Qualitative and Quantitative Analysis
Of Radical Species in AOP
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Qualitative Analysis of OH radical

1. Analysis of diagnostic oxidized product

2. Electron Spin Resonance (ESR)
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1. Analysis of diagnostic oxidized product

m  Using the known reaction product with OH radical
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2. Electron Spin Resonance (ESR)

ESR (Electron Spin Resonance Spectroscopy) ?

- Detecting free radical compounds using its magnetic property

- Free radical: any atom or group that possesses one or more unpaired electrons
- Electron paramagnetic resonance spectroscopy (EPR)

- Free radical located under magnetic field: Energy levels of an electron spin

in a magnetic field is separated (Zeeman separation). As microwave

irradiation 1s applied externally, the hyperfine structure of splitting is generated.
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- Hyroxyl radical spin trapping (for OH radical)
- Comparison with reference information



Signal output of ESR

—
Field
strength

Fig. 1 The ESR spectrum of the benzen

radical anion (C¢H¢") in fluid solution

g-value : the center of the spectrum
g-value of the specific radical or complex
a: the hyperfine splitting of the spectrum
splitted lines, signal intensity
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Detecting free radiacl by ESR

m  Minimal concentration of radical for ESR signal detection: 10° M

m Several approaches

(1) &l5 S8’ detecting radical itself without any pretreatment,
~ difficult for kinetic study

(2) Freezing method: freezing radical before the analysis to slow
down the signal reduction

~ difficult for accurate interpretation of signal

(3) Spin-trap method: Detecting the ESR signal of stable radical
adduct which is the product between the radical of interest and the
spin trapping agent



* Detecting the ESR signal of stable radical adduct which 1s the
product between the radical of interest and the spin trapping agent

* Suggested by Janzen & Blackburn (1969)

* Buettner, G. R., “Spin trapping ; ESR parameters of spin
adducts”, Free Rad. Biol. Med., 1987, 3, 259-303.



Representative Spin—trapping agents

: H;C*?*N*O%-‘-R o C—C——N—R
S CHy . CH, ©
. 2-methyl-2-niwoso- MNPR
| o o ] /gﬁ,
- H{C-———‘N\C-/CH, L _.Hf(l)—ﬂ-C*\—CH: |
.CHlf \CHJ _ R
o-phenyl-N-tbutylnitrone ~~ PBN-R

5,5 -dimethyl- 1-pyrroline-
N-oxide (DMPQ)

m Spin-trapping agents
- addition of a free radical

to an unsaturated bond

- leading to a longer lived
new radical (nitroxyl free radical)

Fig. 6 Spin-trap agents and their
radical adducts
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DMPO spin—trapping Ofl 1%t radical 2 (1)

m  DMPO : auseful spin trapping agent for differentiating ‘OH from HO,:
(3.1x10° M-1s1)

m MASHCE SEHUH =
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Table 1 ESR parameters of DMPO spin adducts

adduct solvent lines ay ay Others
*H Water 9 16.6 22.5(2)

« OH Water - 15.0 15.0

*« OOH Water 12 14.2 11.3 0.13(H)

* CH,4 Water 6 16.3 23.2

e Cl Benzene 12 14.3 11.7
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DMPO spin—trapping Ofl 1%t radical 2 (2)

‘2) DMPO-OH
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Fig. 7 Typical spectra of DMPO-adducts
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ESR measurement using DMPO spin—trapping

m Excess scavenger (DMPO) 1s required

m Rapid determination for DMPO adduct (still unstable) 1s
recommended

ex) t,, (DMPO-OH) = 10~20 min
t,, (DMPO-H) =1 min (25°C)
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Kinetics of DMPO spin adduct (1)

m Kinetic information (rate constants of spin adduct formation and
decay) is essential for quantitative studies

m Decay constants of DMPO-OH
DMPO-OH + DMPO-H — k=244 x 10> M- ¢!
DMPO-OH + DMPO-OH — k=11 Mgl
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Kinetics of DMPO spin adduct (2)
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Fig. 8 Linear (a) and semilogarithmic (b) kinetic plot of the spectral intensity of

the DMPO-H and the DMPO-OH



Kinetic Method for Quantitative Analysis
of ¢ OH in Aqueous Solution

1. Measurement of steady state *OH concentration

2. Formation rate of *OH
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Detecting the steady state concentration of *OH

Trace amounts of *OH probe compound

Generation of *OH Consumption of *OH

*OH source =———— [ *QH | =—) *OH scavenger

steady state

e.g. / e.g.
0, - 0,

Fe(Il) or (11I)/ H,O, Fe(II)

UV/Ti0, organic substrates

*OH probe (P)

d[P)/dt = k [*OH][P]
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Detecting the steady state concentration of *OH

1. The selection of *OH probe compound: the rate constant with

*OH rapid and 1s known (the reactivity of this probe compound with
other compounds should be inert or weak.

2. The use of trace amounts of the *OH probe compound; This *OH
probe compound should not affect the level of *OH concentration
in the system



3. Find out the k¢ (s") first and calculate [¢OH] from it.

d[PY/dt = -k, [Pl

- K [*OH][P]

= Kkgpsp/k, = [FOH]

k, : the reaction constant of probe compound with *OH (M s°!)
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Example : Measurement of [*OH]_,

pCBA (p-chlorobenzoic acid, 2 uM) decreases in Fenton process ([Fe(IlI)], = 0.1
mM, [H,0,], =10 mM, 30°C). Find out [*OH]ss.

Time (s) [pCBA] (uM)
0 2
60 1.82
240 1.45
480 1.06
720 0.8
960 0.58

k, : the reaction constant of pCBA with *OH (M s1) ; 5x10° M 5!
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Solution: [*OH]

Find out the k. (s) first and calculate [¢OH] from it.
d[pCBAJ/dt = k;cpa obs[PCBA]

— d[pCBA]/ [pCBA] - kpCBA,obs dt

= In([pCBA]y/[pPCBA]) = ki cpa obs t

Form the linear relationship between In([pCBA],/[pCBA]) and time, find
out kpCBA,obs.
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Solution: [eOH]ss

Time (s) [pCBA] In([pCBA]/[pCBA]) | 1.2 |
(M) g 1+
O
0 2 0 208 f
60 1.82 0.094 > i
= 0.6
240 1.45 0.32 o0 y = 0.0013x
Q0.4 R2 = 0.9993
480 1.06 0.63 =
= 0.2
720 0.8 0.92 o 0
960 0.58 1.24 0 500 1000 1500
Time (s)

From slope, Kycga ops = 0.0013 57!
kpCBA,obs = kpCBA [.OH]SS OIEE’ [.OH]SS = kpCBA,obs / kpCBA

= 0.0013s71/ (6x109 M1 s71)
= 2.6 x10°8 M
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Measuring the formation rate of *OH

(1) Excess use of “OH Probe compound

Generation of *OH Consumption of *OH
*OH source =—— () > °*OH scavenger
c.g. — e.g.
O; K organic substrates
Fe(1l) or Fe(1ll)/ H,O, 03
UV/Ti0, Fe(1I)
*OH probe (P)

P+ °*OH — Product
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Detecting the ¢OH generation rate using
excess *OH probe compound

1. The selection of *OH probe compound: the rate constant with

*OH rapid and 1s known (the reactivity of this probe compound with
other compounds should be inert or weak).

2. Excess *OH probe compound needs to be applied so that all the
*OH generatged would be consumed with *OH probe compound



3. The generation rate of product A is equal to the generation rate of
*OH

*OH source — °*OH + excess P (probe compound) — A (product)
Let ryy= the *OH generation rate,
d[*OH]/dt = ryy — (-d[P]/dt) = O

ton = -d[P]/dt = d[A]/dt



(2) Use of excess *OH scavenger & trace amounts of *OH probe

compound
Generation of *OH Consumption of *OH
*OH source =——) () > Existing *OH scavenger
c.g.
e.g. organic substrates
03 03
Fe(Il) or (III)/ H,O, Fe(II)
UV/Ti0,
Employed
"OH probe (P) *OH scavenger (S)

d[P}/dt = k,[*OH],[P]



Use of excess *OH scavenger & trace amounts of *OH probe
compound

1. *OH ) HitE =2 8IS0t A SE8-E D A=ste=E S

"OH probe compound (k )2} eOH scavenger (k)€ ofLI# &3

Note : ¢OH scavengerl| A< BtS A Z0| A/ A0 S &= A He=

|.o|-:'§ /\—| I—I
2ALAE W s 24 /= UEC| ¢OH scavenger 2 U & 2
*OH probe compoundE It

;

Note : «OH probe compoundﬂ scavenger &= 421
MA = e«OH= H S = eOH scavenger2t 8= 6t 1] ¢OH probe compound 2t
HC

sOH2| BtS 2 FAE &= U= == Jretlh

roll
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*OH + S (scavenger)

*OH source \/
\ V
*OH + P (probe)

Let roy= the *OH generation rate,
d[.OH]/dt — Top— (-d[S]/dt) — Top— (ks[.OH]ss[S]) ~ 0
= Tog = ks[.OH]ss[S]

Then, d[PYdt = k[Pl = k,[*OH][P]
= kobs,p/kp= [*OH],,

Probe compound®| ZoH Al 2t =
29 —
==, Ton =k Koons [S1/K, == wigix erenmn o=

Ot

—

H probe compound 2| € xt=Zo S22 H

scavenger 2|
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Measuring rqy

Xl : UV/H,O0, SE0U A *OHS| MEEEE SHolJ| ?lof =& =J[0 1t
29| t-BuOH 10 mM (*OH scavenger)dt 0| & 2| pCBA 2 uM (*OH probe
compound)S & Jtot0] pCBAL| 2 AE A IHEULH «OHM ST =2

(pCBA 2t eOHS| Bt S = é\J—JF, 5%x109 M-1 s-1
t-BuOH U «OH2| Bt S £ T &h==; 6.6x108 M-1s-1).
Time (sec) [pPCBA] (UM)
0 2
240 1.80
480 1.61
980 1.30

1960 0.90
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Measurement of rgy

Form the linear relationship between In([pCBA],/[pCBA]) and time, find

out kpCBA,obs.

d[pCBAJ/dt = Kycpa o PCBA]
— d[pCBA]/ [pCBA] - kpCBA,obs dt

= In([pCBA]y/[pCBA]) = kjcpa obs t
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Measurement of rgy

0.9
% 0.7 -
Time (s) | [pCBA] | | In([pCBAly[pCBA]) | @ o6 |
(M) 205 -
0 2 0 zo 0.4 - y = 4.2E-04x
2 _
240 1.80 0.11 803 ¢ R™=1.0E+00
20.2
480 1.61 0.22 Z 0
980 1.30 0.43 P
1960 0.90 0.80 0 1000 2000 3000
Time (s)

From slope, Kycgaops = 4.2x1074 87
From roy =k k, s [S]/ K, ,

fop = (6.6x108 M- s71) x (4.2 x10 s71) x (102 M) / (5 x10° M s°1)
=55x%x107"M s-1



