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The Crystal and Molecular Structure of Nitropentamminocobalt(IIT) Bromide
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The crystal and molecular structure of nitropentamminocobalt(III) bromide, [Co(NH3)sNO;]Br2, has
been solved in order to determine the existence or non-existence of a structural trans effect. The crystals
are monoclinic (space group C2/c, no. 15) with a=10-71, 5=8-791, c=11-01 A and f=94-67°, with four
molecules, each possessing a crystallographic twofold axis, per cell. No significant variation among the
five cobalt to ammine nitrogen distances is observed; the other general features of the structure are those

expected for the octahedral complex ion.

Introduction

The question of the existence of a zrans labilizing effect
of certain ligands in octahedral complexes has recently
come under serious study (Halpern, Palmer & Blakely,
1966). The nitrite ion (coordinated in the nitro form)
is one of the more strongly trans labilizing ligands in
square planar d8 complexes (Cotton & Wilkinson,
1966). Llewellyn, O’Connor & Odell (1964) have ob-
served, however, that the nitrite ion does not appear
to have any kinetically observable labilizing effect on
an NH; group trans to it in the nitropentammino-
cobalt(IIT) ion. Since the kinetic data of Halpern et al.
seem to point to an Syl-type mechanism for the re-
placement reaction involving the NH; group trans to a
ligand [Co(NH;)sX]"+, a trans effect which is attribut-
able to anything other than stabilization of the five-
coordinate intermediate by X should be observed as a
lengthening of the Co—N bond trans to X. We have,
therefore, undertaken a study of acidopentammines of
cobalt in an attempt to demonstrate the existence or
non-existence of what might be termed a ‘structural’
octahedral trans effect. Our general objective is to deter-
mine whether there is any correlation between kineti-
cally observed or unobserved zrans effects and the pres-
ence or absence of bond lengthening in the ground state
of the reactant complex.

Experimental

Preparation of compound

Crystals of [Co(NH;)sNO,]Br, were obtained by al-
lowing a saturated solution of potassium bromide to
diffuse through an ultrafine fritted disk into a saturated
aqueous solution of [Co(NH;);sNO,]J(NO;),. Under
these conditions crystallization was slow enough that
a moderate diffusion rate could be used and crystals
suitable for X-ray studies could be obtained within
4-6 hours.

X-ray crystallographic study

The orange-yellow rhombs were examined on a pre-
cession camera and were found to belong to the mono-

clinic system with the following cell dimensions:
(Mo Ku, 2=0-7107) a=10-71 +0-02, b=8-791 + 0:015,
and ¢=11-01+0-02 with $=94°40’. The density was
measured by flotation in a methylene iodide—carbon
tetrachloride mixture as 2-258 g.cm=3 which, for a unit-
cell volume of 1033 A3 and a formula weight of
349-9 amu, gives 4-01 formula weights per cell.

The only systematic absences observed on the pre-
cession photographs were k+#2n and k#2n+1 for
Ok/ and 1kl respectively, giving the general condition
for reflection A+ k =2n, and I+ 2n for #0I, determining
the space group as either Cc or C2/c.

The intensities of 1324 reflections, 0 <26 < 56°, were
collected on a General Electric XRD-5 manual dif-
fractometer, equipped with a eucentric goniometer
head and scintillation counter, using Mo Ka radiation.
The moving-crystal, moving-counter method (6-26
scan) was used with a 26 scan range of 2:66°. A crystal
approximately 0-2 mm on an edge (equidimensional)
was mounted on a glass rod with the b* axis parallel
to the ¢ axis. Data reduction was begun by selecting
the statistically acceptable reflections on the criterion
that observed intensity (peak-background) must be
>3¢ where o=|/peak+background. The 667 reflec-
tions so selected were then corrected for absorption,
#=95 cm™1, using the spherically averaged approxi-
mation method of Bond (1959) taking xR as 0-7.
Lorentz and polarization corrections were then applied.

Solution and refinement of the structure

A three-dimensional Patterson synthesis was cal-
culated, using the program of Shoemaker, Katz & Seff
(1962). Large peaks appeared on the two Harker lines
of the type 0,2y,4 which arise from C2/c. It was
possible to assign these as Co-Co and Br-Br vectors,
assuming the cobalt atoms to lie on the twofold axis
and the bromine atoms to be in general positions.
Another Br-Br peak appeared on the section
2x,0,4 42z to give a self-consistent solution with the
initial positional parameters: Co, x=0, y=0-285,
z=0-2500; Br, x=0-208, y=0-002, z=0-010.

One cycle of least-squares refinement (where the
function minimized was Zw||Fo|—|Fe|[]?) was carried



F. A. COTTON AND W. T. EDWARDS

out with use of the atomic form factors from the Inter-
national Tables for X-ray Crystallography (1962) and
allowing the cobalt and bromine positional and iso-
tropic thermal parameters to be varied. The standard
R, factor (=Z||Fo| —|Fc||/Z|Fol) was then at 0-452. A
difference Fourier synthesis was then calculated
(Shoemaker, Katz & Seff, 1962) to locate the nitrogen
and oxygen atoms. Two more cycles of refinement of
all positional and isotropic thermal parameters using
the program of Prewitt (1962) gave R;=0-124. At this
point an anomalous dispersion correction for cobalt
and bromine was applied (International Tables, 1962)
and full anisotropic refinement was begun. Five cycles
of full-matrix least-squares refinement with all re-
flections given equal (unit) weight brought the residual,
Rl) to 0-08.

A weighting scheme was then introduced so that
each F, was weighted by an amount w=0"* where
0=(66-03—3-62|F,|)* for |Fo|<17, 0=2-72 for
17<|F,| <41 and o=(0-59|F,|—15-76)* for 41 <|F,|.
This scheme essentially removed the dependence of
wA4? on F which had been previously observed. Final
convergence of [/ ZwA?/(observations—parameters) to
a value of 1-058 was obtained. The weighted residual,
Ry=Z20||Fo| —|F¢l|/Zw|F,|, had a final value of 0-10.
The final calculated structure amplitudes, observed
structure amplitudes, |F,|’s and the |F¢|’s are listed in
Table 1.
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A final difference Fourier synthesis showed no peaks
higher than about 0-6 e.A—3 with a standard deviation,
calculated according to the method of Cruickshank
(1949), of 0-12 e.A-3.

The final fractional coordinates of all atoms in the
asymmetric unit are listed in Table 2 with their esti-
mated standard deviations (e.s.d.’s). The e.s.d.’s
(o’s) were obtained from the usual least-squares for-
mula, o7 =a,, (Zw4?)/(m—n), in which a;; is the diago-
nal element corresponding to the parameter j in the
matrix inverse to the normal equation matrix. Aniso-
tropic thermal parameters, the f3,; in the expression

€Xp [—‘(ﬁ“hl +ﬁ22k1 +/}3311 +2ﬂ12hk +2/))|3hl+ 2/))231([),
are listed in Table 3.

Table 2. Fractional atomic coordinates
and their e.s.d.’s*

b

0-0144(2)
0-2876(3)

0-0631(19)
0-2875(16)
0-2926(15)
0-5065(21)
0-5769(16)

zle

0-0096(2)
0-2500
0-2500
0-2470(12)
0-4278(12)
02500
0-1878(16)

x/a

Br 0-2083(2)
Co 0-0

N(1) 0-0

N(2) 0-1834(13)
N(3) 0-0119(13)
N(4) 0-0

o) 0-0707(18)

* E.s.d.’s, occurring in the last significant figure, are given
in parentheses.

Table 1. Observed and calculated structure amplitudes multiplied by 48-6

Rk FOBS FCAL ~ & ED8S  Flag . K FCus  FCAL n K FZBS FCAL H & FOBS
CLTTTENN cesveee 37 2 15 637 « 1 4038 4las 2 8 1913 1028 =L 13 9%7
2 T w93 551 1 3Iun 1324 - 12692 2701 “ 8 917 1Z49 6 12 S
“ 2 6272 %696 -1 3 3796 3590 ’ 1 291« 2840 =10 8 796 82a =1 11 997
6 9 2478 2516 3 3 1949 2061 -3 1 1623 1548 ! 9 812 963 3 11 481
19 3 3116 2964 5 3 86l 827 9 1 1806 L7151 =1 9 1435 1353 esest 3
Be 0 1573 226 -5 3 1265 1400 1 6%s w35 9 1306 i595 T 7 1999
Dol 53 512 =7 3 Bae 789 ) 26307 4143 =5 G 1621 1786 213
31 4759 4adn 9 3 Tue 635 -2 2 5616 3701 =2 10 131 975 -2 1201e
S 131788 48T -1! 3 1241 238 22 1o 1138 1083 <& T 234
713211 3100 0 & 3652 307 -4 2 wrse o 3eesses 4 9«88
9 1 13T 1e23 =2 4 1268 1202 e 2 1656 967 6 3123
1 1 Tea 666 2 6 2836 2786 6 2 11838 2057 -6 01936
2 3697 3368 - 4 123 686 -6 2 L5988 650 -8 837
2 25808 540c -4 4 2508 2993 8 7 L1281 1326 1002271
4 2 515 558 6 62312 2245 =5 ) 1.§829 1913 =13 0 2766
6 2 1852 1761 =8 & ee5 1483 i1 2 11065 926 1 1789
8 221331 2027 -10 <« 681 569 =13} 72 188y 737 312762
12 2 887 BZ& I & IN24 1CSS 12 2 1 755 803 =3 1 MTs
1221585 1723 =12« 939 679 -1z 2 : Lo151 eal 5 1227
. 3 3486 3Cl6 =1 5 837 8CcY -1 3 2 w87 “58 -5 1 2815
3 3 2t82 133C 1 5 2027 2058 3 3 2 678 671 -7 1 2222
5 3 5103 &8%« 2 5 632 758 -1 3 2 1126 1385 7 1 2865
731866 lTes =3 5 1637 706 =5 1 2 582 921 -9 1 920
9 3 2he0 956 =% S 635 622 5 3 2 668 L7 1 1:89
€ & €7 5338 5 S 1260 1194 -7 1 2 399 10° 11 929
2 & 2261 2120 - e n2c 84t 7 3 2 129 She c 2 2655
37339 2972 11 5 755 138 =0 3 3 ey 397 -2 2 1187
6 & 1285 1320 U 6 1280 1«57 o 3 3 2616 253 2 23887
15 & 183 1926 - 6 1791 18ei 11 3 3 1632 15eg 21168
15 1202 11938 -5 & 2278 232« =13 1} 1690 131 6 2 1669
3 5 3759 1375C a4 & 1333 1330 b LN 3 701 T3 8 2 1163
753376 3315 -1 6 T3 139 PR « 1555 1596 -8 2 1850
115 11e9 1652 -1 7 1263 1208 =2 ¢ 4« 818 972 =10 2 1199
9 61937 1995 L7 1656 1765 o & & 1609 1330  ~12 2 1405
2 6 2685 2606 3 T 932 909 -6 o “ 1987 2079 12 2 1470
4 61073 1036 -3 71028 el & & 1769 1724 13 106}
8 6 119 739 © A 1258 083 8 “ « 735 1128 -1 32977
12 6 8% 936 2 8 1126 1264 -B & 929 2 33 1216
1 T i992 H - & 18%% 2ie«7 =10 “ £ 948 567 -3 3 23717
s 1 3o 81757 1857 -2 ¢ € 2300 2652 -5 33187
[ 8 6 12« 1351 1 & 5 1168 1298 s 33318
a7 1 8 83 883 1 s 5 7e8 969 -7 3 1289
o 8 H v &76 839 - 5 5 783 693 7 3 1706
2 8 -1 9 1625 1664 3 s s 151 22 -9 3 973
309 391120 1268 -3 5 6 1214 1265 s 31809
7 ’: -5 v 159 925 5 53 6 556 «8% c 4 4723
o 75 617 318 -5 5 6 871 922 -2 & 1450
-7 § 158 654 7 5 6 1837 1820 2 “ 2193
6 L4 : =2 :g ;:6 1592 -9 5 6 1782 1730 - & 1556
ereal s (eseess & 1971 12¢2 o ¢ e
I LI  FIR TSR $ ee1 e -6 <
1 1 366l 3265 1 ¢ n 6 2 7 1153 1268 -8 & 917
3 1 N7 945 B 056 2 & 7 1450 1327 12 & 1520
=3 12112 2299 =2 L3 7§38 81% =19 . 1672
S 12719 2%Ca S C 995 1398 -4 & 7 1ice 1183 =12 4 889
-5 1 3029 2889 - C 6285 6240 “ 6 8 1515 13712 1 5 1237
711291 1336 i C 1026 1175 -3 & 8 1165 13%9 35 2183
-7 1 1669 1636 -6 9 1620 1408 13 & 8 1749 1670 =3 5 3793
9 i 788 736 6 ¢ 2180 2189 =17 & 9 1218 1138 5 5 82
=7 11151 1237 8 0 158 166l 3 711 8 722 672 =7 52128
-1l 1 831 898 =R T 2187 2528 -3 71 9 693 7121 75 2541
11 1 923 ub 12 C 18617 334 5 T 9 1281 1433 11 5 888
32 w87 ISL -1z 9 2576 2GK3 =5 7 ° 816  83C o 62159
=2 2 %86 167 1 11808 2257 17 9 979 1958 “2 6 1539
2 2 3813 718 -1 12351 2428 - 7 % 713l 749 2 6 2288
“ 2 1211 e 3 283y 2178 9 7 10 80« 7 -4 6 171
-6 2 1728 1738 -2 1 3478 <33 i 8 10 746 352 & 6 123
8 ¢ 15y 826 -5 1o3esy arre -« e 97 1c 823 783 -t 6 692

o
S
'

et

=g

R
Lo

S
>
'

K F3ES FCAL

"k Flks
11822 1817

(X318 "

-8 6 226 999 < 7 2 712 k) ?
L7 Se3 gse =9 7 617 t53 371892 170s  oin 1gTy

-1 7 16€1 126 c 81268 1356 -7 71237 i3s M1} 385 T3

-3 7 1936 1425 2 & ees Gub ? T lebs 82¢ < 2 1429 1287

~5 71971 1521 =4 8 z0el IRCT T 8 lazl 36w =2 Z 1798 1559
5 7 2054 2172 6 2,562 1527 - LA 5eg < 2 2LT6 265

-7 T 62} 735 -8 8 647 §71 < 2798 826 “ 2 1626 16%8
7 T ees 692 - % 1382 lebb “ & 943 1C57 & 2 1221 i32¢
9 11065 112: 35 1202 1185 =6 8 Ted b7 <R 2 1237 32e?
G & 1lei 118« =2 30 ilgl  91c S5 0Ce Te8 <12 2 Gee 8¢l

-2 e 1065 %18 7€ 9un =1 6 leES S3E3 =3 11757 182
2 8 1596 1610 seer o Gresnasr 5 9 1217 1is7 5 31735 1747

6 B 632 &S« -2 € 3923 3726 -t 9 le28 le2e =5 3 1825 217¢
19 187 197 2 -7 3 8le BT
3910 1182 - i 739 1w

-39 1562 1501 =p S 31313 1387

=79 S48 134D 5 T 4 2656 2618
7 9 1231 2al 8 2 & 1377 Juky
¢30 1217 1215 -p W 41751 tess

« 10 823 799 12 -5 e 118 L2k

cevel ¢ ssesses -2 -3« 873 g

-1 1 2676 2360 -1 =1 4 1768 118
1 1 2647 288S -3 1 & 177 77
3001 795 1035 -3 5 1381 136

-3 11851 15c2 ¢ 305 937 99
s 11797 2022 -7 -3 S 1967 2121

=5 1 2018 2085 7 -5 s 772 53

-7 1 669 965 - -7 % 1155 1264
719 e S z v 6 1627 15es -
9 1 8%% 751 3 B ¢ 6 128¢ 1325 F
1 756 628 2 £y -2 ¢ b&8 681 1
111082 94w - 5 2 €213 138 1
0 2 966 1063 & 2 2777 2959 =i 4 1239 1288 “ 6 8BTS 94t 3
& 2 1626 1660 =6 2 iev8 1864 “ e 1235 1229 -8 6 897 ela 3
“ 206 717 -8 2 893 993 -6 4 738 1657 =1 7 J242 1912 3
6 2 964 1577 17 2 1852 1237 . 156 s17 2 “
8 2 845 673 =lp 2 149% 1E77 (RTINS 11 3
131631 1731 -1 3 632 66 -} 5 leey ladl ©
3 31732 866 1 3 1566 1aY9 ? 5 1252 1liE &

-5 3 615 1idc2 3 317y 1788 - 5 612 581 . o s
H 973 i -3 53 37 < 1569 13y : .
R A [ SOt SR S St 43 B F 441 75,0 1007 963
73 9e -5 331359 1338 6 6 llse 1280 sreeL o ypeere
s 3 6ee =7 3,793 2845 -8 & 129 8IC 0 0218y 2832
-11 3 83 73 Iel2 2ele -1 7 838 762 e c1I97 “’gl
-13 3 356 113 ses  ser 17 952 836 Te o g wn
2 4136 S & 173- 1082 3 71031 536 [ 434 H
“ 99 2669 =2 8 1alé 1333 -0 % 13TY
- « 8 823 91 - 1 g2 s0S
6 -6 81353 1293 221618 16s3
-8 19 1268 1264 &2 97 nde?
10 -8 7 $23 843
1 -1 212 23
3 H b 1 89S Bay
-3 i -5 RS 1168
s : iz 9w 1257 1278
< 5 “ T 4505 Q7% “ « 1218 1139
« -t -8 ¢ e4e 534 -5 & 95 892
-2 -9 8 0 758 w29 1% .16 1995
“ i “ “ ic 0 1215 11a2 ~2 < 2211 1879 -3 9 1113 1223
-6 6 1613 1715 0 6 1673 1726 ~1C 0 1743 1831 2 0 2655 2537 esee L34enece
8 6 1211 1267 -2 6 1416 1311 1 1 786 622 - c 118 617 1 1 756 615
-10 6 833 725 2 6 1650 1743 3 1 619 88 . 01639 1215 0 & 9% T11
-1 71053 951 & 6 1403 1419 -3 ] 2572 237 6 L 1770 1775  asser = lesesses
1 7 138t laCe - & 883 662 k] 1 10e% 122« -8 T 1357 1416 ? e o117 1012
-3 7 843 b8 -8 6 T5% 734 - 11799 1548 -1 1 1872 1572 -1 13076 Ble
31 eee  eet 17 12)s 95 =7 1 irly 181} -2 i 1827 1333 ¢ 2 .857  7Hs



476 STRUCTURE OF NITROPENTAMMINOCOBALT(III) BROMIDE

Table 3. Anisotropic thermal parameters
and their e.s.d.’s* x 104

Bu B2 B33 B2 b3 B2
Br “59(2) 76(2) 58(2) 8(12) — 2(1) -1
Co 41(3) 53(4) 39(2) 0 —2(2) 0
N(1) 77(20) 34(18) 57(24) O 33(17) 0
N@2) 47(12) 10920) 36(10) 9(13) —2(8) —17(11)
N@3) 60(12) 83(17) 34(12) —15(13) 10(9) —9(11)
N(4) 51(16) 84(22) 25(14) O 9(11) o0
O(1) 144(22) 99(18) 99(18) 2(18) 44(16) 28(15)

* E.s.d.’s in parentheses.

Results

A projection of the complex ion, [Co(NH;)sNO,},*,
onto a plane defined by N(2), N(3) and N(4) is shown
in Fig. 1, which also indicates the numbering scheme.
The bond lengths and bond angles with their e.s.d.’s
are listed in Table 4. A projection of the contents of
one unit cell onto the (010) plane is presented in Fig.2,
and pertinent intermolecular contacts (i.e., those
<4-5 A) are listed in Table 5. The contents of Tables 4
and 5 were obtained using programs written by Wood
(1964) and Shoemaker (1963).

Table 4. Bond distances, angles and non-bonded
intramolecular contacts

N(1)-Co 1976 A 0-019 A
N(2)-Co 1-985 0-015
N(3)-Co 1-972 0-016
N(4)-Co 1-921 0-021
N(4)-0(1) 1-161 0-022
N(1)-Co-N(2) 89-75° 0-45°
N(1)-Co-N(3) 91-21 052
N(2)-Co-N(3) 82-54 0:62
N(2)-Co-N(2") 97-46 0-63
Co-N(4)-0(1) 123-01 0-98
O()-N@&)-0(1") 1139 1-9
Intramolecular contacts
NQ) NQ@®) 2610 A
N@G3) 2:974)
N(1) 2-794
N@4) 2-768
o(l) 2952
N@3) N(1) 2820
N@) 2:724
N@3) o) - 2-969
o) o(1") 2:114

Table 5. Intermolecular contacts not exceeding 4-5 A

Co Br(x, y, z) 4328 A
Br(x—%, 3+, 2) 4-403
Br(x, —y, t+2) 4-375

N(1) Br(x, y, z) 3-625
Bl'(x, —Ys '}—Z) 3544
NQ2) (x—4%,y—%, 2) 4-152

N(Q) Br(x, y, z) 3-568
BI'(%—X, %J‘-y’ i'—Z) 3-465
Br(x’ =Y %+Z) 3'912

Br(‘}—x, '}.'_y9 _(1 +Z)) 3-583

Table S (cont.)

NQ@3) Br(—x, y, ¥—2) 3-503
Br3—x, ++y, +—2) 3-598
Br(x, —y, $+2) 3-496
Br(x—%, 31—y, 3+2) 3-836
N@3) (=x, -y, —2) 4-001
N@4) Br(x—1%, 3+, 2) 3:927
Br(x—4%, 31—y, 3+2) 4-403
N@2) (x—1%,3+y, 2) 4-175
NQ3) (x, =y, z—%) 3-981
o(1) Br(x—1%, 3+y, 2) 4-214
Br(y—x, ++y, 3—2) 3993
Br(3—x, +—y, —2) 3-440
N(Z) (—x) ¥ %—z) 3-850
NQ@) 3—x, 3+y, 3—2) 3-246
NQ@) (x, =y, z—%) 3-083
NQ) (x, 14y, 2) 4390
Br o) (—x, —y, —2) 4-458
Br(—x, —y, —2) 4-458
Br(}—x, 3—y, —2) 4247

N

Fig.1. Projection of the [Co(NHj3)sNO,]J2+ structure on the
plane passing through N(2), N(3) and N(4).

Fig.2. Projection of the unit-cell contents on the 010 plane.



F. A. COTTON AND W. T. EDWARDS

The atoms N(1), Co and N(4) lie on the crystallo-
graphic twofold axis and the complex ion has rigorous
crystallographic symmetry 2. Its virtual symmetry
(neglecting hydrogen atoms) approximates closely to
mm, with one of the mirrors containing the NO, group
and bisecting the N(2)-Co-N(3) angle. The substantial
difference between the two sets of N-Co-N angles
amongst the ligands cis to the nitro ligand (82-5° and
97-5°) is, perhaps, surprising. The oxygen atoms of
the nitro group lie over the two larger angles and there
may be some O---N interaction tending to enlarge
these angles. The rather large thermal parameters for
the oxygen atoms may contribute to this effect.

There appears to be little evidence of significant hy-
drogen bonding in this structure, though it is difficult
to rule out the existence of some weak hydrogen bonds.
A weak one may exist between O and N(3), which lie
3-08 A. apart. The various N to Br distances (Table 5)
are equal to or greater than the approximate sum of
van der Waals radii (~3-5 A) and at least 0-2 A greater
than what might be expected for a fairly normal
N-H- - -Br bond. A check on the angles (Br—N-Br or
Br-N-Co) at N(1), N(2) and N(3) showed that few
were very close to optimum, though in one case,
namely Co-N(3)-Br—(x,7,%+2z), the angle (109°) is
quite satisfactory and the N-Br distance (3-50) is one
of the shorter ones.

The most important feature of this structure is the
lack of any significant difference between the Co-N(1)
bond length and the other four Co~N bond lengths.
The mean of value the latter four is 1978 +0-010 A
while Co-N(1) is 1-976 +0:019 A. Evidently the nitro
ligand does not significantly weaken the bond trans to
itself, Co—N(1), relative to the other four which are cis to
it. In fact, the presence of the nitro ligand does not appear
to have any significant influence on the Co-NHj; bonds
at all since the average value of the five bond lengths in
this complex, 1-978 + 0-010 does not differ significantly
from the mean of those in [Co(NH3) ]3*, 1-96 + 0-02, as
reported by Barnet, Craven, Freeman, King & Ibers
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(1966) or the mean of those in [Co(NH;)sCl1]2+,
1-99 +0-01, as reported by Stanko & Paul (1967).

The absence of any frans bond-weakening effect in
[Co(NH3)sNO,J2* is in full agreement with the kinetic
data of both Halpern, Palmer & Blakely (1966) and
Llewellyn, O’Connor & Odell (1964). In the case of
[Co(NH;)sSO;]*, an appreciable kinetic zrans effect has
been observed (Halpern et al., 1966) and a crystallo-
graphic study of a salt of this complex cation has been
initiated to see if a ‘structural’ trans effect is present
as well.
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part, by a grant from the National Science Foundation.
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