Coordination of Water to Metals

Soluble metal oxide
Coordination compounds
Ligands
Electronic Bookkeeping

Compound |[pK, Dipole Dielectric
moment constant
H,O 15 184 817
CS, o 0 264
H,SO, -9 101
NH, 38 147 26.7
CH,COH 475 174 6.19
ccl, 0 223
CHCl, 187 470
CH,CH,OH |16 169 243
CH,CI, 1.60 89
C¢HsCH, 0.36 238
CH,CN 125 392 36.2
#-CeHya 44 008 189
thf 163 732
CHN | 219 123
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Element Oxides
Na Na,O —— 2NaOH —— 2Na',g +2OH 5
Mg MgO —— Mg(OH), —— Mg?y +2O0H
S —— H,SO, HSOj5 (s + H' (o)
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¥ Stoichiometry .

¥ Reaction with water
¥ Solvated cation




Typical Oxidation States of Metals

. Fe(I1)/Fe(l11), Co(l)/Co(l11) v =
1 L cugmycu(iny, zngil) T, '
2 |t [Bel TR Te TN Jo [F [Ne
1= 1 L TiQuymiav), VA avyve) A
3 |Na M cry/er(iny, Mn()/Mn(lT/Mn(V)Mn(vIn P |S (S|4
4 |K |Ca|sc Ti |V |Cr |[Mn|Fe |Co |Ni |[Cu|Zn |Ga |Ge|As [Se |Br |[Kr
5 |Rb|s |Y [Zr [Nb|Mo|Te |Ru [Rh (Pd [Ag |Cd|In |Sn |Sb |Te || Xe
6 |Cs |Ba|La [Hf [Ta |W |Re|Os (Ir [Pt [Au|Hg|T |Pb Bi |Pb |At |Rn
7 |® High oxidation states: 3rd row > 2nd row > 1st row

Oxidation states from -I1 to + V111 are common!
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Acidity, of Water Complexes

3+ H0 se electon pairs are al
Mo oM, lled away from the
H0, 202 % ygens towards the 3+ ion.
Ho0,. 1 sOH; ho = |
Fe 2 Joooo That causes the electon
1,077 4 “oH, H,0 4 in the O-H bonds to
s+ be puledevendoserto
W8 T the oxygen than narmal
That makes the hycogen atoms even more
Note: Each oxygen posiive than ey nomnally are when tey are
has another lone pair attached o oxygen

which is left out to avoid
even more dutter!

The overall effect is that each of the hydrogen atoms is more
positive than it is in ordinary water molecules. The 3+ charge is no
longer located entirely on the iron but spread out over the whole
ion - much of it on the hydrogen atoms.
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Acidity, of Aquo Complex
[M(HZ0),]** [M(H,0),,(OH)]@D* + H*
K
Na* Very small
Lit 2x10%4
Ca? 2x 1013
Mg 4x 1012
Zn? 1x10°
Cu? 1x10%
Al 1x10%
cr 1x 104
Fe* 2x 108




Equilibria

[Fe(H,0)e]® === [Fe(H,0)5(OH)]"? === [Fe(H;0),(OH),l"*
Fe(H,0)3(0H);
[Fe(H20)s 13
inorystals dilute soluton
dissolve in
water ¥ What happens when you add acid?
¥ What happens when you add base?
J concentrated solution
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Neutral Ligands
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¥ H,0 HNo,, | woNH;
¥ NH Qo
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¥ pyridine (py) NH;
¥ bipyridine (bpy)
¥ ethylene diamine (en)
¥ H,S
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Ligands with a - 1ICharge
OH -3
¥ HO NCu, | wCN
¥ S ne”” | en
¥ HoN- CN
¥ RC(O)Or
¥ acetylacetonate (acac)
¥ dithiocarbamate I
somers
¥ F,CI,Br, I° Linkage isomerism
¥ CN- Stability of chelates
¥ SCN-
¥ NOy
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Ligands with a 2- Charge

¥ O*

¥ &

¥ RNZ

¥ oxaate, C,0,%

Examples

Draw the structure and give the oxidation state and electron count of:

Mn(S,CNEt,), TiCl, [Ti(H,0)¢]** [V(bpy)s]-

V(O)(acac), [VO,(OH),] [Cr(O)CL] CrCl;(NMe,),

[Mn(ox);]* [Fe(en),(H,0),]** [Ni(CN), >
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Coordination Geometry,

L
2-coordinate L—M—L l
linear M
) VS
3- coordinate L L
trigonal planar
4-coordinate L L L
_ b L |t \/
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6-coordinate |1 L

tetrahedra!l‘ or squarepmngu/mdml or triangular prism
7-coordinate

trigonal bipyramidal pep spsHalB AN or capped octahedron




