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Part I Inorganic Chemlstry (50 points) _

(1) Draw the Lewis dot structure and the corrésporiding 3-D structure for I"DF:+ and FzCPH Asmgﬂ the
correct point group for each structure (10 pis) ; :

2 Sketch clear 3-D structures of all possible isomers for :
. atrigonal prismatic complex M(4a),, where 44 denotes a planar b1dentate 11gand 5 pts)
2. geometrical isomers of [Co(en)(NH;3):2Cl:] that is optically active. (5 pts)

(3) Use symmetry to determine the orbital hybridization on pﬁosplﬁr_oﬁs to describe the o;bonds_ inPFs.
Note the two axial bonds are not equivalent geometrically to the three equatorial bonds. (10 pts)

(4) Fora compou.nd XY with the observed v1bratlonal frcqucncu:s for X-Y stretches (cm” ')
IR: 2002, 1979
Raman: . 2116 2030, 1989
Dete:mmc which geomeu-y, square pyra:mdal or tngonal b1pyram.1da] is consistent w1th the data. (10 pts)

(5) The I'ollowmjg UVN is dala are available for [I\h([\n'h)ﬁ]z'P '

band i 10700 cm™
ii 17500 em™"
iii 28300 cm™! :
iv: 15400 c”! ~ band iv.and v are very weak
_ vi 18400 cm!
Because bands iv and v are weak, plcasc use only bands i through iii to determme Aand B in cm! unit
(10 pts) : C

Part IT Analytical Chemistry (50 points)

(6) Calculate the selectivity factor between two compounds, 1 and 2, whose retention volumes are 6.2 ml and
7.7 ml, respectively. The dead volume of the column used is 1.2 ml. Show that this factor is _equal to the
ratio of the distribution coefficients K;.;"K1 of these compounds (tg(l) <tre). (10 pts)

@ If chloroform (trlcholorometha.ne} exhlblts an infraced pea.k at 3018 cm! due to the C- H stretchmg
vibration, calculate the wavenumber of the absorption band oorrcspondmg to the C-D stretching vibration
in deuterochloroform. (5 pts)
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(8) To determine the concentrations (mol/L) of Co(NO3)z (compound A) and Cr(NOs); (compound B) in an
unknown sample, the following representative absorbance’data were obtained. (10 pts)

A(mol/L) B(mol/L) : 510nm - .~ 575mm

1.5 107 0 - 0714 o 0.097
0 6.0x 10 0.298 - - 0757
unknown unknown 0671 0.330

Measurements were made in 1.0 cm glass cells
1. Calculate the four molar absorpnwnes EA(510); EA(S75); EB(S10)s and as{sm
2. Calculate the molarities of the two salts A and B:in the unknown.

(9) LijsyCoOy; is an anode for high-energy-density lithium-ion batteries. Cobalt is present as a mixture of
Co(II) and Co(II). Most preparations also contain inert lithium salts and moisture. To find the
stoichiometry, Co was measured by atomic absorption and its average oxidation state was measured by a
potentiometric titration. For the titration, 2.00 mg of solid were dissolved under N; in 5.000 mL containing | °
0.100 M Fe** in 6 M H2S04 plus 6 M H3POs to give a clear pmk solution: -

Co®t 4+ Fe?t 5 Co?t + Pt

Unreacted Fe?* required 3.228 mL of 0.016 M K2Cr,O7 for comiplete titration. (15 pts)

1. How many mmol of Co®" are contained in 25.00 mg of the material .

2. Atomic absorpuon found 56.4 wi% of Co in T.hc solid. What is thc avcrage ox;datlon state of Co?
3. Findy 1n the formula Lij+yCoOa.

(10) Calculate the voltages of the cell
Cu(s) | cu* (0.030 M) I K*Ag(CN)Q (0. 010 M),
) HCN(0.10 M), buffer to pH 8.21 | Ag(s)
by considering the following reactions: (10 pts) )
Ag(CN)p +e~ & Ag(s) +2CN~ - - . E% =—0.310 i
Cu?* 42 SCu(s) . ., E°=0339V
HCN S HY +CON~ pKa=931 .-
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Character Table for some point groups

Csy E. 2C; 3oy ,

(3m) o s o .

Ay 1 1 1 z T B+

Az 1 1 -1 ‘R " :

E 2 = 0 &R B) =y 20)62y2)

C,h, E 2C4 Cz 20’1, 20’d '

(4rmmi) . ' :

A -1 1 .1 1. 1 2. L

As 1 1 1 -1 -1 R : '

B, 1. -1 1 1 -1 S

B, 1 -1 1 -1 1 ) o

E 2. 0 -2 0 0 (5 )RR) (=¥

D3y E 205 3C; Gh 255 3o

(6 m2 ’ E o . ;

A 1 1 1 1 1 1 rEra

A} 1 1 -1 1 1 -1 R - :

E' 2 -1 0 2 =] 0 (x, ) -3, 2)

Al 1 1 1 -1 -1 -1

A} 1 1 -1, -1 -1 1 z

E" 2 -1 0 -2 1 0 R Ry (p,y7)

Oy E 8G ) 6C, 6Cy 3G 1 65, 855 "3oy 6oy

(m3m) T EC) .

Ay 1 1 1 1 1 1 11 1 Ly

Asg 1 1 -1 < 1 1 -1 1 1 - '

Ey g ™ o 0 2 2 0 -1 2: 0 @2-252, .
- R VF @ -3

T, 3 0 -1 1 -1 3 1 0 -1 =1 ([®RR) coL

Tog 3 0 -1 -1 3 1 0 - 1 (o, xz. y)°

A 1 1 1 1 1 -t -1 -1 -

As 1 L. -1 -4 I 1+ 1 -1 -

E. 2 - 0 2 2 o, 1 -2 0

i 3. 0- - 1 -1 3 4 0 1 1 2

Tr 3 0 14 -1 0 1 -

=3 s




