Expaiment 13D Fv-ar7I01

THE KINETICS OF A NITROFERROIN REACTION

MATERIALS: Spectronic 20, three cuvettes, 1.5 X*1l nitroferroin solution, 0.50 M HCI, 1.0 M
HCI, 0.010 M CuS@ 0.020 M CuS@ two 50 mL Erlermeyer flasks, o 50 mL
beakers, 1@nL volumetric pipet, pipet bulb, 1ML graduatedylinder.

PURPOSE: The purpose of this experent is to detanine the rate k& for achamical reactionand
to use this infamation to decidevhich of wo mechanisns ismore likely to be correct.

LEARNING OBJECTIVES: By the end of this experient, the student should be able tondastrate the
following prdiciencies:

1. Convert batveen units of percent tramgtance and absorbance.

2. Peform a graphical detemination d a reaction order and rate constant.

3. Detemine the orde of a reaction in a specific reactant barying the initial concentration of
that reactant.

4. Detemine which o severaimechaniss is supportedybthe expernental rate lev.

DISCUSSION:
Reviewv Apperdix | before proceedingith the expernent.

In this experiment the kinetics of nitroferroin reactions (1) and (2yill be investigated.
Nitroferroin, Fe(phen§", is the iron(ll) ion canplex o 5-nitro-1,10phenanthroline, abbreviated ‘gzhen.”
The stoichionetries of theseno reactions are skham below.

Fephen)* (aq) + 3 H (aq) — F&* (aq) + 3 Hpheh(ag) (1)
2 Fephen)?* (aq) + 3 Cé' (aq)— 2 Fé* (aq) + 3 Cu(pherj’ (ad (2)

The reactions can be folled spectrophotoetrically since nitroferroin is the oplspecies present
that absorbs light at 510m Thus, the coursefahe reaction cate followed by observingthe rate at
which the color of the nitroferroin awplex disappears Sudt an experimert will provide the information
needed to detmine the order of the reaction in nitroferrointhe order ofthe reactin in the second
reactant, H (aq) or C@" (aq), can be deduced bunning the reaction at different initial concentrations of
those reactants and observing the effect of the concentration changes on the rate of reaction.

The general rateafor reaction (1) is

-d[Fe(phen)’]
dt

rate = = k,[Fe(phen)?*1*[H*1°

where a and b are the orders of the reaction to be debeed in this expement. In order to siplify the
anaysis, the reactiowill be run in the presence aflarge exces of hydrogen ion. Unde theseconditions,
only a negligible amount of the hydrogen ion initialy presentwill be consumed ly the reaction, so the
hydrogen ion concentration can be considered tmame constant Therdore the hydrogen ion

'Adapted fron the original work of A. A. Green, J. O. Beards ard P. Jones, Inorganic
Chemistry 1966 5, 1858.
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concentration can be combined wikhthe rate constant, to give a so-called “pseudo order” rate constant,
ki 0bs fOr the reaction:

ke.obs= ke [H]”
Substituting this expression into the rate law, the rate law then simplifies to:
rate =k oos[Fe(phen)*]?
Reaction (2) will be studied in a similar manner. The general rate law for reaction (2) is

_ —d[Fe(hen);’]
B dt

rate = k,[Fe(hen)® 1 Cv’

Again carrying out the reaction in the presence of a large excess of copper(ll) ions, similar algebraic
manipulations will lead to:

rate =Ky ons[Fe(phen)’*]°
In this casek, ops= ko [CU?'°.
Part A. Determining the Order in Nitroferroin 2

The order of each reaction with respect to nitroferroin concentratiangdc, will be determined
graphically. Since the absorbance of nitroferroin is directly proportional to its concentration, according to
Beer's Law, absorbances can be used instead of concentrations in the plots. Plots of absorbance versus
time, In(absorbance) versus time, and 1/(absorbance) versus time will be made to determine if the reaction
is zero, first, or second order, respectively, in nitroferroin.

Part B. Determining the Order in Hydrogen lons and Copper(ll) lons

The order of the reactioy or d, for the second reactant, (r Cif* respectively) will be
determined by inspection. The procedure from Part A will be repeated with the exception that the
concentration of the second reactant will be doubled. Under the pseudo order conditions of the experiment,
the rate constantg,,s are dependent on [H or [C#]%, and the order of the reaction in each reagent can
be determined by comparison of thg values at different Hand Cd' concentrations.

’Another name for nitroferroin is Tris-(5-nitro-1,10-phenanthroline)-iron(ll). 5-nitro-1,10-
phenanthroline is particularly well suited for complex formation since the unshared electron pairs on the
nitrogen atom are directed so that both nitrogen atoms can participate in bonding to a metal ion such as
iron. The iron(ll) ion, F&, binds three molecules of 5-nitro-1,10-phenanthroline to form a distorted
octahedral complex, shown schematically below (the arcs ending in N's are a shorthand way of
representing the nitro-phenanthroline molecule).

1,10 phenanthroline ferroin
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PROCEDURE:
Part A. Determining the Order in Nitroferroin
READ THROUGHTHIS ENTIRE PROCEDURE BEFORE YOU BEGIN.
1. Make sure all offour glasware is clean. Containants can affectour results.

2. Insure that the Spectronic 2&velength is set to BInm ard that the zero and 100% Transnittance
have been gdsted propeyl. Use distilledvater as a blank.

3. Pipet 10mL of the nitroferroin solution into each tfe two Erlermeyer flasks To ore flask, add
10mL of 0.50 M tydrochloric acid, record the initialnte, and wirl to mix. Rinse and fill a
cuvete (to ¥ full) with this solution and themeasure its percent trangtance, %0, at 510 m.
Record the the of thismeasurenent in the Data Section, and continue to rd¢be time ard %T
evel 5 minutes.

4. Follov the sane procedurewith a secondlask, but substitute 1fL of the 0.010 M copper(Il)
sulfate for the fdrochloric acid.

5. Measue the percen trangnittance for each solution at Sninute intervals until themeasured
transmittance of each solution rises to approately 75 %T.

25 Answer InLab Questions #1-4 on page E13D-9 in theetbetveenmeasurenents.

Part B. Detemining the Order in Hydrogen lons and Copper(ll) lons
1. Repeat the above procedure usingrOof the more concentratetbrm of the sane solutions (i.e.,
1.0 M HCl and 0.020 M CuSfp Record this data in the appropriate table in the Data Section.
Clean Up:
1. All solutions are dilute anthay be disposed of in the sink.

2. Return all equiment to their proper locations.
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Name

Section

Partner

Date

Part A. Determining the Order in Nitroferroin

Flask 1
0.50 M HCI

Initial Time of mixing

Time

%T

DATA SECTION
Experiment 13D
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Flask 2
0.010 M CuSQ

Initial Time of mixing

Time

%T




Part B. Determining the Order in Hydrogen lons and Copper(ll) lons

Flask 3
1.0 M HCI

Initial Time of mixing

Time

%T
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Flask 4

0.020 M CusSQ

Initial Time of mixing

Time

%T




DATA TREATMENT
Experiment 13D

Part A. Order in Nitroferroin

Set up a spreadsheet to show the results of the following calculations and the linear regression of each plot.
The spreadsheet should contain columns for elapsed time (in minutes), %T, Abs, In (Abs), and 1/Abs.
Submit all spreadsheets and graphs with your lab report.

(A.1) Calculatehe absorbance (Abs) of each solution from the %T values.

(A.2) For each solution, calculate In (Abs) and 1/Abs.

(A.3) Construct graphs of Abs vs. time, In (Abs) vs. time, and 1/Abs vs. time for each redgamd (H
cu.

(A.4) Perform a linear regression analysis for each plot. Record {ftefRelation) values below:

R? value for H reagent Rvalue for C@' reagent

Abs vs. time

In (Abs) vs. time

1/Abs vs. time

Which plot was the most
linear?

Show the regression line only on thest linearplot for each reagent. Include the equation of the
line and the Rvalue on the plot.

(A.5) From these plots, determine the order of each reaction with respect to nitroferroin.

The reaction with His order with respect to nitroferroin.

The reaction with Cii is order with respect to nitroferroin.
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Part B. Determining the Order in Hydrogen lons and Copper(ll) lons
Order in [H ]

(B.1) Set up a spreadsheet for the 1.0 M hydrogen ion data collected in Part B of this experiment. The
spreadsheet should include columns for elapsed time (in minutes), %T, Abs, and the function, (Abs, In
(Abs) or 1/Abs),that was determined to be linear in Part Bonstruct a graph and perform a linear
regression fothat functionvs. time.

(B.2) Determinek; onsfrom the slope of the regression data for both Part A and Part B and enter the values
in the table below.

[Hj kl,obs k1
Part A 0.50 M
Part B 1.00M

By inspection of the data in the table above, determine the order of the reaction with respect to
[H™], b.

The reaction with His order with respect th [H

Write the overall rate law for reaction (1): Rate =

Determine the value &f for each reaction and write it in the table above. Include!units
Order in [Cu?1

(B.3) Set up a spreadsheet for the 0.020 M copper(ll) ion data collected in Part B of this experiment. The
spreadsheet should include columns for elapsed time, % T, Abs, and the function, (Abs, In (Abs), or
1/Abs), that was determined to be linear in Part £onstruct a graph and perform a linear regression for
that functionvs. time.

(B.4) Determine, osfrom the slope in the regression data for both Part A and Part B and enter the values
in the table below.

[Cuzj k2,obs ko
Part A 0.010 M
Part B 0.020 M

By iznspection of the data in the table above, determine the order of the reaction with respect to
[CuT, d.

The reaction with Cii is order with respect td'JCu

Write the overall rate law for reaction (2): Rate =

Determine the value & for each reaction and write it in the table above. Include!units
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QUESTIONS
Experiment 13D

1. Consider these possible mechanisms for the nitroferroin reaction (1).

Mechanism A

Fe(pheny' (aq) + H (aq) — [Fe(phen),phenHf" (aq) (Slow)
[Fe(phemphenH}* (aq) — Fe(phen),”* (aq) + Hpheh(aq) (Fast)
Fe(pheny” (aq) + H (ag) — [Fe(phen)phenH]*" (aq) (Fast)
[Fe(phen)phenH] (aq) — Fephen® (aq) + Hpheh(aq) (Fast)
Fephef' (aq) + H (aq) — [FephenH]*" (aq) (Fast)
[FephenH]' (aq) — Fe*" (aq) + Hpheh(aq) (Fast)

Mechanism B

Fe(pheny* (aq) — Fe(phen),** (aq) + phen (aq) (Slow)
phen (aq) + H(aq) — Hphen" (aq) (Fast)
Fe(pheny* (aq) — Fephen® (aq) + phen (aq) (Fast)
phen (aq) + H(aq) — Hphen" (aq) (Fast)
FepheA' (aq) — Fe*' (aq) + phen (aq) (Fast)
phen (aq) + H(ag) — Hphen® (aq) (Fast)

a. What overall rate law would be consistent with mechanism A? Rate =

b. What overall rate law would be consistent with mechanism B? Rate =

c. Which mechanism is better supported by your experimental data? Explain your answer.

2. Compare the rate laws and rate constants for the two reactions studied. Look for similarities and
differences between the results. Based upon these comparisons, what conclusions can be drawn about the
mechanisms for the reaction of nitroferroin with copper(ll) ions? Explain your answer.
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Name Section

Partner Date

25 IN-LAB QUESTIONS &5
Experiment 13D

TURN IN THIS PAGE BEFORE YOU LEAVE LAB.

1. How accurate do the volume measurements for HCl and £h&@ to be in steps 3 and 4 of the
procedure? Explain your answer.

2. a. What color of light does the chosen wavelength of 510 nm correspond to? Why is 510 nm a
sensible wavelength choice for the red nitroferroin solution?

b. Approximately what wavelength would you expect the blue Gg8ltion to absorb?

3. Why is distilled water an appropriate blank to use for the experiment?

4. On the Spectronic 20, why do you record % Transmittance values and later calculate Absorbance from
these values, rather than read Absorbance directly from the display? (Hint: Compare the two scales on
the Spec. 20)
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PRE-LAB EXERCISES
Experiment 13D

1. Write the algebraic relationship between %T and absorbance.

2. Can you predict the values for the order in nitroferroin and copper(ll) ions based on the
stoichiometry? Explain your answer.

3. Kinetics data for the following reaction were obtained and plotted below. From these data, predict
the order of the reaction with respect to [A]. (Hint: which plot is most linear?)

Reaction: a A- products
Kinetics of aA --> products Kinetics of aA --> products
1 Abs vs. time In (Abs) vs. time
08 [N 0 \
< \ -0.5
506 N 2 T,
204 "~ T 1
< ‘N c
0.2 * -15
0 -2 ‘ |
0 10 20 30 40 0 10 20 30 40
time (min) time (min)
Kinetics of aA --> products
1/Abs vs. time
o |
o 4
o
< 3
-2
11
0
0 10 20 30 40
time (min)
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