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1.  Give Lewis dot structures and sketch the shapes of (a) ICI, (b) CIOF4 (8%)

2. Determine the point groups for (a) ethylene (b) acetylene (6%)

3. On the basis of molecular orbitals, predict the shortest bond lengths of O, , O, and 0,". Give your
explanation. (6%)

4.  Sketch all isomers of [Pt(en),Cl,]*", where en = ethylenediamine. (6%)

5. Predict the number of unpaired electrons for (a) Co(H,0)s]*" (b) a square-planar d’ ion (6%)

6. Determine the ground terms for (a) high spin and low spin d° (Oh symmetry) (b) d* (Td symmetry)
(6%)

7.  Determine the valance electron counts for the transition metals in the following complexes (a)
[Fe(CO)™ (b) (n*-C3Hs)(n™-CsHs)Fe(CO). (6%)

8. N; has molecular orbitals rather similar to those of CO, would you expect N, to be a stronger or

weaker 7 acceptor than CO? (6%)
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The contents of mercury in the SRM soil sample measured by ICP-MS are 3.17, 3.19, 3.21, 3.19, 3.17
and 3.21 ppm. You are developing a label-free nanoparticle based optic-sensor for determination of
Hg*" ions. The measured values are 3.29, 3.22, 3.30, 3.01 and 3.23 ppm, respectively. Does your
answer differ significantly from the answer by ICP-MS at the 95% confidence level? (15%)

Soil sample containing Pb*>" ions gave a signal of 4.27 mV in an atomic emission analysis. Then 5.00
mL of 2.08 M Pb*" ions were added to 95.0 mL of soil sample. This spiked soil sample gave a signal
of 6.50 mV. Find [Pb*"] in the original soil sample. (5%)

Consider a saturated solution of SrSO4 in which following reactions are considered:

SrSO4s) S ST g + S04 (ag) (Kp=32x107)

SO4” (aq) + H2O 5 HSO4 (ag) + OH (o) (Kp=9.8x10")

Find the concentration of Sr2+(aq) in the solution if the pH is fixed at 2.50. (Assume [H,SO4] = 0).
(10%)

In 298 K, Given:
210 +1T +12H" +10e S 13 + 6 H,0O (E°=1.210V)
I3 +2¢ S3I (E°=0.535V)

(1) Write the balanced reaction of I0; and I producing I3 in acidic solution. (5%)

(2) Calculate E°, AG®, and K for the balanced reaction. (9%)

(3) Calculate E and AG if the solution [IO5 ]=0.010 M, [I ]=0.010 M, [I; ]=1.0x10"* M, and buffered
at pH 6. (6%)




P48 100 8 E RS BB

N > j’//L'
-
R = 551 E
R 3
RO R E R P

o

2.
M

FAL

T T VS

3
75

2F % 2%

Useful information:

__ lquestionable valus —%|

(s3/ny4s3/n2)°

Gop = y oo ==, V={————= 2
€ s =P 5 (fim0)° (Binz)
ni+l nz+l
brexo) = |E—u|VF o) = I¥1-%3] | myn bexp) = 181 —%3|
axp) — H axp ) — H axp ) —
y S mtnz ,'ﬁ/ r1+ss/nz
2 2
¢ = sty — 1) +s3(np — 1)
P n+ny—2
Number of G . Confidence level (%)
bservati i 95% confidence Degrees of freedom 50 90 95 98 99 99.5 99.9
observations (557 contidence) 1 1.000 6.318 12706 31.821 63.655 127.321 636.578
2 0.816 2920 4303 6965 9925 14089 31.598
+ 1.463 3 0.765 2353 3.182 4541 5.841  7.453 12.924
5 1.672 4 0.741 2132 2776 3747 4.608 5598  8.610
s 0.727 2.015 2571 3365 4.032 4773 6.869
6 1.822 6 0.718 1.943 2447 3143 3707 4317 5950
7 1.938 7 0.711 1.895 2365 2998 3500 4.029 5.408
3 2032 8 0.706 1.860 2306 2896 3.355 3832 5.041
-\ 9 0.703 1.833 2.262 2.821 3.250 3.690 4.781
9 2110 10 0.700 1.812 2228 2764 3.169 3581  4.587
10 2176 15 0.691 1753 2131 2602 2947 3252 4073
= 20 0.687 1725 2086 2528 2845 3153  3.850
11 7934 25 0.684 1708 2060 2485 2787 3078 3725
1 5985 30 0.683 1.697 2042 2457 2750 3.030 3,645
= =D 40 0.681 1.684 2021 2423 2.704 297 3.551
15 2.409 60 0.679 1.671 2000 2390 2660 2915 3460
20 5557 120 0.677 1.658 1980 2358 2617 2860 3.373
- N A = 0.674 1.645 1960 2326 2.576 2807 3.291
Degrees of Degrees of freedom for s,
freedom
for 5, 2 3 4 5 6 7 8 9 10 12 15 20 30 ©
2 19.0 19.2 19.2 19.3 19.3 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.5 19.5
3 9.55 | 928 | 912 | 901 | 894 | 8.89 | 884 | 881 | 879 | 874 | 870 | 866 | 862 | 853
4 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96 591 5.86 5.80 5.75 5.63
5 579 | 541 | 519 | 505 | 495 | 4.88 | 482 | 477 | 474 | 468 | 462 | 456 | 450 | 4.36
6 5.14 4,76 453 4.39 4.28 4.1 415 4.10 4.06 4.00 3.94 3.87 3.81 3.67
7 4.74 435 412 3.97 3.87 3.79 373 3.68 3.64 3.58 3.51 3.44 3.38 3.23
8 446 | 407 | 3.84 | 369 | 358 | 3.50 | 344 | 3.39 | 3.35 | 3.28 | 3.22 | 315 | 3.08 | 2.93
9 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.14 3.07 3.01 2,94 2.86 2.7
10 410 | 371 | 348 | 333 | 322 | 3.14 | 3.07 | 3.02 | 298 | 291 | 2.84 | 277 | 270 | 2.54
1n 3.98 3.59 3.36 3.20 3.10 3.0 2,95 2.90 2.85 2,79 2.72 2,65 257 2.40
12 3.88 3.49 3.26 3.1 3.00 2N 2.85 2.80 2,75 2,69 2.62 2.54 247 2.30
13 3.81 EX 3.18 3.02 292 2.83 2,77 2.7 2.67 2.60 2,53 2.46 2.38 2.21
14 3.74 3.34 3n 2.96 2.85 2.76 2.70 2.65 2.60 2,53 2.46 2.39 2.31 2.13
15 368 | 329 | 306 | 290 | 279 | 271 | 264 | 259 | 254 | 248 | 2.40 | 233 | 225 | 2.07
16 3.63 3.24 3.01 2.85 2.74 2.66 2,59 2.54 2.49 242 2.35 2.28 2.19 2.01
17 3.59 3.20 2,96 2.81 2.70 2.61 2.55 2.49 2.45 238 23 2,23 2.15 1.96
18 3.56 3.16 2,93 2,77 2.66 2.58 2,51 2.46 2.41 2,34 2.27 2,19 21 1.92
19 3.52 313 2.90 2,74 2.63 2.54 248 2.42 2.38 2.31 2.23 2,16 2.07 1.88
20 3.49 3.10 2.87 2.7 2.60 2.51 245 2.39 2.35 228 2.20 212 2.04 1.84
30 332 | 292 | 269 | 253 | 242 | 233 | 227 | 2.1 216 | 209 | 200 1.93 1.84 | 1.62
= 3.00 2.60 2.37 221 2,10 2.01 1.94 1.88 1.83 1.75 1.67 1.57 1.46 1.00




