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 In this study the resulting changes as a result of exposure to UV radiation on dioxane 

Lignin is a purification was studied by Raman and FT-IR spectroscopy . Based on the 

results was determined, three carbonyl functional group C = O, ether C-O and the free 
phenolic O-H, are the three main indexes in light of changes to come at 24, 96 and 240 

h . With increasing exposure time the rate of absorption frequency of carbonyl groups 

and C-O vibrations in phenols is declining . The reason for this can be arranged 
attributed to the conjugated the carbonyl group with C = C double bonds and failure 

ether bonds the dioxane lignin . Also with increasing exposure time is increase the 

number and thus the rate of absorption Percent in the conjugated and non-conjugated 
carbonyl groups and free phenolic hydroxyl is reduced the number and intensity of C-O 

adsorbed ether . In fact,are the C-O ether, mostly in the linked structures α-O-4 , β-O-4 , 

4-O-5 , Discrete and conversion to the free phenolic O-H and subsequent with 
increasing light oxidation, are converted to the conjugated and non-conjugated carbonyl 

groups. In the meantime increased the intensity of absorption of Carbonyl groups and 

the phenolic hydroxyl with a decrease in the absorption intensity of ether C-O is 
extreme in the first 24 hours of exposure. Therefore, the formation kinetics of 

chromophoric gruops depends on the exposure time and the maximum variation of 

color and chromophoric gruops formation takes place at the beginning of irradiation 
time. 
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INTRODUCTION 

 

 Many studies have been done on the mechanism of light oxidation of lignin , But so far, despite access to 

useful information, It has not provided full and clear mechanisms(Ek M,Lennholm1992,, Leary G.J,1994, 

Tschirner U,1988, Aiko imai,2008, Hansjörg nitz,2001, Phillip f. britt,1995, Claudia crestini,2003, Betty 

cottyn,2011) . Since 95-80% of light absorbed done by lignin , One can conclude that the main chromophoric 

ingredient in wood has been in the lignin structure and light yellowing of mechanical pulps and efficient pulps 

have been affect the relative amounts of UV light and visible light which is Light oxidation of 

lignin(Forsskahl,I.Tylli,H,1993).Generally Lignin is a very strong absorber of light to the exposure light source 

wavelength 280-400 nm, Proportionately over time occurs Optical dispersion processes in functional groups . 

Evidence suggests that is achieved further oxidation of the interaction of functional groups of lignin polymer 

solar uv light in the range 300-400nm(Argyropoulos,1997, Davidson .R.S,1996, Leary G.J,1994, Andrew 

Chesson,1997, g. s. groenewold r. l. cowan,1996, Vincent J H Sewalto,1996, Peter T Gardner,1999). Among the 

oxidation products, phenoxy Free radicals are the main of the intermediate species,that they oxidation cause of 

formation chromophoric gruops of the lignin(Castellan,1990, Jaeger .C,1993, Leary G.J,1994).Created different 

spectroscopy methods in the lignin to the study the chemical changes as a result of irradiation at different times. 

Raman Spectroscopy in this regard due to the high sensitivity of the short wavelength and FT-IR Spectroscopy, 

of has been one of the most studied techniques in the lignin molecular structure(Agarwal,U.P,2000, Hui-Ting 

Chang,2006, Ioana Stănculescu,2008, Notburga Gierlinger,2006) . For example, in a study using Raman 

spectroscopy in the 1675cm
-1

 area band, that was not identified in the other spectroscopy and it was attributed to 

the functional groups p- quinone(Agarwal,U.P,2001, Schmidt .J.A,1993).Lignin reaction has been studied by 

light and oxygen and was found that the rate of absorption of functional groups can change over time. To break 

the lignin macromolecules the effect of light have been proposed two main reaction pathways.A connection 

http://www.google.com/search?biw=1252&bih=557&q=quinone+structure&spell=1&sa=X&ei=D-yGU_DVE-eK0AXti4CQDA&ved=0CCMQBSgB


95                                                                         Jafar Azimvand 2014 

Advances in Natural and Applied Sciences, 8(10) Special 2014, Pages: 94-101 

failure phenacyl-O-4- guaiacyl ether and another is production phenoxy and ketyl free radical(Annergren 

G,1996, Pu.Y and Erson,2003).Since almost 60% of the links on the phenylpropane units form of lignin β-O-4 

fitting , These connections fail the effect of light-induced oxidative damage caused formation phenoxy free 

radical(13,19), The oxidation of these radicals in the paper are formed color combinations 

quinone(Allen,N.s,1998, Lanzalunga .O,2000). 

 

MATERIALS AND METHODS 

 

Prepared DIOXANE Lignin: 

 So from wheat straw was used due to its high lignin. First straw made of Tehran around the areas farms, to 

reach a certain size-Passed through sieve 40 and remain on the sieve 80 - Was crushed by the mill. 

 Then, in order to separate the water-soluble-Mainly soluble carbohydrates- Retail straw into boiling water 

extraction and drying for 24 h at 70 ° C in the oven. 

 Then 2 gr of wheat straw by 160 mL of dioxane -water- Hydrochloric acid solvent 1-2-8 ratio reflux was for 

5 h by soxhlet. The remaining of reflux mixed with 25 ml of sulfuric acid 72% and for 2 hours was mixed by 

magnetic magnet. After this time, mixture volume of 600ml with distilled water to reduced the acid 

concentration to 3%. The mixture was reflux for 4 hours and then were smooth heated with a Buchner funnel. 

The last was in dry lignin by a vacuum desiccator containing silica gel. 

 

Lignin Purification: 

 Lignin Purification carried out by Lawther was (Lawther.J.M,1996, Lanzalunga .O,2000). For this purpose 

the obtained lignin was dissolved in a mixture of acetic acid and water with a ratio of 10: 90 as a solvent to the 

extent of 10 ml per gram lignin . Then the solution obtained into the ether solvents that are constantly bash, add 

drop by drop until of the formation the deposition . Sediment collection with a cruise Filter Rating 4 and is 

washed with additional ether. And finally dry with P2O5absorbent under vacuum. 

 

Photolysis of model compounds and lignin:  

 To examine the negative effects of exposure on dioxane lignin structure, prepared three samples of 2 gr of 

the compound and them to put under radiation exposure respectively during 24, 96 and 240 hours.Thus Be 

determined the passage of time and exposure on lignin composition. 

 Based on defined standards(Paulsson.M,2002, Pu.Y,2003, Schmidt .J.A,1993) The device is used with uv 

radiation in conjunction ultraviolet . The photolysis of lignin samples was used a photoreactor device equipped 

with four UV lamps of the type Black light manufactured Sylvania  and with specifications F40w/350BL and 

three UV lamps by the  

 Peak wavelength 235nm . During the process of optical prtodehi, the temperature of the reactor was kept 

below 30 ° C by means of the thermostat and two the fan inside the machine. 

 

Spectroscopy:  

Raman Spectroscopy: 

 Raman spectra of samples are taken with a Bruker device has confocal microscopyto the analysis point to 

the microscopic and morphology of the samples. It has a CCD detector and the laser wavelength is 785nm. 

Range spectroscopy is the between 200 to 3500nm and precision maps to range 3cm
-1

 . To use this device, 

weighing 2 mg of the samples and then plot directly to the spectrum. 

 

FT-IR Spectroscopy:  

 FT-IR spectroscopy was measured in a Fourier transform spectrophotometer IR Solution Model . To obtain 

spectra in the solid state was prepared transparent pill sample mixed with powdered KBr (ratio of 1 to 100) and 

placed in the spectrophotometer. Finally, FT-IR spectra Was recorded in the range 32S can/min and clearly 4cm
-

1
.  

 

RESULTS AND DISCUSSION 

 

 Wood, like many natural and synthetic polymers, uv light absorbed and is undergoes decomposition 

reactions, optical and thermal oxidation. Wood lignin reaction to light, humidity and temperature, can be 

completely overshadowed lignin macromolecules structure network and their negative impact create on the 

increased color intensity and some physical properties of the resulting. Hence are discussed dioxane Lignin 

structural changes on three functional group carbonyl, C-O and phenolic hydroxyl ether thus of exposure the 

number of hours 0 (control sample), 24, 96 and 240 h .  

 

Reviews of the control sample spectrum in the dioxane lignin was purified: 

http://www.google.com/search?biw=1252&bih=557&q=quinone+structure&spell=1&sa=X&ei=D-yGU_DVE-eK0AXti4CQDA&ved=0CCMQBSgB
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 In order to identify the functional groups present in the dioxane lignin not exposed (control), Raman and 

FT-IR spectra of the sample preparation and the results are presented in Table 1. 

 
Table 1: Wave numbers obtained by Raman and FT-IR spectra of purified dioxane lignin. 

spectra 

type 

Wave length(cm-1) 

Raman 915 1032 1110 1215  1364 1432 1443 1510  1605     

Ft-ir   1115 1215 1327  1435 1448 1517 1560 1600 1698 1715 2938 3431 

 

 As already mentioned, although FT-IR and Raman Spectra the data are very close together, However, due 

to differences in the mechanism of the performance, have been also supplements and hence the simultaneous 

review and comparison of the two spectra are at our disposal much more precise information on the the presence 

of functional groups . In table 2 and in the continuation of the analysis of data obtained from either was taken. 

 
Table 2: Analysis of Raman and FT-IR spectra obtained from purified dioxane lignin. 

Row spectra 

type 

Wave length 

(cm-1) 

Analysis of the peaks 

1 Raman 915 Vibrations outside the plane C-H aromatic  +Vibrations outside the plane (oop) OH in carboxylic 
acids 

Ft-ir - - 

2 Raman 1032 C-O stretching vibrations of aryl-alkyl ethers (Ar-O-R) and aryl - aryl (Ar-O-Ar) +C-O stretching 

vibration at first alcohol 

Ft-ir - - 

3 Raman 1110 C-O vibrations of aliphatic esters (R2-O - R1) 

Ft-ir 1115 

4 Raman 1215 C-O vibrations in phenols + O-H bending vibrations in carboxylic acids 

Ft-ir 1215 

5 Raman - - 

Ft-ir 1327 Broken ring vibrations S+Two compression rings S and G + Flexural vibrations of phenolic 

hydroxyl 

6 Raman 1364 C-H vibrations of the CH3 + The vibration plate O-H in phenols 

Ft-ir - - 

7 Raman 1432 CO vibrations in carboxylic acids (the peaks w) 

Ft-ir 1435 

8 Raman 1443 O-CH3 vibrations of lignin 

Ft-ir 1448 

9 Raman 1510 Vibrations of the C = C aromatic ring 

Ft-ir 1517 

10 Raman - - 

Ft-ir 1560 C = C specific for coniferyl aldehyde in the lignin +C-O asymmetric stretching in carboxylic acids 

+Vibrations of the C = C aromatic ring 

11 Raman 1605 C = C stretching vibration of aromatic rings 

Ft-ir 1600 

12 Raman - - 

Ft-ir 1698 C = O stretching of conjugated p-aryl ketones and amids + C = C in the coniferyls 

13 Raman   

Ft-ir 1715 Not conjugated C = O stretching in the of ketones and esters (mainly carbohydrate source) or is 

conjugated aldehydes and carboxylic acids 

14 Raman - - 

Ft-ir 2938 Asymmetric stretching vibrations of CH (sp3) general-CH3 (the peak s) 

15 Raman - - 

Ft-ir 3431 O-H stretching vibration (by hydrogen bonds) 

 
Table 3: Wave numbers obtained by Raman and FT-IR spectra of purified dioxane lignin in the control and xidized samples at 24, 96 and  

240 h 

N
a

m
e 

o
f 

co m
p

o
u
n

d
 

Light 

oxidation 

rate 

spectra 

type 

Wave length 

(cm-1) 

d
io

x
an

e 
li

g
n
in

 

control 

sample 

Raman 915 1032 1110 1215 - 1364 1432 1443 1510 - 1605 - - - - 

FT-IR - 1032 1115 1215 1327 - 1435 1448 1517 1560 1600 1698 1715 2938 3431 

Oxidation by 

uv light 

for24 hours 

Raman 915 1032 1110 1215 - 1364 1432 1443 1510 - 1605 - - - - 

FT-IR - 1004 1115 1197 1327 - 1435 1448 1517 1560 1600 1698 1692 2938 3433 

Oxidation by 

uv light for 

96 hour 

Raman 915 1009 1110 1191 - - 1447 1470 1440 - 1572 - - - - 

FT-IR - 997 - 1190 1327 - 1512  1450 1560 1562 1752 1689 2896 3438 

Oxidation by 

uv light 

for240 ours 

Raman 915 1002 1110 1125 - - 1447 1473 1400 - 1511 - - - - 

FT-IR - 993 - 1138 1327 - 1435  1402 1560 1498 1767 1687 2789 3441 

 

 

 

Raman and FT-IR spectrum of dioxane lignin have been Exposure: 
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 After evaluating the relative structure of purified dioxane lignin , we will review the result of the structural 

changes of lignin as a result of exposure in the last 24 hours, 96 hours and 240 hours in accordance with the 

standards. To this end is provided table 3 that contains information regarding the courier in Raman and Ft-ir 

spectra exposure in the control and compounds. 

 

Raman and FT-IR spectrum analysis of dioxane lignin have been Exposure: 

 In the following , are considered two basic approaches to the identification and analysis of The molecular 

structure and its changes as a result mixture of UV radiation and ultraviolet light. 

 

1. The rate of change in wave numbers: 

 The extent of the changes in the wave numbers obtained in lignin, Effect of exposure with of different 

duration ,in the FT-IR spectra of 1715cm
-1

 region of the Lignin control sample is characterized by the presence 

of the carbonyl group, Is shown in Figure 1. 

 

 
 

Fig. 1: FT-IR spectra show corresponding to the carbonyl group dioxane lignin (A. The control sample, B.  

Exposure for 24 hours,C. Exposure for 96 hours,D. Exposure for 240 hours).  

 

 Review carbonyl functional group and changes its wave number, we reach the conclusion that, , reduced the 

rate of absorption frequency with increasing exposure time. The cause of this issue can be to being the conjugate 

the carbonyl group with double bonds, C = C. 

 The carbonyl group to form a conjugate and non-conjugate structures with aromatic rings exist in the lignin 

structure. Type Conjugate with ring are available Form coniferyl aldehyde the terminal groups and α-keto 

groups. Conjugate non-Carbonyl groups whit rings mainly are consisting of glycerol aldehyde groups. These 

groups are very important in the reactions of lignin destruction. Because the same high result reduce the 

absorption frequencies can be, Thus reducing of glycerol aldehyde groups and an increase in α-keto groups . 

This reaction based on the mechanism of aldol condensation (Figure 2), occurs with the loss of a water 

molecule. 

 

 
 

Fig. 2: aldol condensation reaction In creating a double bond conjugated with the carbonyl group. 

 

 As is clear from Table 3,with the increasing number of hours of exposure,the amount of the wavelength 

1215cm
-1 

C-O area of reduced that corresponds to the vibrations of the phenolic C-O (Figure 3). 
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Fig. 3: FT-IR spectra show corresponding to the phenolic C-O group dioxane lignin (A. The control sample ,B.  

Exposure for 24 hours,C. Exposure for 96 hours,D. Exposure for 240 hours)  

 

 The cause of the failure of the ether bonds α-O-4, β-O-4, 4-O-5 in the dioxane lignin. As a result of this 

cleavage , there are free phenolic O-H, that is one of the most chromophores in the lignin. Thus,whit the passage 

of time and reduced levels of ether groups and is added to the free hydroxyls . The process of reduction of peak 

1032cm-1 due to the C-O stretching vibrations of and incremental Peak 1715 cm-1 due to the presence of 

carbonyl groups, Exposure over time can also be seen as evidence to substantiate this point. 

 Beforehand lignin reaction processes known with exposure somewhat. This process began with the 

formation of free radicals and may be the oxidation reaction of the phenolic hydroxyl and Create Ether 

compounds . In addition, isolated oxygen can be by optical excitation ,new reactions implement in the lignin . 

Connect the single oxygen or radicals can also be a source for Creation peroxide. This leads to the spontaneous 

oxidation of carbohydrates and lignin break. 

 

2. Rates of change in the absorption of UV radiation: 

 Order to absorb the three functional groups Carbonyl, ether C-O and double bond C = C in the aromatic 

rings based on the area under the peak are examined separately and in detail. 

 

A. The rate of absorption of carbonyl functional group: 

 Here the absorption of carbonyl groups in lignin control samples and exposure compounds with times of 24, 

96 and 240 h are plotted according to diagram 1 in the below. 

 

 

 
 

Diagram 1: Changes in the absorption of the carbonyl functional group to 1715 - 1749 cm-1 in the FT-IR  

Spectroscopy for the control samples lignin Exposure samples at 24, 96 and 240 h. 
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 As is clear from the above graph ,With the increasing number of hours of exposure, the increases the 

amount of radiation absorb. The increase is attributed to the Formation of conjugated carbonyl groups and 

carboxylic acids derived from lignin . But the general conclusion is that the analysis of the spectra is achieved 

Products such as vanillin and vanillic acid is created degradation of the bonds structure of the α-O-4 and 

defeating Cα -Cβ and O-C in the side ring and having methoxyl (Figure 5) , Basis increase carbonyl groups and 

increased absorption of is the functional groups. 

 

 
 

Fig. 5: Preparation of vanillin and vanillic acid of the degradation of the bonds structure of the α-O-4 and  

defeating Cα -Cβ and O-C. 

 

B. The rate of absorption of C-O functional group: 

 The absorption of C-O groups in lignin control samples and exposure compounds with times of 24, 96 and 

240 h are plotted according to diagram 2 in the below. 

 

 
 

Diagram 2: Changes in the absorption of the functional group ether C-O to 993 -1032 cm-1 and phenol C-O to  

3431 -3441 cm-1 in the FT-IR Spectroscopy for the control samples lignin Exposure samples at  

24, 96 and 240 h 

 

 According to the diagram above, With the increasing number of hours of light exposure on dioxane lignin 

samples, decreases the absorption intensity of the ether O-H and is added the absorption intensity of the 

phenolic O-H . Thus, with increasing intensity of exposure Phenolic groups in lignin are broken down and 

convert to the free hydroxyl groups. Thus reducing the number of ether groups and the absorption is low, and 

increased the number of free hydroxyl groups to form the phenolic and is high absorption intensity . 

 

Conclusions: 

 In the first stage of lignin degradation and discoloration process, primarily occurs a photochemical 

oxidation process,that by the chemical structures or functional groups absorb light in the ultraviolet region . 

Carbonyl functional groups(C=O) and free phenolic groups in dioxane lignin , the effect of ultraviolet light, 

constitute Color combinations . Carbonyl group is more important. Because phenolic hydroxyl groups with Over 

time and the more intense oxidation be converted of the conjugated and non-conjugated C = O . Hence, the 

intensity of absorption of carbonyl groups is greater than the hydroxyl. 
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