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Kinetics order of reaction lab report

Goals Determine the rate of the law chemical reaction using the method of starting prices. To determine the activation energy by finding the speed constant value \(k\), at multiple temperatures. To monitor the effect of the catalyst on the reaction rate. The chemical reaction rate law is a mathematical equation that
describes how the reaction rate depends on the concentration of each reagent. The experimental determination of the law is usually based on two methods: the initial rates method and the graphical method. In this experiment, we use the method of initial rates to determine the reaction rate law. Before proceeding with
this experiment, you should review the sections for determining the laws of this method in your textbook chemical kinetics chapter. The reaction to be tested in the test is represented by the following balanced chemical equation: \[\ce{6I"{-}( aq ) + BrO3"*{-}( aq ) + 6HN+}( aq )-&gt;312(aq) + Br\{-}( aq ) + 3H20(l )} \label{1}\]
This reaction is running relatively slowly. The response rate is the form: \[\text{Rate} = k [\ce{I"{-}}]{x}[\ce{BrO3™{-}1"{y}[\ce{H+}}]{z} \label{2}\], where the rate value is constant, \(k\), depends on the response to start. The values for this reaction \(x\), \(y\), \(z\) and \(k\) must be found to determine the set of the law
completely. The response command values \(x\), \(y\) and \(z\), are usually small integers, although not always. The method of initial rates makes it possible to find the values of these reaction classes by triggering the reaction several times under controlled conditions and by measuring the rate of the reaction in any
case. All variables are kept constant from one perspective to another, except for the concentration of one reagent. The determination of this reagent concentration can be determined by monitoring how the reaction rate varies because the concentration of this single reagent is different. This method is repeated for each
reagent until all orders are specified. At this point, the set law can be used to find the \(k\) value for each trial. If the temperature for each study is the same, the values \(k\) should be the same. Reaction rate can be defined as the concentration reduction rate \( \ce{BrO3*{-}}\): \[\text{Response Speed} = - \frac{ \Delta
\ce{[BrO3"{-}}}\Delta t} \label{3}\] Note that that this is actually the average reaction rate over a period of time \(\Delta t\) because the concentration \( \ce{BrO3*{-}}\) and therefore the reaction rate is constantly decreasing \(\Delta t\). In this test, we can assume that \(\Delta \ce{[BrO3"{-}]}\) is negligible compared to \(
[{brO37{-}}]V), thus allowing us to harmonise our measured average rate equal to instantaneous rate. The reaction rate shall be measured indirectly by triggering a second reaction, called clock reaction, at the same time as the interest reaction. The clock reaction shall be rapid in nature to the reaction of interest and
consume at least one product of the reaction of interest. In this case, the parallel reactions are as follows: \[ \ce{6I"{-}( aq ) + BrO3*{-}( aq ) + 6HN+}( aqg )-&gt;312(aq) + Br{-}( ag ) + 3H 20( | )\quad\quad\text{slow} \label{4}\] \[ \text {(clock reaction)\quad\quad\ce{3I2(aq) + 6S203"{2-2-}(aq)-&gt; 61{-}(aq) + 3S402"{-}
(agq)N\quad\text{fast} \label{5}\] Note, that because the clock reaction is relatively fast, \(\ce{l2(aq)}\) the clock reaction consumes so quickly, if this can be caused by an interesting reaction, thus keeping the concentration at very low value close to zero. Only after \(\ce{S203"2-}}\) is fully consumed will the concentration
of \(\ce{l2}\) begin to increase. After \(\ce{S203"{2-}} \) has been consumed, the concentration \(\ce{l2}\) increases rapidly, allowing rapid response with a starch indicator, resulting in a solution that turns into a deep blue color. In this experiment, you measure the time it takes to turn a solution blue. This is essentially the
time it takes for all responsive \(\ce{S203"{2-}} \). The check in Table 1 shows that the number of moles of all reaction mixtures is the same for all reaction mixtures and relatively small for each reagent number of moles. In addition, the stichiometric calculation can be used to determine the number of moles \( \ce{BrO3"\{-
H\ reacted at the time that the entire \(\ce{S203"{2-}} \) has been consumed. By dividing the number of moots \( \ce{BrO3"{-}}\) that reacted to the total volume of the reaction mixture, we may receive a change in concentration \( \ce{BrO3"{-}}\). We can get the reaction rate by dividing the concentration change with the
time needed to display the blue color (\(\Delta t\)). The speed constant value \(k\), measured in Part A, depends on the temperature at which the reaction according to the Arrhenius equation occurs: \[k =Ae”{-E_{a} /RTNabel{6}\] where \(A)) is the frequency factor and the number of properly aligned collisions between
reactor molecules per second; \(E_{a}\) is the reaction activation energy and the minimum energy that must be present in a collision to cause a reaction; and \(R\) is a universal gas constant with a value of \(8.3145 \times 10™{-3} kJ-mol*{-1}\). Taking the natural logarithm equation \ref{6} on both sides: \[\In k= -
\dfrac{E_{a}{R} \left( \frac{1} {T} \right) + \In \label{7}\] Note that this equation is straight line \(y= mx + b\) where: \[y =\in k\] \[x= \dfrac{1{T}\] \[m=-dfrac{E_{a}}{R}\] \[b = \In A\] Therefore, if the speed constant \(k\), is measured at multiple temperatures, and \(\In k\) is drawn as \(1/T\), the slope of the resulting row allows
you to set the value \(E_{a}\). Catalysts increase the rate of the chemical reaction by creating an alternative pathway or mechanism through which the reaction may continue. Since the alternative mechanism has less activation energy than a shuttered reaction, the catalyst effect is to increase the reaction rate. To indicate
the effect of the catalyst on the reaction rate, you repeat one part A test in the presence of ammonium molybdate\( \ce{(NH4)2MoO4}\) (aq), catalyst . Materials and equipment For this experiment, the following additional points are required: stopwatch (or digital timer), hot water baths set at different temperatures
(available in the laboratory room), ice water bath (get a bucket from the base room), four 10 ml graduated cylinders (they must be divided with other groups; there are no 10 ml cylinders in the storage room to borrow) General safe students must wear safety rs at all times. Hot water baths used in part B of this experiment
may become hot enough to burn the skin. Be careful when working with them. Personal protective equipment (PPE) Laboratory kit, goggles, closed shoes and gloves are required. Gloves necessary for the handling of hydrochloric acid, iodine and ammonium molybdenum CHEMICAL HANDLING: the catalyst for the
ammonium molybdate used in Part C is known to be toxic and harmful to the environment. Caution should be exercised when handling this chemical and proper disposal is required. DISPOSAL OF WASTE: Solutions containing the ammonium molybdate catalyst used in Part C, all other solutions used in this laboratory
may sink into the sink. All part C waste solutions containing an ammonium molybddate catalyst must be disposed of in an appropriate chemical waste container. Experimental setting and procedure: Manufacture of glassware Since soap residues and other chemicals may interfere with the reaction that we monitor, it is
important that all glassware used in this test are rinsed several times with deionised water (and not soap!) before the test is ding. Also, because the production of deionized water in very energy-intensive glassware should be rinsed with a spray bottle in order to reduce waste; never rinse glassware directly under the
deionised water tap. In general, it is not necessary to dry glassware after rinsing, because most of the solutions we use are aqueous solutions. In this part of the test, you will perform four tests. In each study, you change the initial concentration of one reagent in the reaction mixture. Table 1 below summas the amount of
each reagent to be in each reaction mixture. Table 1 shows that two reaction flasks are used for each test. This is because we measure the time it takes to turn the clock's reaction blue from the moment we mix the contents of the two pistons. Observe that the total volume of each study listed in Table 1 is the same. For
example, 10,0 millilitres of water has been added to the mixture of samplel, so that it is the same as in other tests. It should also be noted that each reaction mixture is accompanied by the same amount of sodium thiosulphate. Why are these two conditions important? (There are two questions at the end of this test, you
may want to answer them immediately). Table 1: Quantities of reagents used in reaction mixtures (all volumes in ml, unless otherwise specified). Reaction mixture Flask | (250 ml) Flask Il (125 ml) 0.010 M \(\ce{KI}\) 0.0010 M \(\ce{Na2S5203}\) \(\ce{H20}\) 0.0 40 M \(\ce{KBrO3}\) 0.10 M \(ce\HCI}\) Starch 1 10040 M\
(\ce{KBrO3}\) 0.10 M \(ce\HCI}\),0 1 0.0 10.0 10.0 10.0 3-4 drops 2 20.0 10.0 -- 10.0 10.0 3-4 drops 3 10.0 10.10 -- 20.0 10.0 3-4 drops 4 10.0 10.0 -- 10.0 20.0 3-4 drops Rinse four 250 ml beakers four 10 ml measuring cylinders , a thermometer, a 125 ml Erlenmeyer flask and a 250 ml Erlenmeyer flask using the
deionised water described above in the manufacture of glassware. There is no need to dry them after rinsing, but shake them gently several times to remove almost all the water. Using four 250 ml beakers, you collect about 100 ml of each of the four reagents necessary for the preparation of the mixtures listed in Table 1.
Rinse each beaker with about 5 ml of the specific reagent solution that you store first by pouring it into the washbasin, then fill the beaker with the required 100 ml. In this way, it is not necessary to dry beakers before use. Mark each beaker appropriately. Using one 10 ml purified cylinder, measure 10,0 ml of deionised
water and transfer it to a clean 250 ml Erlynmeyer flask (flask 1). Now place one of the four pure rinsed 10 ml graduated cylinders with each 250 ml beaker containing the reagents. Rinse each 10 ml graduated cylinder in a beaker with about 2-3 ml of reagent next to it, pouring it into the washbasin. Now you should only
use these cylinders to measure the reagent in the beaker to which they are bound. Label all these graduated cylinders properly. We have already started the reaction mixture 1 for piston | listed in Table 1. Add 10,0 ml of 0,010 M reagent solution and 10,0 ml of 0,010 M reagent solution and 10,0 ml of 0,0010 M \
(\ce{Na2S203}\) reagent solution from their beakers using suitable 10 mL measuring cylinders. Now prepare the plunger for the 1 side of the reaction mixture listed in Table 1 for the plunger, connecting 10.0 ml 0,040 M \(\ce{KBrO3}\) reagent solution, 10,0 ml of 0,10 M \(\ce{HCI}\) solution and 3-4 drops of starch
indicator in a clean rinsed 125 ml Erlenmeyer flask. The next step is two test experiments: one for using a stopwatch or timer and one for mixing and twirling the contents of two flasks. Be sure that the person using the stopwatch or timer knows how to test it once or twice before continuing. Quickly pour the contents of
the flask Il into flask | and then swirl the solution to mix thoroughly. Start the stopwatch or timer as soon as these two solutions are connected. Place the flask containing the solution on a white sheet of paper and closely monitor the appearance of the blue colour of the starch iodine complex. It should take about 1-3
minutes. Stop the timer as soon as the blue color is displayed. You can register the time taken to the datasheet. Use the thermometer to measure the temperature of the reaction mixture immediately after the reaction to the nearest tenth of a degree and save this value to your datasheet. Discard the flask in the sink.
Rinse both the Erlenmeyer flask and the thermometer as described in the glassware section. Repeat this procedure again by performing the second test mixture 1. Use the \(\ce{Na2S203}\) solution to measure deionized water in a 10 ml graduated cylinder. Be sure to rinse this cylinder thoroughly with \(\ce{Na2S203}\)
before re-using it. If the measure time of this second study differs by more than ten percent from the time of the first study, repeat the procedure again. If, after three tests, you are still unable to get two response times that differ by less than 10 percent, check out your instructor. Now repeat this procedure for the other
three mixtures listed in Table 1. Only one test must be carried out for each mixture. Compare the time gained for each mixture with the times obtained by the other teams. Repeat all tests if the response time differs significantly from those of other teams. Save this data to your datasheet. Do not forget to measure the
temperature immediately after each test. Part B: Determination of reaction activation energy Prepare the flasks | and Il in accordance with Parts A using the quantities given for mixture 1 in Table 1. Prepare an ice bath and enough water to fill the rooms between the ice pieces in a small ice bucket from the ice. Insert the
thermometer into a 250 ml Erlenmeyer flask. (Do not move the thermometer to another flask or you may accidentally mix some reagents). Place both flasks in an ice water bath carefully and wait for the temperature of the contents of the 250 ml flask to reach about 3 °C. Remove the flasks from the ice water bath and
pour plunger 2 quickly. Swirl the solution thoroughly to mix it thoroughly. Start the timer as soon as you connect the two solutions. The flask containing the mixed solution is kept in an ice bath and carefully observe the appearance of blue paint. It should take about three to eight minutes. In the case of cold solution, a pale
blue colour may initially appear and then become darker. Stop the timer as soon as this pale blue color is displayed. On the datasheet, indicate the elapsed time and final temperature of this mixture. Discard the flask in the sink. Rinse both the Erlenmeyer flask and the thermometer as described in the glassware section.
Two further tests shall be carried out on Part B at elevated temperatures using the hot water bath next to the laboratory room instead of the residual water bath. Each test must be carried out on the quantities given for mixture 1 in Table 1. Both flasks are heated in a hot water bath until the temperature in the 250 ml flask
reaches approximately 30 °C (x5 °C) in the first elevated temperature study and about 40 °C (x5 °C) in the second elevated temperature study. You may need to hold or hold the plunger so that your contents do not become jailed during hot water bath heating. When the appropriate temperature is reached, remove the
flasks, mix the contents and record the time taken to appear in the blue colour. The final temperature of the reaction mixture shall be recorded as before. Discard the contents of the flasks in the sink. The flasks and thermometer shall be rinsed as before. The flasks | and Il shall be prepared according to Part A using the
guantities given for reaction mixture 1 in Table 1, but this time one drop of 0,5 M ammonium molybdate, \(\ce{(NH4)2MoO4}\, is added to the reagents of the flask Il. Quickly pour the contents of the flask Il into flask | and then swirl the solution to mix thoroughly. Start the timer as soon as you connect the two solutions.
Place the flask containing the solution on a sheet of white paper and ensure that the blue colour of the starch iodine complex appears. In that case, it should happen very quickly. On the datasheet, indicate the elapsed time and final temperature of this mixture. Pour the contents of the flask into a suitable chemical waste
container. The contents of the piston containing the catalyst must not be poured down from the sink. Rinse the flask, which the catalyst added well. Name: pusivuse for confirmation between tests): Test mixture 1 elapsed time (es) Temperature (°C) Notes / observations 1 2 3 (if applicable) Average data for
mixtures 1 to 4: past time of reaction mixture (times) Temperature (°C) Notes / observations 1 (average 2 3 4 Initial reagent concentrations after mixing: (to calculate values, use the \(M_{1}V_{1} = M_{2}V_{2}\) reaction mixture \([\ce{S203™2-}}]_{0}\) (M) \([\ce{I{-}}}1] _{O})) (M) \([\ce{BrO3*{-}}]_{0}\) (M) \
(N\ce{HM+}}}1_{0}) (M) 1 2 3 4 Show below sample calculation showing how you have entered the value entered in the first cell : Based on the stoichiometry of the formulas \ref{1} and \ref{4} , \(\ce{S203"{2-}}\) is consumed for each ___ muti(s) who react. Therefore, the relative rate of \(a\) and \(b\) in the expression: \(--
\frac{1}{a} \frac{\Delta [\ce{BrO3*{-}}]H{\Delta t} = -\frac{1}{b} \frac{\Delta [\ce{S20 3*{2-}}}}{\Delta t} \) is \(a\) = and \(b\) = Use the concentration and time data of your previous page to calculate the rate which \(\ce{S203"{2-}}\) is consumed in all four of your mixtures. Then use the values in the expression
\(a\) and \(b\) above to specify the corresponding initial response rate ,,\ Relative response rates: reaction mixture \(--\frac{\Delta[\ce{S203"2-}}{\Delta t }\) (Mts-1) \(\frac{\Delta [\ce{BrO3"{-}}}}]{\Delta t}\) (Mts-1) 1 2 3 4 Show below trial calculations, to illustrate how you reached the reaction mixture values 1: Summary
of the socialism results of the initial rates method: (copy the appropriate values from the tables on the previous two pages) reaction mixture \([\ce{I*{-}}]_{0}\) (M) \([\ce{BrO3"{-}}]_{0}\) (M) \([\ce{H™{}}]_{0}\) (M) Rate (M£s-1) 1 2 3 4 Use the initial rates method and the corresponding data in the table above to determine the
order of each reactor according to the equation \ref{2} and indicate below the test rate law. Clearly show all your calculations, including which mixtures you used. Reaction sequence \(\ce{I{-}}\): \(x\) = __\: Reaction sequence \((\ce{BrO3"{-}}\): \(y\) =\ Response Order \(\ce{H+}}\): \(z\) =_ Using the experimentally
determined set laws of the previous page, defines the value of the constant, \(k\), each of the four reaction mixtures and the mean value of \(k\). Value and units Rate Constant, \(k\) : Reaction mixture 1 2 3 4 Value \(k\) Show sample calculations below to illustrate how you set the value \(k\) mixture 1: mean value \(k\):
___Units \(k\)):___In this section we use the data collected in parts A and B of the mixture 1 to determine the activation energy value, \(E_{a}\), for the reaction. Fill in the following table using the test data and calculated values obtained in part a and b of the test. Add your additional calculations separately on the back of
the laboratory report. Be sure to specify the speed constant value \(k\), for each temperature mentioned below, and give the appropriate units (the mean value specified in Part A \(k\) applies only to the room temperature record below). Summary of reaction activation energy determination results: Ice water room
temperature* Approx. 30 °C About 40 °C Mixture temperature, \(T\) (°C) Mixture temperature, \(T\) (K) Elapsed time (id) \(--\frac{\Delta [\ce{S203"{2-}}]H{\Delta t}\) (Mts-1) \(--\frac{\Delta [\ce{BrO3"{-}}}]{\t}\) (Mzs-1) Constant speed and units, \(k\) \(\In k\) (no units) \(1/T\) (K-1) * Use part 1 to use the room temp. Your
graph should have a suitable title and axes with the appropriate scope. Add the most appropriate line to the data you've drawn with the Excel trendline feature, and have Excel display the equation of that row and its R2 value. Send this graph with your report. Use this graph to determine the value of activation energy (\
(E_{a}\) and its reaction frequency factor \(A\) (be sure to add the correct units for each!). Let me see your calculations. Calculations: \(E_{a}\):____E___ (A\): Questions The volume of reagents listed in Table 1 varies one by one, except for the volume of sodium thiosulphate, which is the same in each study. Why do we




keep the same amount of nathaniel in every study? In Part A, even if the concentrations of reactors are altered in each study, the experimentally determined values of the speed constant for each test should be quite similar. Why is that? How do the results in Part B also support your answer to the previous question?
What is the qualitative relationship between the reaction rate and temperature obtained from the results in Part B? Can you give a physical explanation to explain this? What's going on at the molecular level? How does the presence of a catalyst affect the activation energy of this reaction based on the results of Part C?
What additional test could you do to determine the value of the activation energy for the catalyzed reaction? What is one problem you could face if you performed the test you described in your answer to the previous question? How could you try to get over this problem? Let's say the student prepares a response mixture
2 (see Table 1 in Part A). mix the contents of reaction flasks 1 and 2, taking 75 seconds to appear blue. After mixing, the initial concentrations of the reactors are calculated. For example, the concentration of \(\ce{S203"{2-}}\) is calculated as follows: \[ [\ce{S203"2-}}] = \frac{(0.010 L) (0.0010 \frac{mol}{L})}{(0.050 L)} =
2.0 \times 10M-4} M \] \(\ce{I{-}}]) \ [\ce{BrO 3-}]\) = \([\ce{H+}}]\) = calculate the initial response rate (\(--\frac{\Delta [\ce{BrO3"*{-K\Delta t} \)) in \(\\frac{mol\ce{BrO3"{-}}}{L\cdot s}\). Let's say the time required to turn 1 blue is 145 seconds. Calculate the initial concentrations of the reagents after mixing reaction
mixture 1 and use the initial rates method to determine the reaction sequence,\(x\), in relation to \(\ce{I*{-}}]V). \(N\ce{I{-}]V).
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