IWS organization guide
Fall semester 2022-2023 academic year year
on the educational program "Chemical Kinetics and Electrochemistry"
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IWS-2 Electrochemistry
1. What are the branched chain reactions? Explain why the overall reaction rate of branched chain reactions depends on the ratio of K1 and K2.
2. Modes of electrochemical reactions. Rate of the electrochemical reaction in kinetic mode.
3. What are the photochemical reactions? On what laws is photochemistry based?
4. Formulate the possible reactions depending on the ratio of the branching and chain termination (N.N. Semenov). 
5. What are the electrochemical reactions? What are the differences between electrochemical reactions from chemical reactions?
6. Derive the formula for finding the overall reaction rate of branched chain reactions.
7. Define electrochemical circuits and their types. What is the galvanic cell? 
8. Derive the formulas for finding the reaction rate of an electrochemical reaction in kinetic mode.
9. Concentration circuits without transfer of first and second kind.
10. Define the characteristics of electrochemical polarization. Tafel equation.
11. What is an electrochemical system? Give its features.
12. Define quantum yield. Explain the types of photochemical reactions depending on the value of quantum yield.
13. Formulate the thermodynamic characteristics of a galvanic cell.
14. Define the processes of photochemical reactions?
15. Derive the formulas for finding reaction rate of electrochemical reaction in kinetic mode.
16. What are electrode potential and electromotive force (EMF)? Provide the formulas for finding the electrode potential and EMF of a galvanic cell.
17. Characteristics of concentration polarization.
18. Electrode polarization and its types.
19. Modes of electrochemical reactions. Rate of the electrochemical reaction in kinetic mode.
20. Explain the types of electrode polarization by the nature of limiting stage of an electrode process.
21. ΔH of the reaction Pb + 2AgCl = PbCl2 + 2Ag occurring in a galvanic cell is –105.1 kJ⋅mol–1. The EMF of this element is 0.4901 V at 298.2 K. Calculate the EMF of the element at 293.2 K.
22. The EMF of the element in which the reaction 0.5 Hg2Cl2 + Ag = AgCl + Hg reversibly proceeds is 0.456 V at 298 K and 0.439 V at 293 K. Calculate ΔG, ΔH and ΔS of the reaction.
23. The reaction of photochemical bromination of ethane proceeds according to the following mechanism:
Br2 + hν → 2Br., I
Br. + C2H6 → HBr + C2H5., k1
C2H5. + Br2 → C2H5Br + Br., k2
Br. + Br. + M → Br2 + M, k3 (termination in a volume)
Br. → 1/2Br2, k4 (termination on a wall).
Determine the rate of formation of bromoethane, assuming that the termination occurs only:
a) in a volume;
b) on the wall.
24. Calculate the quantum yield of the photochemical reaction (CH3)2CO → C2H6 + CO proceeding under the action of UV light with a wavelength of 313 nm. Initial data: the volume of the reaction vessel is 59 mL; the average amount of absorbed energy is 4.40⋅10–3 J⋅s–1; exposure time is 7 h; reaction temperature is 56.7 °С; initial pressure is 766.3 Torr; final pressure is 783.2 Torr.
25. EMF of a galvanic cell Pt | Q⋅QH2 | buffer solution | Hg2Cl2 | Hg is equal to 4.2 mV at 25 °C. When the original buffer was replaced with another one, the polarity of the element and the EMF value changed: E = –21.75 mV. Calculate the pH of both buffer solutions.
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From the rate expression for the following reactions, determine their
order of reaction and the dimensions of the rate constants.

(i) 3NO(g) — N,O (9 Rate = k[NOP
(ii) H,0, (aq) + 3I" (aq) + 2H" — 2H,0 () + I; Rate = k[H,0,][I]
(iti) CH,CHO (g) — CH, (9 + CO(g) Rate = k[CH,CHOJ]**
(iv) C,H,Cl (g — C,H, (g + HCI (g Rate = k[C,H,CI|
For the reaction:
2A + B = AB
the rate = K[A][B]? with k = 2.0 x 10° mol? L? s™'. Calculate the initial

rate of the reaction when [A] = 0.1 mol L [B] = 0.2 mol L™\ Calculate
the rate of reaction after [A] is reduced to 0.06 mol L.
The decomposition of NH, on platinum surface is zero order reaction. What
are the rates of productlon of N, and H, if k= 2.5 x 10~ mol™ Ls™'?
The decomposition of dimethyl ether leads to the formation of CH,, H,
and CO and the reaction rate is given by

Rate = I [CH,OCH,]*/?
The rate of reaction is followed by increase in pressure in a closed
vessel, so the rate can also be expressed in terms of the partial pressure
of dimethyl ether, i.e.,
3/2

Rate I Penjocn,
If the pressure is measured in bar and time in minutes, then what are
the units of rate and rate constants?

Mention the factors that affect the rate of a chemical reaction.
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A reaction is second order with respect to a reactant. How is the rate of
reaction affected if the concentration of the reactant is

() doubled () reduced to half ?

What is the effect of temperature on the rate constant of a reaction? How can
this effect of temperature on rate constant be represented quantitatively?

In a pseudo first order hydrolysis of ester in water, the following results were
obtained:

t/s o 30 60 90
[Ester]/mol L 0.55 0.31 017 0.085

(1) Calculate the average rate of reaction between the time interval 30 to
60 seconds.
(1) Calculate the pseudo first order rate constant for the hydrolysis of ester.
A reaction is first order in A and second order in B.
(1) Write the differential rate equation.
(1) How is the rate affected on increasing the concentration of B three times?
(i#1) How is the rate affected when the concentrations of both A and B are
doubled?
In a reaction between A and B, the initial rate of reaction (r,) was measured
for different initial concentrations of A and B as given below:

A/ mol L' 0.20 0.20 0.40
B/ mol L 0.30 0.10 0.05,
Ty/mol L's™ 5.07 x 10° | 507 x 10° | 1.43 x 10°

What is the order of the reaction with respect to A and B?
The following results have been obtained during the kinetic studies of the reaction:
24+B—>C+D

Experiment 1Al/mol L' [Bl/mol L' | Initial rate of formation
of D/mol L' min™

1 0.1 0.1 6.0 x 107
I 03 02 7.2 x 107
m 03 04 2.88 x 107
Y 04 0.1 2.40 x 107

Determine the rate law and the rate constant for the reaction.
The reaction between A and B is first order with respect to A and zero order
with respect to B. Fill in the blanks in the following table:

Experiment [Al/ mol L | [B]/ mol L Initial rate/
mol L' min”
1 0.1 0.1 20 x 107
I - 02 4.0 x 107
m 0.4 0.4 -
v - 02 2.0 x 107





image3.png
413

414

415

a.16

417

418

4.19
4.20

4.21

Calculate the half-life of a first order reaction from their rate constants
given below:

200 s (i) 2 min™" (ifi) 4 years™

The half-life for radioactive decay of "*C is 5730 years. An archaeological
artifact containing wood had only 80% of the '*C found in a living tree.
Estimate the age of the sample.

The experimental data for decomposition of N,O
[2N,0, — 4NO, + O,]
in gas phase at 318K are given below:

t/s 0 | 400 | 800 | 1200/ 1600 | 2000 | 2400 2800 3200

10° x [N,04)/|1.63| 1.36 | 1.14 | 0.93 | 0.78 | 0.64 | 0.53 | 0.43 | 0.35
mol L

@ Plot IN,0,] aganst t
(1) Find the half-life period for the reaction.
(i) Draw a graph between logN,0;] and t.
(1v) What is the rate law ?
(v) Calculate the rate constant.
() Calculate the half-life perfod from k and compare it with ().
‘The rate constant for a first order reaction is 60 s™'. How much time will
it take to reduce the nitial concentration of the reactant to its 1/16™
value?
During nuclear explosion, one of the products is “Sr with half-life of
28.1 years. If 1ig of St was absorbed in the bones of a newly born
baby instead of calctum, how much of it will remain after 10 years and
60 years if it is not lost metabolically.
For a first order reaction, show that time required for 99% completion
is twice the time required for the completion of 90% of reaction.
A first order reaction takes 40 min for 30% decomposition. Calculate t, ;.

For the decomposition of azotsopropane to hexane and nitrogen at 543
K. the following data are obtained.

t (seq) Pmm of Hg)
o 35.0
360 54.0
720 63.0

Calculate the rate constant.

The following data were obtained during the first order thermal
decomposition of SO,Cl, at a constant volume.

SO,Cl, (2) - SO, (2)+CLy (2)
Experiment | Time/s’ | Total pressure/atm
1 0 05
2 100 0.6

Calculate the rate of the reaction when total pressure is 0.65 atm.
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The rate constant for the decomposition of N,O, at various temperatures
is given below:

T/°C o 20 40 60 80
10° x k/s' | 0.0787 | 1.70 25.7 178 2140

Draw a graph between In k and 1/T and calculate the values of A and E,.
Predict the rate constant at 30° and 50°C.
The rate constant for the decomposition of hydrocarbons is 2.418 x 10"
at 546 K. If the energy of activation 1s 179.9 kJ/mol, what will be the value
of pre-exponential factor.
Consider a certain reaction A — Products with k = 2.0 x 10?s”. Calculate
the concentration of A rematning after 100 s if the nitial concentration
of Ats 1.0 mol L.
Sucrose decomposes in acid solution into glucose and fructose
to the first order rate law, with t,,, = 3.00 hours. What fraction of sample
of sucrose remains after 8 hours ?
The decomposition of hydrocarbon follows the equation

k= (4.5 x 101s7) gm0
Calculate E,.
The rate constant for the first order decomposition of H,0, is given by the
following equation:

log k = 14.34 - 1.25 x 10°K/T
Calculate E, for this reaction and at what temperature will its half-perod
be 256 minutes?
The decomposition of A into product has value of k as 4.5 x 10° 5™ at 10°C
and energy of activation 60 kJ mol”. At what temperature would k be
15 x 10'7?
The time required for 10% completion of a first order reaction at 298K s
equal to that required for its 25% completion at 308K. If the value of A is
4'x 10°s™. Calculate k at 318K and E,.
The rate of a reaction quadruples when the temperature changes from
203 K to 313 K. Calculate the energy of activation of the reaction assuming
that it does not change with temperature.





