Kinetics of the Reaction of Ascorbic Acid and Dichloroindophenol?:
Stopped Flow Kinetics

Purpose: Determine the order of the reaction, the rate @msit 25°-55°C, the activation
energy, and the pre-exponential factor for thetiea®f ascorbic acid with 2,6-
dichloroindophenol.

Introduction

Ascorbic acid, vitamin C, is an important nutiti¢hat is present in many foods. About 10mg of
the vitamin per day is necessary to prevent scifitgmin C is easily oxidized, especially in
neutral or basic solution so that it may be used fa®d additive for its antioxidant properties.
Because of the ease of oxidation of ascorbic @cidacts with air making it difficult to preserve
in foodstuffs. The analysis of ascorbic acid israportant analytical problem. The first method
devised to determine vitamin C in foods is the retiimation with 2,6-dichloroindophenol
(DCIP). The oxidation of ascorbic acid yields defoascorbic acid:

OH OH
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ascorbic acid dehydroascorbic acid 1

DCIP is blue in neutral solution and pink in acidadution. The reduced form is colorless, so the
endpoint of the titration is signaled by the appeae of a faint color. The DCIP reaction is also
suited to automated analysis techniques basedemtrephotometry, such as flow injection
analysis. In flow injection analysis the rate of tieaction is an important parameter. The DCIP
reaction is sluggish enough that careful attentrust be paid to analysis conditions. This
experiment is designed to study the kinetics of@k#P-ascorbic acid reaction.
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Figure 1. Stopped flow apparatus
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While the reaction of ascorbic acid with DC#%slow enough to be a problem in analytical
determinations, it is too fast to study by cladskoaetic measurements. In this experiment we
will use the stopped flow technique. In the stopfbed technique, the reagents are mixed
rapidly in a special spectrophotometer cuvettedoging the solutions from syringes through jets
in the cuvette mixing chamierThe flow of reagents is stopped suddenly andithe course of
the reaction is monitored spectrophotometricaligFe 1).The limiting factor in the observation
of fast reactions is the mixing time, the half-tiofehe reaction must be larger than the mixing
time3. Hand operated stopped flow systems are availaithemixing times near 20msec.

Theory

Under the circumstances of this reaction the lasedf the disappearance of DCIP may
be written as:

DCIP
ﬂdCT] = k [Ascorbaté] [DCIP]" 2

where p is the order of the reaction with respeesdcorbic acid and n is the order of the reaction
with respect to DCIP. In this experiment the coriaion of ascorbic acid will be greater than
the concentration of DCIP and Eq. 2 can be rewrititeisolate the rate dependence on just the
DCIP:

d[DCIP
JT] = keff [DC|P]n 3

where k¢ = k [Ascorbate]. We will not be able to determine the order withpgect to ascorbic
acid in this experiment. However, we will be aldedetermine the reaction order with respect to
DCIP based on on Eq. 3.

First order behavior gives rise to a time cotiosehe reaction that obeys the relationship:

DCIP
N {DCIPjy)~ Her t 4

where [DCIP} is the initial concentration and [DCIP] is the centration at time t. Second order
behavior for DCIP shows the time course:

1 1
[DCIP] ~ [DCIP], — Kefft 5

In the temperature range near room temperaturegdation has been found to follow Arrhenius
behavior:

where Ris the activation energy and A is the pre-expoméffaictor. Taking logs to convert the
equation to linear form:
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Appropriate plots of equations 4-7 will allow thetdrmination of the reaction order, the rate
constant as a function of temperature, and theaain energy for the reaction.

In this experiment, absorbances will be usedHermlots to find k, instead of concentrations.
Using the Beer-Lambert law at time t:

ADC|p =ab [DC'PJ 8

where Axcip is the absorbance of DCIP, a is the molar absasbeoefficient at the chosen
wavelength, and b is the path length of the cédle Total absorbance of the solution is the sum of
the absorbance of the DCIP and any other absodpegies,

A = Apcip + Apig 9

where Aygis the background absorbance of any other spdniesldition, if the cuvette position
is changed slightly, the background absorbancebeilthanged slightly. #y will also include
these small changes from run to run. If the astag of the reaction, t=0, with DCIP
concentration [DCIRjand at infinite time with concentration [DCIPve find:

Ao = a b [DCIPh+ Apg A, =a b [DCIP) + Apkg 10
Assuming that [DCIR}= 0 gives:

[DCIP]  A-A, "
[DCIPlo ~ Ao - Ax

substitution into equation 4 gives for a first-argeocess:

oA 12
NCag-A, )=°
or.

IN(A-A)=-kt+In (A - Ay ) 13

Multiplying equation 5 by [DCIR] and substitution of equation 9 gives for a secorbr
process:

1
TA-A Y 1= [DCIPpk t 14
(AO'ij
or
1
TA-AL =[DCIPLkt+1 15
[AO'ij

In summary, equations 12-15 show that absorbanegmused instead of concentrations for
kinetics curve fitting.
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Procedure

Equipment

Hi-Tech stopped flow accessory

Ocean Optics Diode Array Spectrophotometer
Circulating water bath

500 ml volumetric flask

200 ml volumetric flask

4x 50-ml volumteric flasks

2x 10, 15, 20, 25-ml volumetric pipets

4x 30-ml beakers

long stemmed funnel

Stock solutions:
500 ml of pH 7.4 phosphate buffer (see Lange'sdHaak or the CRC for
concentratiorfy
100 ml of 1.0 x 18 M sodium dichloroindophenol in pH 7.4 buffer
200 ml of 1.0 x 18 M HCI

Prepare a dilution of the DCIP stock solutiosing the volumetric glassware listed above, to
produce a 5x18 M solution of DCIP in pH 7.4 buffer. (Remembertttize solutions will be
mixed in equal volumes in the stopped-flow cuvdtias halving their concentrations). Fill one
of the stopped-flow reservoirs with 5x4® DCIP and the other with deionized water. Practice
your injection technique with these solutions. Adltermine the absorption spectrum of the dye
using these solutions. Instructions for the usthefOcean Optics Spectrophotometer are in the
Appendix. Find the maximum wavelength of absorptldse this wavelength for the following
kinetic runs.

Prepare a stock solution of ascorbic acid $h&8t@x163M in ascorbic acid in 1.0x1®M HCI
of 200ml volume. The stock solution is made upilatd acid to retard air oxidation of the
ascorbic acid. Keep this stock solution in theigeftator for the same reason.

Prepare a dilution of the ascorbic acid stodktsm using the volumetric glassware listed
above to produce a concentration in the range6f1D:3M to 3.2x 103M of ascorbic acid in
1.0x103 M HCI. In making up this solution dilute with 1.@03 M HCI in a 50-ml volumetric
flask. Do a kinetics run at 25°C. The total timelo# reaction should be about 6-10 sec. If total
time of the reaction is not in this range, adjhst ¢oncentration of ascorbic acid accordingly. Use
volumetric glassware and dilutions as above. Reh édution_immediatelyafter preparation to
avoid air oxidation of the ascorbic acid. Instrans for use of the stopped-flow accessory follow
this write-up. The minimum cycle time for the spephotometer is 0.1 sec. Save the data file
and make a printout of each successful run. Tabtiet time trace of the 25°C run.

Using the concentration determined in the ltegt,<do at least three kinetic runs at roughly
10°C degree intervals above 25°C. Make up fresbrag acid solution in 1x1®M HCI
immediately before each run.
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Calculations

Using equations 12 and 15, determine the reactider and the rate constant for the 25°C run
(only). Check that your fit value agrees with ttadue calculated by Logger Pro. Report both
values and their uncertainties. Using the rateteors as a function of temperature determine the
activation energy for the reaction and the pre-eepdtial factor. In your report include the two
plots that you used to determine the order foréaetion and your Arrhenius plot. Include the
uncertainties from the least squares curve fittlge propagation of errors rules to report the
uncertainty in the activation energy and the prepeeential factor.

Derive equation 11 from equations 9 and 10. disc¢he predominant experimental error in
your measurements. Discuss the chemical signifeanthis experiment in general and your
results in particular.
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Operation of the SFA-11
Stopped Flow Accessory

There are two positions for the three-way taps.

In position 1 the operating lever points
horizontally towards the syringe, in position 2 r—gg
the lever points vertically downwards.

Position 1 Position 2

There are two positions for the three-way tapgdsition 1 the operating lever points
horizontally towards the syringe: in position 2 {ever points vertically downwards.

1. Fit the open reagent reservoir syringes todps tonnected to the drive syringes, and fit the
waste syringe complete with piston, to the tap eoted to the stoppping syringe. Half-fill the
open syringes with their reagent solutions.

2. Turn all taps to 1. Push and pull rapidly editie syringe piston so as to fill the drive
syringes and expel air bubbles. Pull the drivenggr pistons out as far as possible. Push the
stopping syringe piston in as far as possible.

3. Turn all taps to 2. Push firmly on the drivatp. The best way to do all this is to squeeee th
drive plate and the stopping block firmly togethesing the thumbs and first fingers of both
hands, one on each side.

4. Turn all taps to 1. Push the stopping syringas far as possible, and pull the drive syringe
pistons out as far as possible.

5. Repeat 3 and 4 a few times with the taps sktaish and pull the waste syringe to and fro,
so as to expel all the air bubbles.

6. To prepare the unit for a run, now that allmibbles have been expelled, turn all taps tdl1, fi
the drive syringes and empty the waste syringdill Ree reservoir syringes as required to
prevent further air being drawn in.

7. To perform a run, turn the taps to 2, startcthert recorder and data-capture system, and
squeeze the drive plate and stopping block firmgether. The spectrophotometer signal may
vary slightly with how hard this squeeze is. Feproducibility adopt the same procedure for
each run. If the run is complete in less than raute or so, keep squeezing until the reaction is
complete. If the reaction is slower, release tlesgure as soon as the flow stops.

Spectrophotometer Response Time

A useful check on the spectrophotometer and dgiaseasystem response time may be obtained
by observing the initial part of the run. At thars of the push the old, reacted solution is swept
out of the sample cell in about 20 millisecondg] drere is a rapid absorbance change as the
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new, unreacted solution comes in. The observed fimthis process will be the response time
for the spectrophotometer and the data-capturersystvhich is normally much greater than 20
milliseconds.

After Use

The flow circuit should be neutralized by washihgptugh with distilled water and, ideally,

flushed with air, nitrogen or acetone.

All the syringe pistons should be pushed righbmremoved if the accessory is not to be used for
a long period of time.

Application of a hot cloth will usually free a studrn piston seizure.



Stopped Flow 8

Ocean Optics Spectrophotometers with Vernier Data Acquisition Softwar e | nstructions

Introduction:

The absorbance of a sample is given as A {Iﬁgg

where } is the intensity without sample present and hesintensity with the sample in the light
path of the spectrophotometer. This calculatiodose at each wavelength in the spectrum. The
value of | depends on wavelength and must be determined dgnpl a reference or blank
sample in the instrument. The terms reference #ntkkare used interchangeably. The reference
is usually a cuvette filled with only the solventtbe buffer for the experiment. The process of
acquiring the reference spectrum is called calibmnatn Logger Pro. Every time you switch
solvents or buffers, a new reference spectrum nbasttaken, so the instrument must be
recalibrated.

|. Getting Started and Calibration

1. Start the LoggdPro 3 software.

2. The spectrophotometer should be automaticatiygieized by the software showing the colors
of the visible spectrum in the data window with Wkangth as the horizontal axis. If the visible
spectrum is not displayed, select Connect Interfa@pectrometer— Scan for Spectrometers
from the Experiment menu.

3. Select Set Up SensorsSpectrometer: from the Experiment menu. The Spewter dialog
box will be displayed. Set Wavelength Smoothin@ tind Samples to Average in the 30 to 2000
range. Use more Samples for more precise absorhafhgeu are using regular plastic cuvettes,
set the wavelength range to 350 — 850 nm; UV mastvettes, set the wavelength range to 260-
850 nm; or UV quartz cuvettes, set the wavelengtige to 200-850 nm. The Integration time
will be set for you automatically when you do tladilaration in the next step. Click on Close.

x

S pectiometer E

05 Wersion: 2041000 Driver: 51108
Senal Mumber; USBZ2E 32340

Integration Time: I21 13
“Wavelength Smoothing: ID
Samples to Average: |3':I

wiavelength Range: |35U ; ISEEI fm

Help | Restore Defaultsl Cloze |

Figure 1. Settings for fast analysis with regullaspc cuvettes or work in the visible range.

4. To calibrate the Spectrometer, choose Calibrapectrometer from the Experiment menu.
The calibration dialog box will display the messaf#aiting...60 seconds for lamp to warm
up.” (see Figure 2) The minimum warm up time is amaute.NOTE: For best results, allow
the spectrometer to warm up for at least five minutes. Following the instructions in the dialog
box to complete the calibration, use a cuvettedilabout % full with the solvent or buffer for
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your reference, as instructed. Check to make siradn-frosted, clear sides are in the light path.
The cuvette should be inserted all the way throtighcell holder. You should feel that the
cuvette is gently, but firmly, held in place sottlyau cannot twist the cuvette. Click Finish
Calibration and then click OK.

Calibrate Spectrometer X|
‘Waikting 32 seconds for lamp ko warm up... Skip Warmup

Place a blank cuvette in the device: Fimish Calibration |

" Disable Calibration {Use Raw Yalues)

Help | (a4 | Cancel |

Figure 2. Calibration stores a reference spectrum.

After the first calibration, the lamp should be ma&d up enough that you can skip the warm-up
period on subsequent calibrations. The processabbration sets the integration time for
maximum sensitivity and also stores a referencetapa.

I1. Measuring Absor bance Spectra
1. Replace the reference cuvette with your san@ilek on SLalect ang the SEM 5o

2. You can read the absorbance using the Examuwie lig clicking oné. Then move the
cursor along the spectrum. The wavelength and bbeoe will be displayed in the new dialog
box in the data window, Figure 3. Determine the elergth of maximum absorbance. Use this
wavelength throughout your experiment.

30
s 400 6 Ay 0000

Figure 3. Spectrum ofCrystaI Violet with the ExamiTool.
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3. Expanding the Axes: If you need to expand the x or y axis to see ygacsum better, use
one of three methods:

Automatic scaling: Click on the Autoscale ict Eﬁ'ﬁ .
Using the cursor: Position the cursor over the axis you want toagxp The cursor will
change shape, Figure 4. Drag the mouse to chaagedhe expansion.

O.‘l—_ \

¢

[Click and drag to stretch ¥ axis]

0.0

A hn Figure 4. Move the cursor over the axis to cleahg axis scale.

Direct input: Click near the maximum or minimum of the axis yoantvto change. A dialog
box will appear, Figure 5, and you can the typthevalue that you want for the scale limit.

Click to edit v min

Figure 5. Click near the axis maximum or minimwshow the dialog box.

When working with multiple samples, you may chots@lot each spectrum separately or you
can overlay successive spectra. Normally you @ohespectrum separately.

Plotting each spectrum separately:
4. Save the data file to the disk by pulling dothe file menu and choosing Save As...
Save your data files to the Documedisectory.

5. Pull down the Data menu and choose Clear AlaDat

6. Replace the cuvette with another sample. You negd to calibrate again if there is a
different reference solvent or buffer for the nemgple. Return to step 1.

Overlayed Spectra
4. If you wish to overlay several spectra, chootmmeSLatest Run from the Experiment
menu. This step allows you to overlay the next spat on top of the current spectra, with
all showing. However, this step does save the data file to the disk.

5. Replace the cuvette with another sample.

6. When you click on Collect this time, if you dimbt store the latest run to set-up for
overlayed spectra in step 3, you will get a didlog:
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x
Starting collection now will erase the latest data, Wwhat would wou like to do’?

Store Latest Flun I Erase and Continue | Append To Latest | Cancel |

To overlay the next spectrum on top of the lastspeclick on Store Latest Run.

7. If you overlay your spectra, remember to saug yombined spectra to disk. To save the
data file to the disk pull down the file menu arose Save As... Save your data files to
the_ Documentslirectory.

8. If your spectrum is noisy, you can increasestitéing for the number of Samples to Average in
step 1.3 and retake your spectrum. Alternativeby gan use spectral smoothing. Spectral
smoothing averages together adjacent data poiatapply spectral smoothing, choose New
Calculated Column from the Data menu. Enter “Attess Name, “A” as the Short Name, and
leave the units blank. Absorbance is unitless. Bheformula for the column into the Equation
edit box, by choosing smoothSg from the functiomnhmand “Absorbance” from the Variables
menu, as shown below. CIi{ pone |,

x|

Column Defintion | options | Data Sets |

r~Labels and Units:

Mame: IA j
Shart Mare: IAl j Urits: I j

—Equation:

IsmoothSG("Absorbance")

Functions = Yariables {Columns) = Parameters =

™ Display during Live Readouts

Click on the y-axis label. Choose “A.” A graph ohgothed absorbance will be displayed.

0.25 0.25
. 0.20 0.20
% ]
s )
= u
g 015+ < 015
(=]
3 § 1
o107 0.10
0.05+ 0.05
T T T L B I B e e B e T S
400 500 500 700 800 400 500 600 700 800
< Wavelength (nm) = “ Wavelength (nm) =

Figure 6. Spectral smoothing decreases the appeacdmoise.

To finish up, see section |V below.
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I11. Conduct a Kinetics Experiment (Absorbance vs. Time)

1. Click on the Configure Spectrometer Data Cdilkecicon, [\ located on the right hand side
of the toolbar to open the Configure SpectrometalTollection display.

2. Click Absvs. Time (under the Set Collection Mode). Click oredir Contiguous Wavelengths
as a Single Range. The wavelength of maximum abscebwill be automatically selected. First,
if you don’t want to use this automatic wavelengitess the Clear button. We want to average
over a range of wavelengths for better precisioigufe 7. To average over a range of
wavelengths, drag the mouse on the spectrum tatsibe analysis wavelengths. You should
select at least 5 wavelengths on both sides aflsamum. In choosing a wavelength range, you
should choose a narrow enough range that the absmebs relatively constant (i.e. a relatively
“flat” region near the maximum). Alternatively yaan Scroll the Select Wavelengths list box to
a wavelength near your absorbance maximum and dh&aon about 5 wavelengths on both
sides of the maximum. Click OK.

Configure Spectrometer Data Collection il
—Select Wavelengths (10): —
05 EA| .

i [~ 584.2 nm J
O 04 Ekl [~ 584.5 nm
8 043 [~ 5849 nm
m o E.Lnl [~ 585.2rm
= 07 [~ 585.5mm
3 [~ =85.9 nm
::?: 0.1 [~ 586.2 rm
00 |v 586.5 nm
oo : I : | ' I ¥ 586.9rm
300 500 700 00 ¥ 587.2 im

< Wavelength (nm) = ¥ 5a7.6 m -
¥ 587.9rm
[v Treak Contiguous Wavelengths as a Single Range Iv 588.2 im
Set Collection Mode: IV 588.6 nm
v 588.9rm
" abs vs Wavelsngth ™ Abs vs Concentration ' Abs vs Time ¥ 589.2 i
Columm [ame; I Concentratian j g g:gg nm
.9 nm
Shiort ame: IConc j Uitz ImoI,I'L j [~ 90,2 im

I™ 580.6 im |

Help | Clear | 0K I Cancel |

Figure 7. Averaging over several wavelengths taiodbetter precision.

3. Click Data CoIIectiorE@u. Choose a Length and seconds per sample as segigeshe lab
writeup, Figure 8. You will probably need to charlgese settings to fit your own particular runs
after your first trial data set. If you don’t hasegood idea which values to set, try a Length of
500 sec and 4 seconds per sample as a starting @bak Done.
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Data Collection x|

Collection | Triggeting I

Mode: |Time Based | I Repeat

J V¥ Sample at Time Zero
-

Length: | 500 seconds
? I I Triggering is disabled
Sampling Rate:
Slow ﬂ J ﬂ Fast
I 0.25 samples/second I 4 seconds/sample
[~ Owersampling Samples to be Collected: 126
Tables and Graphs will be updated during collection.
=
=
Help | Dane I Cancel |

Figure 8. Setting the sampling time interval artdltexperiment length.

5. You must perform a calibration as described aboart I.

6. Add the correct volume of your final reagentti® cuvette. Immediately click on the
Bcelet hytton. You will probably need to autoscale thexigsdoy clicking on A

6. When an appropriate time has elapsed (see tatohd), click on th&top button.

7. Save your data file to the Documents directory.

8. Analyze your data using the instructions below.

9. To run another kinetics trial, select Clear ddta from the Data menu.

10. To return to taking full spectra, click on tBenfigure Spectrometer Data Collection icon,

I}l. Click Absvs. Wavelength (under the Set Collection Mode). Cl@K. You can then return
to section I, above.

V. Finishing up

1. Make sure to rinse your cuvettes three timeb raagent grade water. Remembertoanove
the cuvette. Don't stick anything sharp into theettes.

2. Make sure the area around the spectrometezas end dry.

3. Please unplug the spectrometer’s transfarifilee deuterium lamp in the spectrometer has a
limited lifetime and replacements are very expessiv
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Kinetic Data AnalysisUsing Vernier Software.

Outline: Absorbance is proportional to the concentratiothefreactant, A €bc, wheree is the
molar absorptivity (or extinction coefficient) abds the path length (Beer’s law). Absorbance
will be used in place of concentration in plottihg following three graphs:

« In Absorbancers. time: A linear plot indicates farst order reaction (k = —slope).
« 1/Absorbancers. time: A linear plot indicates second order reaction (k = slope a b),

The integrated rate law equations assume thatiheeatration, and therefore the absorbance of
the solution, approaches zero for long times. Harewisalignment of the cuvettes and
differences between the reference cuvette andaiimgle cuvette can cause an offset. To do the
kinetic curve fitting this small offset must firsé subtracted from the raw absorbance data.

1. Use the following instructions to subtract dffset. Care must be taken to avoid zero or
negative values, since the logarithm of zero cegative number is undefined. LoggerPro
skips these points in its plots, so your plot mayorse than it appears when some of the
points are missing.

a. Use the mouse to highlight the long-time, flattion of your plot then click on the

1
Statistics icon,'Er}m?. The mean of the selected data points will bedisRecord this value as
Aoo.
b. Choose New Calculated Column from the Data menu
c. Enter “A” as the Name, “A” as the Short Named éeave the unit blank. Absorbance is
unitless.
d. To enter the correct formula for the colummitite Equation edit box, choose
“Absorbance at....” then subtract off the long tins@bance value, A In the Equation edit
box, you should now see displayed something-hksorbance at 588.0-592.4 nm"-0.0532. Click
[ pone ],
e. Click on the y-axis label. Choose “A.” A graphcorrected absorbanes. time should
now be displayed.

2. Follow these directions to create a calculatddmn, In A, and then plot a graph of Invé&
time:

a. Choose New Calculated Column from the Data menu.

b. Enter “In A” as the Name, “In A” as the Short Namaed leave the unit blank. A
logarithm is always unitless.

c. To enter the correct formula for the column inte Equation edit box, choose “In” from
the Function list. Then select “A” from the Variabllist, if you did the offset correction in
stepl. If you didn’t do the offset correction, themlect the entry that is similar to
“Absorbance at 588.0-592.4 nm.” In the Equation edit box, you should now se@ldiged:
In(“A”) or In(* Absorbance at 588.0-592.4 nm”). Click[ Dpone |,

d. Select Additional Graphs Strip Chart from the Insert menu. Click on the ysdabel in
this new Strip Chart. Choose In A. A graph of Is@atbancess. time should now be
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displayed. Autoscale the y-axis by clicking Eﬁh To see if the relationship is linear,

click the Linear Fit buttor<.

You will probably have some values in the long tipeetion that will make it difficult to

get a useful vertical axis scale. To avoid plottingse points, in the data table scroll down
to the bottom of the table and locate the firstatieg A value. Click on the row number
one or two rows before the first negative A vallieen shift click on the last row in the
data table. Pull down the edit menu and choosék&sTrhrough Data Cells.” Those
chosen cells will no longer be plotted and Autascathe plot should work better to help
you set the vertical axis expansion, Figure 9. ¥an also select rows in the data table by
using the mouse to drag over the correspondingeranthe data plot.

o :
-2+
4 o
T 5]
<L ]
F=
-6 Linear Fit for: Latest | In& . - [ Linear Fit for: Latest | In&
y = mt+b oA v = mt+b
m (Slope): -0.005273 ] )
b (¥-Intercent): -1.035 1| m (Slope): -0.003908
-8 Carrelation: -0.5595 4| b {(¥-Intercept): -1.396
RMSE: 0.6753 -5 Correlation: -0.9960
H{| RMSE: 0.07314
_10 T | T | T | T | J 1 T | T | T | T |
] 200 400 600 800 ] 200 400 600 &00
< Time(s) = (16, -1.46) S Time (s) =
b.

Figure 9. (a) Noisy points at the long-time endseaa large scale range. (b) The Strike

Through Data Cells option is used to avoid plottamgl fitting values at the end of the
kinetics run where noise dominates. Notice theesisaéxpanded almost by a factor of
two.

The very long-time behavior of your plot may besyoand may have some curvature,
Figure 10. This curvature may be caused by not kmpihe exact Aoffset from step 1,
above. You can narrow the range for the linearetitwy dragging the ] at the right-hand
side of the plot. However, keep the fitting intdraa wide as possible. (If the ] handle
isn’t showing, remove the current curve and fitiagdJse the same time interval when
comparing the curve fit for the 1/A vs. time phat,make a fair comparison. Alternatively,
you can adjust the Ain the calculation for the A column to get a lontieear range. You
can edit the formula for a column by double clickthe column label in the data table.
Adjusting the offset also makes a fair comparisimce the same offset is used in both
curve fits. However, make sure that this hakes sense (i.e. estimatg By eye and

check your result). Choosing an incorregtvaalue can distort the data plots so that you
end up choosing the incorrect order.
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In A vs. time
-
'I/.'
g 27
i
1 ==
4 Linear Fit for: Latest | In&
Y = mi+h
4= m (Slope): -0.3005
b (Y-Intercept); 016833
Correlation: -0 9995
RMSE' 0.02958
_6 T T T T | T T T T | T T T T |
0 5 10 15
(6.52, 0.95) “ Time (min) =

Figure 10. Kinetics plot with a shortened time manghe A, offset used was too large
producing curvature at the very end of the plot.

g. Print a copy of your graph. Be sure the linearesgion curve is displayed on the graph, as
well as the regression statistics box. Recordithalues and the correlation coefficient.
Remember that the closer the correlation coefftdeto 1.0 or -1.0, the better the fit.

h. If you used the Strike Through option on any da&léscyou can include any of those
excluded points again by highlighting the datascellthe data table and pulling down the
Edit menu and choosing “Restore Data Cells.”

3. Follow these directions to create a calculatddmn, 1/A, and then plot a graph of V&
time:

a. Choose New Calculated Column from the Data menu.

b. Enter “1/A” as the Name, “1/A” as the Short Named deave the unit blank.

c. Enter the correct formula for the column into thegBtion edit box: to do this, type in “1”
and “/”. Then select “A” from the Variables lish the Equation edit box, you should now
see displayed: 1/“A”. Clic[ pone |,

d. Select Additional Graphs Strip Chart from the Insert menu. Click on the ysdabel in
this new Strip Chart. Choose 1/A and uncheck ahgrdboxes. A graph of 1/8s. time

should now be displayed. Autoscale the y-axis kitig on Eﬁ To see if the

e. If you have a few data points in the long timew'['dmlthat are very different from the rest
of the data points due to noise in the data, it beglifficult to get a useful y-axis scale
expansion. You may use the instructions in stefp 28trike Through” a few more data
points.
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f. When you compare the In A and 1/A plots, use timeesame interval for your linear fit as
you did for the In A fit. Make sure to expand thecale so the y-values during the chosen
time interval cover the full y-axis. In other wordise long time y-values can be off scale.
By greatly expanding the y-axis you will be betbte to judge the linearity over the
chosen time interval in a comparable scale expartsigour In A vs. t plot, Figure 11.

300 o = ]
] W= | Linear Fit for: Latest | 1/A
Linear Fit for: Latest | 174 y = mtth
y = mt+b fO——| M (Slopel 0.07416
. i m (Slope): 0.07416 1 b (Y-Intercept): -4 524
Y2007 b (Y-Intercept): -4 524 1 | Correlation: 0.9142
] Correlation: 0.9142 40— RMSE: 6.838
] RMSE: 6.838
I i 3
100
i ] 20—
0 T T T T T T T | 0 ! | | ! | ! |
o] 200 400 800 300 0 200 400 600 800
= Time (s) = = Time (5) =
a. b.

Figure 11. (a.) The y-axis range is too large bseaif noisy points at the long-time end. (b.)
Expand the y-axis scale to get a comparable viethddn A vs. t plot (compare with
Figure 9 at right).

g. Print a copy of your graph. Include this graphauyreport. Be sure the linear regression
curve is displayed on the graph, as well as theessgpn statistics box. Record the fit
values and the correlation coefficient.

4. Copies of the plots should be in both partniats’notebooks. Report the order and rate
constant, k. Make sure to include b&thA vs. t and 1/A vs. t plots in your report, cénthe
comparison between the two plots determines theeprorder.



