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Abstract
The aim of this study was to investigate the effect of ultra-fast UV laser pulses on the 

photostability of -tocopheryl acetate (vitamin e acetate) in hexane. UV-Vis absorption and 

fluorescence spectra of vitamin e acetate and vitamin e in three types of solvents, namely 

methanol, acetonitrile and hexane, are presented. UV-Vis spectrophotometry was used to follow 

the photodegradation kinetics of the molecule in hexane. The photodegradation was found to 

follow first order kinetics. Degradation photoproducts were separated by TLC and identified by 

mass spectroscopy. 

Keywords: -Tocopheryl acetate; Nd-YAG laser; photodegradation; fluorescence; 

fluorescence lifetime.

Introduction
Vitamin e (VE), commonly known as -tocopherol, Scheme 1-a, was discovered 

in 1922 by Evans and Bishop[1] and first isolated in pure form by Emerson in 1935 at 

the University of California, Berkeley.[2]

Scheme 1-a: (RRR)- -Tocopherol 

Scheme 1-b: (RRR)- -Tocopheryl acetate 
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Evan and co-workers isolated the compound from wheat germ oil in 1935 and 

identified it as -tocopherol.[3] VE is used as the main active ingredient in creams such 

as sun block to protect skin against UV radiation and acts as skin moisturizer.[4, 5] It is 

also used as the main active ingredient in several medicinal products as pellets and 

capsules. VE has several derivatives such as -tocopherylsuccinate, -

tocopherylphosphate and -tocopherylacetate.[6, 7] -Tocopherylacetate, which is also 

called vitamin e acetate (VEA), is a more stable derivative than vitamin e; its molecular 

structure is shown in Scheme 1-b. VEA is used instead of VE in commercial 

sunscreens and skin care products. It is normally added to meat due to its 

effectiveness in protecting meat against lipid oxidation.[8] Several scientists studied the 

effect of ultraviolet light (UV) on VE and its derivatives. Tiburcio-Moreno et.al. used 

spectroscopic techniques such as optical absorption, fluorescence and thermal lensing 

to follow the UV induced photodegradation of VEA in ethanolic solution.[9] They 

reported the appearance of a new broad photoabsorption band at 368 nm and a new 

broad and intense fluorescence band (300 nm to 440 nm) when the solution was 

excited at 290 nm. Rendevski et. al. studied the effect of zeolite on the sun protection 

properties of sunscreens rich with VE and VEA.[10] Naqvi et. al. used laser flash 

photolysis to study the nature of the excited state of VE and its derivatives;[11]

moreover, they investigated the formation of neutral and cation radicals from aqueous 

solutions of VE and its derivatives.[12] The interaction of VE photoproducts with 

carotenoids was also investigated by the same group.  

The present work focuses on utilizing UV absorption, fluorescence and 

fluorescence lifetime techniques to study the effect of ultra fast UV laser pulses on the 

photostability and phtodegradation of VEA. The degradation was followed in three 

types of solvents; protic, aprotic and nonpolar. Same techniques were utilized to 

explore and report the photodegradation kinetics of the same molecule. The 

degradation photoproducts were separated using thin layer chromatography (TLC). 

Different portions of the TLC plates were analyzed by mass spectrometry (MS) for the 

identification of photoproducts. 

Experimental

Chemicals 

Standard samples of (±)- -tocopherol and DL- -tocopheryl acetate were 

purchased from Sigma Aldrich, (USA), and used as received. Samples purity was 

checked using TLC and MS techniques. Acetonitrile, methanol, and hexane were 

purchased from Labscan, (Ireland), and used as received. Their purity in the spectral 

range 250-500 nm was checked by UV-Vis absorption and fluorescence techniques. 

Instrumentation 

A Q-switched neodymium yttrium aluminum garnet (Nd-YAG) laser, Spectron 

Inc., is used as the source of irradiation. Figure 1 shows a block diagram of the 
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system. The fundamental lasing wavelength is 1064 nm, while the second harmonic 

wavelength (532 nm) and the 4th harmonic wavelength (266 nm) were generated using 

a cascaded set of potassium dihydrogen phosphate (KDP) crystals. Fundamental and 

second harmonic wavelengths are separated and isolated via a system of quartz 

prisms. The isolated beams are directed into the center of steel beam dampers. The 

pulse energy of the 4th harmonic (266 nm) has an average of 40 mJ at a repetition rate 

of 1 Hz and pulse width at half maximum (PWHM) of 15 ns. Full details about the 

instrument are described elsewhere.[13]

Trig. Sync.

Trigger mode selector: 
(1) Internal / Local Oscillator ( Max. 10Hz.)
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Figure 1: Block diagram for the Spectron Nd-YAG laser setup showing optical beam 
path.

All absorption spectra were recorded on a Unicam spectrophotometer model 

UV2-100. Pure solvents were used as the blanks in all measurements.  

Steady state fluorescence measurements were recorded using Edinburgh 

Instruments spectro-fluorometer system, model FS-900SDT, described in earlier 

work.[14] The system optics was set at a resolution of ±1 nm, dwell time of 1 s, and 1 

nm scan step.  

Fluorescence lifetime measurements were performed using Edinburgh time 

correlated single photon counting system (TCSPC) model-199; details about the 

instrument are described elsewhere.[15] The excitation light source employed is a 

thyratron controlled low pressure flash lamp usually filled with high purity hydrogen or 

nitrogen gas. The lamp generates intense UV pulses of 2 ns, fast rise time and 25 kHz 

repetition rate. Decays were processed against the lamp decay using mathematical 

deconvolution software provided by Edinburgh Instruments. The software searches for 



27

best fitting between theoretically calculated and experimental decay curves. Chi-

square values as close as possible to unity were the measure for accepted decays and 

lifetime values. The software is capable of processing up to 3 exponential decays in 

the same fit. Fluorescence lifetime values for another set of samples were measured 

using laser excited TCSPC setup from Jobin-Yvon instruments, model IBH-5000U. The 

system incorporates modern semiconductor laser diodes as the UV sources for 

generating much narrower pulse width than that of the flash lamp. The pulse width 

approaches few hundred picoseconds per pulse, very fast rise time and 25 MHz 

repetition rate. Mass spectral analysis was performed on a double focusing sector field 

instrument model VG-7070E. Electron impact method of ionization (70 eV) was used. 

The system is linked with NIST spectral mass library database, (Ver. 1.7), for 

automatic searching of unknown photoproducts. Photoproducts were separated by 

TLC plates. Different layers from the TLC plate were scratched and directly injected 

into the MS using heated solid insertion probe.  

Results and Discussion 
The UV absorption spectra of freshly prepared samples of VEA and VE in 

methanol, hexane and acetonitrile are depicted in the insets of Figures 2 and 3, 

respectively. It is clear that the absorption spectra for VEA in the three solvents are 

very similar while for VE, a small variation in shape and absorption maxima were 

shown which indicates no or very little solute-solvent interactions for both molecules.[16]

The effect of solvent polarity on fluorescence intensity of VEA and VE are clearly 

demonstrated in Figures 2 and 3, respectively. From these figures, it can be concluded 

that VEA fluorescence is more sensitive to solvent polarity than VE. The fluorescence 

quantum yield for VEA is highest in hexane while in acetonitrile and methanol is almost 

quenched with a large blue shift ~2700 cm-1. These results can be used to suggest the 

possible use of VEA as a solvent polarity sensor. Moreover, hexane was used as the 

major component of the mobile phase in the HPLC analysis of VEA using fluorescence 

detection.[17]

In the present study, the fluorescence lifetime for VEA could be only measured 

in hexane and found to be in the range of 800 picoseconds. It seems that the lifetimes 

in the other two solvents are too short and beyond the range of the system. Much 

shorter light pulse widths are necessary such as those produced by mode locked dye 

lasers. 
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Figure 2: Corrected fluorescence spectra for VEA in: 1- hexane, 2- methanol, 3- 
acetonitrile. Inset: The absorption spectra of VEA in 1- hexane, 2- methanol, 3- 
acetonitrile. 
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Figure 3: Corrected fluorescence spectra for VE in: 1- hexane, 2- methanol, 3- 
acetonitrile. Inset: The absorption spectra of VE in1- hexane, 2- methanol, 3- 
acetonitrile. 
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Spectroscopic analysis utilized in this work helped in determining the type of 

solvent in which photolysis experiments would be carried out. It was concluded from 

these analysis that hexane is the proper choice because hexane-VEA interaction is 

more pronounced in the excited state, which is in agreement with the results reported 

by Gottfried et. al.[18]

The effect of laser photolysis on VEA in hexane is demonstrated in Figure 4 

where a continuous decrease in the absorption maxima accompanied with a buildup of 

a new band maximizing at about 360 nm is observed. Two isosbestic points are clearly 

shown, at about 275 nm and 295 nm. It is worth mentioning that the irradiation time 

was the sum of 1000 laser pulses for each photolysis period, the pulse duration of 

each pulse is 15 ns, which means that the total effective photolysis period is 15 s.

The laser was set at a pulse rate of 10 pulses per second which means that the 

sample was irradiated for a period of 15 nanoseconds and relaxes for about 99999985 

ns until the second irradiation pulse. Solution was continuously stirred using magnetic 

stirrer. As can be concluded, laser irradiation was capable of generating enough 

concentration of photoproducts in 5.0 ml solution to be detected by a 

spectrophotometer. It is also important to consider the area of the laser beam which is 

normally few square micrometers and therefore only few microliters volume is photo-

irradiated at each laser pulse period. Figure 5 shows the continuous build up in the 

absorption band corresponding to the formation of photoproducts. For comparison 

purposes, a second sample of similar preparation conditions was irradiated for 

intervals of 1 min using a photorayonet reactor consisting of a set of 15 UVB lamps 

enclosed in a circular reflecting surface. Similar spectra where obtained with similar 

peak positions and rates of decay and buildup. Figure 6 shows a linear relationship 

between the absorption of VEA and the absorption of generated photoproduct which 

proves that Beer's law is obeyed and hence absorption value can be directly related to 

the concentration of either remaining VEA at each step of irradiation or the 

concentration of generated photoproducts. Relating absorption maxima with species 

concentration reveals that the photo degradation follows first order kinetics in either 

source of irradiation. Figure 7 shows the degradation kinetics; the rate constant is 0.06 

s-1.

In an attempt to identify the photoproducts, degraded VEA solution was 

analyzed by TLC. Different eluted portions were scratched and analyzed by mass 

spectrometry assuming that each layer contains mostly pure component. We 

succeeded in obtaining the mass spectrum for one of the photoproducts, Figure 8 (b), 

and compared it with the mass spectrum of pure VEA, Figure 8 (a). The molecular ion 

peak m/z = 447 amu which is related to 2,5,7,8-tetramethyl–2–(3,7,11–trimethyl–

dodecyl)chroman–6–yl hydroperoxide corresponds to a possible photoproduct as 

suggested by the NIST mass library database. Its mass spectrum is shown in Figure 8 

(b) and its molecular structure is shown in scheme 2. 
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Figure 4: Laser photolysis of VEA in hexane, a total of 1000 laser pulses / period. 
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Figure 5: Laser photolysis of VEA in hexane, a total of 1000 laser pulses / period. 
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Figure 6: Rayonet photoreactor photolysis of VEA in hexane, photolysis of 1 min / 
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Figure 7: Ln (Absorption) versus the number of laser pulses. 
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Figure 8 (a): Mass spectrum of VEA obtained from a fresh solution of VEA in hexane. 

Figure 8 (b): Mass spectrum of a product of VEA photodegradation. 

Scheme 2: The Structure of (RRR) Tocopheryl hydroperoxide
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