) 28 (11) 58 (11) 52 (10) -8 (10) —-12 (10) 1(9)
c) 3667 (14) 2655 (14) 4283 (13) 63 (12) 59 (13) 20 (13) 1(11) —28 (11) -9 (11)
CQ2) 3795 (14) 1487 (13) 4008 (14) 50 (12) 52 (12) 47 (12) 7(11) —24 (12) 24 (10)
C(3) 2982 (18) —64 (18) 3038 (18) 93 (18) 39 (18) 90 (17) 14 (15) —-32(16) ~14 (15)
C(4) 1902 (19) 914 (18) 4292 (17) 88 (17) 64 (17) 68 (17) —18 (15 21 (15) 42 (14)
Zn(Megtren)Br,
Zn 2289 (19) 2289 (19) 2289 (19) 38 (1) 38(1) 38 (1) -1 —-1Q) -1(Q)
Br(1) 1121 (2) 1121 (2) 1121 (2) 52 (1) 52 (1) 52 (1) —10 (1) —10 (1) —10 Q1)
Br(2) 8155 (2) 8155 (2) 8155 (2) 64 (2) 64 (2) 64 (2) 71) 7() 7@)
N(1) 3336 (16) 3336 (16) 3336 (16) 59 (15) 59 (15) 59 (15) —-17 (12) —-17 (12) —-17 (12)
N(2) 2752 (13) 1062 (14) 3443 (14) 44 (10) 39 (11) 51 (12) 51D —23(10) 14 (11)
Cc(1) 3671 (18) 2677 (16) 4328 (13) 68 (17) 44 (12) 14 (8) 17 (13) —15(11) —11 (10)
C(2) 3787 (16) 1469 (15) 3963 (16) 36 (13) 40 (11) 31 (11) —10 (11) —19 (12) 5(11)
*C(3) 2958 (17) —39 (18) 2960 (17) 49 (17) 9 (15) 99 (16) 23 (13) —26(13) 1(12)
C@) 1886 (23) 918 (19) 4335 (22) 79 (22) 55 (15) 79 (20) —18 (15) 3(18) 18 (15)
* The temperature factors of these atoms are nonpositive definite, probably owing to uncorrected absorption.
Table 2. Distances and angles in the M (Megtren)Br+ ion with their estimated standard deviations
Primes refer to atoms related to the reference atom by the threefold axis.
Distances Angles
©
M=Mn M=Fe M=Zn M=Mn M=Fe M=Zn
M—Br(l1) 2-491(6) 2482 (3) 2:449(3) N(1)-M—N(2) 80-7 (1-0) 81-3 (5 826 (7)
M—N(1) 2:19 (3) 221 (1) 2:19 (2) N(2)-M-——Br(1) 99-3 (6) 98-7 (4) 97-4 (5)
M-—N(2) 2:27 (2) 2:15(1) 2:11 (2) N@2)-M—N(@2) 1174 (9) 117-8 (5) 118-4 (6)
N@1)-C(1) 1-48 (4) 1-48 (2) 1-50 (3) M—N(1)-C(1) 111 (2) 107 (1) 108 (1)
C(1)-C(2) 1-55 (5) 1-47 (2) 1-53 (3) C(1)-N(1)-C(1") 108 (2) 111 (1) 111 (2)
C(2)-N(2) 1-52 (4) 1-51 (2) 1-49 (2) N(1)-C(1)-C(2) 110 (2) 112 (1) 108 (1)
N(2)-C(3) 1-52 (4) 1:49 (3) 1-48 (3) C(1)-C(2)-N(2) 110 (2) 110 (1) 111 (2)
N(2)-C@4) 1-50 (4) 1-47 (3) 1-51 (3) C(2)-N(2)-C(3) 108 (2) 109 (1) 109 (1)
Br(1)-C(3) 363 (4) 3-58 (2) 344 (2) C(2)-N(2)-C(4) 114 (2) 110 (1) 109 (2)
Br(1)-C(4) 4-12 (4) 4-01 (2) 4-01 (3) C(3)-N(2)-C4) 111 (2) 105 (1) 107 (2)
Br(1)-N(2)  363(3)  352(1) 3-44(2) M—N(2)-C(2) 104 (2) 107 (1) 106 (1)
N@2)-N2) 3-87(3) 369 (2 363 (2) M-—N(2)-C(3) 111 (2) 117 (1) 115 (1)
M-—N(2)-C(4) 109 (2) 110 (1) 112 (1)
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Table 3. Observed and calculated structure factors
for Mn(Megtren)Br2

Columns are: K index, 10F,, 10|F.|. Reflexions considered
affected by extinction are marked by an E. Unobserved reflex-
ions have not been reported. The maximum value of F for
the unobserved reflexions is 389.
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Table 4. Observed and calculated structure factors
for Fe(Megtren)Br,

Columns are: K index, 10F,, 10|F:]. Reflexions considered
affected by extinction are marked by an E. Unobserved reflex-
ions have not been reported. The maximum value of F for
the unobserved reflexions is 179.

04x,0 2 AN To3e 32 3um3 5 312
3 8 31 303 o N3
Looes1 wa % 3291 29 9 M w0 3 TO3 70 T 22
o 204 28 5 % 62 95T 10 21w 201 a 68}  Is6 8 319
1 el ese 8 s o221 231 1 231 230 5 511 350 9 268
T 5 uon  udl 6 s80  bT0 10 37
1,500 8 1o 222 Sea2 o730 oM
8 zen 251 10 382 ae o
2 w3 uz ° Wil We3 3 910 sl a1 55 393
3 a9 653 PR ST s 528 7
v oree T30 1 Gamat 5 e 338 erd s 286 283
5 1085 10kC 3 6 222 123 TosT0 sew
o T2t ot ¢ 2 el?  8X T ams 619 v 509 25T & 276 208
& s 28 T 3wl 302 8 182 ITe 6 S11 ww2 t0 303 32
9 sz 150 9 W 282 22 9 2 T 1 w339
0 Ly o6 10 $ 396 387 10 Jur 358 8 32n 333 Tokon
Mowos 19s 7217 220 M 228 223 9 199 138
8 1@ e 10295 330 5 w82z S10
2000 84%02 Moo a7 s 319 %8
1 160801 1181 288
2 ez w3 2 3 122 0% Seke3 8 33 28
3 1323 1ves 3 2 rre 3e7 w190 212 9z 208
A B Ees b 34 w0 5 ms 238
3 322 s S vo1es 181 5 590 S99 8
7292 230 6 s 1% 177 8 s05 w12 b
8 321 2 7 & e 115 9 ary 1 7 o7
e Wy Wt 8 ?o3e8  3ed 1) 19 112 8 2ne
1B 1 1 e 3 207
N3 ez st Tuke2 1
12 188 %
2 uwey w1y 3 388 381
Tor 2 33 289 A 889 Seo 369
3 w22 231 % sk 306 2
voase ars s 1S 10 o 595 e 8 102
2 s w7 T 2% 8
3wt unog 12,501 8 sme  c08 T
% 528 ‘o8 vonr s
S sze  ssi ERRRTI 1T} 9 288
6 131 7 8.x,2 w0
T i e 2em02
8 83 elu 8 3 e1r s9s
9 1 128 7 T oem 7 w321 192
10552 1S 3 ;e 5 258 ¥ s
Mo s & K28 1030 o was s 201
2o e s L2911 a7 5 s
1 o 17e7 1983 6 122 WG T o1
w0 « 7 ase  aed 9 193 18 8 1
3 8 su 3 B
1oese aws 9 rev  1er 99x02
2wl P s 1 sur 831
3w V286 286 5 582 608 su
w1367 e 12 tes  j08 & 381 0T s W
s 18 3 5 2 226 © 321
Tosgu 633 1 3uke2 s 3% 30 7 B
8 315 w7 T o530 818
o s 299 3 3w a2 8 218 212
wo2m 2w 4999 1339
PR ST ¥ 19,52 . 291
54K.0 o sem  ily 5 0
H To290 286 3 225 222 & e
2 %3 1t 3 e WS 38e % 212 201
318 1sm e a1z uTe 5 3r6 3T
o8 ane s wooasT w35 s ler e
s 108 999 o M3 M2 7 222 2% 6 59 82>
6 513 tre 7 TS0 M T
7 819 s o8 uey? 15,2 8 528  sas
8 205 191 9 9 207 261
13 To7s2 720 % W26 uBS 13 k01 30
BexeC ”2 W 679 eSS > INr 183

1271

777 cm~-1 (Cu Ku). There are four formula units in the unit
cell. The crystals selected for data collection had the shape
of regular tetrahedra, with the edge varying from 0-25 to
0-:30 mm. Since the crystals are sensitive to moisture, they
were dipped in collodion, which formed a thin protective
film. In the case of the manganese(Il) and iron(II) com-
pounds, which easily oxidize, three and four different crys-
tals respectively were used. Because of an extremely fast
decomposition due to the X-rays, the structure of the chro-
mium(II) analogue could not be determined.

Reflexions were collected by means of integrated Weis-
senberg photographs and their intensities measured on a
Nonius microdensitometer. 279, 385, and 334 independent
reflexions, respectively, were measured for the three com-
pounds and used for the refinement. The initial parameters
for the atoms were taken from the last isotropic least-
squares cycle of the refinement on the cobalt(Il) complex.
Scaling of the data was done by comparison with the F..
Two isotropic least-squares cycles, followed by two aniso-
tropic cycles, were performed in each case. The final R
values for the three compounds are 0-067, 0-055 and 0-065
respectively. Reduction of the intensities, structure factor
calculations and least-squares refinement were performed
with an IBM 7090 computer at the CNUCE in Pisa, with
programs written or adapted by Stewart (1964).

Table 5. Observed and calculated structure factors
for Zn(Mestren)Br2

Columns are: H index, 10F,, 10]F|. Reflexions considered
affected by extinction are marked by an E. Unobserved reflex-
jons have not been reported. The maximum value of F. for
the unobserved reflexions is 386.
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Table 1 reports the final atomic parameters and the tem-
perature factors with their estimated standard deviations,
as calculated from the diagonal terms of the inverse least-
squares matrix. Bond lengths and angles in the cation are
reported in Table 2. Tables 3, 4 and 5 report the observed
and calculated structure factors.

The general features of the structure are the same for
each of the three compounds as well as for the other
compounds of the series previously reported, as one
would expect from their isomorphism. However, some dis-
tances and angles in the coordination polyhedra of the
various complexes in the series differ by several standard
deviations. A detailed study and possible explanation of
these small but significant differences, which must depend
essentially upon the electronic configuration and size of the
metal ions, will form the subject of a future discussion.

The structure of the complexes consists of M(Megtren)Br+
and Br- ions arranged in a distorted NaCl type arrange-
ment. The five ligands about the metal atom are at the
apices of a trigonal bipyramid with Cj; crystallographic
symmetry (Fig.1). The symmetry of the coordination poly-
hedron alone is Csy. The deviation of the metal atom from
the equatorial plane of the bipyramid towards the bromine
atom is 0-36, 0:32 and 0-27 A respectively, for the three
compounds here reported.

The average Zn-N distance of 2:13 A and the N(1)-Zn-
N(2) angle of 82-6° in the zinc(II) complex can be com-
pared with the analogous values (2:12 A and 81°) reported
for the structure of Zn(tren) (SCN), by Jain, Lingafelter &
Paoletti (1968). No suitable structures can be found for
comparison in the case of the other two complexes, since,
to the authors’ knowledge, Mn(Mestren)Br, is the first
example of a pentacoordinate structure for manganese(II)
which has been elucidated by a complete X-ray analysis
and Fe(Megtren)Br; is the first case of a pentacoordinate
iron(II) complex which exhibits trigonal bipyramidal geom-
etry in the coordination polyhedron.
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Fig.1. A perspective drawing of the M(Megtren)Br+ ion.
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Evidence for systematic errors in X-ray temperature parameters resulting from bonding effects*. By PruLie
CoppENs,t Chemistry Department, Brookhaven National Laboratory, Upton, New York 11973, U.S.A.

(Received 26 April 1968)

Evidence derived from a combination of X-ray and neutron diffraction data for several compounds indicates
that bonding introduces significant systematic errors in temperature parameters of first-row atoms. Dif-
ference ellipsoids are drawn which represent X-ray minus neutron thermal motion. The principal axes of these
ellipsoids generally point along molecular symmetry axes.

Introduction

Refinement of high-order X-ray data has indicated that
anisotropic thermal parameters used routinely in crystal
structure refinement can absorb deviations from spherical
symmetry of the atomic charge cloud. Thus temperature
parameters obtained by refinement of all data with spherical
atom form factors are systematically in error because of
bonding effects (Hall & Maslen, 1967; Stewart, 1968).

* Research carried out at Brookhaven National Laboratory
under contract with the U.S. Atomic Energy Commission.

t Present address: Chemistry Department, State University
of New York at Buffalo, Buffalo, N.Y. 14214, U.S.A.

Further evidence, to be discussed here, has been obtained
from comparison of X-ray and neutron diffraction data.}
The comparison indicates a considerable effect for first row
atoms.

Origin of the discrepancies

We want to list three differences between the free atom and
an atom in a molecule.

I Our treatment implies that the effect of thermal diffuse
scattering on temperature parameters is similar for the two
techniques. The physical meaning of the results supports this
assumption.



