Ain Shams University
Faculty of Science

i,
hOJ
Chemistry Department X

AIN SHAMS UNIVERSITY

Effect of inclusion in cyclodextrin nanocavities on
the excited state proton transfer of photoacids.

A Thesis
Submitted for the Degree of Master of Science
As Partial Fulfillment for Requirements of Master of Science
"Chemistry Department"

By
Aya Said Ibrahim Amer

B.Sc. in Major Chemistry, Faculty of Science, Ain Shams
University

2013

Under Supervision of

Prof. Dr. Ayman Ayoub Abdel Shafi

Professor of Inorganic and photochemistry, Faculty of Science,
Ain Shams University

Dr. Gehad Mohamed Attia

Lecturer of Inorganic Chemistry, Faculty of Science, Ain Shams
University

2018



Ain Shams University
Faculty of Science & ) ol
Chemistry Department IS

AIN SHAMS UNIVERSITY

Approval Sheet

Effect of inclusion in cyclodextrin nanocavities on
the excited state proton transfer of photoacids.

By
Aya Said Ibrahim Amer

B.Sc. in Major Chemistry, Faculty of Science
Ain Shams University
2013
This thesis for Master degree has been approved by:

Prof. Dr. Ayman Ayoub Abdel Shafi

Professor of Inorganic and photochemistry, Faculty of Science, Ain Shams University

Dr. Gehad Mohamed Attia

Lecturer of Inorganic Chemistry, Faculty of Science, Ain Shams University

Head of Chemistry Department
Prof. Dr. Ibrahim Hussainy Ali Badr



Ain Shams University
Faculty of Science
Chemistry Department &3

R B N S 5 P
AIN SHAMS UNIVERSITY

Student Name: Aya Said Ibrahim Amer

Scientific Degree: M.Sc.

Faculty Name: Faculty of Science — Ain Shams University
Graduation Year: 2013

Granting Year: 2018




Acknowledgment

First and last thanks to Allah who give me the power
to go forward in a way illuminated with his merciful
guidance.

| would like to express my thanks to Prof. Dr. Ayman
Abdel Shafi, Professor of Inorganic and photochemistry,
Faculty of Science, Ain Shams University, for giving me
the chance to be one of his students and for his generous
advices, valuable discussions, useful guidance effective
contributions, who helping me greatly, and gave me the
confidence to express my ideas freely.

Dr. Gehad Mohamed Attia, Lecturer of Inorganic
Chemistry, Faculty of Science, Ain Shams University, for
giving me the chance to be one of his students and for his

generous advices.

Avya Said Amer



Contents

I TS o) B 1o [N TSR STOSURRS ii
LISt OF TADIES ... s %
LiSt Of SYMOIS. ..o vi
List Of ADDIEVIALIONS .......cuviviieiiiiices e IX
ATM OF WOTK . Xi
SUMIMATY ...ttt ettt s te e ste e re e e teebeanaesaeeteeraesreetean Xii
CRAPTET ... 1
L. INEFOTUCTION ..o 1
1.1 Phenomenon of fluOresCence .........ccoeviiiiiiiniieicice e 1
1.1.1  Jablonski DIagram .......ccceereieienenisesieeeeeee e 2
1.1.2  The StoKeS SNift........cccciiiiiiiiiiee e 4
1.1.3  Fluorescence quantum yield ...........ccocooiiiiiiicniinee 6

1.2  Time-resolved fluorescence lifetime measurements.................... 8
1.2.1  The fluOresSCence decCay..........cccoovvveieeieiieiie e 8

1.3 Introduction of photoacids .........cccccevereiiiinieiereee e 10
1.3.1  Photoacids and photobases ...........cccccvvveiiiiiieiii i, 10
1.3.2  PhotoaCidity ........cccoevieiiiiiie e 15
1.3.3  Excited state proton transfer (ESPT) .......cccoevveviieiieiieciieenen. 17
1.3.4  FOISEr CYCIE..cciiiiiicie et 20
1.3.5  Solvent effects on Photoacidity ..........c.ccoovvviineniicniiine 24

1.4 CYCIOUEXIIINS ..ot 30



1.41  CD Inclusion COMPIEXES ........ccoevveieiiieireie e 31

1.4.2  Applications of Cyclodextrins: ........ccccccevveveiiienieiesie e 33

(@4 gF=T 0] (= gl 1 USSR OSSN 42
2 Instrumentation and Methods ..ot 42
2.1 UV-Visible SPECLIOSCOPY .....ccveveieieriiiieniisiesieee s 42
2.2 PhOtOIUMINESCENCE .....oovieiiiciiesieeie et 42
2.3 Photoluminescence lifetime ..........ccccovveviiiinieie e 42
2.4 CREMICAIS ..o 42
Chapter T ..o 44
3 ReSUItS and DISCUSSION ......eeivveieirieiiieiesiesiee e e siee e e e see e sneeneeas 44

3.1  Effect of solvents on the Photophysical properties of INOA4S .. 44
3.2 Photophysical properties and solvent parameters.................... 49

3.3 Photophysical properties and linear solvation energy

FEIALIONSNIPS ....veiiece s 53
331  Kamlet-Taft model..........ccoooiiiiiiiie e 54
3.3.2  Catalan MOdel .......ccooveiiieeee e 63
3.3.3  Laurence Model........c.cooieiiiiiii 72

3.4 Effect of Inclusion in cyclodextrin derivatives on the

PROTOPNYSICAL ... 81
3.4.1  Absorption and Fluorescence Spectra.........ccccccvevivviieeiieninnnns 81
3.5 CONCIUSION ..o 99
4 RETEIEINCES.....c.eiiiiiee e 100



List of Figures

Figure 1.1: One form of a Jablonski diagram. ...........ccccovereniniineneniiesnennns 2
Figure 1.2: One form of a Jablonski diagram. .............cccccevviiniienieiicieenns 5

Figure 1.3: Absorption and fluorescence emission spectra of 2-naphthol in

NEULIAL H2O .ot 14
Figure 1.4: Frontier orbitals of (a) 2-naphthol and (b) 2-naphtholate anion.
....................................................................................................................... 16

Figure 1.5: Energy diagram of the proton transfer reaction related to the
FOISTEr CYCIE. ..o et e 21
Figure 1.6: B-Cyclodextrin: Top view of the Stuart molecular model (left) and
SEPUCTUNE (FIGNL). oo 30
Figure 1.7: Top: Functional structural scheme of a-CD (n = 6), 3-CD (n =7),
and y-CD (n = 8). Bottom: Geometric dimensions of cyclodextrins. ........... 31

Figure 3.1: Absorption of spectra of 20 MM 1NO4S in different solvents. 44
Figure 3.2: Normalized fluorescence emission spectra of 1NOA4S in different
solvents collected with excitation wavelength, Ay, equals to A1%" ............ 45
Figure 3.3: Fluorescence decay profiles of 1INO4S in different solvents
collected with 297 nm LED as excitation SOUICE...........ccovverererierenesiennenes 47
Figure 3.4: Plot of Stokes shift (AV) VErsuS Ef ......cccovovevevceevieeerecesnnnns 53
Figure 3.5: Kamlet-Taft linear solvation energy relationship plot of the
calculated values of v, against their corresponding experimental data. ....... 56
Figure 3.6: Kamlet-Taft linear solvation energy relationship plot of the
calculated values of v¢ against their corresponding experimental data......... 57
Figure 3.7: Kamlet-Taft linear solvation energy relationship plot of the

calculated values of Av against their corresponding experimental data. ...... 58



Figure 3.8: Kamlet-Taft linear solvation energy relationship plot of the
calculated values t; against their corresponding experimental data. ........... 59
Figure 3.9: Kamlet-Taft linear solvation energy relationship plot of the
calculated values t, against their corresponding experimental data. ........... 60
Figure 3.10: Catalan’s linear solvation energy relationship plot of the
calculated values of v, against their corresponding experimental data. ...... 67
Figure 3.11: Catalan’s linear solvation energy relationship plot of the
calculated values of v, against their corresponding experimental data........ 68
Figure 3.12: Catalan’s linear solvation energy relationship plot of the
calculated values of Av against their corresponding experimental data. ...... 69
Figure 3.13: Catalan’s linear solvation energy relationship plot of the
calculated values of T, against their corresponding experimental data. ....... 70
Figure 3.14: Catalan’s linear solvation energy relationship plot of the
calculated values of T, against their corresponding experimental data. ....... 71
Figure 3.15: Laurence’s linear solvation energy relationship plot of the
calculated values of v, against their corresponding experimental data. ....... 74
Figure 3.16: Laurence’s linear solvation energy relationship plot of the
calculated values of v; against their corresponding experimental data.......... 75
Figure 3.17: Laurence’s linear solvation energy relationship plot of the
calculated values of Av against their corresponding experimental data. ...... 76
Figure 3.18: Laurence’s linear solvation energy relationship plot of the
calculated values of T, against their corresponding experimental data. ....... 77
Figure 3.19: Laurence’s linear solvation energy relationship plot of the
calculated values of T, against their corresponding experimental data. ...... 78

Figure 3.20: Structure and abbreviation of cyclodextrin derivatives studied

....................................................................................................................... 81
Figure 3.21: Effect of different concentrations of a-CD on the fluorescence
spectrum of 20 pM Of INOAS, Aey= ATHa" . cooverererererereierer e 82

iv



Figure 3.22: Effect of different concentrations of § — CD on the fluorescence

spectrum of 20 uM Of INOAS, Aay= ALEaS. oo 83
Figure 3.23: Effect of different concentrations of y-CD on the fluorescence
spectrum of 20 uM Of INOAS, Aay= AZEaS. oot 84
Figure 3.24: Effect of different concentrations of HP-B-CD on the
fluorescence spectrum of 20 pM 0of INOA4S, Aey= AZEa. ooviveeeeeriririeieeerenes 85
Figure 3.25: Effect of different concentrations of Me-B-CD on the
fluorescence spectrum of 20 uM of INOAS, Aey= ATEE . oo 86
Figure 3.26: The Benesi-Hildbrand plot of 1/(IIf) vs 1/[CD]. ................. 88

Figure 3.27: Fluorescence decay traces of 1NOA4S at different added
concentrations Of 0-CD. .......ccceiiiiiiiii i 90
Figure 3.28: Fluorescence decay traces of 1NO4S at different added
concentrations of B-CD. .......ccccoiiiiiiiiiiic 91
Figure 3.29: Fluorescence decay traces of 1NOA4S at different added
concentrations Of Me-P-CD. .......cccoviiiiiiiiie e 92
Figure 3.30: Fluorescence decay traces of 1NO4S at different added
concentrations Of HP-B-CD. ..o s 93
Figure 3.31: Fluorescence decay traces of 1NOA4S at different added
concentrations Of ¥ — CD. ..oeoui i 94
Figure 3.32: Changes in the amplitudes a; and a2 as a function of different
cyclodextrin CONCENIAtIONS. ........cccveiieeieiieeiie e 95
Figure 3.33: Plot for the determination of the association constants (KT) using

time resolved fluorescence emission (a1 ANd @2).......ccoerveerrereeienienrereeienenns 96



List of Tables

Table 1.1: Rate constant of each photochemical process.............c.ccoccvvivnnnne 4
Table 1.2: Recommended fluorescence quantum yield references in various
EMISSION FANQES. 1vveveeveesveeieeitee e seesreeste e ee e e teasaesseesteeseeaseesseenseaneesreeeeeneenns 7

Table 1.3: Ground and excited state acidities of some naphthol derivatives.

Table 1.4: The pK, and pK}; of some common photoacids. .............cccc....... 23

Table 3.1: Wavelength of maxima absorption A,,s0f the L, and L, peaks,
fluorescence emission maximum, A.,,, fluorescence quantum vyield, @f,
excited state lifetimes t; and T, and their amplitudes (a; and a,) of INO4S
in different solvents (Errors are < 1090). ..occeevveiiieiiiiiienieeee e 46
Table 3.2: Solvent parameters of Kamlet-Taft model which is used in the
multiple regression analysis. ..o 55
Table 3.3: Results of the multiple regression analysis of Kamlet-Taft model.

Table 3.4: Solvent parameters of Catalan model which is used in the multiple
FEGreSSION ANAIYSIS. ....cviiiiiieii e 64
Table 3.5: Results of the multiple regression analysis of Catalan model .... 66
Table 3.6: Solvent parameters of Laurence model which is used in the
multiple regression analysisS. ..........ccvveiieieiie i 73

Table 3.7: Results of the multiple regression analysis of Laurence model.. 80



List of symbols

Symbol Scientific meaning
A Absorbance
hv Energy
AH Br@nsted acid
B Br@nsted base
BH* Conjugate acid
A~ Conjugate base
kic Internal conversion rate constant
kisc Inter system crossing rate constant
kg Fluorescence rate constant
kp Phosphorescence rate constant
Keoxt Excitation rate constant
A Absorption energy
VE Fluorescence energy
Av Stokes shift
I, Intensity of fluorescence decay at zero time
I(t) Intensity of fluorescence decay at any time
€ Dielectric constant

Vi




a,b,ps,ddiande

Susceptibility constants

D Guest molecule

I¢ If Fluorescence intensity in the presence and absence of
cyclodextrin

I¢ Fluorescence intensity of the guest-CD complex
Mg/ He Ground state and excited state dipole moment

k. Radiative rate constant

Kor Non-radiative rate constant

kq Quenching rate constant
AH (*) Enthalpy changes in the ground (excited) state
AG (%) Free energy changes in the ground (excited) state

AS Entropy change

Na Avogadro’s number

v Frequency

h Planck’s constant

n Refractive index
pK,(*) Ground(excited) state acidity constant

R Universal gas constant

T Temperature in Kelvin
K,(*) Ground (excited) state equilibrium dissociation constant
RO~ Excited-state anionic photoacid

vii




Solvent polarity parameter

Af Field factor
ROH* Excited-state neutral photoacid
A Wavelength
e Maximum wavelength in the absorption spectrum
Aabss Aem Absorption and emission wavelength
t Time
T Excited state fluorescence lifetime in presence of quencher
OF Fluorescence quantum yield
pK, Acid dissociation constant
1p s The first two electronic transitions of phenol and phenolate
ion
So Electronic ground singlet state
S1 The first excited singlet state
T1 The first excited triplet state
a Hydrogen bond donating power of the solvent
B Hydrogen bond accepting power of the solvent
" Solvent polarity/polarizability effect
fi Relative integrated fluorescence
Intensity
ai Amplitude
ky, kp The ground and excited state protonation rate constants

viii




List of Abbreviations

Abbreviation

Scientific Name

1INO 1-naphthol
1INO4S 1-naphthol-4-sulfonic acid, Na salt
2NO 2-naphthol
5CN2NO 5-cyano-2-naphthol
DMSO Dimethylsulfoxide
ESPT Excited-state proton transfer
ESI..PT Excited-state intermolecular proton transfer
PT Proton transfer
SA Solvent’s acidity
SB Solvent’s basicity
Sdp Solvent dipolarity
SP Solvent polarizability
DI Dispersion and induction interaction
ES Electrostatic interaction
KT Kamlet-Taft
S Slope
LSERs Linear solvation energy relationships
EtOH Ethanol




EWG

Electron withdrawing group

FLT Fluorescence lifetime
HOMO Highest occupied molecular orbital
HPLC High-performance liquid chromatography

ICT Intramolecular charge transfer

IRF Instrument response function
MeOH Methanol
MLCs Metal-ligand complexes
NMR Nuclear magnetic resonance
LED Light emitting diode

LUMO Lowest unoccupied molecular orbital

PTTS Proton transfer to solvent
TCSPC Time-correlated single photon counting
UV-vis

Ultraviolet-visible




