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Abstract

The thesis entitled “Catalytic 4¢ /4H™ Reduction of Oxygen by Non-Heme Iron Complexes:
Exploring the Effect of Secondary Coordination Sphere” deals with the development and
characterization of molecular electrocatalysts based on non-heme iron complexes for the
oxygen reduction reaction (ORR). In the ORR reaction, oxygen can be reduced to H>O by a
4e /AH" pathway or to H>O2 by a 2¢ /2H" pathway. Cytochrome ¢ oxidases (CcOs) are terminal
respiratory enzymes present in the mitochondria of all eukaryotes, catalyse selective 4e /4H"
reduction of Oz to H>O, and the reaction assists in the synthesis of ATP from ADP. Inspired by
the biological ORR, several homogeneous transition-metal complexes have been investigated
for ORR. Also, extensive efforts were made to study -electrochemical ORR by
metalloporphyrin, metallocorrole, and metal phthalocyanine complexes at heterogeneous
phases. However, examples of molecular non-heme Fe complexes for ORR studies are
exceedingly rare. Particularly, the effect of secondary coordination sphere control on the
cleavage of M—O versus O—O bond in a hydroperoxide/peroxide intermediate in synthetic non-
heme complexes is not well defined. Therefore, new non-heme iron complexes with modified
secondary coordination spheres are required to understand the oxygen reduction reaction
mechanism and to develop new strategies to improve the catalytic activity. Here we explored
the electrocatalytic oxygen reduction activity of molecular iron complexes. Further, we gave
attention to the modification of the secondary coordination sphere of the iron complexes via

different approaches to systematically improve the rate of the ORR.

Chapter 1. Introduction

This chapter provides a concise introduction to electrocatalytic oxygen reduction reaction
(ORR), with a particular emphasis on molecular catalysts centered around iron and the impact
of ligand system modifications on oxygen reduction reactions. It also outlines the current
challenges that need to be addressed to develop effective electrocatalysts for oxygen reduction

reactions.

Chapter 2: Catalytic 4¢ /H" reduction of oxygen to water by non-heme iron complexes

I complexes (1, 2, and 3) of N4 donor set of ligands

In this study, we prepared non-heme Fe
(HoL, Me;L, and BPh,L). 1 is supported by a monoanionic bispyridine-dioxime ligand (HL).
In 2 and 3, the primary coordination sphere of Fe remained similar to 1, except the oxime
protons of the ligand were replaced with two methyl groups and a bridging —BPh, moiety,

respectively. X-ray structures of the Fe!' complexes (la and 3a) revealed similar Fe—N



distances; however, they slightly elongated in 2a. The Fe'''/Fe!! potential of 1, 2, and 3 appeared
at —0.31 'V, —0.25 V, and 0.07 V vs. Fc'/Fc, respectively, implying that HL and Me,L have a
comparable donor property. However, LBPh: is more electron deficient than HL or MesL. 1
showed electrocatalytic oxygen reduction reaction (ORR) in acetonitrile in the presence of
trifluoroacetic acid (TFAH) as the proton source at Ecayz = —0.45 V and revealed selective
4e /4H" reduction of Oz to H20. 1 showed effective overpotential (7efr) of 0.98 V and turnover
frequency (TOFmax) of 1.02 x 10% s™!. Kinetic studies revealed a kcat of 2.7 x 10’ M2 s,
Strikingly, 2 and 3 remained inactive for electrocatalytic ORR, which established an essential
role of the oxime scaffolds in electrocatalytic ORR of 1. Further, a chemical ORR of 1 has been
investigated using decamethylferrocene as the electron source. For 1, a similar rate equation
was noted to that of the electrocatalytic pathway. A keat of 6.07 x 10* M2 s7! was found
chemically. Complex 2, however, showed very slow chemical ORR. Although, 3 chemically
enhances the 4¢ /4H" reduction of O and exhibits a TOF of 0.24 s™! and a kcat value of 2.47 x
10> M! s7!. Based on the experimental observations, we demonstrate that the oxime backbone
of the ligand in 1 works as a proton exchanging site in the 4¢ /4H" reduction of O». The study
describes how the ORR is affected by the tuning of the ligand scaffold in a family of non-heme

Fe complexes.

Chapter 3: Breaking the Scaling Relationship for Oxygen Reduction Reaction Using
Molecular Non-Heme Iron Complexes

The development of an efficient earth-abundant catalyst for oxygen reduction reaction (ORR)
is crucial, considering the importance of the reaction in fuel cell technology. It has been shown
in a series of molecular Fe porphyrin complexes that the turnover frequency (TOF) of ORR
increases with increasing the effective overpotential (7.5, which is often referred to as
‘molecular scaling relationship’. Likewise, TOF also increases with decreasing the E1/2 of the
redox couple that initiated the catalysis (such as for ORR, CO» reduction, etc.). Thus, a catalyst
can be defined as effective if it exhibits a high TOF value without altering the E12 or 7.1 A
careful design of a catalyst is, therefore, required to break the scaling relationship.

11

In a recent investigation, we reported the catalytic ORR of a mononuclear Fe™ complex (1) of

a bis-pyridine-dioxime ligand, where we speculated an essential role of the oxime protons in

the catalytic ORR. In this study, we prepared a series of Fe'"

complexes containing different
functional groups, such as —OCHj3 (ortho and para position of the phenyl ring appended at the

secondary coordination sphere of the ligand), —OH, —C¢Fs, —N(CHz3)2, —Cl, pyridine,



pyrimidine, etc. Electrocatalytic and chemical ORR studies were performed using the Fe
complexes in acetonitrile. All complexes exhibited selective 4¢/4H" reduction of Oa. A plot
of log(TOF) vs. E1/2 of the catalysts revealed a linear correlation with a slope of 6.6 log(TOF)/V.
Strikingly, the Fe complex having the —OCH3 group (ortho) at the secondary sphere doesn’t
follow the relation and seats above the line, suggesting that the catalyst exhibits a higher TOF
than the value expected with respect it’s position in the line. A similar trend we noticed in a
plot of log(TOF) vs. 7. for the electrocatalytic ORR. The higher reactivity of the Fe complex
with the OMe group suggests the role of the secondary coordination sphere on ORR. We
speculate that the —OMe group makes a hydrogen-bonded adduct with TFAH, which is
involved in the proton transfer reaction, which accounts for the enhanced reactivity. The study
demonstrates the first example of a scaling relationship with non-heme Fe complexes and

represents an example which breaks such a relation.

Chapter 4: Understanding the Effect of Internal Electrostatic Fields Created by Alkaline
Earth Metal Ions Poised Over Secondary Coordination Sphere of Molecular Iron
Complexes

Understanding the effect of the local electrical field around the reaction center in enzymes and
molecular catalysis is an important topic of research. Herein, we explored the electrostatic field
exerted by the alkaline earth metal ions (M?" = Mg**, Ca*", Ba?*, and Sr**) around Fe in a
Fe"(Cl) complexes by experimental and computational investigations. M?" coordinated
dinuclear Fe(Cl) complexes (1M) were synthesized and characterized by X-ray
crystallography and different spectroscopic techniques. EPR, solid state, and solution magnetic

M centers in the 1M complexes.

moment measurements exhibited the presence of high-spin Fe
Electrochemical investigations revealed Fe'''/Fe!' reduction potential values shifted anodically
in 1M complexes compared to 1. Likewise, 2p32 and 2p1/2 peaks in the XPS data were found
to shift positively in the 1, M complexes, demonstrating that redox-inactive metal ions make
Fe'" more electropositive. However, nearly similar Amax values in the UV-vis spectra were
observed in 1 and 1M complexes. The first principle-based computational simulations further
revealed the impact of M?" on stabilizing 3d-orbitals of Fe. The distortion in Laplacian
distribution (V?p(r)) of electron density around M?* also indicates the possibility of having

1T and

Fe—M interactions in these complexes. The absence of a bond critical point between Fe
M?2" ions in the 1M complexes indicates dominant through-space interaction between these

metal centers. Experimental and computational studies collectively imply that the installation



of internal electrostatic fields exerted by M?" ions in 1M complexes alters the electronic

structure of Fe',

Chapter 5: Exploring the Effect of Secondary Coordination Sphere on the Oxygen and
Hydrogen Peroxide Reduction Reaction Catalyzed by Molecular Fe Complexes

A series of Fe(Cl) complexes (1, 2, and 1M) of bis-pyridine-bis-alkoxide ligand has been
synthesized and characterized. Complex 2 has an —-NMe, arm at the secondary coordination
sphere. In 1,M, redox inactive metal ions (M = Mg?*, Ca**, Ba?*, and Sr*") are present between
two Fe''(Cl) units. The oxygen reduction reaction (ORR) of the Fe complexes was explored in
an oxygen-saturated acetonitrile solution using trifluoroacetic acid (TFAH) as the proton and
decamethylferrocene (Fc*) as the electron source. The turnover frequency (TOF) of the Fe
complexes for chemical ORR was compared, which revealed the order: 1.Mg > 1,Ca > 2 >1,Sr
~1oBa > 1. A kear of 32, 22.8, and 10.6 M~ s7! were determined for 1,Mg, 1,Ca, and 2,
respectively, at 25 °C. The study suggests that the presence of redox-inactive metal ions in the
secondary coordination sphere influences the ORR and has a positive role in enhancing the
reaction. Similarly, the faster reactivity of 2 than 1 may be attributed to the presence of the
~NMe; arm in 2, which likely assists in the proton transfer reaction from TFAH to the Fe'''(O,*)
through hydrogen bonding interaction. Strikingly, the presence of a stronger Lewis acid (Nd*")
at the secondary sphere of 1 has a detrimental effect on the ORR. Further, all Fe complexes
used in this study were found to catalyze the disproportionation reaction of H>O». Additionally,
we examined the H>O: reduction reaction of the Fe complexes in the presence of TFAH and
Fc*. All the Fe complexes were found to catalyze the H,O: reduction reaction (H2O2RR) in
acetonitrile in the presence of TFAH and Fc*. The reactions were found to be very fast in
acetonitrile and found to follow the reactivity pattern: 2 > 1. Mg > 1>Ca > 1. The investigation
suggests that the presence of —-NMe»> arm at the secondary sphere has a beneficial effect on
H202RR. The study highlights the importance of the modification of the secondary

coordination sphere on the ORR and H2O2RR by a series of molecular non-heme Fe complexes.
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"Hefdied de /4H" -G HORA BT GRT HTRITOM HI SUTI: ATATHS THGT
&3 & THTE P Wio" XMue arelt AR siiaioH siaea ufafesar (3.3MR.3R) & fore
19-81Y 3R (Fe) BRI & YR TR ATUIAP AT IBeiee b [db T 3R Tef0r guiq
JGfIT g1 ). SMARR ufafshar H, iTeRiSH &Y 4e /4H* AN §RT H,0 T TT 26 /2H HFT
GRT H,0, % 39T {01 off Tahdl ¢ | AT I RIS (CcOs) TH gorfedied &
ArEcip sl H HINg ciHd 49 TogH 8, Sl 0, ¥ H,0 B TS 4e /4H" 30T Bl
IR B 8, 3R Ufafshar ADP A ATP & TANU & Tgdl Bl & | S NIRRT
IR B, SNSRIR & AN F3 ToldTg FHHUI-HT] HIAQIa] &1 offd DI T3 5| 3D
3, fawH =Ron & A, AedeRd R Acd BUARIRHT HIadad gRI
ZAaIh T SRR BT T B o e IS YA fohT T ¢ | BTdilich, SNSRSR
3 & forg SMuifdes -8 AR (Fe) HIaRT & ITERVT 98¢ o o | fagiy =y
¥, Ridfew 91780 Hide I SR RINRs/ RIS S Hegddl # M—0 &9 0-0 &8
& WRR R ATeAHS JHad &7 FEF0 &1 THIT 33t die o aRUTT =81 81 39,
TN ATeafie TH-ag &3 & 1Y U AH-81H TR (Fe) DI B! SHiaior 30Ea-
gfaferar &= 1 gHgM 3R ISR fafafy § GUR & forg 93 IuHifadl & fasRid &t
TSN &1 Tgf §H7 AUIAF TARA (Fe) HITRITT DI FAGIdbeled e
U AT BT UaT T | b AT, TH SRR B &R T AT ¥  UR
B & fore faftra adien! & H1eoH O SRR (Fe) HIAidT & HIeAHS TH-GY &9 & Je
R & fea

3 1. yR=g

g 3T Faae e e AT Taa- Ufdfshar (30.3R.31R) &1 Jféra ulR=g ueH
FRAT 8, OH SRA (Fe) & UM dfad SHUMAH IERD SR SHiRfoH U=
gfaferarsfi o ferfis Ren Titem & Ty R faRiy SR fear mn | | g8 39 Hiel gifaal
1 Y TR TR Rl | foTg SfiaiTor Sroar Ufafesansii & forg gurdt saiae iarefore
I Rd B & forg IS A & sTaadhdr 7




3T 2: IARD e /H* ATA-SIH A IRIRN GRT U BT STt A srg=g=

9 e H, g9 RISy (HoL, MesL, 3iR BPhoL) & N4 SR I & AM-8H Fell
PG (1, 2, 3R 3) AOR fFul 1 T AAefRafhe sagddhsrssiary fais
(TIUS) gRITARIT 1 2 3R 3 H, Fe &1 WU TH-aT &7 1 & G g1, Riar s fb
forie & Sffia UieiH & A & HuEd I9g! 3R U@ ST -Bph, AU ¥ sea
T 1| Fe!! BRI (12 3R 3a2) B TRIX WIS F THH Fe-N g3 &1 Udl I,
gTdifes, 9 2T H UIS o/ B U1 1, 2, 3R 3 BT Fe'l/Fe!! &HAT HHTE: —0.31 V, —0.25 V, 3R
0.07 V S Fe'/Fe R @ &, forgert i § fb HL iR Me,L # qa-a arar 9uft g1
8T, LBPh, § HL TT Me,L &1 a1 | 3Hf% Faiaeid Bt HH &1 1 7 Eewa= —0.45 VIR
UeH 9id & *U § CRRRITARS TRIS (TFAH) &1 IURI # tRefesd §
SAdcIbefdied aiio Reawm RuaeH (ORR) fe@mr 8iR 0, ¥ H,0 dF TATHS
de/AH" UTT BT AT fbaT| 17 0.98 V T THTA SFAEHAT (1eqr) 3R 1.02 x 103 57 Y
THINER SR (TOFumax) TGS | BRI T T 2.7 x 107 M2 57! BV ko BT UT T
MyATS ¥4 9, 2 3R 3 TG Ibefded HMRIAR & fau Afwpg @, S 1 &
gAdcIbefdied SNIRIR H TR HAMHl Bt Th 3Mawad e RMd Hi| 39&
3T, 1 & RS NSRIR D1 Sl S Ald b &Y B SHHRITHRIH BT IUANT
HD DI T8 &1 1 & o8, Iaiacidberaed AN & UM & THIHRUT Ale [T T 4Tl 6.07
x 10* M2 5! BT U keat IJGAMG U F UM 7| gTailidy, HIAcaq 2 3 §gd et
IS NRIIR fe@man| grales, 3 IS TU F 0, Bt 4e /4H" UTTT DI I&Td]
8 3R 0.24 57! BT TOF 3R 2.47 x 102 M ! 57! BT koo A UG IR 8 | U SrIciict
F YR R, g9 UehRfd #3d 8 fob 1 # ferdis &1 iy g 0, B de /40" 00— & Th
et faf g = & 0 & S SRt |1 31eqga § 9ara1 T § fob A19-819 Fe I
& URaR & forfis Ham & &7 § 3SR HA yHifad g g

3EATY 3: 3MTUIAP A-BIH ATURT HIFAGT BT SUIRT HIP TG TIa=
ufaferarai & & A THfeir ey &) Aisr

o I Mt § ufaferan & He@ & ad gU, STeRioH =g ufaferar (3ieReR)
& o0 U SR Jdl-TR SRS H1 fadh Hgayul § | MTUIded Fe TR Hiciad o
TS yad o gg foamn a1 § f ORR & TR Mgy (TOF) THTat SifdemdT (e




gfa & AT Tl g, o SR '3 TuTfae WhiehT YeY & U B o1 offdl & | 3 dve, Hefdl
DT T, 3MT(E) | 3T TBR, Th IARD ! THTA! b TU H URHTT fham S b1 g afe
T8 E1» T ey B 9&0 f9HT 3= TOF A U iRfd Hvd1 8 | Safery, TWefel J&e &) digH &
foTT IARS HT AAUFITED [SolTe TR ¢ |

T B! T offd |, gH SSMTSTT-UieH-Sg3Haed farfls & Ueh AFgfaaaR Fell
PR (1) D SARD IRIR D! G &1, S5 gH IGRD SARIAR T iy Ui
DI TP TS YfHHT BT STAF AT 39 a9 8, g0 [afe srafds gl ard
Fe!l! T Pt T YTAT dOR B, o ~0CH; (P & fadlas gu-ag &3 o Jau
s fr @t sifdf iR o1 &), —OH, —C4Fs, -N(CH;),, —Cl, UTSEH, Ui,
31 | THIRICIEA H Fe BT &1 STANT HP FadIbeded 3R ARG ORR
g fhT MU Tt HIRIRT A 0, B TTATHD e /4H" HTTTA UeRid B | IERD &
log(TOF) §FTH Ey, % T WIIC T 6.6 log(TOF)/V & &AM & 1Y U IRA% JgHad BT Ual
T | STYISHS ¥4 ¥, faciad &3 H ~0CH; THE (ortho) AT Fe HIAIHT AaY BT U
51 R g AR W P HW 961 8, I8 YA &l & b IARS ared H 3o Rl & Feiy
H o qed ¥ Sfied TOF UaiRid ol g1 S9! ake @I Ugh gH Saagidbeiiicd
ISRIAR & [T log(TOF) T 171 b WIIC T &1 | OMe TG & TTY Fe DI P 3
yfafsareiierar ORR W fgdtue Trag &5 B Yi¥eT o gmd ot ¥ 1 8 SHH o &
f% —OMe THE TFAH & 1Y TS E3S o-S1d ST ST §, St Wie = RIMiaRor ufafsar
o =nfh gian 8, oS¢t g3 Udihariiad & e friGR gidT 81 Sieae -8 Fe
DR b 1Y WhIeiT T BT UGN SaTeRUI TaRid BT & SR T I&TeR0T UKId Bl
& 51 39 dRE & oY Bl dlsar g

ST 4: SATUIIP TIg TRWRI &b ATATNP TUG4 &7 TR FRIT &y g4t urg sma=it
g1 fAffa siiafe saaeRefe® &=l & uuTa & JHgET

TSsHl SR Suifds IARU H ufdforar g & U™ RIHY fdggd &3 & UHa &
U Y 61 U T U] [avd & | 38, - UM 3R g esd ST gRT FellI(Cl)
DHITQIRT T Fe & SRIUTT &G gt o1 ST (M2 = Mg?*, Ca?*, Ba2*, 3R Sr2*) gRT AT
U ST R feeh &1 T Ul TRIT | TH2+ A fgTfies Felll(Cl) BIRa (1,M) B Ta-
X fredume! 3R fafts WaeRaiUe da-ie! gRT S=aivd iR Rafd fasar mar i




SUISIR, B SHTRIT 3R FHTYM GED T &0 AT A 1,M GRIRT H IR Felll gl o
IufRUF TR & | saacisied S § udl g f FellyFell 3{T=a- YHIfad HH 1 &1
JAT H 1M BIEE | TAIfe® U I RIFART 81 T W a8, XPS Sl H 2ps, 3R
2p1» FARR 1,M P H IhRIAS U I e U g, St gxifan g 6 Ysiag-fAfspa
YTq ST S0 8 Felll 31 faggd emTerd | BTy, gal-fael TaeT & T HT THM Ao
A 1 3R 1,M HIe | ¢ U ¥ | Ugd RIgid-Smemid St RIgaee A Fe & 3d-
Sfffdccd B fRR T W M2 & THIT BT 3R HfAF Tahve fohaml M2+ & STIU Saaei-
gIcd & QTR ARl (V2p(r)) H fagfar 47 37 IRl & Fe-M $e¥aRM 811 &1 HTaHT
DI AT BRA B 1,M ISR | Felll 3R M+ 3T & &d U §e Hgdqul foig Hi
U 39 o1 Fal & fa ugE siaRe-sia:fhar &1 fd Fxdl g1 Taife &R
HICFA 3T TH[EH © 0 I Wohd Gd g 1 1,M PHIie H M2 SHTTHI §RT AT TTY
3T SeaeRe (e &l DI RITUAT Felll BT SATI-H AT Bl dad oal 6|

3TATY 5: 3MUIAP Fe UNERY GIRT IR TR 3R gr3S o WG5S U=
ufaferar R Areafie gu-ay &3 & YU[d $1 G

Bis-pyridine-bis-alkoxide R & Fel(Cl) B (1, 2, 3R 1,M) DI Th AT Bl
ot ok fafd forar mar 8 | st 2 H fgdias au=ad 83 T T —NMe, T8 | LM
A Yerag fAfsra 41g Sima (M2 = Mg, Ca*, Ba*, 3R S2*) &l Felll(Cl) 3HT2TN & S
e B €1 Fe PIRR @1 Sfafior SUETA UKl (ORR) B SHladfier-dqw
TR THIUH H Uiei- & 0 H CRRRITACH TRIS (TFAH) 3R gdaeH Jid &
U T SHHRATURN (Fc*) BT STANT HReb Wiol 7T UTI IERHSH ORR & folT Fe
DI DI TN SMGRI (TOF) BT JAT B T, ORI 54 HT Ual Il 1,Mg > 1,Ca >
2>1,Sr~12Ba> 1.32,22.8, 3R 10.6 M 57! T U ke TR a1 T AT 25°C TR HH:
1:Mg, 1,Ca, 3R 2 & Q| 3 9 ydl 9adt 7 fob fecditas v & & Yeiau-fAfesg
YT ST B SRR SRR BT FHIFAT et 7 3R Ufdfchar &l deM & THRIEAD
YA AU 81 53 UBR, 1 &Y gaT § 2 &t ot ufafthar=iad & 2 H -NMe, Yo &t
IR & forg TR 8- ST Yol 7, S THA: RS Io SIFeTl SearM & H1ed
J BT F Fe'l' (0,") T Ulel- RIFTRU ufafshar § Teradr &dl ol 3Ny U
T, 1 & fgdlad &3 T Th Holgd qad TRIS (Nd*) 1 SURYTT &7 3NSR3IR R gTHHRS




YT USdT & | 3T 3IaTal, 39 3eqg H IUTNT farT T Gt Fe SRR H,0, BT S[GTRA
Uffehar &1 IART HXd UTT MW | U SHfdikad, T STTHUTT 3R Fe* BT SURUfd & Fe
DR Pt H,0, SUFI UfAfehdl BT i DI | JH Fe HITATT DI TFAH 3R Fo* B
IufYfd & THicieRd & H,0, U= Uidfdhar (H,0,RR) BT IR HA & o grn
T | TReieTEa W fafthant sgd o urs TS SR ufafsharsiierar de o1 ure st urs
Ts: 2> 1,Mg > 1,Ca > 1. G ¥ Udl Iadl | o fgdiae &F & -NMe, dig &1 IufRfa
H,0,RR TR ATHHRI THTT STAT & | LTI SHUTA -8 Fe URIRT &1 Th 47T GRT
ORR 3R H,0,RR WR fgfiae TH-a9 &5 & T=Me & Agd IR USRI SIadl g |
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Technical terms

Abbreviations

CT: charge transfer
deg.: degree (°)
e electron
E: total energy
J: coupling constant
m/z: mass per charge
[M]*: molecular ion peak
Q: charge
RT: Room temperature (293 K)
S: Electron spin
T: tesla
TON: Turnover number
TOF: Turnover frequency
V: voltage
Techniques
CV: cyclic voltammetry
DFT: density functional theory
EPR: electron paramagnetic resonance
ESI: electrospray ionization
GC: gas chromatography
IR: infrared spectroscopy
MS: mass spectrometry
NMR: nuclear magnetic resonance
SQUID: superconducting quantum interference device
UV-Vis: ultraviolet-visible spectroscopy
XPS: x-ray photoelectron spectroscopy
XRD: x-ray diffraction
Units
A ampere
A angstrom (107° m)
C Coulomb
cal calorie
0C degree Celsius
cm. centimeter
eV electron volt
F faraday
G gauss
h hour
K Kelvin
Kcal kilocalorie




micro ampere

m meter

M molar

mA milliampere
min. minute

mm millimeter
mT milli Tesla
mV millivolt
nm nanometer
S second

T tesla

vV volts

UB Bohr magneton

Latin expressions

et. al. and co-workers

e.g. for example

.e. namely

tert tertiary

VS versus, against
Symbols

A wavelength (hm)

E electrode potential

£ extinction coefficient (M*cm™)

i current

AG Gibbs free energy

AH? activation enthalpy

K rate constant

AS* activation entropy

T temperature

Meff magnetic moment

n overpotential

v scan rate

Solvents and reagents

CesHi2 n-hexane

EtOAC ethyl acetate
CH.Cl dichloromethane
MeCN acetonitrile
MeOH methanol
CH3COCH;3 acetone

PhCH3 toluene

Et.O diethyl ether
EtOH ethanol




THF tetrahydrofuran

p-TSA p-Toluenesulfonic acid
OHCH2CH>0OH | ethylene glycol

Pdz(dba)s Tris(dibenzylideneacetone)dipalladium(0)
dppf 1,1'-Bis(diphenylphosphino)ferrocene
NaO'Bu sodium tert-butoxide

HCI hydrogen chloride

NH,OH.HCI hydroxylamine hydrochloride

NaOAc sodium acetate

"BuL.i n-butyllithium

NMe;OH tetramethylammonium hydroxide
NaBPhg sodium tetraphenylborate

Fe(ClO4)3 iron (I11) perchlorate

Fe(ClOa)2 iron (I1) perchlorate

Fe(OTf), iron (111) trifluoromethanesulfonate
Fe(OTf), iron (11) trifluoromethanesulfonate
FeCls iron (I11) chloride

Mg(OTf), magnesium trifluoromethanesulfonate
Ca(OTf), calcium trifluoromethanesulfonate
Sr(OTf), strontium trifluoromethanesulfonate
Ba(OTf), barium trifluoromethanesulfonate
Nd(OTf)s neodymium trifluoromethanesulfonate
Fc" decamethyl ferrocene

TFAH trifluoroacetic acid

TFAD trifluoroacetic acid-d

Urea*H>0» urea hydrogen peroxide

Ti(0)SO4 titanium (1V) oxysulfate solution
"BusNPFg tetrabutylammonium hexafluorophosphate
"BusNCIO4 tetrabutylammonium perchlorate

KBr

Potassium bromide







Ligands and Complexes Used

Ligands
Ar
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Complexes
Chapter 2

[Fe"(HL,)(CH3CN)2](C1O4): (1)
[Fe"'(Me>L)(CH3CN),](C104); (2)
[Fe"(BPh,L)(CH3CN),](BPhs), (3)
Chapter 3
[Fe"(HL1)(CHsCN),](ClO4): (1)
[Fe"(HL,)(CH;CN),](C104)2 (2)
[Fe(H,L3)(CH3CN),](C104): (3)
[Fe"(H,L4)(CH3CN),](C104): (4)
[Fe"(H,Ls)(CH3CN),](C104)2 (5)
[Fe"(H2Le)(CH3CN),](C104)2 (6)
[Fe''(H,L7)(CH3CN),](C104) (7)
[Fe'(HaLs)(CH;CN)2](C104)2 (8)
[Fe'|(H2Lo)(CH;CN)2](C104)2 (9)
[Fe''(H,L10)(CH3CN),](C104) (10)
Chapter 4

[Fe"(L")(CD] (1)
[Fe™(L")(CI)]:Mg(OT1), (1,Mg)
[Fe"'(L1)(C1)]2Ca(OTf), (1,Ca)
Chapter 5

[Fe"(L*)(CD] (2)

[Fe''(HL,)(CH3CN),](BPhs) (1a)
[Fe"(MezL)(CH3CN)2](ClO4)2 (23)
[Fe'(BPh,L)(CH;CN),](BPhy) (3a)

[Fe'(H,L1)(CH3CN),](C104), (1a)
[Fel'(H,L,)(CH3CN),](C104), (2a)
[Fe"(HL3)(CH3CN),](C104)2 (3a)
[Fe'(H,L4)(CH3CN),](C1O4), (42)
[Fe''(H2Ls)(CH;CN)2](Cl04), (5a)
[Fe"'(H>Ls)(CH3CN)1(C1O4): (62)
[Fe'l(H,L7)(CH3;CN),](C104)2 (7a)
[Fe''(HaLg)(CH3;CN),](ClO4), (8a)
[Fe'l(H>Lo)(CH3CN):](C104) (92)
[Fell(HaL10)(CH3CN),](C104), (10a)

[Fe(L')(CD],Sr(OTH), (1,Sr)
[Fe(L')(C1)],Ba(OTH), (1,Ba)

[Fe'(L')(CI)INd(OTf); (1-Nd)
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