國立嘉義大學九十二學年度

應用化學系碩士班（甲組）招生考試試題

科目：綜合化學II
1.Inorganic Chemistry: 50%

(1)The size of transition metal atoms decreases slightly from left to right in the periodic table, known as lanthanide contraction. (a) please offer a reasonable explanation for this fact? Using Slater’s rules to determine the Z* for a 4f electron in (b) Ce(Z=58), (c) Nd(Z=60), (d)Which atom has the smallest Z* value? (12%) 

(2)(a) Prepare a molecular orbital (MO) energy level diagram for cyanide ion? Use sketches to show clearly how the atomic orbitals interact to form MOs. (7%) (b) What is the bond order? (c) is this compound paramagnetic or diamagnetic? (9%)

(3)The absolute hardness parameters of BF3 , NH3 , pyridine , and N (CH3)3 list in Table 1. (a) What is the E HOMO of pyridine ? (b) What is the E LOMO of BF3 (c) Predict that the ΔH for N (CH3)3 will be large or small (d) The absolute hardness η of  N(CH3)3 will be in the interval of (1) 5.0-6.3 (2) 6.3-8.2 (3) 8.2-9.7 (4) above 9.7 (12%)
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               Table 1                          Figure 1

(4) LiBr has a density of 3.464 g/cm3 with a rock salt NaCl crystal structure, as shown in Figure (1). (a) What is the volume (m3) of unit cell (b) What is the unit cell length (Å) ? (c ) Predict the inter-ionic distance (r + + r - )? (9 %)

(Li = 6.941 g/mol ; Br = 79.904 g/mol)

(5) (a) Determine which of the following is paramagnetic ? (3 %) (b) Estimate its magnetic moment (Bohr magnetons) ? (2 %)

      [Fe (CN) 6 ] 4- ;  [ Co (H2O) 6 ] 3+ ;  [ Co F 6 ] 3 - ;  [ Rh F 6 ] 3-
(6) Give the IUPAC name for the following complexes? (3 %)

(a) [ Cu (NH3 ) ] 2+  (b) Fe (S2CNMe 2) 3  (c) [ Ag (NH3) 2] [BF 4]
2.Physical Chemistry: 50%
(1) The following results were obtained when the rate of an enzymolysis was monitored (a) without inhibitor, (b) with inhibitor at a concentration of  15 
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Is the inhibition competitive, uncompetitive, or non-competitive? (10%)

(2) Using the steady-state approximation to devise the rate law for the decomposition of N2O5
     2N2O5 (g)
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4NO2 (g)+O2 (g),

   on the basis of the following mechanism:

     N2O5 
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NO2+NO3           ka
     NO2+NO3 
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N2O5          ka´
     NO2+NO3 
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NO2+O2+NO    kb
     NO+N2O5 
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NO2+NO2+NO2   kc   (5%)

(3) Give the reasons why the relaxation effect and the electrophoretic effect can reduce the mobility of ions in solutions. (5%)
(4) For the reaction A
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C with rate constants ka and kb for the first and the second reaction. If the initial concentrations are [A]
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=0. Find the concentrations of A, B, and C at time t.(5%)

(5)The enzyme aldolase catalyzes the conversion of fructose-1,6-diphosphate (FDP) to dihydroxyactone phosphate (DHAP) and glyceraldehyde-3-phosphate (G3P).  The standard free energy change for this conversion is 23.8 kJ.  Under physiological conditions in red blood cell, the concentration of these species are [FDP] = 35μM, [DHAP] = 130 mM, and [G3P] = 15 mM.  Will the conversion occur spontaneously under these conditions? 

**Numerical calculation is required to support your answer.  (10%)

(6) At maximum amplitude in a normal vibration the atoms of a molecule are instantaneously at rest, so that all the vibrational energy is in the potential form.  The equilibrium internuclear distance r0 in HCl is 1.27 Å and the H-Cl force constant k is 4.77 m dyne/Å.,
h = 6.6262 ╳ 10–27 erg‧ s
(a) Calculate (ΔrH-Cl)max for the vibrational levels v = 0 and v = 1.  (10%)

(b) Calculate the separation in cm-1 of the vibration levels for v = 0 and v = 1.  (5%)
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