Spectroscopy for Inorganic Chemistry
UV-visible spectrophotometry
Fourier transform infrared spectroscopy
Raman spectroscopy
Mossbauer spectroscopy

Electron spin resonance
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Spectroscopy
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Type of spectroscopy

-Electromagnetic spectroscopy: interactions with electromagnetic radiation, or light
(UV, UV-vis, IR, X-ray)

- Mass spectroscopy: interaction of charged species with a magnetic field, giving rise to a

mass spectrum.

- Nuclear magnetic resoanace (NMR): less common in the literature

Ionization-based techniques
Photoelectron spectroscopy
X-ray absorption spectroscopy
Mass spectrometry

Absorption spectroscopy
Ultraviolet—visible spectroscopy
Infrared and Raman spectroscopy

Resonance techniques Chemical analysis
Nuclear magnetic resonance Atomic absorption spectroscopy
Electron paramagnetic resonance CHN analysis

Mossbauer spectroscopy X-ray fluorescence elemental analysis

Thermal analysis

Less common spectroscopy types

Auger electron spectroscopy

Dielectric spectroscopy

Circular dichroism spectroscopy

Atomic emission spectroscopy

Plasma emission spectroscopy

Inductive coupled plasma-atomic emission spectrometry

Microwave-induced plasma

Spark or arc (emission) spectroscopy
Thermal infrared spectroscopy
Photoemission spectroscopy
Mossbauer spectroscopy

X-ray photoelectric spectroscopy

Spectra studies Energy range Information provided about
(wavenumber in cm™)

Rotational and | microwave 1-100 Molecular geometry
vibrational infrared 100 - 10,000

Raman 100 - 4,000
Electronic Visible 5,000 - 25,000 Molecular energy levels

uv 25,000 - 50,000 (and symmetry)
Electron spin resonance 10%-1 Electron distribution
Nuclear magnetic resonance 10*- 107 Environment of particular

atoms

Nuclear quardrupole resonance 10*- 10° MHz Structure and bonding

E— L
Gamma Rays m

X-Rays

Ultraviolet Radiation
Visible
Infrared Radiation

Microwaves

Radio Waves
— 10°m

Electromagnetic Spectrum

Violet
380 nm
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UV-Visible Spectroscopy

excitation relaxation

M+hV —> M*——> M +hV/heat

- transitions of electrons from ground state

— 1 to excited state, electronic transition occurs
— ) . and detected by spectroscopy
E Umd i
| esdwass | == - associated with color
Which electrons get excited?
Puss slon s min,

= In UV-vis, photon provides enough energy
to move outer valence (bonding) electrons.

=TT =l
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Red 700 nm
Absorption | Observed

400
nm (nm)

Crrange 620 nm

420-430 yellow

Yellow 580 nm

#30 nm 500-520 red

Gresn 530 nm

near 800 green

— Blue 475 nimi
: PbCrO
| \ 4 Incigo 450 nm

Vioket 400 nm

O, 7 http://64.50.176.246/cecour
se.php?url=nature_light/

Absorbance

What colour would you expect PbCrO, to be?

Explain why TiO, is widely used in sunscreens to

s 1 Soiahsa . e .
e L “"“‘L._.‘j';“' 7 Rgfarance protect against harmful UVA radiation (UV radiation
= " o Grating with wavelengths in the range 320-360 nm).
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Nakamoto (2009), Infrared and Raman spectra of inorganic and ? Wavelength, 4 inm
coordination compounds. Shriver and Atkins, Inorganic Chemistry, 2010, p. 228. Shriver and Atkins, IIJnorgar\ic Chemistry, 2010, p. 230.
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1. bathochromic (red) shift Wlulsingmsainmaninmsnanlnasunmsganauududon

4 2 2
TuUmaanuenaauennvu ( Kmax W) (TT —>TT%)

Red shift of Amax with increasing conjugation

CH,=CHCH,CH,CH=CH, Amax = 185 nm

CH,=CHCH=CH, Amax =217 nm
Red shift of Amax with increasing number of rings

Benzene Amax =204 nm

Napthalene Amax = 286 nm

. S ! a : o :
2. hypsochromic (blue) shift iiluilsingmsaifmannmsiannaiunmsganauuaudou
Timannwenaauaaas ( A__aa)) (0 —>70%)
. g 7 A 4 02 2
3. hyperchromic shift Lﬂuﬂﬁﬂgmsm‘mmi@,ﬂﬂauuﬁwmamwmu( 8max INY)
) ;
4. hypochromic shift iHutlngmaaiimsgandunasesmsanas ( € an)

Inorganic ions

Most transition metal ions are colored (absorb in UV-vis) due to d—>d electronic transitions.

- i __ dorbitals fimdsames
4_ - - -
d orbitals - w
degenerate d or aAnfuMA E = hv AEMARTY
1_ - _V__ __ dorbials fAndaamsin
I| v I 1 I B IG E ¥ | o | R !
1 Wawelength (nm) 1
313 | w0 s00 61 | 1000
0.6 - T
] 1
\ | |
I I
! |
]
H \ | |
03 : e e
E \K_J/ |
< N |
1 |
1
00 ! .
30,000 25,000 20,000 15,000 10,000
Freguency (em™') 14

UV-vis spectrum of 0.1 M [Ti(H20)6]3+

Inorganic ions

Most transition metal ions are colored (absorb in UV-vis) due to d—>d electronic transitions.
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Transitions involving charge-transfer electrons
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-metal-to-ligand charge transfer (MLCT) transition 1N@ T back bonding
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These values have been assigned to the
3+
I | I I I 4 N I | I | [Cr(NH,)( following spin-allowed transitions.
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Ligand field strengths “Spectrochemical series” sUnavesmIedon
Octahedral Square Planar
A for complex (nm)
max
Increasing ligand field strength —> ; ><
6CI” | 6H,0 | 6NH, | 3en | 6CN_ v
Cr(IIT) 736 573 462 456 380 iy
'y
I'<Br <Cl~ <F~ <OH <C,0 42 ~H,0<SCN <NH,<en<NO, <CN 4 - &, I i ‘[ w
E B | =
day
_I ﬁ_l I.._I - — apt
— - —
2ol| 3| . = =
2 Co(NH, ), 20 ':JJ--III.!' ? | f
g 12 a E . CoCl,> t
% 0 % = CO[COCLQ] + 12 HZO — 2 CO(HZO)éCL2 v _H'
ol L
< o8 ERE deep blue light pink
5 e - — s tetrahedral CoCl*>  octahedral [Co(H.O) ]* -+ 1=
0 MO M 400 450 M0 550 @0 ES0 TOO e M0 MO 40 40 M S0 #80 # 4 2776
Wavelength {nm) Wiarvabargihs [mm ) [Co(H,0)g)™ I ﬂo
Z1
https://en.wikibooks.org H ) _ﬂ 1
Solvent effects Solvent Approximate® transparency Solvent Cyclohexane | Butanol | 1,4-dioxan | Ethanol | Dichloromethane | Acetone | DMSO
. ini * for 1- 11
1. Solvent transparency in UV minimum (nm) for 1-em cells) Solvent 0 0.47 0.49 0.54 0.73 0.62 1
Water 190 dipolarity
*
Hac/\o/\c H, Diethyl ether Ethanol 210 (TT%)
N-Hexane 195 Amax 363 381 374 386 387 385 403
O Cyclohexane 210 . e 3¢ 2l hiz IR E
-~ -Dia CH
Benzene 280 I_h = 3>S=O
1,4-dioxane “““-Z::h;n-:-l it
Diethyl ether 210 m'“n' dimethylsulfoxide (DMSO)
O Acetone 330 é ——— dichkrromethane
F DMIS0
1,4-dioxane 220 =
2. Polar solvents “blur” vibrational features more than nonpolor Q—'N
3. Polar solvents more likely to shift absorption maxima (shift of 7\,max with solvent polarity) aminoazobenzene
Solvent effects mean UV-vis not reliable for qualitative but excellent for quantitative T
T T — TS
analysis. 23 350 400 45 sm 550 ] 24

L Cheemn Sc1 Trans.. 2002, Lily, -3




KMnO, dissolved in water gives intense CT Bands. The two absorptions below result
from LMCT.

CT bands often have molar absorptivities about 1000 times greater than those for d-d
transitions. When these absorptions fall within the visible range of the spectrum, they often
produce rich colours. Thus, colours in transition metal compounds are not always associated
with d-d transitions. For example, the permanganate ion, MnO," (Mn'7, d°) is a deep purple

colour as a result of charge transfer between filled ligand orbitals and empty d-orbitals on

Absorbance

2.0

— Fe=anilirne
Fo-CNP
— CHP

3.0
the metal ion. Ao = 528 N
20+
ABS
1.0
200 250 300 350 400 450 500 550 BO0
A (nm)
0
190 330 530
Wavelength (nm)
The band at 528 nm gives rise to the deep purple color of the solution. An elfgtron 26
from a “oxygen lone pair” character orbital is transferred to a low lying Mn orbital. Nanoscale, 2011, 3, 1984-1989
tion of trans-[C' 201+ http://wwwechem.uwimona.edu.jm/lab_manuals/c21jexpt.html i X
.. Auuatine [CotenaCE] Vibrational spectroscopy : IR and Raman
o dissociative: Rate = k,[complex]
\ [ absorpLion of Radiation by Molecules |
M \ associative: Rate = k,[complex][H,O] LE MEL %
Second
g o1 . k [ L ] L Electronic
K = com ex Excited States
E 048 4 \\ 3 ; obs p shorter longer
= e wavelength
006 | = Y —
. e
o4 { a— First ultraviolet visible IR Hicrowave
Electronic /
on T ! Excited States
1
‘ °
180 80 400 420 40 460 480 500 50 540 560 580 00 620 640
trans-[CoCl,(en),]" + H,O0 — trans-[CoCl(en),(H,0)]** + CU ~
trans-[CoCl(en),(H,O)J** + H,0 — [Colen),(H,0),]*" + CU
Ground Molecule Dissociates Molecule Vibrates Molecule Rotates
(n( (A‘mf - At) / (Ainf - AO) ) = kt ‘*i etdifthd vib. 1evels él';i;rsnnir

where k is the rate constant

A, is the initial Absorbance

A, is the Absorbance at infinite time
and A, is the Absorbance at any time, t.

27
Calculate the pseudo first order rate constants by plotting ln(Anf - At)vs time, t, in sec.

28




Infrared spectroscopy

IR region (12500 Cm ™' —80em ™

L]
Mear IR [=]
2500 e —4000cm | 4000cm 88T em

Vibrational motion 3 2 modes 719
- stretching (oscillation in interaction distances)

- bending (vibration involving change in bond angles)

«p N

Symmetric stretching Asymmetric stretching

2 er

S

ROCking Wagglng

l

FarlR
BETem =H0cm

a

Scissoring

a

Twisting 29

http:ren.wikipedia.org/wiki/Infrared_spectroscopy

A linear molecule, No of fundamental vibrational mode =3n -5
A non - linear molecule, No of fundamental vibrational mode = 3n — 6

Vibration

Slnal:i;hing wibiration Begng ng vibirabion

l g o
[ | PR

Symmetrical strelching  Asymmetncal stretching

vitretion vibration 1586 em
T T H activa
+ ¥ ¢ .
o i3 F "\
B e W W .--"/J:.l N
H H H "
WwhEzom ssem”
IR aciiva IR actve
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Selection rule

J Ao qya A a Y A .
1. fniﬁulﬂ‘]/nslﬂlﬂﬂﬂ’]ﬁﬂﬂﬂauuﬁﬂﬂuwi“ﬁﬂlla']ilﬂ’]i!ﬂaﬂu“ﬂ'G_N dipole moment

‘ibration
Stretchind vibraton Bend n;_,-*.-ura:un
1 _ Y
e (V) v, + * () ©) *
Symmetrica Asymmatrical  In plana banding Cut of plane bending
stratching vibration strefching vibration '-'ibra1il:|n+ '\-'1i‘bra1i|:|n .
o—c O 0—C—0 O0—C—C o—Cc—C
1340em 2380cm Gadom B66 cm
IR mactive IR active IR active IR active
£ g
K] -—""-*l
E 80|
E 50—
&
E 40—
S 204
Z
e 2330 cm’! 1667 cmr
T R YT YT

Wavelength  pm)
http:www.wag.caltech.eduhomejanggenchemiir_img7 gif
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lagunilas vibrational quantum number, Av =<1 mniu
Overtone band Vg — V4
Combination band v, + V3

QOvertones occur roughly at 1/2 and 1/3 of
- the fundamental absorption wavelength or
2 and 3 times the frequency.
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wETE FT-IR

i

e hrmasho g L= *

1

Transmission = 1/],
Absorbance A =1logl0 (I, /T)

I (v) Semple I(v)

IR sources Region mdeufiidiiesunszuaihdll | Wavenumber
(X)) (ecm™)

Tungsten filament lamps | Near IR 4,000 — 14,000
Silicon carbine rods Mid IR 1300 - 1500 K 400 — 4,000
(globar)
High-pressure mercury Far IR 4 - 400
Nerst glower (rare earth | Far IR 1800 K 4 - 400 33
oxides) fion1dmnn

Application IR
IR information : functional groups , force constant ,bond angle

Identification - organic — functional group

- inorganic — covalent bonded linkage, hydroxyl group, trapped water

Wdnmnnd 1,0 luansiidnumsels

IL() (hydrate): 3600 -3200 cm’!

Coordinated HZO: 500-600 cm’!

(e ) —— [ I(H O)
T r 1 Compound PH0) | p(H0) | VIMO)

i ] S 20L0) | iern,0)cl, 800 541 490

(H o [Ni(H20)6]SiF6 755 645 405
ek My
Wmﬂr hr [Cu(H,0),]80,H,O | 887,855 |535 440
e e
g - |J| i 34
J. Chem. Fhys., Vel 105, No. 7, 15 August 1996 Nakamoto, 1994

1%fnm Hydrogen bond

w /
4
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2 .
hematin — A\
rggy B 3 E 2 o
EEEE = 23 Z DS
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— = =] a
<)
NaOH £

Absorbance

COOH COOH

OH/H,0
OH/H,0 o

180 1600 14 1200 1000 800 600 = ’ on
Wavenumber (cm™) N o
0, R N
‘OH

FTIR [spectrum Type of vibration
(em™)

1717-1705 hydrogen bond
dimerization of
carboxylic acid

1709 carboxylic group ﬁ;éiw
1619 propionic side chain o >>—_/_\_§)E5T;
1573 V,s(COO7) o

1416 v(CO0") o b

VONANUUANAIIILH I geometric isomer 1M cis/trans

, A Y o :
isomer NUANNIATAEN band Tuaaasuuinnn
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v v . . {1 . Ja @ o
VBNANNUANAIITLH I geometric isomer 1Y cis/trans VONANNIANAIIIZHINAUNUATIOEA NS terminal DU bridging

isomer Nl AuL1ATA192T) band Tuanlaafuunnin v v — _ o
Pd(NH3)2C12 terminal bridging '\II |' “——.\.I Ilr'hx // 2
T bl Q/
[ L)
P ll I terminal CO &N %
i s
H;N ——Pd——NH; /v.‘.\ /- il -_j -"ﬂ_ll Ir(_,,_,__._ @
s ey }' |
& e : ||]
“ ® | terminal CO ]
I. el —
Cl 1 l{f’_“_
H;N —Pd—<l :. \, bridging C=0
|
NH, !
{
|

37 2000 1900 1800 3

Nakamoto, 1994, p. 10 AA. Jokrison &8 aidetimal of Mataular Snature SORAOR | 19571 120- 317

P
1%@n linkage i g
Compounds V.(COO) |V (COO) | Structure L RIOET . A
B
HCOO ™ 1567 1366 ionic
CH,CO0™ (OAc)) 1578 1414 ionic —
Rh(OAc)(CO)(PPh})2 1604 1376 unidentate & —
Rh(OAc)(CO)Z(PPhS) 1613 1315 unidentate
Rh,(OAc),(CO),(PPh,) 1580 1440 bridging L.J. Cavichiolo et al., Spectrochemica
Acta Part A, 64, 2006, 161-165.
Co—RCM xperirisentl Co—PICS expenmental  Assipnrenl
MW 343w Vi
21ids 2072m L]
16 10w l65% La BT
& w [E RES AHCC
UTsh GE2w UMk
wITm AW [
Maskind GREW AMIOH
39 i, 553, 53 1w &1, 472w ANCS, b= 40
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nitro

nitrito

3(ONO)
v{(MN) v{(MN)

—N.

W
=" | N A Q L
il = >
Q ~ ff «— N
Nj)r .,,D Cooling
I

/N ~
v o o

Ni"{CH,(NH,),},(NO,),| (1) Ni"{C H,(NH,),},(ONO),| (2)

=
_\J

Reversible thermochromic conversion of compound 1 to compound 2 in solid state.

S. Sabbani, S.K. Das, Inorg. Chem. Com. 12, 2009, 364-367.

Raman Spectroscopy

sunuan)nInsalnillFSs@anudiderlumsnszquaisdeds  waganudAnszvg
3 o @ [
ponuuiluisdnnluanavesdsdieda excted

electronic
state

virtual
State EEsssssssssssgadEsannns

energy

——— Reflected light

Raman Scatter

ground
state

Rayleigh  Stokes anti-Stokes

-Rayleigh scattering: V RV _ elastic interaction (no transfer of energy btw. molecule and
photon)

-Raman scattering: V #V _ inelastic interaction (transfer of energy btw. Molecule and photon)
¢ Stokes line: energy of photon decreases V <V, (energy of molecule increases)

® Anti-stokes line: energy of photon increases V >V (energy of molecule decreases)
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Raman scattering NANUTuaNanimMIaduIUIaNNIAT  (symmetric)  Hazll
AnuensalumsinaInarlsed (polarizability or Raman active)

symmetric stretching, V. asymmetric stretching, V

as

5~ o+ o 6— O+  5-
O0—C——o0 O—=C——=0
- —_ — - —
Raman active IR active

Raman scattering - Janaanuiuana1a 11910 incident beam
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Polarizability is related to how easily the molecule orbital of a molecule can be

deformed.

” S ® An electric field will distort the molecular orbital.

N g ® An electric field can distort the electron cloud of a

- X +  molecule, thereby creating an “induced electric dipole
Electric field 43
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Dipole and polarization changes in carbon disulphide, with resultant infrared and Bgman
spectra.
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_ 1st Electronic
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ey .w.—l G WA Raman scattering auMmeY Rayleigh scattering
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g 472 il Rayleight Vi =V, adjusted to coincide with an allowed electronic transition in a molecule. The intensities of
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RR bands can be enhanced.
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5. Smaller particles can be studied 1-2 micron
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UBLASVUDI Raman spectrometry
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5. N3NNI FTIR o

http://www.analyticalspectroscopy.net/ap4-6.htm
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R.J.H. Clark, M.L.. Curri/lournal of Molecular Structure 440 (1998) 105-11] 49
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Photomicrograph of P. falciparum-
infected erythrocytes showing the
food vacuoles containing haemozoin ~ ' 1w 1sm o gm0 o s om0 am
(780 nm laser source) Raman shift (cm™')

B.R. Wood et al (FEBS Letters 554 (2003 ) 247-252

Structural Information from Iron Porphyrins by RR Spectroscopy

Structural information | Resonance Raman Assignment
Characterization
Oxidation state of Fe V4 (~1360 cm™) Fe(1I)
vy (~1375 cm™!) Fe(I1I)
vy (~1379 cm™!) Fe(IV)
V4 (~1384 cm™) Fe(V)
Spin state of Fe Vio> 1580 cm™! Low spin
Vi < 1580 cm™ High spin
Coordiantion number V;o(1615-1625 cm!) 5
v,o(1627-1630 cm™) |6
Metal-ligand mode 400-200 cm™! Fe coordinated with O

52

Nakamoto, K. (1997) Infrared and Raman spectra of inorganic and coordination compounds;, 5th Ed.
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MOssbauer spectroscopy (Y-ray spectroscopy)

Mossbauer spectroscopy 3o Y-ray spectroscopy Uiza‘lﬂ;ﬁj[ma Rudolph
Mossbauer 1u 1957 uaglsfusetaluaauiidndludl a.a. 1961 Fegadilianmade
ﬁﬁa local structure, oxidation state, coordination number wag bond character

wedlpiiivdnnsmileutu  NMR  spectroscopy  Aevdumaiinfiiieateatu
msnsuatuiiintuneluinadlosvesesney neldsedunuundy incident radiation 7
fimnuenadufes  (monochromatic  beam)  fsdunuandigldly  Mossbauer
spectroscopy 1991nN15aa18 (decay) 109519 19U **Fe, * w0 1S, #1915 3uNs9)

Wa11i31 Y-ray source (source isotope %58 emitter nucleus)

source sample

iy isatur
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|
270 days e e
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577€ sFe

~®

,m> 0 % Emitter Nucleus Absorber Nucleus

recoil ¥
letector
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Sample |*Fe |"sn  [P'sp |l il PRu [P |PAu recoil wleliluiusunil wWunsBitiuasin recoil Wwufuiedinszauoonly Beon
WS recoil energy
1 2
Mossbauer Type of interaction Information of Isomer Shift, IS
parameter chemistry -oxidation state
-coordination number "
Isomer shift Electronic monopole -Oxidation state g
O (mm/sec) (coulombic) -Electronegativity of 8
Interaction between nucleus | ligands
(protons and elelctrons) -Character of bonds < - 0 + =P

-Spin state (HS, IS, LS)

Quadrupole splitting | Electric quadrupole -Molecular symmetry
AE, (mm/sec) interaction between nuclear |-Oxidation state

quadrupole moment and -Character bonds

inhomogeneous electric field | -Spin state (HS, IS, LS)

Velocity (mm/s)
izszmqmﬂ.ﬂé“auﬁmaa@uéﬂaw MB spectrum 1‘Umﬂmwm§a@ué 1ANRINNTT
n5eYiMe electrostatic interaction syninsiaedsatudidanseuly orbital vilie
madsuudassssundnuvesiinaed
O
R La% AR Ao nuclear radius kagANuLANA19Y89 nuclear radius luan1iy excitation
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Al (0)] Ao A1ULANA9UDY electron density fifiimdea (oc valence-orbital population)
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Quadrupole splitting , QS

Aelunsdlii nuclei § nuclear spin quantum number | > 1
| A13eN quardrupole \f19991nN"3n38329I19 nuclear quardrupole moment iy
5 electric field gradient (EFG)
2 218n19n95¥7921978 quardrupole moment vasilAdwaiu EFG vinliAnnsien
E 1 Y99 resonance spectrum
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© - Local structure (electron configuration, spin state)
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Uizqmﬂ% Mossbauer spectroscopy lu solid state inorganic chemistry e
AA5129% local structure WU oxidation state, coordination number kag electron
configuration 1y Fe 38U high spin %38 low spin Liesainmeaila X-ray
crystallography Tanunsaszylaindu Fe?” wise Fe**
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Isomer shift & = 0.376(4) mms! Quadrupole splitting A = 0.437(4) mms*
\ J

Y
Characteristic of high-spin Fe** ion

M. Hidouri et al. / Journal of Physics and Chemistry of Solids 69 (2008) 2555-2558

Mossbauer Effect Study of the State of Iron in Spinach Ferredoxin
C. E. JOHNSON & D. O. HALL
Nature 217, 446-448 (3 February 1968)
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Biophysical Journal, 5, 1965, 823

Strengths and weaknesses of 5"Fe M&ssbauer spectroscopy

Strengths Weaknesses

+ Sensitive only to >'Fe « Sensitive only to *"Fe
(no matrix effects) (“sees” only >'Fe)

+ Sensitive to oxidation state « Coordination ? to +

« Allows distinction of magnetic « Paramagnetic phase data often
phases ambiguous

« Very sensitive towards magnetic « Diamagnetic element substitution
phases & relaxation

« Non-destructive « Slow

+ Resolution limited by uncertainty + If possible, use other techniques as
principle well

Often a combination of Mdssbauer spectroscopy with other techniques can help solve
problems that cannot be resolved using M&ssbauer spectroscopy alone. 68




Hyperfine magnetic splitting (Magnetic dipole interaction) o m@' "‘I“‘_lﬁ
1 1 4 WA I'\.'h.l' = "\3!' Jreet
auuwwaniinnautwlvanasuanwazautwlvianinanaeluiieans Iiv) =ar . |
(uansdanURduutinanidu ferromagnetic, antiferromagnetic, paramagnetic) v
Iseiundsnuiluadss split W 21+1 sublevel il P
= o A A . . s i) '-;:'UJ
3YNBNYBAD Magnetic hyperfine Zeeman splitting I 4
vl
CsFeS, antiferromagnetic 1im Quadrupole
a . a
3 ) splitting lagspectrum \iaLdu doublet
=12 .- E CsFeS, antiferromagnetic 1in Hyperfine
e b} e
splitting 97UU 6 peaks
AL=+1, Am; =0, o
-4 -2. &} 2. 4.
SOURCE  VELOCITY (mm/s)
11 12

Journal De Phvsiaue. 35. December 1974. C6-241

Appearance of Mossbauer spectra Electron spin resonance spectroscopy : ESR

ESR or EPR (electron paramagnetic resonance) Duannsalndfiieideatu

nYamnYenTdema s lans
g f 1 ' ARUER msgandusatlutaslalasvveduanaiiibidnaseuiey
e | ! | A [
E 1 II || l | Species 711 unpaired electron (paramagnetic) laun
—_ ¥
I._llI ll‘ oin | | . | - free radicals (organic and main-group radicals)
= =215 = - transition metals
0 a0 !
Relathee Velacky - lanthanide ions
2 —-ti2 .—,—, 1% 2l+1 sublevel - metal or semiconductors
o . ey e | i e
¥ oy dlEd B | =3/2 -odd electron molecules
[] ]
Samples for ESR may be liquids, solids or solution. In principle, gases may also be
examined.
i .0 L 21+1 sublevel
2 il 4 1 1
Frams it IS e Z l=1/2
plom Mo OS5 Wik OS5 Hyperfine Spliting

Adapted from M. D. Dyar, D. G. Agresti, M. W. Schaefer, C. A. Grant, and E. C. Sklute, Annu. Rev. Earth. Planet. Sci., 2003,1341,3 2

83. Copyright Annual Reviews (2006).




Field on

Electron i spin (L or S) = 1/2

1 m, = +1f2
Electron # spin quantum number (m_) = +1/2 of
png ¢ = F Fisld off
v iNa a I @ aa g.nnB,
anlfidvSnavesEuumLvan am@maua&ﬂu doubly degenerate p bl§\
ou
MniBvENavesauLLlmdn doubly degenerate Agandly W 1 =12
o degendira

Zeeman effect
Zeeman effect = the splitting of energy levels in magnetic fields

AMULANFAIIVDITLAUNTIUTENING state NI DNAINUNLTIUNITNIIUETY Y30

wé’amumaﬂﬂmnWﬁgﬂ@mﬂﬁuMﬁU
AE=hv = gBeH vse AE = slgB,

Free radical: ¢ = 2.0023
Proton: ¢ = 5.5856
Aandoudung=2-3

Metal ions: ¢ = 0 - 10
73

V = the microwave frequency
g = gyromagnetic ratio (spectroscopic splitting ratio)
B3, = Bohr magneton (9.274x107 JT)

H = magnetic field

ESR spectra

fianweuzidu derivative curve Aotlu first derivative 83 absorption curve finaon
fuANUT B IEUNLLIMAN

Uselowiives derivative  curve Aelunsdifiuuudinine asfianuls (sensitivity)

1NN absorption curve UagUFuUsa signal-to-noise ratio

Field on

t m, = +1/2

o/ I
Field off //

g.15B.

.>\ 'gms =-1/2

Absorption /\ _ B, (gauss)

First derivative /\ » B, (gauss) 74

g-factor dnldTnduusunm tensor (Faidulsnanituiuiiamwesauifivesluana
ns0v03ude) Tu ESR A1 g adneriu O (chemical shift) Tu NMR

o w1

wivangansusenaull gfactor IndiAesiuunn JslivedninsensiATEmaInua N
wnnd O Tu NMR

A ¢ AwadlaanAvesautuvanivuiinliAdwmasTowuud

57sample = g'std' Bstd/Bsample

Example: From the spectrum, estimate the g-value.

¢ 2.0028

B/mT

rrrrrrr o T 1T 1 1 1T 1T
320 325 330 335

The centre of the line appears at about 326 mT and the reference signal at about
332 mT. 75
Hence ¢ = 2.0028 X 332/326 = 2.04

Nucleus / Sy Nucleus / Sy
H? 1/2 5.585 H? 1 0.857
ct 1/2 1.405 Li’ 3/2 2171
N2 1/2 -0.567 N 1 0.403
F1 1/2 5.257 oY 5/2 -0.757
5% 1/2 -1.111 Na?® 3/2 1.478
p3! 1/2 2.263 s+ 3/2 0.429

76




Application of ESR — spin state

An active-site model of nitrile hygratase: Axially coordinate non-heme iron
complexes in the low-spin ferric state,
8 ka

-
i 1 mM Fe(salen)

fal
3 W
B L3 U
i _f‘"_}l( ‘ﬁ 100 mM Fe(salen)

g = 4.3 (typical ESR signal of the mononuclear non-heme Fe(salen) complex in

the low-spin state

Inorganic Chemistry, 27(22) (1988). 7

Bridge Signal Processing &
Control Electronics

-ﬁl-%m
I I & -
Fafile

Magmet Conaole

General layout of an ESR spectrometer

Block diagram of an ESHE specirometér

Maol, Sieves (2004} 4: 205-335
DOT 100007 had 238

Application of ESR —» structural distortions from Jahn-Teller effect

) Quantum Intermediate
Low spin High spin mixed i
S—1/ S=5/2 spin state 55212/2
=305 —
dy2-d, - ”
Y T +
R e S
dy, dx,, A _*_4—£—L' ..... - S %

increasing tetragonal dlstomon (7 <X,y)

Y

high spin 5 /2 mixed with the 3 /2 spin state, 4 > g < 6

[Fe(ll(C )(pcd)(H O)DMSO)]
(pcd = pyridine-2,6-dicarboxylato)

79
Journal of Molecular Structure 1040 (2013) 39-46

Analysis of Relaxation Behavior of Free Radicals in Irradiated Cellulose Using Pulse and Continuous-

Wave Electron Spin Resonance

By Hiromi Kameya and Mitsuko Ukai, A
Cellulose - Fundamental Aspects, 2013.
g=2.0065
A A:irradiated filter paper
—— o —-B. B filter paper




ESR/Spin Probe Study of Ice Cream

HC  CH, . _/ﬂ/\f,_,ﬁ
10.1°C

1,133 ———J\,/J\//J\r—— *—/ﬁ\f “00%
tetramethylisoindolin-2-yl .1°C 017G

2mT 2mT

9.8°C
______J\//\/,,_'\,___ -1200°C

-147°C -140.0°C

— A e

-19.7°C

S S

Data from the TMIO probe (fat phase) showed that when ice cream is cooled, the fat phase is a

mixture of solid and liquid fat until a temperature of ~-60 °C is reached.
81
J. Agric. Food Chem. 2006, 54, 4943-4947
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Application of ESR

1. The oxidation state, electronic configuration, spin state, and coordination

number of the paramagnetic ion.

2. The ground state d orbital configuration of the paramagnetic ion and any

structural distortions from Jahn-Teller effect.

3. The extent, if any, of covalency in the bonds between the paramagnetic ion
and its surrounding anions or ligands. “ESR Study of NO, and NO, in
Irradiated Lead Nitrate” J. Chem. Phys. 40, 1554 (1964);
doi:10.1063/1.1725361

4. To identify and quantify/qualify of radicals

5. To identify reaction pathways, as well as in biology and medicine
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