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Week 2



Metals are always positively charged in a coordination
compound.

A. True 84%
‘/B. False

16%

Access: ttpoll.eu

Access ID: CH222 True False




The following complex is likely to be tetrahedral,
KIMnQO,].

v A. True 92%
B. False

8%

Access: ttpoll.eu

Access ID: CH222 True False




The metals having a d® electron configuration always
exhibit square planar geometries.

A. True 94%
V' B. False

Answer: While d® metals are often are square planar, they
are not always. You will learn more about how to predict
this later.

6%

Access: ttpoll.eu -

Access ID: CH222 True False




Coordination Number =5
Berry pseudorotation

Axial ligand becomes equatorial CN 7 3
CN s Axial ligand becomes
NC,,//—> equatorial
N C/////// | \\\\\\C N ///// 7 ,Illll:
o | Ni CN
Ni, l /
/ \ NC
NC CN —>
1 &

Square pyramidal Trigonal bypyramdial



Coordination Numbers =6

Tetragonal distortion

Degree of Rotation =360/ n

has 3 axes of 4-fold rotation
rotation by 90°

Trigonal distortion | 2, "e,/é
%

has 6 axes of 2-fold rotation
rotation by 180°

D3y,
Rhombic distortion

Oh
All M-L bonds are equivalent

—




[Re(S,C,(CF3)5)s5]

Trigonal Prismatic

do complexes

CH3 |

\
/'\

CH, CH,
Zr(lV)

/
/'\

CH; CH,
Hf(IV)

19—

S-complexes

S S
Nl 7
Mo

SE AR

Mo(VI)

-

S~
-

S S S
N
W
F &%

W(VI)



Coordination Numbers =7

Pentagonal-bipyramidal Capped octahedral Capped trigonal prism

Coordination Numbers = 8

Square-antiprism Dodecahedral



Coordination Numbers > 7

[Nd(edta)(F,)]> [Nd(NO3),(18C6)]*

aly
CN=8 CN =10 o/

Crown ether
18-Crown-6



Ligands



Porphyrins

pyrrole




Coordination Numbers > 7

[Nd(edta)(F,)]> [Nd(NO3),(18C6)]*

aly
CN=8 CN =10 o/

Crown ether
18-Crown-6



Table 1. Common Monodentate Ligands Table 2. Ligand Prefixes

hydrido M(H)

fluoro F- di, bis 2

chloro Cr tri, tris 3

bromo Br- )

iodo - tetra-, tetrakis- 4

nitrido N3- penta-, pentakis 5

azido N, hexa-, hexakis 6

(c)\)/(:no 2;_ hepta-, heptakis 7

thiocyano (S-bonded) SCN- octa- 8

Isothiocyano (N-bonded NCS- nona- 9

hydroxo OH- deca- 10

aqua H,0

carbonyl co undeca- 11

thiocarbonyl CS dodeca- 12

nitrosyl NO*

nitro (N-bonded) NO,-

nitrito (O-bonded) ONO-

phosphine PR,

pyridine py CcH:N

ammine NH,

methylamine MeNH Classification of these and the
amido NP, others and know the atoms
imido NH2

ethylenediamine en C,HgN, they bind th rough:

18-crown-6 18C6 C;,H,,04

2,2-bipyridine bipy CoHsN,

1,10-phenanthroline phen C,HgN, M= monodentate, B =
terpyridine terpy CicHy N, . s _
enthylenediaminetetraacetato edta CyoH1oN,05% bldentate' T= trldentate' Te=
porphyrinate CyoH1N,2 tetradentate, H = hexadentate
tetraazacyclotetradecane cyclam CieHigN,0,

2,2'Ethylenebis(nitrilomethylidene)d CueH1aN,0,

iphenolato salen



Table 3. Common anions

CH5CO, acetate hydroxide
CO42- carbonate Clo- hypochlorite
Clo5- chlorate NO5~ nitrate
Clo,- chlorite NO,- nitrite
Cr0,%- chromate Clo,~ perchlorate

CN- cyanide MnO,~ permanganate
Cr,0,% dichromate PO,3- phosphate
HCO;~ hydrogen carbonate SO,%- sulfate
HSO,~ hydrogen sulfate SO;%- sulfite

Cl- chloride Br- Bromide

A common cation is NH,* known as ammonium.



Which ligands are chelating?

Access: ttpoll.eu
Access ID: CH222

NHa - NHg gy
2
H 3N Iy, - \\\\\\\\ N y, > \\\\\\ N H 3
/CO\ “Col
HsN O/ \NHs
H
NH4 NH4
- Answer: None of the ligands are
chelating because they do not form
a ring with a single metal. OH- the
hydroxo ligand and NH,-, the amido
ligand are both bridging but not
o chelating. They also only have one
point of attachment to the metals.
/_2 ﬂ A
‘\Q'q' & 0‘2" \g‘?' ‘\oo"‘



What is the metal oxidation state?

NH3 T ABr

H 3N ///////,
7,

NH,

,, AN
. .
'.C X

H3N/

NH4

Rank Responses

Answer: The best answer is Co3* ‘ |
1 2 I l l 6[

H>

\\\\\\ /7, '/ ///,

H

Access: ttpoll.eu
Access ID: CH222
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Access: ttpoll.eu
Access ID: CH222

What is the coordination geometry of Co?

NH3 NH; “ ABr
Ho
H 3N %, ", \\\\\\\ 77 1, \\\\\ N H 3
H.N @) NH 78%
3 H 3 A
NH, NH,

A. Octahedral
+/B. Distorted octahedral
C. Tetragonal

D. Trigonal prism
E. Rhombic




Which ligand is chelating? Also,
choose the denticity

V/ A. tetraazacyclotetradecane

B. none

. Cl

/' D. cyclam
Cl-

F. Bidentate
G. Tridentate
+/ H. Tetradentate

|. Hexadentate «

O

Access: ttpoll.eu
Access ID: CH222

The ligand is cyclam also known as
tetraazacyclotetradecane, and it is tetradentate.




What is the coordination geometry? |/\|

Answer: | would accept either. However, the ligand I\KH ]/_I N
causes a loss of the 4-fold rotation axis, so maybe C|mmm———Fg i Cl
distorted octahedral is the best answer over I\/ \ :|
tetragonal. H HN

59%

A. Octahedral

+/B. Distorted octahedral
C. Trigonal

+/D. Tetragonal

E. Rhombic o o BB
F. Square planar e




What is the metal oxidation state? K\‘

Z

o | H
Answer: Cyclam ligand is neutral and chloro is -1. /
Since there are 2 chloro ligands and the overall C|wm—— g i C

complex is neutral, the iron must be +2. I\/ \

Rank Responses

33%
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ST IOITMODO®P

Which ligand is chelating? Also, select )\
o o

the classification of all ligands.

Acetato
CH;COr
CH;CO,H
PPh,

None of the ligands

Bidentate
Monodentate
Chelate
Bridging
Tridentate

|

PhsP—Ag Ag—PPh;

26% I l

21% N o -

20% 20%

Answer: No ligands here form a ring with a single metal. So, none
of the ligands are chelating. The acetato or CH3CO2- ligand is
bidentate (two points of attachment) bridging (between two
metals) and the phosphine ligand is monodentate, terminal.



What is the metal oxidation state and
coordination geometry?

35%

«

OAO

35% ‘

PhsP—Ag Ag—PPh;

|

N N . a0
O vV« ~ o x? ‘\60 \'D-Q’. & © o(‘o
& Q. O
S € S
+3 8 o7 <°
> &
<§° 06«“9

I GOOmMmMmoOO WP
1
SR

Q

Distorted trigonal planar
Trigonal prismatic
Tetragonal

e

Trigonal bipyramidal “¢*

Answer: the acetato is -1 and there are 2 of
them. Therefore, the silver, Ag, must be +1
because the overall complex charge is
neutral. Second, the coordination number is
3; therefore, we expect trigonal planar.
However, this will likely be distorted from the
traditional 120° L-M-L bond angle.



Naming according to IUPAC

1. The name of the cation comes before the anion.
2. The names of the ligands in the inner coordination sphere come before the metal.

3. Ligand or ion names are placed in alphabetical order.

_ L _ Number of First set of Second set of
4. The number of species of one kind is often given by ligands prefixes prefixes

two sets of prefixes.

2 di bis
Always use the 1st set of prefixes unless: 3 tri tris
 Ifthe name includes already the first set of 4 tetra i
prefixes 5 nt ntaki
« Ifthe ligand is polydentate penta pentaxis
* If there are multiple bridges of the same kind 6 hexa hexakis
7 hepta heptakis

Note: 2"d set of prefixes is used in conjunction with
parenthesis for the name of the ligand.

5. There are two possibilities for designating the charge or the oxidation state.
(a) Put the oxidation state as a Roman numeral in parenthesis after the name of the metal.
(b) Put the charge of the coordination sphere in parenthesis after the name of the metal

6. If complex charge is negative, the suffix —ate is added to the name of the metal name.
7. Prefix cis- and trans- designate adjacent and opposite geometric locations.

8. Bridging ligands between metal ions have the prefix "u-"



Name these compounds...

a. 'Cu(N H3)4]SO4 We will go_ o.ver these next.class bgcause we
) have not finished the naming section.

b. [PtC1,]2

c. [Co(en),]**

d. [Cr,(n-0)(NH,),,]** draw it and name it....
e. [Ag(NH;),][Ag(CN),]

f. [Fe(CO)q]

g. [Rh,(n-CO)(u-NH,)(NH;)g]?* draw it and name it....



Participant Leaders

Points Participant Points Participant

12 2FDC7E27
12 2FDC7E2E
11 2FDC7E21
11 2FDC7E2C
11 2FDC7E97
10 2FDC7EOB
10 2FDC7E18
10 2FDC7E19

2FDC7E02

9 2FDC7E12
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