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1.
Sketch cis- and trans- [Co(H2O)4Cl2]+.
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2.
(Trick Question) Sketch cis- and trans- [Co(H2O)5Cl]2+.


Do not exist.  Need the MX2Y2 formula.

3.
Co3+ has 6 d-electrons.  Explain.

Co is in Group 9 (it has nine valence electrons).  Co3+ has six valence electrons (9-3=6).  The valence electrons in the transition metal ions are d electrons.

4.
How many d-electrons does Co2+ have?

Co is in Group 9 (it has nine valence electrons).  Co2+ has seven valence electrons (9-2=7).  The valence electrons in the transition metal ions are d electrons.

5.
How many d-electrons does Fe3+ have?

Fe is in Group 8 (it has eight valence electrons).  Fe3+ has five valence electrons (8-3=5).  The valence electrons in the transition metal ions are d electrons.

6.
How many d-electrons does Cu2+ have?

Cu is in Group 11 (it has eleven valence electrons).  Cu2+ has nine valence electrons (11-2=9).  The valence electrons in the transition metal ions are d electrons.

7.
What is a hexadentate—edta is an example.


Six teeth (able to bind the six locations on an octahedral transition metal ion).

8.
The following was taken from a salad dressing bottle:

Ingredients: Water, soybean oil, vinegar (red wine, white wine), high fructose corn syrup, shallots, contains less than 2 % of: blackberry puree, raspberry puree, lemon juice, minced garlic*, chives, parsley, spice, salt, xanthan gum, sodium benzoate, sorbic acid, and calcium disodium edta (to preserve freshness).

Why is edta added?  Explain the "calcium disodium salt" listing.  edta has a charge of 4- when the four protons are gone.

9.
Does [FeCl2(CN)4]3- have cis- and trans- isomers?  Explain.  Draw them if they exist.  Are either polar?

Yes, there are two chloride ion ligands and they can be either across from each other (trans-) or next to each other (cis-).  The trans- isomer is not polar; the cis- isomer is polar.
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10.
Does [FeCl3(CN)3]3- have mer- and fac- isomers?  Explain.  Draw them if they exist.  Are either polar?


Yes!  The "3,3" combination yields mer- (meridian) and fac- (face) isomers.  In the mer- isomer, the three similar ligands are oriented around a meridian.   In the fac- isomer, the three similar ligands are oriented in a triangular face.  Both are polar.
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Or, with some shading to see the orientation:
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11.
How many d-electrons does V+ have?  Sketch the energy level diagram for low-spin V+.  Sketch the energy level diagram for high-spin V+.

V is in Group 5 (it has five valence electrons).  V+ has four valence electrons (5-1=4).  The valence electrons in the transition metal ions are d electrons.

High Spin:
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12.
[Fe(NO2)6]4- is low spin.  Explain.  How many unpaired electrons are present in [Fe(NO2)6]4-?  [(NO2) is the NO2- ion].


Low spin due to the NO2- ion being strong field:


CN- > NO2- > en > NH3 > NCS- > H2O > F- > Cl-
The iron ion in [Fe(NO2)6]4- is 2+.  This is because each of the six NO2- ions carries a charge of –1 and the charge on the entire complex is 4-.

Fe is in Group 8 (it has eight valence electrons).  Fe2+ has six valence electrons (8-2=6).  The valence electrons in the transition metal ions are d electrons.

[image: image5.png]




No unpaired electrons in Fe2+.

13.
[FeF6]4- is high spin.  Explain.  How many unpaired electrons are present in [FeF6]4-?

[F is F- ion].

High spin due to the F- ion being weak field:


CN- > NO2- > en > NH3 > NCS- > H2O > F- > Cl-
The iron ion in [FeF6]4- is 2+.  This is because each of the six F- ions carries a charge of –1 and the charge on the entire complex is 4-.

Fe is in Group 8 (it has eight valence electrons).  Fe2+ has six valence electrons (8-2=6).  The valence electrons in the transition metal ions are d electrons.
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14.
What is the spectrochemical series?


CN- > NO2- > en > NH3 > NCS- > H2O > F- > Cl-

Large d-splitting



Small d-splitting


Low spin




High spin


Strong field




Weak field

Lower Δo →

15.
What is responsible for the blue color produced in Cu2+ solutions?


Electronic transitions between the split d-orbitals:
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16.
What is meant by "d splitting?"


The dz2 and dx2-y2 are higher in energy than the dxy, dyz, and dxz orbitals in octahedral complexes due to the d-orbital lobe direct overlap with the ligands.
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17.
Contrast the complexes [Co(CN)6]4- and [CoCl6]4-.  (High spin or low spin?  Number of unpaired electrons).


The CN- complex is low spin and the Cl- complex is high spin due to large and small d-splitting.

