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Appendix A

Experimental Procedures and Instrument Settings

| recorded all procedures for each sample and experiment in my notebook, along with
observations, thoughts, and explanatidPesented here are some of the most important
frequently used procedures and instrument settings for my project.

Over the years, | have optimized the preparation process for dye-doped CPNs by max
control while minimizing wasted time in between steps. HereOs an account for the opti
process. | weigh out around 5.0 mg of PFBT solid using one of the balances in p-cherr
with a minimal resolution of 0.1 mg. | then dissolve the PFBT in anhydrous THF, using
ml round bottom !ask. "e amount of THF used is calculated so that the solution is 100C
ppm. "e lask is le# overnight to stir under room temperature, with the stir plate set to 1
220 rpm. "e lask is also connected to the argon line. With sealed connection between
line adaptor and the !ask, the oil trap bubbles at around 0.5D1 Hz.

Input Output
Pre-nano Solution Pre-nano Recipe
PFBT prenano congpm X THFmML y-(xy-xyz/100)/1000
Pre-nano VolumenL y PFBT L Xy
PVCoCo : PFBT % z PVCoCad L xyz/100
dye : PFBT % a Final Composition
Pre-nano Portiorl L b Pre-nano Portiod L b
Pre-nano : Water (volume r dye Portion! L (axb/100000)/(MW*c)
dye Stock Absorbance A Water mL b/(1000*r)

Dye Parameters
dye ConcM c=Al
dye! in THF M cnl !
dye molecular weight g mot MW

"e second day, before any chemical operation, | $rst collect liquid nitrogen in our lab de
lask and turn on all instruments in the photochemistry corner. | then open up the
composition calculation spreadsheet to check the stoichiometry of the sampleNespeci
prenano ppm and the dye-PFBT percentage.
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"e CPN preparation process can now start. | $rst line up three glass vessels for anhyc
THF, so that the extraction process is as short as possible. | take a 15 mL plastic syril
extract around 15 mL of THF from the sealed THF bottle, while a second needle reple
the space above the liquid surface with argon. A graduated cylinder takes a measure!
for diluting the PFBT precursor, before | pour the portion into a small round bottom !as
and cap the !ask. A microcuvette takes a small portion for blanking the UV-Vis instrun
An amber glass sample vial takes the rest for dissolving the dye. A#er all THF is disp:
from the syringe, | immediately pull out the needles, cap the bottom and store it back
fridge.

Meanwhile, | set up the UV-Vis for scanning the THF solution of the dyeNfast scannin
mode from 200 nm to 800 nm, storing data in ASCII format with log, and ready for a b
sample. "e blank THF sample in the microcuvette is blanked, and | proceed to prepari
dye solution in the amber glass vial. Only a tiny amount of dyeNa few specks on the t
the spatulaNis necessary to produce a reasonably high concentration for our photoch
experiments. | shake the capped vial a few times to make sure the dye is well dissolv
use a glass pipette to extract a small portion into the microcuvette for scanning. Make
rinse the inside of the cuvette with the dye solution a few times before putting the cuv
into the UV-Vis. Once it is scanned, | record the peak absorbance value and chegkith
the visible region. | also note any anomaly in the shape of the peaks. | then enter the
absorbance into the spreadsheet to generate the proper amount of dye solution need:
desired doping percentage.

| can now prepare the prenano solution. First, the $ltration device needs to be set up"
piece of 0.%6n $lter paper. | use a micropipette to extract the pre-calculated amounts ¢
PFBT and any other additives and add them to the small round bottom !ask. | vacuurr
the prenano solution, and immediately bring it to the sonicator along with the dye solu
and an empty 50 mL round bottom !lask. A#er checking the water level in the sonicato
clamp the 50 mL 'ask so that it is half submerged. | then measure out 8.0 mL of millip
water and pour it into the lask. With a stopwatch started, | quickly submerge the prene
solution in the sonicator and turn the ultrasound on. A#er 30 seconds, | extracl1600
the prenano using a 1 mL micropipette and inject it into the 50 mL 'ask. During the 2
minutes that the nano suspension is being mixed, | set up the high vacuum line. Deta
instructions and precautions about the high vac can be found in lab. A#er the 2 minut
up, | replace the tip of the micropipette and reset it to the desired volume of the dye s«
If necessary, the dye solution can be added in two equal portions. | quickly inject the
then wait for about 15 seconds while sonicating, turn o& the ultrasound, and transfer
sample to the high vac line.

"e high vac line is a fairly unpredictable beast. "e pump motor does not lend much $ne
to the delicate gaseous equilibrium in the system. It is also hard to ensure perfect anc
consistent sealing for the many outlets and connections on the vacuum line. As a rest
o#en operate the high vac with my full attention to every detail. | make sure that the w
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bath is warm but not steaming hot, and that the sub-line valve is opened just the right
amount so that the sample is boiling but not bumping. With that said, itOs impossible t
full control over the evaporation process with the knobs and barometer alone. A#er ar
15 minutes, | reseal the main line, let air into the sub-line, and take the sample 0& to s
there is still THF le#. Typically, it takes about 20D40 minutes to evaporate all the 1.5
of THF. Meanwhile, | clean up the sonicator and the $ltration setup to prepare for the r
$ltration. Once | consider the sample clean of THF, | take it 0& the high vac line and $
through 0.7 and 0.2%. $lter paper. | always dissemble the $ltration sha# and examine
papers. Typically, the 0.28 will have some yellow polymer residue and purple dye resic

Once the sample is bottled into a new amber glass vial and properly labeled, photoche
experiments can start. | set the arbitrary wave generator to the square wave mode, wi
adjustable cycle time, duty percentage, high voltage level, and low voltage level. "e co
function should be turn on so that the output voltage is synced between the LED sourt
the oscilloscope. | then set the LED light module to its external mode, take o0& the rub
of the liquid light guide, and turn on the LED switch. | check for several cycles if the lic
output and oscilloscope reading are synced. If not, readjust the wave generator.

To set up the UV-Vis for irradiation experiments, | $rst put the screw caps and the was
into the rectangular hollow of the sample holder, so that &15@mple in the microcuvette
receives the instrument beam straight through the middle. For the luorimeter, only the
caps are needed. "e scan program of the UV-Vis needs to be re-blanked with millipore
water. A#er that, "e experiments can start. "e programs on the UV-Vis and the !uorime
are set to proper parameters according to the need of the experiment. All parameters
found in the end of the CSV $les. | always make sure that the $les are saved in the A¢
format with log, so that the parameters are saved in the CSV $les for later use.

To irradiate the sample, put the correct cage around the sample holder. "e one for the
Vis has two opposite openings, while the one for the luorimeter has three. A correctly
installed cage should sit comfortably around the entire sample holder, with the bottom
washers clamping !ush onto the horizontal base of the holder. | then push the metal ot
the light guide into the narrow top opening of the cage. As long as the square wave oL
the wave generator is unperturbed, the on-o& button of the LED module functions as ¢
clipping switch. A well timed irradiation experiment has the sample exposed to the LEI
source for exactly the designed amount of time with a good period of darkness being

recorded before and a#er as well. Tailoring the LED signal requires utmost attention.

"e kinetics $les are named according to the following convention. ObzO stands for my
Ben Zhang. OuvO or O!O indicates the instrument, UV-Vis or luorimeter. "en the date |
mmddyy. Following that is VL (visible light) + the sample number, which isassigned
chronologically. "e next letter goes down the alphabet for each fresil aliquot, so OcO
would be the third fresh aliquot. "en 1 means the $rst scan of the aliquot, while k1 me:
the $rst kinetics experiment. Successive experiments on the same aliquot are named
sequentially.
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| have not used the DLS instrument enough to form a mature procedure that optimize:
sizing results. It is a good idea to peruse the DLS manual to understand the basics of
scattering, and how a correlating function is generated from the random scattering sig
"e manual explains crucial aspects of the instrument such as the goniometer angle, s
selection, ND $lter, channel width and NICOMP input parameters. It also touches upo
underlying di&erences between the three weighting methodsNintensity, volume, and

number. A#er | read the manual, the instrument appeared less byzantine, and | had a
intuitive understanding of the inconsistencies across di&erent sizing experiments that
once ba'ed me. It is simply a natural consequence of the light scattering method that ¢
particles are di(cult to register enough prominence in the shape of the correlation func
A good analogy would be trying to spot one particular house while driving on the high
during the hour-long driverouOre only allowed to look to the side a limited amount of ti
for a split-second, even with a rough idea of where the house should be along the wa
easy to miss it. "e fact that most sizing experiments fail to capture the 10D15 nm parti
our CPN suspension does not negate the result of those that do $nd a distinct, small-
population. "e balance is always tipped against our target species, since they scatter |
and tend to be swamped out, especially if the scattering experiment aggregates too n
(a super long drive) or if their number is not very large (less chances to look to the sid

For my CPN samples, | obtain the best results by diluting the sample 2.5 to 4 times w
millipore water and loading it into the disposable plastic cuvette. | usually let the instrt
set the channel width by itself and only manually adjust it if it beyond the?®aage. Too
long a channel width precludes the correlation function from capturing the brownian
of smallNand thus fast movingNparticles. "e time history graph in the sizing program
provides useful insight into the stability of the sizing results through time. Di&erent $tti
results might emerge and disappear during an experiment, and so the time history of
experiment o&ers a richer set of $t results that take into account various portions of tr
aggregate correlation data. Whenever I0Om unsure of the sizing results, | would run th
latex standard with 1 to 1000 dilution to make sure all settings are correct on the instr
For a complete and detailed record of these experiments, see VL 91 and 92 in my lab
notebook.
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Appendix B

First-Order MC-SO Kinetics in THF Solution of APSO

Here, using UVVL93APSOak?2 as an example, | demonstrate a quantitative analysis th
extracts $rst-order rate constants kMCSO and kSOMC from absorbance tracking resul
during a switching experiment. "e experiment uses a THF solution of APSO as the mo
system, and the UV-Vis spectrometer monitors!ths of the MC isomer at 553 nm. As |

discussed in Chapter 4.1 of the thesis, the MCBSO photochromism is treated as purel
order. Equation (4.1.4.4) is the proposed di&erential rate law for the reversible reactior

! d[(I;/ItC] :(kMCSD+kSDMC)[MC]! ksamc[MC]o

"e Beer-Lambert law relates the concentration of MC to its absorbance, so

| d Abs
G

= (Kyiceo T Keomc)ADS! Keoyc ADS,

| $rst irradiated the 159k sample with the 530 nm LED light source the LED irradiation
about 40 seconds. "en the system was le# to recover in the dark.

0.35-

01 —"%0 40 60 80 100 120 140

Timels"

First we extradtsomcfrom the dark recovery part of the kinetic trace. Since during dark
recoverykvcso= 0, we have

| d Abs

: T=k8)MCAbS! KeomcAbS,

"e le#-hand side of the di&erential rate law can be approximated with discrete increme

change. "e Mathematica functiorirstordertransform is written for automating
this process.

82



" Abs
! —t = ksorvchbS! kSDMCAbSJ

| used"t = 0.5 sec and a moving average parameter of 2 for the following plot

0.007,
0.006~
0.00
0.00

0.00

AADbs!At

0.00

0.00

0000576018 020 022 024 026 028 030

Abs

"e linear $t is good, with an adjuste&? of 0.978. "e $t slope is §0.0377, and Yhe
intercept is 0.0118. Hence we know taiuc= 0.0377-5 which corresponds to a reaction
half-time of 18.3 sec. "e y-intercept also matches well with the predicted value

KemcAbs, =0.0377! 0.316=0.0119" 0.0118

Now using the same parameters to treat the irradiated part of the switching data, we h

Abg t

016 018 020 022 024 026 028 030

Abs

Again, the transformed data has a fairly good linear $t, with with an adfg&téd.994. "e
$t slope is 0.0819, from which we know Kaatic+ kucso= 0.0819-8. Subtracting the darl
recovery rate constaktomcfrom the result, we havgicso= 0.0442-&!
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Appendix C

Chemical Actinometry with Aberchrome 670

Aberchrome 670 belongs to a class of photochromic fulgides capable of reversible
photoswitching between two thermally stable forms with very little fatfigue.

UV irrad. /

visible light irrad. S

(0]
- T
N
(E)-fulgide

Aberchrome 670
4ain ref.44

7,7a-DHBF
5ain ref.44

(2)-fulgide
6ain ref.44

(E)-adamantylidene-[1 -(2,5- dimethyl-3-furyl)ethylidene]succinic anhydride
(Aberchrome 6704ain ref 44

A mixture of this molecule and its (Z) conformer cyclizes to form a thermally stable, co
isomer named 7,7a-dihydrobenzofuran (7,7a-DHBF) upon UV irradiation. Experimentii
with a 0.0001 M Aberchrome 670 solution in toluene, the photostationary state reache:
such irradiation has the majority of the molecules in the cyclic form, while the unconve
fulgide assumes exclusively the E conformattion.

"e decoloration reaction (from 7,7a-DHBF to fulgide) has a quantum yield of around 3C
and the exact value depends linearly on the irradiation wavelength used to activate the
conversion. In comparison, its predecessor, Aberchrome 540, which has a methyl grou

place of the bulky adamantyl group, shows a much lower quantum yield for such rever:
conversion.
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Green spectrum is from the fulgide, purple the DHBF.

For the purpose of chemical actinometry, we take a dilute solution of Aberchrome 670
irradiate it with 365 nm UV light, while monitoring its absorbance at 520 nm. A#er the

solution has reached its photostationary state, as indicated by a stable absorbance at
even a#er the removal of the UV light source, we can carry out actinometry experimet
using the colored 7,7a-DHBF as an actinometer. One of the key assumptions for the s
described below to be valid is that the magnitude of the undesirable forward conversic
negligible compared to that of the reverse switching harnessed for actinometry; the ot
that all incoming photons are absorbed by 7,7a-DHBF. Judging from the absorption sg
of the two compounds, we can make the conjecture that 455 nm light might facilitate fc
reaction more than 530 nm light, since the fulgide absorbs relatively more light at 455
than it does at 530 nm. One way to test this conjecture is to expose pure, colorless ful
455 nm light and observe whether or not signi$cant switching to the colored form occt

"e reverse decoloration reaction is henceforth simplisedDd$BF! Fulg, its quantum
yield#. Glazeet al.report that# and the irradiation wavelength measured in nm, obey th
following relationship (0.0001 M in toluene, 21 {€).

! =[0.467! 329! 10'*"]! 100%

So forl =455 nm# = 31.7%; for = 530 nm# = 29.3%.

Assuming the validity of the assumption mentioned above, the only reaction occurring
in the solution under visible light irradiation is the decoloration reaction. We write

) d[DHBF] _,

dt o
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wherelpngr is the photon lux, in M 3, absorbed by DHBF at the irradiation wavelength.

As all light is assumed to be absorbed by DHBF, we have
loree = o

wherel, is the photon !ux absorbed by the solution corrected for solvent absorbance,
can in turn be expressed as

|, =1,(1! 10'*™)

whereAbsis de$ned as the absorbance measured at the irradiation wavelength on the
absorption spectrophotometer. "is result is only valid if we assume that the instrument
beam, which probes the absorbance, has a negligible intensity compared to the reacti
driving irradiation that we are trying to measure. "erefore, we now have

| d[DHBF]

=/1 (1! 10' "=
pm of )

Both time-series plots can be obtained from time-resolved absorption spectroscopy,
monitoring the absorbance of DHBF at the irradiation wavelength. It would be optimal
could monitor two wavelengths at the same time, irradiation wavelength for accurate
determination ofAbs ! max for accurate determination of [DHBF] through time.!Max = 520
nm, the distinction coe(cientbis reported to be 5400-Mcm1. From the BeerbLambert
Law, we have

[DHBF]= Al_lis
where$is the extinction coe(cient at the irradiation wavelength and | is the path length

the instrument bean$can be deduced from the reported extinction coe(cient of the DH
at its! max, usinghe proportionality of absorbance measurements

! Abs

I. Abs

max " max

"erefore,

! d[DHBF] :! ldAbS - Hlo(l! 10' AbS)
dt /1 dt

It turns out that this di&erential equation has an analytical solution. To better demonstr
the solution, | rewrite the equation as

dAbs

=/1,/1(10' "1 1)

Leta=/1,/1, the di&erential equation assumes the form of
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dy |
Y au0v11
ot ( )

"e solution is
y(t) =log[1+10' **°]

in which C is a constant that we can obtain by substituting in t = 0. A#er some manipul
we have

log[10"" 1 1] =1 at+C

Plotting log[10' **" 1 1] against time, we can get the valua @ a slope. Fromwe can
easily back out the photon luig

_a

|
O

As an example, let us examine the photochromic conversion of Aberchrome 670 unde
nm LED irradiation as monitored by the UV-Vis kinetics program. "e objective of this
experiment is to measure the volumetric photon !ux in a particular sample set up due t
LED light source. "e concentration of the Aberchrome 670 solution used for this
determination is 8 ) 16 M, calculated by input stoichiometry and corroborated by
absorption spectroscopy.

0.15

0.10

Absorbance

0.05

0.00

100 200 300 400 500

Time !s"

"e UV-Vis spectrophotometer continuously monitors the absorbance of the fulgide solu
at the irradiation wavelength, 455 nm. Initially, the solution appears transparent, since

fulgide isomer does not absorb at this wavelength. Once it is exposed to UV radiation
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around 82 s, isomerization starts taking place, creating more and more DHBF isomers
absorb at 455 nm. As a result, the absorbance reading goes up until a photo-equilibriu
is reached. "en, at 196 s, | start to irradiate the sample with 455 nm light, triggering the
reverse photochromic conversion. Using the equation derived above, | can process the
absorbance data measured throughout the photochromic reaction by plottingPihgfLQ]
against time, from which | obtain the following linear $t:

1$" $%

I"#

" #

Notice here that the time axis has been shi#ed to indicate the reaction time of the reve
photochromic reaction, corresponding to 196 s onward in the previous time-series gra|
"e slope of this plot is £ = D0.00948.

From the proportionality relationship

| $nd the extinction coe(cienthss = 2160 Mt cmr, while the quantum yield of the reverse
photochromic reaction is 31.7%, as calculated from the empirical relatithship

/ =[0.467! 329! 10'*"]! 100%

"erefore, we have for this particular setup and light source, the volumetric photon !ux i

= =1.39! 10°Mss™

|+ —_a __ 000948
° 1™ 0.317! 2160! 1

For our system, which includes an LED module taking its input voltage from an arbitrai
wave generator and outputting radiation through a liquid light guide, we need to establ
relationship between the output photon !ux and the input voltage. A series of actinome
experiments like the one illustrated above are carried out, with the only variable being
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input voltage. At each input voltage, a photon !ux is calculated from the reverse
photochromic reaction induced, and a relationship between photon !'ux and input volta
subsequently established by $tting a polynomial function to the scatter plot. "is is done
both the 455 nm and the 590 nm LED sources. "e Mathematica funetabim2 uses a
linear $t to derive a slope value émwhileactin3 uses a polynomial $t and outputs the
coe(cient of the linear term aa.

455 nm LED$155: 2160 M cmitfsss= 0.317

Data ID LED voltage (V)  afrom actin2 a from actin3
UVact053blue70a 0.07 0.0053 0.0059
UVact053bluel150a 0.15 0.0058 0.0061
UVact053blue300 0.3 0.0164 0.0167
UVact053blue600a 0.6 0.0323 0.0350
UVact053blue800 0.8 0.0457 0.0462
UVact053blue1000 1 0.0551 0.0588
UVact053blue2000 2 0.113 0.114
UVact053blue3000 3 0.147 0.152
UVact053blue4000 4 0.198 0.200
UVact053blue5000 5 0.243 0.240
UVact053blue6000 6 0.273 0.274
UVact053blue7000 7 0.311 0.311
UVact053blue8000 8 0.350 0.358
0.000
< 0.000
0
=
X 0.000
=
o
S 0.000
o
o
0.000 .
actin2
actin3
0.000
0 2 4 6 8

455 nm LED voltageV"
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Best polynomial $4s5 = 0.0000813549 v b 2.22654 % 1O

590 nm LED%go: 1060 Mt cnrl#tsgg= 0.273

Data ID LED voltage (V)  afrom actin2 a from actin3
UVactO53orangel 1 0.0050 0.0050
UVact053orange?2 2 0.0107 0.0110
UVact053orange3 3 0.0151 0.0143
UVactO53orange4 4 0.0197 0.0199
UVact053orange5 5 0.0241 0.0238
UVact053orange6 6 0.0229 0.0240
UVact053orange? 7 0.0264 0.0278
UVact053orange8 8 0.0263 0.0282
UVact053orange9 9 0.0284 0.0290

0.0001 . o g
- 0.0000 ¢ .
—
= .
=
= 0.0000
=) $
LL [ ]
g 0.0000 .
o
<
% 0.0000 ¢

0.0000

0 2 4 6 8
590 nm LED voltageV"

Best polynomial $tis90= 0.0000211447 v D 1.13895F% 1O



Note:

On p. 593 of ref. 44, the table detailing the variabiliti of relation to temperature and
irradiation wavelength has the wro#igvalues. "e correct values should be ten times thc
presented in the table (32.4% instead of 3.24%, etc.). Otherwise, these data would cc
the argument made on p. 591.:
"ese compounds [Aberchrome 670 and another derivative] show a marked
increasein #, (30% [for Aberchrome 670] and 58%, respectively) compared to
DHBF 2 (5.5%) for solutions in toluene (21 jC) on irradiation at 514 nm.
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Appendix D

List of Key Mathematica Functions

| have collected in a digital package all Mathematica $les that are relevant to the analy
presented in the thesis. "ese include the function package, kinetics programs, and the
calculation notebooks. Reproduced here are some of the important functions that were
mentioned elsewhere in the thesis.

1. Taking any spectrum or kinetic trace as its inpoit;ectnonzero calculates the

di&erence between the mean value of a certain part of the data and the ifitendedlie. It
then subtracts the di&erence from the data to produced a y-shi#ed version.

correctnonzero[data_fix_,{zerot0_,zerotl _}]:=

Module[

{corrdata},

corrdata=Transpose[{

data[[All,1]],
data[[All,2]]-(Mean[parttimeseries[data,{zerot0,zerot1}[[All,2]]]-fix)}]]

2.f calculates the photokinetic factor from an input absorbance value.

flabs_]:=(1-107(-abs))/abs

3.simulloop3  andsimulloop4  simulate MC absorbance through Pathway 1 and
Pathway 2 switching experiments respectively. "ey do not account for dye bleaching.

simulloop3[tsdata_,absinit_,kappinit_,krec_]:=
Module[{absnext,kapp,imax,timelist,abslist,dt,resultabslist,resultlist},
timelist=tsdata[[All,1]];

abslist=tsdata[[All,2]];

dt=timelist[[3]]-timelist[[2]];

kapp[abs_]:=kappinit;

(*Constant apparent rate throughout irradiation, essentially Oth-order*)
absnext[abs_]:=abs-(kapp[abs]*abs-krec*absinit)*dt;
imax=Length[tsdata];

resultabslist=NestList[absnext,absinit,imax-1];
resultlist=Transpose[{timelist,resultabslist}]

]

simulloop4[tsdata_,absinit_,kappinit_,krec_]:=
Module[{absnext,kapp,imax,timelist,abslist,dt,resultabslist,resultlist},
timelist=tsdata[[All,1]];

abslist=tsdata[[All,2]];

dt=timelist[[3]]-timelist[[2]];
kapp[abs_]:=(kappinit-krec)*(absinit/abs)+krec;

(*k_MCSO is inversely proportional to abs_MC¥*)
absnext[abs_]:=abs-(kapp[abs]*abs-krec*absinit)*dt;
imax=Length[tsdata];

resultabslist=NestList[absnext,absinit,imax-1];
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resultlist=Transpose[{timelist,resultabslist}]

]

4.actin2 andactin3 calculate actinometry results using di&erent $t methods, as
discussed in Appendix C.

actin2[data_, {t0_, t1_}, {zerotO_, zerotl }]:=

Module[{corrdata, baseline, part, time, adjtime, abs, transabs,

final, line},

corrdata = correctzero[data, {zerotO, zerot1}];

baseline =

parttimeseries[data, {zerot0O, zerot1}][[All, 2]] // Mean;

(*Define zero absorbance as the average recorded during the time \
range entered*)

part = parttimeseries[corrdata, {t0, t1}];

time = part[[All, 1]];

adjtime = time - time[[1]];

abs = part[[All, 2]];

transabs = Log10[10"#) - 1] & /@ abs;

(*transform absorbance measurements through time using the equation \
above*)

final = Transpose[{adjtime, transabs}];

line = Fit[final, {1, t}, t];

{Show/[ListPlot[final, PlotStyle -> Red],

Plot[line, {t, O, t1 - t0}]], D[line, t] /. t -> 0, baseline}]

(*actin3 fits transformed decay data with a polynomial and extracts \
the slope of that fit at t=2.%)

actin3[data_, {t0_, t1_}, {zerotO_, zerotl }] :=

Module[{corrdata, part, time, adjtime, abs, transabs, final, line},

corrdata = correctzero[data, {zerotO, zerot1}];

(*Define zero absorbance as the average recorded during the time \
range entered*)

part = parttimeseries[corrdata, {t0, t1}];

time = part[[All, 1]];

adjtime = time - time[[1]];

abs = part[[All, 2]];

transabs = Log10[10"(#) - 1] & /@ abs;

(*transform absorbance measurements through time using the equation \
above*)

final = Transpose[{adjtime, transabs}];

line = Fit[final, {1, t, t"2, t"3}, t];

{Show/[ListPlot[final, PlotStyle -> Red],

Plot[line, {t, O, t1 - t0}]], D[line, t] /. t -> 2}]

5.firstordertransform transform a presumed $rst-order kinetic trace into a line,
discussed in Appendix B.

firstordertransform[sourcedata_,{t0_,t1_} {movingavepar_,diffpar_}]:=
Module[{t0t1,chop,movave,movaveabs,movavetime,result},
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tOt1=Join[getmaxindex[sourcedata,{t0-2.5,t0+2.5}],getminindex[sourcedata,
{t1-2.5,11+2.5}]];

chop=parttimeseries[sourcedata,tOt1];
movave=MovingAverage[chop,movingavepar];
movavetime=movave[[All,1]];

movaveabs=movave[[All,2]];

result=Transpose[{

Drop[movaveabs,-diffpar],
Table[(movaveabsl[i+diffpar]]-movaveabsy[i]])/(movavetime[[i+diffpar]]-
movavetime[[i]]),{i,1,Length[movaveabs]-diffpar}]

1]

]

6. partitionaverage partitions a dataset into sections of a certain step length and

the mean value of each section to generate a new list. "is is used to enhance the time
domain precision of kinetic measurements taken on the UVBVis and the !'uorimeter dt
two identical switching experiments, so that they can be transposed to yield a Sternb’
plot.

partitionaverage[data_, steplength_] :=

Table[
Module[{eachseconddata, midtime, avevalue, newpoint},
eachseconddata = Partition[data, steplength][[il];
midtime = Mean[{eachseconddata[[1, 1]], eachseconddata[[-1, 1]]}];
avevalue = Mean[eachseconddata[[All, 2]]];
newpoint = {midtime, avevalue}], {i, 1,
Length[Partition[data, steplength]]}]

7.firstorderrategug yields the source data for a Guggenheim plot from a presun
$rst-order kinetic trace, as discussed in Section 4.2.1.

firstorderrategug[data_,diffpar_,{t0_,t1_}]:=
Module[{chop,absseries,y,t,length},
chop=parttimeseries[data,{t0,t1}];

absseries=chop[[All,2]];

length=Length[absseries]-diffpar;
y=Table[Log[Abs[absseries[[i+diffpar]]-absseries[[i]]]].{i,1,length}];
t=chop[[1;;length,1]];

Transpose[{t,y}]

]

8. bluesimulateswitchlist andorangesimulateswitchlist produce
simulated MC absorbance under continuous blue and orange irradiation, respectively.

bluesimulateswitchlist[dt_, intensity_, effMCabs_, tf ] :=

Module[{timelist, abslist, perclist, list},
kMCSOJabs ] :=
intensity*\[Phi]MCSO*irradpath*eet*f0455*

absCPN*(\[Epsilon]MCmax/abs);
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Anext[abs_] :=

abs - ((kMCSOJabs] + kSOMC)*abs - kSOMC*effMCabs)*dt;
timelist = Table[i, {i, O, tf, dt}];

abslist = Clip[NestList[Anext, effMCabs, Floor[tf/dt]], {0, 1}];
list = Transpose[{timelist, abslist}]

]

orangesimulateswitchlist[dt_, intensity , effMCabs_, tf ] :=

Module[{timelist, abslist, perclist, list},
kMCSOJabs_] := \[Phi]MCSO*intensity*irradpath*
fO570*\[Epsilon]MCmax;
Anext[abs_] :=
abs - (kMCSOJabs] + kSOMC)*abs - kSOMC*effMCabs)*dt;
timelist = Table[i, {i, O, tf, dt}];
abslist = Clip[NestList[Anext, effMCabs, Floor[tf/dt]], {0, 1}];
list = Transpose[{timelist, abslist}]

]

9.fdafd is a polynomial $t of the quenching e(ciency plot with the molar concentratio

MC as its input anéFlcenomdFlcen as the output. It is calculated from switching experime
conducted on VL 116.

fdafd[x_] :=
1-(0." + 1.3193424601464804 * 7 X - 8.479164283090828 *A13 X2 +
3.198405088822798 120 x"3 - 7.585188076465904 *A26 x4 +
1.147544248761701 *A33 x5 - 1.0755806352727295 *A39 x"6 +
5.68967149890942 *A 44 X7 - 1.2975649232122254 *A50 x8);
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Appendix E

Photochemistry of MC by Aiko Kurimoto

On the delocalization of the MC isomer of APESO in the CPN environment, as deduced
from the difference spectrum in Figure 2.4. Received on October 20, 2016.

"e $rst page shows a plot of deconvoluted PMB** electronic absorption band of
APESO in THF at 298 K using Lorentzian function and APESO-CPN in water (I bel
Since the absorption spectrum of APESO-CPN was bit noisy and | was not be able
deconvolute it, | smoothed it using FFT $lter and Savitztky-Golay function of Origin
"en, | normalized it to compare with the spectrum of APESO.

"e vibronic progression commonly observed for th®** charge transfer band of
merocyaninesowV'o (Vo) for the lowest energy transition and higher energy transition
Vo-V'1 (V1), w-V'2 (V2) is attributed to symmetric C=C bond stretching modes. If the
partial contribution of neutral (quinoidal) and charge-separated (zwitterionic) structt
to the ground state are equal, a fully delocalized conjugated structure would exist, |
to only small changes to the structure upon population of the excited state. "is lead:
large Frank Condon factor, and results in the strongest intensity forthand relative
to the other vibronic sub-bands. Conversely, more localized bond alternation in the
ground state leads to a decrease in intensity of gtiaM relative to the other vibronic
transitions (i.e. Yand \b). We+ found that this is also true for APESO. "erefore, the
relative intensities of theg\/V1, V2 provide insight into the degree of bond localization
the PMC form in solution.

You can see that the peak are @oMAPESO-CPN is much larger than the one of
APESO. (relative % area of 66 % (APESO-CPN) vs. 36 % (APESO only)) "is implie
electronic structure of the PMC form in APESO-CPN is much more delocalized tha
APESO itself. However, we have to take into account the solvent polarity since the
state structure of the PMC form changes as dielectric of solvent changes.

"e second page shows a plot of relative peak areas,0fiyand s as a function of the
Dimroth-Reichardt ETN solvent polarity scale in selected solvents of APESO. "e E1
value of THF is 0.21 while that of water is 1.0. You can seeptinat&ases as solvent
polarity increases and reaches plateau around 0.8 (methanol). If we simply extrapo
% peak area of APESO to the ETN of 1.0 (water), it will be around 50 %. "is is still
larger than the relative area of 8 APESO-CPN (66 %) in water. So, | think we can <
say the electronic structure of the PMC form in APESO-CPN is much more delocal
than that of APESO itself.
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On the thermodynamic viability of photoinduced electron transfer (PET) between PFBT
and the MC dyes. Received on March 15, 2017.

"e change in free energy for charge separatibric9 produced by photoinduced
electron transfer can be estimated by the following equation (1).

I Ges= Box D Red D Bo+ C Equation (1)

where Bovalue is 2.43 eV (510 nm) and C is the Coulumb interaction energy and
negligible in a solvent of moderate polarity.

"e oxidation/reduction potentials of APSO were measured by cyclic voltammetry in
acetonitrile. "ey are reported in Paquette., JACS (2011). [ref. X]

Based on computational results reported in the paper, $rst reduction (-1.26 V vs. £
and oxidation potentials (0.59 V vs. SCE) were assigned to the PMC form.

I Gesof APESO and PFBT was reported in the Sl of Zhang et. al. chemcomm (201
are given as:

' Ges= Box D ed D oo+ C Equation (2)
I Ges (APESO*, PFBT-) =(0.61 VD (P1.68V)D 243 eV =-0.14 eV

I Ges (APESO-, PFBT*) = (1.16 VD (BP0.59 V) B 2.43 eV = - 0.68 eV

"en, substituting experimental oxidation/reduction potentials of APSO-PMC into
equation 2:

I Ges (APSO*, PFBT-) = (0.59V B (P1.68 V) B 2.43 eV =-0.16 eV

I Ges (APSO-, PFBT'*) = (1.16 VD (P1.26 V) B 2.29eV =-0.01 eV

Based on the driving force estimates, all four photoinduced electron transfer proce
would be thermodynamically possible, but the PET process in APESO is more fav
than APSO. If photoinduced ET were the dominant mechanism of luorescence
qguenching, then for ET from the photochrome to polymer, APSO should induce gre
guenching, while for ET from polymer to photochrome, APESO should induce gre¢
quenching. For APESO, polymer to APESO has a larger driving force, while for AF
APSO to polymer has a larger driving force. In the absence of competing e&ects tl
compensate, if ET were the dominant mechanism, teyald be di&erence in
guenching for APESO and APSO, suggesting the EnT is the dominant mechanism
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We also received the following extinction coefficient measurements from her.

An extinction coe(cient of APSO in 25% water and 75% DMSO was determined tc
34000 Mtcmrl, SO form of the APSO was not detected in the water/DMSO mixture
1H NMR, meaning [PMC]>>99%March 15, 2017)

"e extinction coe(cient of APSO in THF was found to be 430001 . (February 29
2016)

An equilibrium constantKr) of APESO was found to be 10.1 (91% PMC and 9% St
a mixture of 25% D20 and 75% DMS@-Adding 25% of kD shi# equilibrium toward

MC form (Kr of APESO in 100% DMSGQG:- 3.8), which makes sense becau€eisi
more polar than DMSO. (January 27, 2017)

Extinction coe(cient of APESO in a mixture of 25% H20 and 75% DMSO was four
be 24000 L mdlcml. It was surprising that the extinction coe(cient of APESO in thi

water/DMSO mixture was a lot lower than that in THF (50000 Llrootl). (January 27
2017)
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