Laser Flash Photolysis

Purpose: A reactive free radical ketyl is produced frore ffhotochemical reaction
of excited state benzophenone with isopropana. réke constant for the dimerization of this
reactive intermediate is determined as a functiquib

Pre-lab: Print the instructions for using the Agilent deodrray spectrophotometer, which are on
the lab Web site.
Introduction®

Photochemical reactions are very important in maneas chemistry. Examples in atmospheric
environmental chemistry include the production obree in the stratosphere, the decomposition
of chlorofluorocarbons in the stratosphere, andottidation of sulfur species with
photochemically generated hydroxyl radicals inttio@osphere. An example in aqueous
environmental chemistry is the speciation of FegHil Fe(lll). Photochemistry is very useful in
synthetic chemistry. Often photochemically driveactions provide different products than
thermally driven reactions. An example from synithehemistry is the use of photochemically
generated methylene singlet and triplet intermediaAbsorption of light by molecules produces
electronic excited states. Electronically excitealenules can be very reactive. As a
consequence, photochemical reactions are oftenrapig. Fast reaction techniques are required
to study these processes.

Flash Photolysis

Flash photolysis is a commonly used fast readgchnique for photochemical reactions. For
reactions with a moderate rate, flash lamps prosidécient time response. An example of a
typical flash lamp is the xenon lamp in a standamehera. For very fast reactions, however, the
slow decay time of the light emission from a fldesmp covers the progress of the reaction. In
general the pulse width of the light source mustioeh shorter than the half-time of the
chemical reaction. The pulse width of xenon flaahps, such as those used in photography, is
in the microsecond time scale. For faster reactispscially designed lasers must be used that
have pulse widths in the nanosecond range. Using-alst pulsed lasers allows processes in the
sub-femtosecond time scale to be studied. In @arl#ash-photolysis system the lasers have
pulse widths in the 10 nanosecond range, whichvaldwide range of photochemical processes
to be studied.

One disadvantage of laser driven systems isullratviolet lasers have a fixed wavelength.
Reactants in photochemical reactions can have @ vadety of absorption wavelengths, some
of which may not be accessible to a given laserc&o herefore, several different types of
lasers are often necessary to provide coverageeddV range of common organic and inorganic
reactants. Our instrument uses a Nd-YAG laser @xamer laser.

Nd-YAG is the acronym for a neodymium-yttriunuainum garnet solid-state laser. Nd-YAG
is a synthetic "mineral” that is excited by flaaimpps to produce light in the IR region of the
spectrum at 1064 nm. To convert the IR light ifte visible and then the UV region a special
optical trick is used. Certain substances havelim@ar optical properties in intense laser
irradiation that combines the photons; doubling #osh tripling and then quadupling the photon
frequency are possible. Potassium hydrogen phosjpdhatich a substance. Doubled output is at
532 nm, which is in the green region of the spewtriiripled output is at 355 nm and quadrupled



at 266 nm. However, at each successive step thialalegpower is greatly diminished. Output at
355 nm works well for many conjugated aromatic coonuls.

Eximer lasers use gas phase chemical reactgm®vide highly excited diatomic molecules
that emit light. The chemical reaction is initiategdan intense electrical discharge. The reaction
used is normally between xenon and either fluooinehlorine, producing either XeF or XeCl.
The diatomic product is produced in a highly exctisgate with a lifetime in the nanosecond
range. In dropping back down to the ground staght Is emitted in a short pulse. XeCl provides
laser emission at 308 nm with a 0.3 nm spectrathwaehd a pulse width of about 10 nsec.

Monitoring Fast Reactions

Many different techniques are available for nbaring the progress of photochemical
reactions. Conductivity, IR, Raman, mass spectromand chemiluminescence are all used.
However, the most commonly used technique is UMBlésspectrophotometry. A typical
UV/Visible spectrometer can be used. However, itpead acquisition must be very fast. The
signal from the photodetector is digitized usingeay fast digital oscilloscope. This instrument
is capable of collecting data at 2 GHz, that is®xsamples per second. However, the signal
response of the detector and the amplifier eleatsaunsually limit the time resolution to a slower
sampling rate. Flash photolysis experiments areitei@u at a single wavelength. However, it is
often desired to determine the UV/Visible absompspectrum of the products.

There is not time enough to scan the waveleafythe monochromator of a traditional
spectrophotometer during the acquisition of eatie fpoint. Diode array spectrometers are often
used to acquire all the data points in a spectriuom@ time. Unfortunately, the time response of
diode array detectors is not sufficient for fasspustudies. However, the experiment can easily
be repeated at a series of wavelengths to pieetheigthe spectrum of the products as a
function of time. The only requirement is that eglotime is allowed between experiments that
the solution can return to equilibrium, usuallydffusion of reactants into the optical path of
the laser. Of course, each pulse of the laser coasueactants, so the starting concentrations
must be much greater than the amount of reactantsumed during each laser pulse.

Photor eduction of Benzophenone®??

The electronic energy level diagram for a typmalecule is shown in Figure 1. The closely
spaced horizontal lines represent the differematibnal states of the given electronic state.
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Figure 1. Typical electronic energy level diagram.



One of the goals of this experiment is to constsucth a diagram for benzophenone.
Benzophenone undergoes rapid intersystem crossithg ttriplet state, which has a long half-
life. Fluorescence is not observered for benzophenBhosphorescence is observed at liquid
nitrogen temperature, while only very weak phosphloence is observed at room-temperature
(in water and isooctane). At room temperature, @tiogmical reactions and nonradiative
processes are responsible for the quenching gfttbsphorescence.

In this experiment, the laser flash is usedrtmpce excited triplet state benzophenone.

(CeH5)2CO (S) - (CeHs)2CO () 1)
The reaction is done in 50:50 isopropanol-watex aslvent. Thet-hydrogen of isopropanol is
transferred to the very reactive excited staterdalypce the protonated benzophenone ketyl

(CeHs)2.CO'H, which is a free radical. Dimerization of thednadicals gives the reaction
product, benzpinacol.

(CeHs)2CO (Tr) + (CH)CHOH - (CeHs):COH + (CH).COH  (2)

(CeHs):COH + (GeHs).COH % (CoHe)zC(OH)-C(OH)(GHs):2 3)

The k rate constant is measured in acidic solution. Tthergroduct of the initial proton transfer
from isopropanol, (Ck),C OH, is a protonated acetone ketyl. This free rddicy
disproportionate to form acetone and isopropyllabtoor the free radical may also react with
benzophenone to produce another molecule of themated benzophenone ketylkis),CO H.

Reaction 3 is monitored by following the disap@ece of the absorption of the protonated
ketyl (CsHs),CO'H at 545 nm. However, the protonated benzophenety (CsHs),COH is a
weak acid. In basic solution, the protonated kistgleprotonated:

(CeHs)2COH = (CeHs)oCO™ + H' 4)

At pH values greater than 8 the production of pobdsithrough the following reaction rather
than reaction 3:

(CeHs)2COH + (GHe:CO™ 2 (CoHe)2C(OH)-C(OH)(GHs):2 (5)

The deprotonated benzophenone ketydH{>CO ", has an absorbance maximum at 630 nm.
Kinetics studies in basic solution use 630 nm tlm¥othe time course of the reaction.

Kinetics Studies

Reaction 3 is a second order reaction. The ratedagiwven by

d[AH
AL = a2

(6)

where AH is the protonated benzophenone ketylghatéeon of equation 6 gives:



A “Ale =kt (7)

According to equation 7, for a second-order reacéiglot of 1/[A] verses t should yield a
straight line. This form is appropriate for thigpeximent in acidic solution at 545 nm.
In basic solution, reaction 5 is first orde(@Hs),CO'H and (GHs),CO ™

dAl _ y, (aHgA T

T odt (8)

where Ais the deprotonated form. The concentration ofdiygrotonated form can be calculated
from the acid dissociation constant for the eqillifm in reaction 4:

[H[A]
Ka=

[AH] )
ar = HLAL (10)

The K, for the protonated benzophenone ketyl is 6X10 the acid-base reaction is much faster
than the photochemical reaction, equation 10 casubstituted into equation 8 giving:

1 koM
_d[dA{] _ ZIEZ ] AT (11)

Defining ks as

ko H*
I(obs - Ka (12)

gives an effective second order rate law:

IS (13)

In basic solution at 630 nmggcan be calculated by a plot of 17]Aerses t.
The rate constant for reaction 5 can be detexdnfrom ks by a plot of ks verses pH. From
equation 12 and

log kops = log(k/K4) + log [H'] (14)

giving
log kobs = log(ke/Kz) — pH (15)



A plot of the log of kysshould give a line with a slope of —1, Figure lieTntercept can be used
to calculate k The value of kshould not depend on pH, so that in acidic sotutiee plot
should have zero slope.
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Figure 1. pH dependence of the observed rate aunsiglog kysor log k.

Absorbance Measurements

The absorbance of a substance is given by tbe Benbert Law:

A =ablA] (16)

where a is the molar absorption coefficient, blémgth of the optical path within the solution,
and [A] is the concentrations. ( Please note tAjtih brackets, is the concentration of species
A, while A, without brackets, is the absorbancéhef solution.] If other species that absorb at
the same wavelength are in solution that are natiwed in the reaction, then a constant
background absorbance must be added to find thkeabsorbance of the solution:

A=A+ Abackground: ab[A] + Abackground (17)

This equation can be solved to find the concemtnadif the species of interest:

[A] — Atot - lgbgcquound (18)

If the molar extinction coefficient is not knownretlabsorbance can be used directly in curve
fitting. For a first order reaction:

N[Al=-kt+I[Al, or I~ gbg‘*"“’“”“: -kt+In[A] (19)

The curve fit can then be done with IR{A Apackground @s the y—variable:
|n (Atot - Abackgrouna =- kt + In [A]0+ |n ( a b ) (20)

The constants a and b just become part of theceperfor the curve fit:



IN (Aot - Abackground = - Kt + cst withcst=In[AFIn(ab) (21)

For a second order reaction:
1 1 1 1

[A] _[A] (o] =kt or Aot - Abacquound B Atot(o) - Abacquound B
ab ab
Where Ax(0) is the initial absorbance of the solution. Thieve fit can then be done with 1{{A
- Abackground @s the y—variable:
1 k 1

=—t+
Atot - Abackground ab Atot(o) - Abackground

kt (22)

(23)

Unfortunately, the slope does not give the ratestaont directly. But the rate constant is
proportional to the slope. As long as this propordlity is kept in mind, the slope can be
considered as an effective rate constant for coisgafrom solution to solution.

Procedure

Three separate experiments will be preformed aaddsults combined to get an energy level
diagram for benzophenone and the rate constangsthar reaction 3 or 5. The experiments are
outlined below, with detailed instructions to fallo

Outline:

1. Each student will determine the rate constanttfe reduction of benzophenone at a given pH.
The results from the class will be pooled to phat tates constants as a function of pH.

2. Determine the absorbance spectrum of benzopkamsing an Agilent Diode Array
Spectrophotometer.

Detailed | nstructions

Prepare a stock solution of about 2.5 Mbenzophenone in isooctane in a 10-mL volumetric
flask. Isooctane is 2,2,4-trimethylpentane. Remembeéto stick anything into the stock bottle
of isooctane to avoid contamination. Two significhgures are sufficient for the accuracy of the
solutions. Prepare a 5.0x1M benzophenone in isopropanol (2-propanol) solutimgain be
careful not to introduce any contaminants intogblrent stock bottles.

Step 1. Laser Flash Photolysis of Benzophenone

If you are assigned a basic solution, prepareakstolution of potassium hydroxide in water at
the concentration assigned. This concentrationblin the range of 0.1-0.001 M. For neutral
or acidic solutions, prepare a buffer using phttealacetate, or phosphate using standard
concentrations. Lange's Handbook is a good soordeufffer concentrations. Use volumetric
pipettes and volumetric flasks for this purposestéck solution of 0.1 M KOH will be available.
The reaction is faster at lower pH so you will néeaddjust the sampling rate accordingly. Mix 5
mL of the isopropanol-benzophenone stock solutiadh &mL of your assigned aqueous buffer
or potassium hydroxide solution. Degas this sarfplat least 30 min in a long-necked



fluorescence cuvette (if available) as instructelkbl. Follow the attached instructions to
determine the rate constant for the reaction.

Step 2. Absorbance Spectrum of Benzophenone in Isooctane.

Determine the absorbance spectrum of the 2. 83M&tock benzophenone in isooctane solution.
Print and save your spectrum. Use a quartz cuM@éirmine the absorbance spectrum using a
Agilent Diode Array spectrophotometer. Degassingasnecessary. The instructions for using
the instrument are on the lab Web site. This higheentration spectrum is useful for
determining the wavelengths for weak transitionswilver, this solution will have some
transitions with absorbances above 1.5. Such baiidse distorted because spectrophotometers
have a maximum absorbance limit near 1.5 to 2.t®ile 2.5x18 M stock benzophenone in
isooctane solution by a factor of 200 with iso-oetaTo do the dilution, use a micropipettor and
a 10-mL erlenmeyer flask or beaker. The exact aunagons are not at all critical; you just

want to make a solution with a maximum absorbaess than about 1. Remember not to stick
anything into the stock bottle of isooctane to dwmntamination. If the absorbances are above
1, dilute accordingly. Print and save your spectrum

Degassing:
Method 1: Using a long-necked fluorescence cuvette, fél tvette to 2/3 full. Insert a Teflon
needle through a small rubber septum. Attach thbeuseptum to the top of the cuvette stem.
Insert a short needle through the septum to alleisparging gas to escape. Attach a plastic
syringe valve to the end of the Teflon needle. éitthe syringe valve to a source of dry
nitrogen. Allow the nitrogen to slowly bubble thghuthe solution for 20-30 minutes. Turn off
the nitrogen flow, close the syringe valve, andoeethe exit needle quickly to avoid
reintroduction of oxygen.

Method 2: Using a standard fluorescence cuvette, fill tingette to 2/3 full. Cut off the end of a
small balloon. Stretch the balloon over the toghefcuvette. Pierce the balloon with two syringe
needles. Attach one of the needles to a sourceyafitogen. Allow the nitrogen to slowly
bubble through the solution for 20-30 minutes. Reenhe two needles and turn off the nitrogen
flow.

Calculations

Part 1. Manual Data Analysis

Using the automated data analysis software ruirte@fun of doing kinetics calculations. In
this part of the calculations you will construct@ead sheet to repeat the automatic calculations.
Transfer your raw data file into Excel. The firstumn is the absorbance data and the second
column is the time in microseconds. Scan down bs®iance column to find the data point that
corresponds to the beginning of the flash (the ddasee will be a maximum). Delete the data up
to this point. Make a new column for the time is@&ds, beginning at t=0, and a column for the
corrected absorbanceofx Apackground YOU Will be changing the value ofy&xground l0t, just as
you did for the automatic curve fitting, so useeparate cell for this value. Use a trial value for



Avbackgroundthat is the average (very roughly) of the lasb28o data points. Scan down the
corrected absorbance column and note the cell vtherdata becomes so noisy that the values
drop below zero. Do your data plotting and curtnfy up to this cell.

Use Eg. 21 and 23 to make appropriate plotetidywthe order of the reaction. Determine the
effective rate constant;Ka b) or knd(a b), and compare to the value you determineagutie
automated software.

Part 2: Using therate constantsfor the Data Analysis Software
Make a plot of the log of the rate constanfesitg or ko5, verses pH using the pooled data
from the class. Calculate.kiReport the uncertainty in krom the curve fitting.

Part 3: Energy Level Diagram

Absorbance spectra: Converting wavelengths to clndraw an energy level diagram, to scale,
showing all of the detected excited electronicesta¥ our diagram should be similar to Figure 1.
The excited state bands will overlap (that's OK)d all the excited states will be singlets as
shown on the left side of the diagram in Figur¢Ylu need to study the fluorescence emission
spectrum to determine the energies of the trigkges.) _Label with an arrow the energy in the
excited state that is excited by the laJer help you draw the diagram, fill in the follavg table.
See the following section for additional hints @whto construct your energy level diagram.

Transition Start of absorption band End of absorpband
A cnrl A cnrl

First excited state

Second excited state

Third excited state if present

Fourth excited state if present

Fifth excited state if present

Laser excitation ]
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Spectral Deconvolution and Enerqy leve Diagrams

Here is an example that will help you draw thergy level diagram from your spectrum. A
typical example spectrum is given in Figure 3.
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0.35
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0.1+
0.05 -
0

Absorbance

200 250 300 350 400 450 500

wavelength (nm)

Figure 3. Example spectrum

The first step is to convert the wavelengths tagyenits or units like cih that are directly
proportional to energy, Figure 4. Then each transis resolved by approximating each
transition as a simple Gaussian peak. This prasesften done by least squares fitting
programs, which in this context is called spealedonvolution. For the purposes of this lab, the
deconvolution process can just be done by eyeaviéncil. Often the actual number of
transitions is not completely clear, but you dohlkest you can with the information available.
Each transition is a different electronic stateptimer words the electrons are in different sets of
molecular orbitals.
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E(cm-1)

Figure 4. Spectrum with the wavelength axis comgeto wavenumbers (¢t



10

The process of drawing the energy level diagtambe illustrated simply by rotating the
absorbance spectrum on its side and using theraptraensitions to delineate the energy levels
into bands. It is common for the transitions tortsy@ Table 1 provides the energies that are
needed for this process. The wavelengths or wavbartsyat the start and end of each band are
read by eye directly from the deconvoluted spegiiatied verses either wavelength or
wavenumber. The resulting energy level diagranhaswv in Figure 5.

Table 1 The start and end of each band are read fromabenvoluted spectrum. The values are
approximate and are often read in nm from the waigspectrum and converted to wavenumbers.

Transition Start of absorption band End of absorpband
A cmi1 A cmi1

First excited state 440 22700 340 29400

Second excited state 350 28600 280 35700

Third excited state 29p 33900 250 40000

Fourth excited state 270 37000 235 42600

45000 7

40000 A

m
]

35000 4

30000 4

25000 4

Energy (cm-1)

E (cm-1)

20000 4

15000 A

10000 A

5000 4

ground state

0 T T T T 1
0 0.1 0.2 0.3 0.4 0.5

Absorbance

Figure 5. The process for drawing the energy ldiaram can be illustrated by picturing the
spectrum tilted on its side. The different excis¢éate bands are offset for clearity (they are all
singlet states if the ground state is a singlet).
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Each electronic transition is really a set ahsitions to different vibrational states of thenea
electronic state. The set of vibrational transgiom a given electronic state form a band of states
given by the width of the electronic transition.€lVibrational bands are often drawn as a series
of lines, Figures 1 and 5. These lines corresporttd different vibrational transitions. For our
current purposes, the spacing between the lin@bisary since the wavenumber resolution in
solution UV/visible spectra is usualhot sufficient to discern the vibrational lines.

Complex molecules have many vibrational freqienclhe gas phase high resolution
spectrum of benzene is shown in Figure 6 with mael resolved vibrational transitions. In rare
circumstances vibrational fine structure can alsedsolved in solution absorbance spectra,
Figure 7. This appearance depends on the vibratitpiencies, the line width, and the
resolution of the spectrophotometer. Only veryéaviprational frequencies are typically
observable in solution. The vibrational frequenoyresponds to the spacing between the closely
spaced peaks. It is not uncommon for aromatic roattwons like anthracene to show vibrational
fine structure.

T4,
16 a
1
4
| | |
z [, (H | ;
g g ] i ?rl.l WY T= Figure 6. High resolution gas phase
§ R8O M N T e spectrum of benzene. In solution, the
wa _—
. ™ T o spectrum of benzene has a similar
Hi =N i'-.;:.n appearance to Figure 7, with only the largest
B i e R g vibrational spacings observable. (source:
epoctram o i 1 ) of BTt waponr mbore the www.ch.ic.ac.uk)

Bpaid 1 reo e and A reieieien” e

0.3

0.25 4

0.2 4

0.15 4

Absorbance

0.1+

0.05

200 250 300 350 400 450 500

wavelength (nm)

Figure 7. Vibrational fine structure can sometirbegesolved in low resolution UV/Visible
absorbance spectra. A single electronic band i&shath poorly resolved vibrational
transitions. A complete spectrum would show adddieelectronic transitions.
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However, how can you tell when the “bumps” on yspectra correspond to different electronic
transitions as in Figure 3, or vibrational fineusture as in Figure 7? The different vibrational
transitions in Figure 7 are equaipaced with a small spacing. For example, a vdat
frequency of 2000 cthcorresponds to a spacing of about 15 nm for anB0@lectronic
transition. On the other hand, the wavelength difiee in absorbance maxima for different
electronic states is usually much bigger than tisesal vibrational spacings.

In illustrating the drawing of an energy levegram from the absorbance spectrum, the
wavelength axis for the absorbance spectrum wsisdimverted to wavenumbers as in Figure 4.
This intermediate step is not required, howevebld &contains all the information to construct
the energy level diagram. So the conversion oatieorption spectrum from a wavelength to a
wavenumber axis is not normally done in actual {icac
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Luzchem Laser Flash Photolysis System and Quante Brilliant R Nd-YAG laser
Instructions

System Preparation

Twenty minutes before you wish to use the systam on the laser power supply. To do this,
turn the key on the power supply consol that gitshe floor. Ten minutes before you wish to
begin, turn on the xenon lamp; in any event, make t_turn on the xenon lamp before you turn
on the main system powen the Luzchem LFP consol. To turn on the xenamplause the
switch on the upper electronics cabinet (with albleover) at the back right hand side. The
xenon lamp is the light source for the monitoripg&rophotometer. When you are ready to
start, turn on the main LFP electronics consolgigie toggle switch on the front of the lower
electronics consol. The Tektronics digital oscitioge should turn on automatically at this point.
Start up the computer system and from the pulltapt ®:enu choose Mifp. Click the red OK.

In the MIfp application, click on the ProgrameRr button. Check that the following settings
are set:

200 Targetiro

1.00 Transmission afel, calibration
1200 Monochromator grating

0.75 Fluorescence correction factor
10 Frequency divider

195 Delay(usec)

The target 4o is the desired photodetector reference currert@®0f6 transmittance:
%T:L 100

Izero
where | is the photodetector current for the samiés %T value is then used to calculate the
absorbance, A = 2-log %T. The Monochromator grasietting is the number of grooves per
inch, which is necessary to calculate the disparamd then the proper angle of the grating to set
the wavelength of interest. The flash lamp on #sel is factory set at 10 pulses per second.
However, the optical switch on the laser, or Q-skitmay be set to allow output from the laser
at a smaller rate. The Frequency divider settingOomeans that the Q-switch allows only one in
ten of these pulses to be output from the lasastier words, with the Frequency divider at 10,
the pulse rate from the laser is one pulse pemgeirofree-running mode. The reason the flash
lamp needs to run at a fixed rate is for tempeeatund therefore output power stability. Click on
Return to return to the main LFP window. In thetrdialog, click on Continue if you didn't
make any changes in the preferences.

Starting the Laser

Never use a high-power laser without active supervision of a Faculty member

|One flash is all that is necessary to permanently and completely destroy an eye|

Turn On thelaser warning sign. This switch is on the wall, next to the switcin floe room
lights. Close the room door so that others willwatk into the room by accident while the laser
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is flashing. Pull the safety curtain across therdbake sure that you are using the required
special goggles for UV light protection at the amosvavelength of the laser.

If you are unsure if you are using the propaggies, do not turn on the laser. Regular lab
safety goggles are never sufficient. Make sureybathave checked with_a Facuthember,
and that they know that you are currently usinglaiser.

Failure to follow laser safety procedures will mean immediate revocation of
your ability to use any high-powered laser at Colby and a zero on the
corresponding laboratory report. Laser safety goggles must be worn at all
times in the laser lab.

Place your sample in the cuvette holder and make that the sample compartment light
shield is closed. You should not look at the sanmdien the laser is in operation. This laser is a
Class 4 laser, which means that even stray reflections can canssye injury. You don't need to
look directly into the beam to get a severe eyerinjDirect contact of the beam with clothing or
your skin will cause a very painful burn.

On the laser keypad, use the arrow key to s€lenfiguration 2. Then press the Ready button
and then the Start button for the Flash lamp. Yduh&ar the flash lamp circuitry fire the lamp
at 10 pulses per second. A notice will be displayed the user must wait for 8 seconds to allow
the system to stabilize. After eight seconds, ptles<€)-switch Start button.

Choosing the Data Acquisition Settings

In the main MLFP control panel, check the followsejtings. These settings are a good starting
point for benzophenone in 50:50 isopropanol-watén the potassium hydroxide concentration
at0.01 M.

MonochromatoA ~ 630 nm (or 545 nm for neutral or acidic)

Number of shots 3

Volts per division 5 mv

Time per division 4 ms

Bandwidth 20 MHz

Number of points 625

Laser wavelength 355 nm

Target Izero 200
Izero lower limit 100
Izero high limit 450

Acquisition delay 0

Fluorescence factor 0.75
Neither Correction button should be depressed.
The monochromatox is the wavelength that you want to monitor. If yare doing a run at
pH<9, you will want this set to 535 nm instead. Huenber of shots determines the number of
runs that will be averaged together to gain beitgmal-to-noise. This setting can be set to 1 if
the single-shot signal-to-noise is very good. Tldtd/per division is the vertical scale sensitivity
of the digital oscilloscope. If the signal traceéas small, you should set the Volts per division t
a smaller number, and visa-versa if the kinetiasds starts off the top of the screen. The Time
per division needs to be set for the experimehtatl. You need to acquire a time course for the
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reaction that fills the majority of the oscillos@gcreen, horizontally. However, the time course
should get back to the baseline by the end of sitdloscope trace.

The Bandwidth setting determines the effectige time of the electronics amplifiers and the
oscilloscope. For slow reactions, the 20 MHz sgtimsufficient and provides considerable
improvement in signal-to-noise through filteringowkever, for fast transients, the Bandwidth
must be set to a higher value. If the Bandwidthasset properly, the resulting rate constants
will be too small. For rough guidance, the inverséhe bandwidth should be at least five times
shorter than the half-time of the reaction yousitelying. For example at 20MHz,

Rise time= 1/20x10 se¢' = 5x10° sec = Husec
So a 20 MHz bandwidth should suffice for half-tineé®5 psec or longer. A bandwidth of 150
MHz gives a usable range of half-times down to 8&cn The best way to tell if you have set the
Bandwidth properly is to do a run at a higher baidtlwand compare the resulting rate constant.
The values won't match exactly, since the rungtdr bandwidth will be much more noisy.
However, the result at higher bandwidth shouldth&ast within a factor of two or three.

The Number of points is the number of time gatants that will collected during each
transient. The Laser wavelength setting is not tgeithe Kinetics or Curve Fitting program, the
setting is just included in the data label for latdormation.

The Target Izero setting is specified on thegPam preferences page. The Izero low and high
limits are used as a check on data quality. Inleasured Izero is outside of the specified range,
the data trace will be rejected. This problem meguo if the photomultiplier gain is set
incorrectly, or if the solution in the cuvette ldmanged to cause a big shift in background
absorbance. If the PMT Control mode is set to Saftwand if a data trace is rejected, the
program will automatically adjust the gain. If tARMT Control mode is set to Manual, you must
change the photomultiplier gain by hand to enshaé the Jero falls within the limits that you
chose.

The photomultiplier gain is set by adjusting gietomultiplier voltage. In Software mode, the
program will make this setting for you. Howeven, ¥eavelengths around 600 nm, the sensitivity
of the system is very low. In Software mode, thexiimam voltage is 850 V. For use around 600
nm, the photomultiplier voltage must be set maryuall1000 V. Press the Ctrl and F12 function
keys on the computer keyboard. Clcik Yes in thet mearning dialog box. A dialog box will
appear where you can set the voltage to 1000 \k Bethe main screen, set the PMT Control
mode to Manual. Pull the red slider on the PMT agédt to 1000.

Running and Optimizing the Data Acquisition Settings

To do a run, click on the Go button. After the nembf shots that you specified have been
acquired a dialog box will appear asking if you wintake any more. If the signal-to-noise is
sufficient, click on No. In the file dialog box,lset the PChem folder and save your file with a
unique name that includes your initials. Inspeetdata. The time course should fill the screen
both horizontally and vertically, with the signéflaaning the baseline at the end of the trace. To
adjust the vertical presentation, choose a news\fit division. To adjust the horizontal
presentation, choose a new Time per division. Yay mant to gently shake the cuvette to
ensure that the concentrations of the reactariteioptical path are at equilibrium. To rerun the
experiment, just click Go again. If the time coulseks good you can proceed to the Curve
Fitting application.
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Data Analysis

Click on the Fitting button. In the File dialog hamavigate to your file, click on the file name,
and click Open. In the data analysis window, yoedi® make three settings. Use the mouse to
drag the yellow vertical line to the start of ydransient. Use the mouse to drag the red vertical
line to a point where the transient has almostredththe baseline. Use the mouse to drag the
blue horizontal line to the long-time tail of yawansient. Select the appropriate kinetics fit gsin
the menu at the bottom-right of the window. For disappearance of the benzophenone ketyl
radical, you should choosé&%rder. For fluorescence or phosphorescence stydies/ould
choose T order. Click on the "Try This Fit" button. If tmesulting curve fit closely
approximates your transient, click on the Contibutton. If the curve fit does not work out well,
you need to redo the three settings to help gidénitial guesses for the non-linear curve-
fitting algorithm. For 2 order reactions, you may find that the baselirténggis the most
sensitive. Long lived background luminescence xmafeefraction changes due to heating,
depletion of several species or the absorbanceodiupts of the reaction may make the apparent
baseline different from the true baseline. Movihg blue baseline setting lower than the
apparent baseline may be necessary to get a gbodd2r fit for the initial part of the kinetics
time-course.

After finishing the curve fitting, a window wille displayed summarizing the results of the
experiment. Record the rate constant, the life-fiingisplayed), and the uncertainty in the fit
results. The uncertainty for the rate constardleled as "SDV k".

Notice also thé&t r ai ght line plot in the lower right-hand corner. This pétiows the results
of a conventional fit of either In [A] or 1/[A] vees time. This plot should obviously show
minimal deviation from a straight line if the cactéinetic order has been chosen. For
calculating the rate constant, however, the nogalirit is better, since non-linear least squares
curve fitting better accounts for the effectivenoise. Print your results and Quit.

Turning off the Instrument

Press the Q-switch Stop button on the laser&gyPress the Flash lamp Stop button. Turn off
the laser power supply, using the key. Turn offltaeer warning sign. Turn off the xenon lamp
power supply. Turn off the LFP console. You doe'ed to log out or shut down the computer.
Make sure the Laser lab door is locked when youeelnform your supervising faculty member
that you have completed your work.

It is very important that you turn on and ofé tlaser warning sign appropriately. If the sign is
left on all the time, students will tend to ignatdf the sign is never turned on, obviously,
people unfamiliar with the laboratory may inadvettg be hurt.

| Turn off the laser warning sign when the laser is off |




