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Abstract 

The reactions of acetylperoxyl radicals with different carotenoids (7,7'-

dihydro-β-carotene and ζ-carotene) in SDS and CTAC microemulsions of 

different compositions were investigated using laser flash photolysis (LFP) 

coupled with kinetic absorption spectroscopy. The primary objective of this study 

was to explore the influence of microemulsion composition and the type of 

surfactant used on the yields and kinetics of various transients formed from the 

reaction of acetylperoxyl radicals with carotenoids. Also, the influence of the site 

(hydrocarbon phases or aqueous phase) of generation of the peroxyl radical 

precursor was examined by using 4-acetyl-4-phenylpiperidine hydrochloride 

(APPHCl) and 1, 1-diphenylacetone (11DPA) as water-soluble and lipid-soluble 

peroxyl radical precursors, respectively. LFP of peroxyl radical precursors with 

7,7'-dihydro-β-carotene (77DH) in different microemulsions gives rise to the 

formation of three distinct transients namely addition radical (max = 460 nm), 

near infrared transient1 (NIR, max = 700 nm) and 7,7'-dihydro-β-carotene radical 

cation (77DH+, max = 770 nm). In addition, for ζ-carotene (ZETA) two transients 
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(near infrared transient1 (NIR1, max = 660 nm) and ζ-carotene radical cation 

(ZETA+, max = 730-740 nm)) are generated following LFP of peroxyl radical 

precursors in the presence of ζ-carotene (ZETA) in different microemulsions. The 

results show that the composition of the microemulsion strongly influences the 

observed yield and kinetics of the transients formed from the reactions of peroxyl 

radicals (acetylperoxyl radicals) with carotenoids (77DH and ZETA). Also, the 

type of surfactant used in the microemulsions influences the yield of the 

transients formed. The dependence of the transient yields and kinetics on 

microemulsion composition (or the type of surfactant used in the microemulsion) 

can be attributed to the change of the polarity of the microenvironment of the 

carotenoid. Furthermore, the nature of the peroxyl radical precursor used (water-

soluble or lipid-soluble peroxyl radical precursors) has little influence on the 

yields and kinetics of the transients formed from the reaction of peroxyl radicals 

with carotenoids. In the context of the interest in carotenoids as radical 

scavenging antioxidants, the fates of the addition radicals (formed from the 

reaction of carotenoid with peroxyl radicals) and carotenoid radical cations are 

discussed.  

 

Keywords: carotenoid; peroxyl radical; radical cation; microemulsion; laser flash 

photolysis 

 

Introduction 

Many studies have been reported about the free radical reactions with 

carotenoids in organic solvents. These studies have shown that carotenoids can 
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efficiently scavenge different types of radicals [1-10]. The mechanism of the 

reaction depends on the type of reacting radical, the carotenoid and the solvent 

[1,2,5,8,9,11-15]. For example, in non-polar solvents, carotenoids (CAR) can 

scavenge peroxyl radicals (ROO) via addition and/or hydrogen abstraction 

pathways (Eqs. 2-3) [4-7]. However, in polar solvents, the reaction can proceed 

via addition, hydrogen abstraction and electron-transfer pathways (Eqs. 1-3) 

depending on the type of the reacting free radical and the carotenoid [1-

3,5,16,17].  

 CAR    +   ROO CAR  + +   ROO-  Electron transfer  (1) 

 
CAR    +   ROO CAR   +   ROOH Hydrogen abstraction  (2) 

 ROOCARCAR    +   ROO  Addition  (3) 

Time-resolved peroxyl radical studies with carotenoids in micelles and 

microemulsions are very limited [18,19] although they can be used as simple 

models for cellular membranes [20-22]. Microemulsions are composed of water, 

oil (usually a hydrocarbon solvent such as cyclohexane), a cofactor (e.g. an 

alcohol with a relatively long hydrocarbon chain such as 1-pentanol) and 

surfactant. Microemulsions can be classified according to the water to oil ratio 

into (1) water-in-oil (W/O) (2) oil-in-water (O/W). However, at intermediate ratios 

of water to oil, bicontinuous structures are formed where water and oil channels 

are separated by a monolayer of surfactant molecules [21]. Earlier studies have 

shown the schematic representations for W/O, O/W and bicontinuous 

microemulsions [21,23]. Unlike micelles, microemulsions have the advantage of 
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the ability to dissolve large amounts of hydrophobic substances and to 

accommodate long molecules due to the presence of the oil and cofactor [24].  

Hill et al studied the reactions of trichloromethylperoxyl radicals with 

different carotenoids in 2% TX-100 micelles [18]. The reaction gives rise to near 

infrared (NIR) absorbing species (NIR1) and carotenoid radical cation (CAR+), 

which absorbs at longer wavelengths than that of NIR1. Subsequently, the NIR1 

transient decays slowly to form more CAR+ (Scheme 1). In addition, using pulse 

radiolysis, the reactions of retinoids with trichloromethylperoxyl radicals in Triton 

X-100 micelles gave rise to the formation of at least two transient products [19b]. 

One of them was identified as the corresponding retinoid cation radical (max ≈ 

590 nm). Furthermore, there is only one study, using pulse radiolysis, for the 

reaction of peroxyl radicals with carotenoids in microemulsions. Adhikari et al 

[19a] reported similar reaction mechanisms to that described by Hill (See 

Scheme 1) for the reactions of halogenated peroxyl radicals with β–carotene (β-

CAR) in microemulsions (sodium lauryl sulphate (3.23% w/v), cyclohexane (75% 

v/v), water (6.45% v/v) and 1-pentanol (15.32% v/v)) (Fig. 1). 

 

Scheme 1 

 

In the work reported here, the influence of microemulsion composition on 

the reactions of acetylperoxyl radicals with 77DH and ZETA (See Fig. 1) and of 
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the resulting addition radicals has been investigated to explore the influence of 

microenvironment polarity on the transients formed. Also, water-soluble and lipid-

soluble peroxyl radical precursors have been used in order to examine the 

influence of the site of peroxyl radical generation [25]. The carotenoids used in 

this study (77DH and ZETA) are selected because their radical spectra are well-

resolved. Also, the different compositions of microemulsions used in this study 

and the pseudoternary phase diagram for the four components (SDS, 1-butanol, 

water and cyclohexane) have been reported by Martinez et al [21].   
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Fig. 1. Structure of the carotenoids and surfactants.  
 

(single-column fitting image) 

 

 

Materials and Methods 

Materials 

1-Butanol (BDH), sodium dodecyl sulfate (BDH), cyclohexane (Aldrich, HPLC 

grade), 4-acetyl-4-phenylpiperidine hydrochloride (Aldrich), benzene (sigma-

Aldrich, spectroscopic grade), 1, 1-diphenylacetone (Lancaster), and 

cetyltrimethylammonium chloride (Acros) were used as received. The 

carotenoids, 7,7'-dihydro-β-carotene (77DH) and ζ-carotene (ZETA), were kindly 

supplied by DSM Nutritional Products and used as received. For microemulsion 

solutions, ultra pure water (conductivity < 0.067 μS/ cm, Elga UK) was used. 

Laser Flash Photolysis 

The details of the laser flash photolysis system have been described previously 

[26a,26b].  Unless otherwise stated, 266 nm laser energies were in the range 2-4 

mJ pulse-1 with a beam diameter of ~4 mm.  Quartz sample cells (2 mm 

excitation pathlength  10 mm monitoring pathlength) fitted with vacuum taps 

(where necessary) were employed for the laser flash photolysis measurements.  

If necessary, (for example, during acquisition of transient absorption spectra) 

fresh solution was introduced into the sample cell following each exposure to the 

laser.  

Preparation of Microemulsions 
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Stock solutions of carotenoids and peroxyl radical precursors were prepared in 

benzene and methanol respectively. Then volumes containing the required 

carotenoid and peroxyl radical precursor concentrations were evaporated using a 

rotary evaporator. The film of carotenoid and peroxyl radical precursor was 

dissolved in 1-butanol and cyclohexane (calculated as weight percentage of 

microemulsion composition, see table 1). Subsequently, the surfactant and water 

were added and the solution was stirred until a clear microemulsion solution was 

obtained. 

 

Results and Discussion    

(a) Generation of radicals.  

Laser flash photolysis of 4-acetyl-4-phenylpiperidine hydrochloride (APPHCl) 

gives rise to acetyl radical and an alkyl substituted benzyl radical via –cleavage 

within the very short-lived excited state (singlet or triplet) [26a]. In the presence of 

oxygen, both radicals react with oxygen to form acetylperoxyl radical (ACP) and 

a benzylperoxyl radical, respectively (Scheme 2). ACP is mainly responsible for 

any observed reaction with carotenoids since it is much more reactive than the 

benzylperoxyl radical [26a,27]. 
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Scheme 2  

Similarly, in air-saturated solutions, 1, 1-diphenylacetone (11DPA) 

undergoes –cleavage to form acetyl and diphenylmethyl radicals, which react 

rapidly with oxygen to form ACP and diphenylmethylperoxyl radical (Scheme 3) 

[27].  Also, ACP is principally responsible for the reactions with carotenoids  

observed on the timescales studied due to the reactivity difference between the 

resulting peroxyl radicals i.e. ACP is much more reactive than 

diphenylmethylperoxyl radical [27]. 



 9 

 

Scheme 3 
 

(b) Influence of microemulsion composition.  

(i) 7,7'-Dihydro-β-carotene (77DH). LFP (266 nm) of 77DH and APPHCl or 

11DPA in air-saturated SDS microemulsions is shown in Figs. 2 and S1. The 

compositions of different SDS microemulsions are shown in Table 1.  

 

Table 1: Composition (as weight %) of different microemulsions used in this 
study [21].  

Microemulsion Surfactanta BUa,c Wc CHc 

A (W/O) 8 16 7 69 

Bb 10 20 23 47 

Cb 10 20 39 31 

Db 10 20 55 15 

E (O/W) 8 16 72 4 

a 
The ratio of surfactant to BU in different microemulsion is 1:2. 

b 
The microemulsions B, C and D are bicontinuous microemulsions. 

c 
BU = 1-butanol; W = water; CH = cyclohexane.
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Fig. 2. Transient absorption spectra (Figs. A-E) and transient absorption profiles 

at 460, 700 and 770 nm (Figs. A1-E1) obtained following LFP (266 nm) of air-

saturated solution of APPHCl (2.9 x 10-3 M) and 77DH (~4.0 x 10-5 M) in SDS 

microemulsions A, B, C, D and E, respectively (Laser energy = 2.5 mJ, see Table 

1).  

(2-column fitting image) 

 

The transient spectra in Figs. 2 and S1 show the formation of three distinct 

transients at 460, 700 and 770 nm. In a previous study [5] of the reaction of 
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acylperoxyl radicals (AcylOO), generated from –cleavage of ketones in air-

saturated methanolic solution, with 77DH, similar transients have been observed 

and were attributed to AcylOO-77DH (at 460 nm), an ion pair (AcylOO- 77DH+) 

or isomeric derivative of 77DH+ (at 700 nm) and 77DH+ (at 770 nm). AcylOO 

radicals react with 77DH to form addition radicals (AcylOO-77DH), which decay 

to form (1) several oxidation products e.g. epoxides via SHi reaction (Pathway ii in 

Schemes 4 and 5) [26c] and/or (2) NIR1, AcylOO- 77DH+ or isomeric derivative 

of 77DH+, in polar solvents (Pathway i in Scheme 4). Subsequently, the decay of 

NIR1 species is accompanied by the formation of 77DH+ (Pathway iii in Scheme 

4). As a further support for the proposed mechanism (Scheme 4), the growth 

profile at 700 nm shows sigmoidal behavior at early times, which is indicative that 

this species is formed from an intermediate in a consecutive reaction (i.e. 

transient at 700 nm (NIR1) corresponds to C in the sequence A → B → C, where 

B is the addition radical at 460 nm and A is the parent carotenoid). In non-polar 

solvents, the reaction gives rise to AcylOO-77DH only since its conversion to 

polar and/or ionic intermediates such as NIR1 and 77DH+ is prohibited due to 

the high energy barrier for their formation in non-polar solvents [5]. Therefore, on 

the basis of the results of this study [5], a similar interpretation can be attributed 

to the reaction of ACP with 77DH in SDS microemulsions. 
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Scheme 4 
 

As shown in Figs. 2A-2E, it is clear that the relative proportions of water 

and cyclohexane have a strong effect on the absorption ratio of NIR1 species to 

77DH+. As the water concentration in the microemulsion composition increases, 

the absorption ratio of NIR1 species to 77DH+ is significantly reduced. The plots 

of the absorption ratio of NIR1 species to 77DH+ versus the concentration of 

water (or cyclohexane) in the SDS microemulsion are shown in Figs. 3, 4, S2 and 

S3. Moreover, by increasing the water concentration in the microemulsion 

composition, the observed rate constants for ACP-77DH decay, NIR1 formation, 

NIR1 decay and 77DH+ formation are significantly enhanced (See Tables S1 

and S2 and Figs. 5, 6, S4-S7). These observations are in support of the 

mechanism described in Scheme 4. Similar observations have been reported for 

the reactions of 77DH with AcylOO in a series of alcohols (methanol, ethanol, 1-
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butanol, 1-pentanol and 1-decanol) where the absorption ratio of NIR1 species to 

77DH+ decreases as the polarity of the solvent increases [5,11]. 

 

Fig. 3. Plot of the absorbance ratio of NIR1 to CAR+, formed from the reaction of 

ACP (generated from LFP of APPHCl) and 77DH or ZETA, versus water 

concentration in different SDS microemulsions. 

 (single-column fitting image) 
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Fig. 4. Plot of the absorbance ratio of NIR1 to CAR+, formed from the reaction of 

ACP (generated from LFP of APPHCl) and 77DH or ZETA, versus cyclohexane 

concentration in different SDS microemulsions. 

(single-column fitting image) 
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Fig. 5. Normalized transient absorption profiles at 460 nm (ACP-77DH) obtained 

following LFP (266 nm) of air-saturated solution of APPHCl (2.9 x 10-3 M) and 

77DH (~4.0 x 10-5 M) in SDS microemulsions A, C and E, respectively (Laser 

energy = 2.5 mJ, see Table 1).  

(single-column fitting image) 
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Fig. 6. Plot of the observed rate constants (kobs) for the decay (or growth) of the 

radical processes involving ACP (generated from LFP of APPHCl) and 77DH 

versus water concentration in different SDS microemulsions. kd and kg are the 

observed rate constant for the 1st order decay and growth at the corresponding 

wavelength. 

(single-column fitting image) 
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the rapid equilibration of ACP between the pseudo-phases in comparison with 

the ACP decay. Similarly, the independence of singlet oxygen (1O2) quenching 

kinetics on the site of generation has been ascribed to the rapid equilibration of 

1O2 between the two phases or pseudophases in micelles [28,29], 

microemulsions [21, 24] and liposomes [30]. This could be due to the presence of 

the ACP precursors in the interfacial region because of their amphiphilic 

characters. Charged molecules (e.g. rose begal) and ketones (e.g. 

perinaphthenone and phenyl pyridyl ketones) have been reported to reside in the 

interfacial region of micelles and microemulsions [24,28,31,32]. 

The results from LFP (266 nm) of 77DH and APPHCl or 11DPA in air-

saturated CTAC microemulsions A and E are shown in Figs. 7 and S8. Similar 

transients were observed at 460, 700 and 770 nm. The influence of 

microemulsion composition is great since in microemulsion A there is almost no 

formation of 77DH+, however in microemulsion E the yield of 77DH+ is even 

higher than the NIR1 species. By comparing Fig. 2A with Fig. 7A (or Fig. S1A 

with S8A), it can be concluded that the type of surfactant in the microemulsion 

has a substantial influence on the polarity of the microenvironment of the 77DH. 

At similar microemulsion composition, it appears that the SDS microemulsion has 

a more polar microenvironment around 77DH than that of CTAC microemulsion. 

This could be attributed to the electrostatic repulsion between the positive 

charges on 77DH+ and CTAC surfactant molecules, which inhibits the formation 

of 77DH+. Also, CTAC has a longer alkyl chain than that of SDS, which may 

cause the 77DH to reside even further away from the interface (Fig. 1). 



 19 

0

0.02

0.04

0.06

500 600 700 800

1.7 s

19.6 s

39.6 s

99.9 s

218 s

wavelength/ nm

a
b

s
o

rb
a
n

c
e
 c

h
a
n

g
e

A 0

0.02

0.04

0.06

0 25 50 75 100

460 nm
700 nm

a
b

s
o

rb
a
n

c
e
 c

h
a
n

g
e

t/ s

A1

0

0.02

0.04

500 600 700 800

0.17 s

10.0 s

34.1 s

75.0 s

218 s

wavelength/ nm

a
b

s
o

rb
a
n

c
e
 c

h
a
n

g
e

E
0

0.02

0.04

0 100 200 300

460 nm
700 nm
770 nm

a
b

s
o

rb
a
n

c
e
 c

h
a
n

g
e

t/ s

E1

Therefore, the formation of 77DH+ is inhibited by the presence of positively 

charged head groups at the O/W interface. By analogy to the reactions of 77DH 

with peroxyl radical precursors in SDS microemulsions, the variation of the 

nature of the peroxyl radical precursors used (either 11DPA or APPHCl) does not 

show any significant difference in the behavior of the transients formed (Figs. 7 

and S8).  
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Fig. 7. Transient absorption spectra (Figs. A and E) and transient absorption 

profiles at 460, 700 and 770 nm, (Figs. A1 and E1) obtained following LFP (266 

nm) of air-saturated solution of APPHCl (2.9 x 10-3 M) and 77DH (~4.0 x 10-5 M) 

in CTAC microemulsions A and E, respectively (Laser energy = 2.0 mJ, see 

Table 1). 

(2-column fitting image) 

 

(ii) ζ-carotene (ZETA). LFP (266 nm) of ZETA and APPHCl or 11DPA in air-

saturated SDS microemulsions is shown in Figs. 8 and S9. The transient spectra 

show the formation of two distinct transients at 660 and 730-740 nm. In a 

previous study [5] for the reaction of acylperoxyl radicals (AcylOO) with ZETA in 

a series of alcohols (methanol, ethanol, 1-butanol, 1-pentanol and 1-decanol), 

similar transients have been reported and attributed to ion pair (AcylOO- ZETA+) 

or isomeric derivative of ZETA+ (NIR1, at 660 nm) and ZETA+ (at 740 nm). 

Therefore, the transients observed in microemulsion can be attributed to ion pair 

(ACP-ZETA+) or isomeric derivative of ZETA+ (at 660 nm) and ZETA+ (at 730-

740 nm) respectively. The presence of the sigmoidal behavior at early times in 

the transient profiles shown in Fig. 8 provides an evidence for consecutive 

reaction mechanism proposed in Scheme 4. Similarly, in support of this 

mechanism (Scheme 4), the microemulsion composition shows a strong 

influence on the absorption ratio of NIR1 species to ZETA+ (Figs. 3, 4, S2 and 

S3). Furthermore, the observed rate constants for NIR1 decay and ZETA+ 

formation increase with increasing the water concentration in the microemulsion 
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composition (See Figs. S10-S13 and Tables S3 and S4). The absence of an 

absorption band for the ACP-ZETA can be attributed to the great overlap 

between the spectra of this addition radical and ZETA. The lack of spectral 

resolution of the addition radical absorption of ZETA and many other carotenoids 

was previously observed during the study of acylperoxyl radicals (AcylOO) with 

various carotenoids [5].    

 
In Figs. 3 and S2, the dependence of the absorption ratio of NIR1 species 

to 77DH+ on water content in the microemulsion is less than that observed for 

the corresponding transients of ZETA [33]. The increased dependence of 

absorption ratio of NIR1 species to ZETA+ on microemulsion composition can be 

used as a basis for a new method to probe the polarity of the microenvironment 

of the carotenoid under investigation. In a previous study [11], a plot of the 

absorption ratio of NIR1 species to ZETA+ versus the dielectric constant () of 

the alcohol was reported. Using this plot and the values of the absorption ratio of 

NIR1 species to ZETA+ in microemulsion, numerical values for the polarity of the 

microenvironments at different microemulsion compositions can be calculated. 

Moreover, in Figs. 8A and S9A (or Figs. 2A and S1A), the observed low yields of 

ZETA+ (or 77DH+) in oil-rich SDS microemulsions are in agreement with the 

results of Szymula [34], who has reported that β-carotene shows resistance 

toward oxidation in oil-rich SDS microemulsion and this has been attributed to 

the hydrophobic barrier of SDS association structures that hinder electron 

transfer from β-carotene. Similar to that observed with 77DH, the nature of the 
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peroxyl radical precursor used shows only a small influence on the behavior of 

the transients formed (Figs. 8 and S9 and Tables S3 and S4).  
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Fig. 8. Transient absorption spectra, (Figs. A-E) and transient absorption profiles 

at 660 and 730 nm (or 740 nm), (Figs. A1-E1) obtained following LFP (266 nm) 

of air-saturated solution of APPHCl (2.9 x 10-3 M) and ZETA (~ 3.5 x 10-5 M) in 

SDS microemulsions A, B, C, D and E, respectively (Laser energy = 3.5 mJ, see 

Table 1). 

(2-column fitting image) 
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LFP (266 nm) of ZETA and APPHCl or 11DPA in air-saturated CTAC 

microemulsions A and E gives rise to two transients at 660 and 740 nm 

respectively (Figs. 9 and S14). The lower quantum yield of ZETA+ in CTAC 

microemulsions (Figs. 9A and S14A), compared with that in SDS microemulsions 

(Figs. 8A and S9A) clearly indicate that there is a substantial effect for the type of 

the surfactant used in the microemulsion on the absorption ratio of NIR1 species 

to ZETA+ (i.e. on the polarity of the microenvironment around ZETA in 

microemulsion). These results clearly establish that the microenvironment around 

carotenoid in CTAC microemulsions is less polar than that in SDS microemulsion 

at similar microemulsion compositions. Similar observations were obtained from 

the study of the reaction of ACP with 77DH in SDS and CTAC microemulsions 

(Figs. 2 and 7). Furthermore, the peroxyl radical reactions with ZETA in CTAC 

microemulsions are independent on the nature of peroxyl radical precursors used 

(Figs. 9 and S14).  
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Fig. 9. Transient absorption spectra, (Figs. A and E) and transient absorption 

profiles at 660 and 730 nm (Figs. A1 and E1) obtained following LFP (266 nm) of 

air-saturated solution of APPHCl (2.9 x 10-3 M) and ZETA (~ 3.0 x 10-5 M) in 

CTAC microemulsions A and E, respectively (Laser energy = 3.5 mJ, see 

Table1).  

(2-column fitting image) 

 

(c) Influence of media composition on the prooxidant-antioxidant 

properties of carotenoids.  

An antioxidant can be defined as any substance that, when present at low 

concentration compared with those of an oxidizable substrate, significantly 

delays or prevents oxidation of that substrate [35]. Some compounds act as 

antioxidants under certain conditions, however, if these conditions change, they 

can propagate the oxidation of the substrate (i.e. they become prooxidants) or 

they may lose some of their antioxidant efficiency. For carotenoids, it has been 

reported that β–carotene (β–CAR) acts as an antioxidant at low oxygen 

concentration, however, under high oxygen concentration, the antioxidant activity 

of β–CAR is reduced [36-40] and in some cases it acts as prooxidant [38, 41]. 

The different intermediates formed from the reactions of peroxyl radicals (ROO) 

with carotenoids (CAR) are shown in Scheme 5. These intermediates are ROO-

CAR-OO (Pathway iii), alkoxyl radical (RO) (Pathway ii) and carotenoid radical 

cation (CAR+) (Pathway i). The hydrogen-abstraction pathway is omitted from 
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Scheme 5 since a recent theoretical study has shown that the reaction barrier for 

the peroxyl radical addition to CAR to form ROO-CAR is smaller than that for its 

hydrogen abstraction from CAR [42].  

The chemistry of ROO-CAR-OO
, has not been thoroughly investigated. 

However, if ROO-CAR-OO has similar reactivity to lipidperoxyl radicals (Lipid-

OO), it can abstract hydrogen atoms from lipids to form lipid radicals (Lipid), 

which will start the lipid peroxidation process (Pathways vi and vii) [37,43]. Also, 

carotenoids can be oxidized via their reactions with ROO-CAR-OO (Pathway v) 

[37,43]. The alkoxyl radical (Pathway ii) is generated via SHi reaction of ROO-

CAR to form an epoxide [5,39,44]. This radical (RO) can abstract hydrogen 

atoms from lipids to initiate lipid peroxidation in a similar way to that described 

earlier for ROO-CAR-OO (Pathways vi and vii) [45,46]. It is important to 

emphasize that alkoxyl radicals have a stronger tendency toward hydrogen 

abstraction than peroxyl radicals therefore their formation will enhance lipid 

peroxidation process [42]. 
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Scheme 5 

For carotenoid radical cations (CAR+), it has been reported that various 

CAR+, generated via pathway i (Scheme 5), are able to oxidize both tyrosine 

(TyrOH) and cysteine (CySH) (k ~104 and 106 M-1 s-1, respectively) (Eqs. 4 and 5) 

[13,47-50]. Also, certain carotenoid radical cations react reversibly with 

tryptophan (TrpH) to form the tryptophan radical cation (Eq. 6) [47,48] in a pH-

dependent process. Therefore, if these amino acids are part of protein or 

enzyme, their functions may be affected by these oxidation reactions. However, 

in the presence of antioxidants such as vitamin C or E (AscH [51-53] or TOH 

[54,55]), CAR+ can be reduced to the parent carotenoid (Eqs. 7 and 8). 

 

 CAR  +  CARTyrOH   +    +   + TyrO  H+
 (4) 
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 CAR  +  CARCysH   +    +   + Cys  H+
 (5) 

 Trp  +CARCAR  + +TrpH+    +  H+
 

(6) 

  CARAscH Asc    +CAR  +   +    +  H+
 (7) 

  CARTOH    +CAR  +   +    + TO  H+
 (8) 

  

The oxygen concentration dependence of the switch between prooxidant 

and antioxidant properties of β–carotene can be attributed to the reversible 

oxygen addition to ROO-CAR (Scheme 5, pathway iii), which converts this 

unreactive addition radical to a reactive peroxyl radical (ROO-CAR-OO) 

[4,11,37,39,56]. The factors that control the oxygen addition to carotenoid 

radicals (Scheme 5, pathway iii) are the oxygen concentration, the rate constant 

of oxygen addition, the carotenoid chain length and the type of peroxyl radical 

[4,5].  

In W/O microemulsion, the yield of CAR+ is substantially reduced 

especially in the case of CTAC microemulsions (Figs. 7 and 9). Therefore, the 

main oxidizing species will be either ROO-CAR-OO or RO.  However, if 

pathway iv [39,44] is the only important pathway for the decay of ROO-CAR, 

carotenoids will act as antioxidants. In O/W microemulsion, the formation of 

CAR+ is significantly enhanced therefore CAR+, RO and ROO-CAR-OO can act 

as oxidizing intermediates. In the previous discussion, it was shown that 

composition of the microemulsion has a significant effect on the rate constants of 

different pathways and the yields of different intermediates formed, therefore, it 

can be concluded that microemulsion composition will have a great impact on the 
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pro-oxidant-antioxidant activity of the carotenoids.  Taken together, it should be 

highlighted that in addition to the media properties, there are many factors, which 

have an influence on the pro-oxidant-antioxidant activity of the carotenoids. 

These factors are oxygen concentration, orientation and location of the 

carotenoid within biological membranes, carotenoid structure, interaction with 

other antioxidants and carotenoid concentration [11,53,57-60]. 

 

Conclusions  

The composition and the type of surfactant used in the microemulsion have 

significant influences on the polarity of the microenvironment and thereby the 

quantum yield of various transients formed. In this study, we indicated that the 

absorption ratio of NIR1 species to CAR+ can be used to probe and compare the 

polarities of the microenvironments in different microemulsions. Moreover, our 

results suggest that the peroxyl radical reactions with carotenoids in SDS or 

CTAC microemulsions are independent on the nature (water or lipid-soluble) of 

peroxyl radical precursors used. Finally, the flexibility of changing the polarity of 

the microenvironment of the target in microemulsions by changing the 

microemulsion composition can facilitate the study of the effect of the media 

polarity on the any reaction especially where there is a solubility restriction for 

any component involved in the reaction. 

 

Supporting Information 
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Kinetic and spectral data of 7,7'-dihydro-β-carotene (77DH) and ζ-carotene 

(ZETA) with 1, 1-diphenylacetone (11DPA) or 4-acetyl-4-phenylpiperidine 

hydrochloride (APPHCl) in various SDS and CTAC microemulsions are provided. 
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Highlights 
 Peroxyl radical reactions with carotenoids are greatly affected by 

microemulsion composition.  

 Type of surfactant used has marked effect on the polarity of the 

microenvironment.  

 The transients’ absorption ratio can be used to probe the polarity of the 

microenvironment.  

The nature of peroxyl radical precursors used has small effect on the reactions.  
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