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[Inorganic and Analytical Chemistry: Basic]

Answer the following problems (1) through (3). If necessary, use log2 = 0.30103, log3 = 0.47712.

(1) Answer the following problems.
{(a) Calculate the pH value with the correct number of digits if the concentration of protons in a
solution is 4.0x10™ mol/L. '
~ (b) Briefly explain the purpose of using the Q test or the Grubbs test.

(c) Describe the relation between absorbance (4), molar absorptivity (£) and transmittance (7).

(2) Answer the following problems concerning chelate titrati;)ns.
We consider a titration curve if a 100 mL solution including 10.0 mmol/L. Sr?* (pH = 10.0) is titrated with
a 10.0 mmol/L EDTA solution. The stepwise acid dissociation constants for the following reactions of
EDTA in the form of HsY are defined as Ka, Kaz; Kz and K, respectively.
HsY = HsY- + H*
H3Y™ = HYZ + H*
HoY?* = HY* +H*
_ HY = Y+ +H'
The value of K is defined as the equilibrium constant for the following Sr?*-EDTA complex forming
reaction. ‘ |
S 4+ Y& = SrY? ‘
(d) Express Cy/[Y*] in terms of K, Kz, Kus, Ko, and [HY if Cy=[Y*] + [HY*] + [HY¥] + [HzY]
.+ [HaY]. , :
(e) pKi (n = 1-4) of EDTA is defined as 2.0, 2.7, 6.0 and 10.0. The value logKr is 8.63. Calculate the
value of logKy with two significant figures if the conditional stability constant of K¢ at pH = 10.0
‘ is defined as K¢'.
(f) Calculate the value of pSr2* in the following (1) through (IID) cases.
(I) Before EDTA titration, (II) 50 mL titrated,” (III) Equivalence point.
(g) Show that pSr** is given by the approximation formula below after the equivalence point in the
presence of excess amount of EDTA. ¥ (mL) is the volume of titrated EDTA.
=100
100
(h) Draw the titration curve with a volume of titrated EDTA (¥ mL) in x-axis and pSr** in y-axis.
(i) IfCd* is titrated instead of St?*, briefly explain how to change the experimental conditions.

pSt?* = logKr + log

(3) Answer the following problems concerning chromatography and electrophoresis.

(j) If proteins with molecular weight of more than 10,000 are separated, what kind of column should
be generélly used? Describe the name of the column and briefly explain the principle of the
separation mechanism.

(k) A chromatographic peak for diethyl ether separated with an open tubular column (the length =
40.0 m) appears at 25.0 min, and the base width obtained from the intersection of the baseline



)

with the extrapolated sides of the peak is 0.250 min. If the time required to elute an unretained
chemical species is 1.20 min, calculate the retention factor and the plate height of the column.
The van Deemter equation is described below with the plate height (&) and the linear flow rate
(22): g

B

HzxA+—+Cu,
U

X

‘What character or phenomenon affects the values of the constants 4, B and C? Briefly explain the

character or phenomenon for each constant. Use figures to explain it if needed.

{m) The values of the plate height for capillary electrophoresis are generally smaller than those for

liquid chromatography. Briefly explain the reason using the van Deemter equation.



