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Inorganic Chemistry Cume Exam Qm E:}

March 29, 2008

A. This part of the exam deals with the assignment of formal oxidation states and

electron counts for compounds of the transition metals.
(@) (20 points). Give the formal oxidation state and d" configuration for the transition
metal atom in each of the following ten neutral mononuclear compounds or ionic
species.
(1)  VO(acac), (acac = acetylacetonate anion) \/(E ’ ) o

_— i O
(i) ZrCl(acac)s 2r @/) d
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(b) (20 points). For each of the following organometallic compounds and ions, give
the electron count for the transition metal atom and conclude whether or not the
‘18-electron rule’ is obeyed. Show all working. NOTE: you will need to know
the structure of these compounds.

@  (m*CiHyFe(CO), I§-e >’f5
(i) (m°-CsHs),V |S-e @
(iii) (n°CeHg)oCr [§-e )/e;

(iv) (n*-CsHs)TiCl, 16-e @

(V) (n°-CsMes), Ti(CO), I5-e  Yes



o oD [TCO (S Yes
9 (viD) V(CO), 7-e
Q) (viif) [Ru(CO)** |§-e Yes
9 () Os(CON I§-2 Yes
2 ) Ru(CO) 182 Yes

B. The chemistry of the Group IV transition metals Ti, Zr and Hf is representative of
much of the chemistry of the early transition series elements.

3 (a) (12 points). The tetrahalides TiF4(solid), TiCly(liquid) and ZrCly(solid) have
X LIL different structures. Draw very clearly the structure of each of them.

g 3 (b) (15 points). Give balanced equations to show how TiCly is converted to TiCl; and
! TiCl,. Draw clearly the structure of the three compounds that are formed upon
kSO reacting TiCl; separately with (i) THF, (ii) NMes, and (i) Li"[N(SiMes)a]"

3 (¢) (10 points). Give a balanced equation to show how TiCly is converted into
2 TiOCl,. What is the product of the reaction of TiOCl, with acetylacetone
3z, (Hacac)? Draw its structure and compare it with that of its vanadium analog.
/
(d) (15 points). Starting from ZrCly, show how the organometallic species )
3x 3 [Zr(CO)]%, [Zr(CH3)s]*and ((n 5-C5H5)2ZrCIz are prepared. In the case of (n°-
CsHs):ZrCly, use balanced equations to show how it is converted to (1) (m °.
2%X3  CsHskZi(CHs), and (i) (n >-CsHs),Zr(CO),.

(e) (8 points). Which infra-red active CO stretching frequency (i.e. v(CQ)), goes with
which carbonyl species?

v(CO): 1998, 2190, 1757 cm’™
carbonyl species: [Hf(CO)s]%, W(CO)s, [Os(CO)s]*

5—‘ Explain your reasoning very clearly.
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