CHAPTER 9: COORDINATION CHEMISTRY I: STRUCTURES AND

ISOMERS

9.1 Hexagonal: G Gy Dy
Hexagonal pyramidal: C; C; Gy,
Trigonal prismatic: B Cs, &)
Trigonal antiprismatic: €5 G Coy,

The structures with C> symmetry would be optically active.

9.2 a. dicyanotetra(methylisocyano)iron(0) or dicyanotetra(methylisocyano)iron(0)
Both methods of naming result in the same name in this case.

b. rubidium tetrafluoroargentate(I11) or rubidium tetrafluoroargentate(1-)

c. cis- and trans-carbonylchlorobis(triphenylphosphine)iridium(I) or cis- and frans-
carbonylchlorobis(triphenylphosphine)iridium(0)

d. pentaammineazidocobalt(111) sulfate or pentaammineazidocobalt(2+) sulfate

e. diamminesilver(I) tetrafluoroborate(I11) or diamminesilver(1+) tetrafluoroborate(1-)
(The BF, ion is commonly called simply “tetrafluoroborate.”)

9.3 a. tris(oxalato)vanadate(I11) or tris(oxalato)vanadate(3—) (In the first printing, problem
9.2.d. was duplicated here.)

b. sodium tetrachloroaluminate(IIl) or sodium tetrachloroaluminate(1-)

c. carbonatobis(ethylenediamine)cobalt(IIT) chloride or
carbonatobis(ethylenediamine)cobalt(1+) chloride

d. tris(2,2'-bipyridine)nickel(II) nitrate or tris(2,2'-bipyridine)nickel(2+) nitrate (The
JUPAC name of the bidentate ligand, 2.2'-bipyridyl may also be used; this ligand is most
familiarly called “bipy.”)

e. hexacarbonylmolybdenum(0) (also commonly called “molybdenum hexacarbonyl™)
The (0) is often omitted. (In the first printing, problem 9.3.c. was duplicated here.)

9.4 a. tetraamminecopper(lI) or tetraamminecopper(2+)
b. tetrachloroplatinate(II) or tetrachloroplatinate(2-)
[ tris(dimethyldithiocarbamato)iron(I11) or tris(dimethyldithiocarbamato)iron(0)
d. hexacyanomanganate(Il) or hexacyanomanganate(4-)
e nonahydridorhenate(VII) or nonahydridorhenate(2—) (This ion is commonly called

“enneahydridorhenate.™)
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90 Chapter 9 Coordination Chemistry I: Structure and Isomers
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c. Fe(dtc);
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At low temperature, restricted rotation about the C—N bond can lead to additional isomers
as a consequence of the different substituents on the nitrogen. These isomers, which are
of the type in problem 9.11, can be observed by NMR.

9.8 a. triammineaquadichlorocobalt(I11) chloride Isomers are of the cation:
+ + +
H,0 3 Cl 1 NH; R
H;N-._ _.--Cl HyN-._ _.-OH, H,0-. _ _..--NH;
—=Co_
H, 1\/ “""‘"'-\11 HN™ | NH Cl/ ~“'““""w
cl cl Cl

\ cis trans }

S

mer fac
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92 Chapter 9 Coordination Chemistry I: Structure and Isomers
/‘B E —\ /—A 5 A\
A< ’ eA 1 AL ‘ B-. Ay AL ‘ _.eoB
M) ;( M Mz ) (M
g | g’/ i B/ H“"B L\/ HB P g |
\- A A —/ \ B B /
fac mer
012 a. [PI(NH3)3C13:["" N
NH, 7 cl i
Clss,_ _.-NH; HyNoo__ __-NH;
Pt Pl
a=" . TS~\H, ™™ | NH
cl cl
fac mer
b. [CO(NH;)_‘;(HgO):ClQ]_
NH, 17 cl e NH; at NH, g
Hy0- . _ _-NH; H,0- . _ .- NH; Clew_ _..-OH, (o 1SN _.-OH,
/"'Co:;_‘- ’;Co:;“ /;Col.,.__‘ ,;Co..\
cl l OH, H,0 ‘ NH; cl OH, H,0 cl
Cl Cl NH; NH;
OH, T+ H,0 i
Hy0. . _ .--NH; 1 HyNe. ‘ _.-OH,
/:CO::'"'-. i ——/‘CO"‘H
Cl NH; 1 HN ‘ cl
cl i Cl
enantiomers
c. [Co(NHs),(H,0),BrCI]
OH. v cl T NH g NH, i
H;N-o_ eeB HaO- o _ _.-NH; Bre. _.-OH, oy (8 _.-OH,
;Co’...,\ /'”C .._\ |/"C'0::\. /:,‘Co:;“
H,;N ( H,0 NH; ci OH, H,0 Br
OH, Br NH; NH;
OH, L H,0 i OH, at H,0 g ki
H,0- . _ ‘ _.-NH E H;N« . _ _.-OH, H,0-. .-NHy 1 HiNe_ .-OH,
/“CO::‘“--. ! ';Co..,_‘ )Co..,,\ ' ‘_)‘Co.“
Br NH; | HyN I Br cl 1 NH; o+ H3N cl
cl : Cl Br : Br
enantiomers enantiomers
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94 Chapter 9 Coordination Chemistry I: Structure and Isomers

Vi
h. Re(arphos),Br; Abbreviating the bidentate ligands As P:
Br Br P’w i FP
( P-H__RL’__--P ) ( Pass. R| -As) Br- Fl _.--As E ASH-"R| _..--Br
As™ l T~As As™ | “~»p Br™" le“""'As L As™ |e"""Br
Br Br P\_/ E P
A A
Asr\ : (“As As’_\ ; As
Br-~__~R| P Rl By Brn_HRl el PR| _.--Br
(~ ' (2 e ' €
Br™" | P | p-"" ’ ~p: Br™" I“"'-As -Gl | ~np
ASJ As P ' P
A ’ A A
i. Re(dien)Br,Cl
cl : c Br
Nog | iBE | Bleae -N N . .cl
N/Rc“'““'m ‘. Re /Rc.._‘_‘Br
K/N E
Br Cl
E } -Cl ENM“" g _‘BI‘
ssgase
/ | \‘““r\ N'/ | """"--N
I !
Br Br

9.13  a. The “softer” phosphorus atom bonds preferentially to the soft metal Pd (see section 6.3.1).
K
b, c. Abbreviating the bidentate ligands N P

Cl Cl ’\ (“p
(N/*%lha-..N) (i/ﬂ\‘*]ap) S‘/l j g :,:»‘T:..Ef
cl Cl P : P

A ' A
Cl- m m _.Cl Cl--. | P Pee | _.Cl
c— | ~p i p— N~ a=—Y~x | N\ ~a
1 * | | ' |
N N p/ b
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9.16

9.17

9.18

9.19

9.20

9.21

Chapter 9 Coordination Chemistry I: Structure and Isomers
There are 18 isomers overall, twelve with the chelating ligand in a mer geometry and six with
the chelating ligand in a fac geometry. All are enantiomers. They are all shown below, with
dashed lines separating the enantiomers.
a ™
( ! | ) /-‘ ‘ I/— . NII‘:H\J l—\
/ I "““0;1:3 H, 0-"’ ‘ ”""'-\; ( / J "“-\H_: ; H\/ [“'\-.4) (m/ “"-.OH H, 0/ [ “--.A)
NH, ] NH; OH, oM, Br 5 Br
b N N a M
{ ‘ Hy Ho-.. | . -T‘\ l 31 HNe P) Peee. | ..-OH, | HO-. ‘
)\4/ [ H"‘Br é Br/ -\‘“"\\ ( / I H""Br i Iir/ I-‘...'.""".-'\:- (;\s/T‘-“'NH; E Hj h‘/ ‘ ﬁ"‘" }
NH; NH, OH, OH- Br ; Br
NH; E ! i, NH; : NH;
A= | TOH, | Hy o/ ‘ """- ( — ‘ ""“'-w, LN | s A= | e B | s
Br i Br Br : r OH, E OH,
a. A b. A c. A d. A
All are chiral if the ring in b does not switch conformations.
18038 18c top ring: §, bottom ring: A
The "F doublet is from the two axial fluorines (split by the equatorial fluorine). Fool
The "F triplet is from the equatorial fluorine (split by the two axial fluorines). O:-. l
) _—=0s—F
The two doubly bonded oxygens are equatorial, as expected from VSEPR o \
considerations. P
Examples include both cations and anions:

[Cu(CN),T", [Cus(CN)sT, [Cus(CN)4], [Cus(CN)s] ", [Cus(CN)g]”
[Cug(CN}T, [CU3(CN)2}+, [Cm(CN);,}", [Cus(CN)4] . [Cus(CN)s]”

Based primarily on calculations (rather than experimental data), Dance et al. have proposed
linear structures such as the following.:

[Cu(CN),] : NC—Cu—CN

[Cuy(CN)s] NC—Cu—CN—Cu—CN
[Cus(CN),]™: NC—Cu—CN—Cu—CN—Cu—CN
[Cuy(CN)]": Cu—CN—Cu

[Cuz(CN),]™: Cu—CN—Cu—CN—Cu
[Cuy(CN):]™ Cu—CN—Cu—NC—Cu—CN—Cu

Where 2-coordinate copper appears in these ions, the geometry around the Cu is linear, as
expected from VSEPR.
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98 Chapter 9 Coordination Chemistry I: Structure and Isomers

9.25 y

926 a. Cu(acacCN),: Dy, tpt: Cay,

b- C!)




