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A B S O R P T I O N  S P E C T R A  OF C O M M E R C I A L  
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A L K Y L  P H E N O L S  IN 

G.  G. K o t o v a  a n d  K. I.  Z i m i n a  UDC 543.42 

To determine  the structures of commerc i a l  alkyl phenols (which are in termedia tes  in the synthesis of many 
additives) we can use not only the 700-1000 cm -I  range of ex t ra -p lanar  deformation vibrations of the C - H  bonds, 
but also the 1670-2000 cm - i  range, in which we observe overtones and combinat ion tones of these vibrations [1]. 

According to [2], in this range each  type of substitution of the benzene ring has a character is t ic  spectrum 

which is not influenced by the nature of the substituents. In this connection,  greater importance attaches to the 

number and re la t ive  intensities of the bands than to their  exact  positions. 

The authors have studied a lkyl  phenols obtained by alkylat ing phenol with a - o c t e n e  (b.p. 78~ at 7 mm), 
a -nonene  (b.p.  144-144.5~ at 745 mm), a - c e t e n e  (b.p. 142~ at 10 mm), di isobutylene (b.p. ~ 101~ trimers 
of propylene* (132-138~ fraction), a-olefinsJ" (120-140 and 240-320~ fractions), and also by alkylat ing cresols 
and xylenols$ with a - o c t e n e ,  n-octanol ,  and tr imers of propylene (130-140~ fraction). 

Cs-C18 alkyl  radicals  were found in the following positions: 2-; 4-;  2,4-; 3,4-; 2,6-; 2,4,6-;  3,4,5-;  
2,4,5-;  2,3,4- (Tables 1 and 2). 

The spectra of these alkyl  phenols did not display marked deviations from Joung's law and the number of 
bands and their  re la t ive  intensities corresponded to those established by Joung for each type of benzene-r ing sub- 

stitution. 

It was found that a knowledge of the exact  positions of the bands enables us to make a more deta i led study 
of alkyl  phenols, par t icular ly  as regards determinat ion  of substitution in alkyl  phenols with the same type of ben- 
zene- r ing  substitution, the number of large alkyl  radicals  and their position re la t ive  to the hydroxyl group in 2,4- 

d ia lkyl  phenols. 

Figure 1 shows the spectra of the a lkyl  phenols in the 1670-2000 cm - t  range, recorded in a UR-10 spectro- 
photometer  under the following conditions: slit program 4, scanning rate 50 cm-1 /min ,  per recording t ime 32 sec, 
movement  of paper 32 m m / 1 0 0  cm- t ;  we used a 0.612 mm ce l l  with compensat ion of background absorption by a 
mesh (50% of the absorption is removed).  The solid alkyl phenols were dissolved in carbon tetrachlortde (10 wt. %) 

and photographed in a 1.00 mm ce l l  with compensation of solvent absorption. 

o -Alky l  phenols with C s - C I s  alkyl  radicals  have very character is t ic  and constant spectra. The strong bands 
have frequencies ,,01700, 1782, 1897, and 1930 cm - t  (Fig. 1, I). 

The spectra of p -a lky l  phenols with C8-C18 alkyl  radicals  (Fig. 1, II) have two strong bands at 1757 and 
1880 cm -1. The ratio of the opt ical  densities of these bands is ,-,2.8.** 

According to Montigny and Bichet [4], 2 ,4-d ta lkyl  phenols Fig. 1, III) do not obey Joung's law. However, 
this inference applies only to alkyl  phenols with two large alkyl radicals.  2 ,4-Alkyl  phenols with one large radical  

obey the general  law. 

The spectra of 2 ,4-a lkyl  phenols have two strong and two weak bands, observed at 1750-1770 and 1860 to 
1880 em -1 and 1810-1830 and 1910-1920 cm -1, respectively.  

* Synthesized by E. A Viktorova, E. A. Karakhanov, and L. P. Shatskaya (Moscow University). 
J" Obtained by N. A. Dmitr teva and V N Vasi l ' eva  (VNII NP). 
$ Synthesized by O. N. Tsvetkov (NGI); the method of preparation was discussed in [3]. 
** The opt ical  densities were ca lcu la ted  from the base line. The alkyl  phenols were photographed in a ce l l  with 
x = 0.155 ram, with an NaC1 window for compensation.  

VNII NP Translated from Khimtya i Tekhnologiya Topliv i Masel, No. 12, pp. 46-51, December,  1967. 
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Fig. 1. Spectra of alkyl phenols in the range 1670-2000 cm -t. 

The alkyl radicals are in the following positions: 2-; (I)--2-sec- 

cetyl; - - - ) 2 - s e c - o c t y l ; - ' - ) C l s  4-;  (II). C14-C18; 
- - - ) 4 - i s o - n o n y l ; - ' - ) 4 - t e r t - o c t y l ;  2,4-; (III) ' )2-sec- 

oct yl - 4- m ethyl; - - - )2 -  methy 1 - 4 - sec - oc tyl; - "  - )  2,4- di - sec - 

octyl; 3,4-; (IV) -" )3-methyl -4-sec-oc ty l ;  )3-methyl-4-  

iso-nonyl; 2,3,4- (V) )2 ,3-dimethyl-4-sec-octyl  (alkylating 

agen t -oc tene) ;  - - - ) 2 , 3 - d i m e t h y l - 4 - s e c - o c t y l  (alkylating agent 

n-octanol;  2,6-; (VI) ) 2 , 6 - d i - s e c - o c t y l ; - - - ) C ~ - C t s ;  2,4,5-; 
(VII) )2 ,5-dimethyl -4-sec-octy l ;  - - - ) 2 - s e c - o c t y l - 4 , 5 - d i m e t h y l ;  

2,4,6-; (VIII) ) 2 - s e c - o c t y l - 4 , 6 - d i m e t h y l ; - - - ) 2 , 6 - d i m e t h y l - 4 -  

sec-octyl; 3,4,5-; (IX) - - )3 ,5 -d ime thy l -4 - sec -oc ty l  (alkylating agent 
n-octanol);  - - - ) 3 , 5 - d i m e t h y l - 4 - s e c - o c t y l  (alkylating agent (~-octene). 

In the case of 2,4-alkyl  phenols the 1755 cm -i band has a constant position and its intensity is close to that of 

the 1860-1880 cm - i  band. The ratio of the optical densities of these bands is 1-1.5. In di-sec-octylphenol thisband 
is displaced to ~1770 cm - i  and becomes much weaker than the 1860-1880 cm - i  band; the ratio of the optical densi- 

ties increases t 9 2.0. 

The displacement of the 1810-1830 and 1860-1880 cm -1 bands varies with the type of radical adjoining the hy- 
droxyl group. If a methyl group is present in the ortho position, the bands have frequencies ~1817 and 1873 cm -I, 
If the methyl group is in the para-position, the bands are displaced to ~1812 and ~1865 cm -i. If large alkyl radi- 

cals are present in the 2,4-position, the bands appear at 1825 and 1870-1880 cm -i. 

The intensity of the 1810-1820 cm -1 band varies from medium in alkyl phenols with large alkyl radicals in the  

ortho position to weak in those with large alkyl radicals in the para-position. 

In the case of 3,4-dialkyl phenols (Fig. 1, IV) which, like 2,4-dialkyl phenols, belong to the same type of 
1,2,4-substitution of  the benzene ring, the spectra are different to those of 2,4-alkyl  phenols: we observe one in- 
tense band at 1880 cm -t  and the remaining bands at 1707, 1740, and 1800 cm -1 are weak. 
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Fig. 2. Relation between part icular  absorption bands of alkyl  
phenols in the range 1670-2000 cm -I  and the following vibra-  
tions: I) two neighboring unsubstituted C - H  bonds; substitu- 
tion type: - - ) 4 - ;  - " - )2 ,4- ;  . . . .  )3,4-;  )2 ,3,4- ;  II) an 
isolated C - H  bond adjoining the hydroxyl group; substitution 
type: .... )3,4,5-; - - - ) 2 , 4 , 5 - ;  . . . . .  )3,4-;  III) an isolated 
C - H  bond at a considerable distance from the hydroxyl group; 
substitution type: - - ) 2 , 4 , 6 - ;  - - - ) 2 , 4 , 5 - ;  . . . .  )2,4- .  

The spectra of 2,4,6- (Fig. 1, VIII) and 3 ,4 ,5- t r ia lky l  phenols (Fig. 1, IX), which belong to the 1,2 ,3 ,5- type of 
benzene ring substitution, also differ from one another as regards intensity and position of the bands. The spectra of 

2 ,4 ,6-a lkyl  phenols have bands at 1742 and 1910 cm -1, and those of 3 ,4 ,5 -a lky l  phenols at ,-,1700 and 1886 cm -l .  

It is evident  that this regulari ty in the spectral  difference of a lkyl  phenols of different structure, belonging to 
the same type of benzene ring substitution, will  be observed for al l  pairs of a lkyl  phenols and will help us to deter-  
mine the structures of a lkyl  phenols�9 

The spectrum of 2 ,3 ,4- t r ia lkyl  phenol (Fig. 1, V) is l ike that of 3 ,4 -d ia lky l  phenol. However, the strong iso- 
la ted band is displaced to 1865 cm -I and is narrower because the absorption due (as explained below) to vibration 
of the isolated C - H  bond, adjoining the hydroxyl group, disappears. The two other weak bands have frequencies 
1712 and 1731 cm -I. 

The spectra of 2 ,6-d ia lkyl  phenols (Fig. 1, VI) have five strong bands (1644, 1696, 1795, 1853, and 1907 cm-1), 

of which the positions and re la t ive  intensit ies do not change as we go from alkyl  phenols with C 8 radicals  to those 
with C18 radicals.  
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The spectra of 2,4,5-trialkyl phenols (Fig. 1, VII) have four bands of different intensities with mean frequen- 
cies 1710, 1760, 1875, and 1925 cm -1. 

From a study of the spectra of 27 specimens of alkyl phenols with different types of substitution, we estab- 
lished a relation between particular bands in the 1670-2000 cm -I  range and the vibrations of the two neighboring 
unsubstituted C - H  bonds and the C - H  bonds at a considerable distance from the hydroxyl group or adjoining it. 

Alkyt phenols with two neighboring unsubstituted hydrogen atoms, i.e., those with 4-,  2,4-, 3,4-, and 2,3,4- 
substitution, have strong absorption bands at 1860-1885 cm -~. It is difficult to assess the type of substitution from 
the frequency of this band, but it can be determined fairly simply with the aid of the other part of the spectrum in 
the 1670-2000 cm -1 range (Fig. 2, I). 

Alkyl phenols with an unsubstituted isolated C - H  bond adjoining the hydroxyl group (3,4-, 3,4,5-, and 2,4,5- 
substitution) are characterized by absorption in the range 1700-1710 cm -t  and a band of medium intensity at about 
188a cm -1 (Fig. 2, II). 

Alkyl phenols with an unsubstituted isolated C - H  bond at a considerable distance from the hydroxyl group 
(2,4-, 2,4,6-, and 2,4,5-substitution) absorb at ,,,1750 and 1915 cm-1; the bands are of high and medium to weak 
intensity, respectively (Fig. 2, III). 

It should be noted that in the spectrum of 4- alkyl phenol the intensity of the band corresponding to vibrations 
of the two neighboring unsubstituted C - H  bonds is greater than the intensities of the analogous bands in the spectra 
of 2,4-, 3,4-, and 2,3,4- alkyl phenols (Fig. 2, I) because the contribution to the vibration is made by two pairs of 
unsubstituted neighboring C--H groups. 

A similar picture is observed for the 1886 and 1910 cm -1 bands (Fig. 2, II and III), corresponding to vibrations 
of isolated C - H  bonds adjoining the hydroxyl group or at a considerable distance from it. It is evident that if two 
C - H  groups of identical position participate in the vibration, the bands due to these vibrations are stronger. 

This investigation has revealed a number of regularities in the spectra of alkyl phenols in the 1670-2000 cm -I 
range; these can help us to determine the structures not only of individual hydrocarbons, but also of particular com- 
mercial  fractions used for the synthesis of various additives. 

S U M M A R Y  

1. The authors have shown that we can determine the position of a substituent in alkyl phenols with the same 
type of benzene ring substitution, the number of large alkyl radicals, and their position relative to the hydroxyl 
group in 2,4-dialkyl phenols. 

2. A relation has been established between particular absorption bands and vibrations of the C - H  bonds. 
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