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For additional information required to solve the following problems, please refer to the Appendix

beginning on page 4.

1.

a.
b.

C.

a.

® oo T

Determine the point grbup and the number of IR-sctive C—O stretching vibrations for

trans-F ¢(CO)4Cl (5 points)
fac-Fe(CO)3Cls (5 points)
Mn(CO)sCl (5 points)

Determine the number of unpaired electrons and the LFSE for F e(CN)s* (5 points)

Give the valance electron count for the following species. Which ones obey the EAN rule? (2 points each)

Fe(CO)4Br2
[Mn(CO)s]
Mn(CO)s(CH2CsHs)
HoFe(CO)4
Rh(C2H4)(PPhs)2Cl

For the reactions [Pd(Etsdien)Br]* + X~ — [Pd(Etsdien)X]" + Br", a plot of observed rate constant Kops

versus [X] is shown below. What mechanism can you propose to account for the zero slope when X =

N3°, I, NOy7, SCN-? And why? (10 points)

' ot I ! 1 T
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Reagant. W

Plot of keps vS. concentration of entering neucleophile for anation of [Pd(Etsdien)Br]" in water at 25 °C
[Ref: J. B. Goddard and F. Basolo, Inorg. Chem. (1968) 7, 936]

5. Explain why square planar complexes of transition metals are mostly limited (other than those of planar
ligands such as porphyrins) to those of a. d7, d8, and d9 ions (5 points) and b. very strong field ligands

which can serve as 7t acceptors. (5 points)
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6. The true value of a particular measurement is 131.9 pg/L. Four students (A, B, C, and D) each repeat the
same procedure five times. The individual values obtained are listed below. ‘
A 130.7 131.6 133.5 132.3 132.6 129.1

&
B 125.0 132.3 136.9 137.9 125.9 131.6
C 136.7 134.5 134.1 1354 136.0 137.6
D

1307 1099 131.9 115.6 1313 132.6

" a. Comment the accuracy and precision of each student (12 points)
b. Suppose the results of students A and B used two apparatus, use the F test to detefmine if the precision

of these apparatus is significantly different. (5 points)

7. The pKa values for salicylicacid (2-hydroxybenzoic acid) are pK1 = 2.972 and pK2 = 13.7. How many
* milliliters of 0.202 M NaOH should be added to 25.0 mL of 0.023 3 M salicylic acid to adjust the pH to
3.50? (8 points) '

8. Ti* is to be generated in 0.10 M HClO4 solution for coulometric reduction of azobenzene

(CsHsN=NCsHs). ‘

TiO* +2HY+e & TiT+H0 E’=0.100 V

4T+ + CeHsN=NCgHs + 4H0 5 2C¢HsNH, + 4TiO*" + 4H*
At counter electrode, water is oxidized, and Oz is liberated at a pressure of 0.20 bar. Both electrodes are
made of smooth Pt, and each as a total suface area of 1.00 cm?. The rate of reduction of the azobenezene
is 25.9 nmol/s, and the resistance of the solution between the generator is 52.4 Q.
a. Calculate the cathode potential (versus S.H.E.) and the anode potential (versus S.H.E) assuming that

[TiO* Jsurface = [T10%** Jour = 0.050 M and [Ti**surface = 0.10 M. (8 points)

b. What should the applied voltage be? (2 points)

9. For a ester compound, the mass spectrum, IR spectrum, Proton NMR and 13C NMR spectrums are given
below. Determine the structure of the compound and provide your rationales. (15 points) [Ref: Pavia, D.,
Lampman, G. and Kriz, G. (2001) Introduction to Spectrosoopy. 3rd Edi, Brooks and Cole, Washington]
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Appendix

Table. The F threshold values for a confidence level of 95%

= ,
Number of measurements

Number of measurements (numerator of the fraction F)

(denominator) 3 4 5 6 7 10 100
3 19.00 19.16 19.25 19.30 19.33 19.38 19.50
4 9.55 9.28 9.12 9.01 8.94 8.81 8.53
5 6.94 6.59 6.39 6.26 16.16 6.00 5.63
6 5.79 5.41 5.19 5.05 4.95 4.78 436
7 5.14 4.76 4.53 4.39 4.28 4.10 3.67
10 4.26 3.86 3.63 3.48 3.37 3.18 2.71
100 2.99 2.60 237 221 2.09 188 1.00
Character Table for Cuwy (n =2, 3, 4) »

Co E Gy o {xz) o (yz)

(2mm)

Ay 1 1 1 1 z 2,y

As 1 1 -1 ~1 R Xy

B 1 7’1 i ~1 x, Ry Xz

By 1 -1 -1 1 v, Re yz

Ci, E 20, 3o,

{(3m

A 1 1 1 z Y +h 7

A, 1 1. R. . |

E 2 1 0 mPRRY Y2900y

C4y E ZC.; Cz 2&1 25&

{(dmm) «

A, 1 1 1 1 1 oz X+, 2

Ay i 1 1 -1 —1 R

B 1 1. 1 1 ~1 -y

B, i -1 1 -1 1 xy

E 2 0 2 0 0 GmYRER) Gz
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Character Table for Cun (n =2, 3, 4)
Com E o I o
@my . i .
Ay 1 1 1 1 R <, ¥, 2, Xy
B, 1 1 1 -1 R.R,  xzyz
Aq 1 1 ~1 -1 :
B, i -1 ~1 1 X, ¥
Can E G ¢} o 8 5 & = exp (2ni/3)
) ' ,
A 1 1 1 1 1 1 R Ly, 2
; 1 S ¥ 1 £ ) .I ) g ¥y ;
E {1 P c 1 * £ j 4 (1}}’} (xdﬂ_}’ >239}}
AM 1 1 1 Y ] -
1 ¢ & -1 - -£] _
E" {1 e e . } ®B @)
Ca, E C & 3 53 o S
(4/m) o *
A, 1 1 1 1 1 1. I R “4y, 7
Be 1 -1 1 -1 1 -1 1 -1 oF =¥, 2x9)
1 i -1 -1 1 i -1 -}
Ag 1 1 1 -1 -1 -1 -1 -1 Z
By 1 -1 1 -1 -1 1 -1 1
1 i -1 -1 -1 i1 i)
- {§ e T T B
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60
Character Table for Dun (n

It -
T

2,3, 4)

o(2)

o{xz)

o(xy)

i

Glz) Gl G

E

(mmmnn)

1

}3

5 Oy 255 3oy

3

2G5

Dy

{Z} wid

Pyl

v

.y

™

o

)

Gon y2)

(B, Ry)

0

o1

Eﬂ'

2o, 204

Ok

28;

20y

2c;

26, G

E

{4/mmm)

Ay

22

Ase

ZV,., \m“

mwlm

o
TS
llﬁ_(,.
TT
o N
,4_10
111;.J~
7T
i e Y
@B e

<AI11

-1 -1 -1

-1

-1

AZW

B Tu

0 .y
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Character Table for Dua (m =2, 3,4)
Dag=Va E 254 > ac 2Ga
(Zi}m @ }
Ay 1 1 1 1 1 Y
Ay 1 1 1 -1 ~1 R. 4
B, 1 —1 1 1 —1 -y
B> 1 ~1 1 ~1 1 z xy
E 2 0 -2 0 0 G 1) (xz, y2)
' {R.‘{a R}) ‘
D E 2 3¢ i 28 3oy
» (g)m
Ay 1 1 1 1 1 Y4y 7
Ag, 1 1 - 1 1 -1 R,
E, 2 -1 7 -1 0 (R,R) =37, 2x)
| {z, yz
A 1 1 -1 -1 ~1
A, 1 1 1 -1 -1 1z
E, 2 -1 -2 1 o ¥y
Dy E PAY: 20y 2 Sg o 4(:; 454
A 1 1 1 1 1 1 1 Py, 7
Az 1 1 1 1 1 -1 -1 R
B, 1 -1 1 -1 1 1. -t
B2 1 -1 1 ~1 1 —1 1z
Es 2 J2 o 2 -2 0 0 @&y
E, 2 0o = 0 2 0 0 -y, 290
Es 2 2 0 Jz -2 0 0 (R,R) (ez, y2)




