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A series of N-aryl substituted dodekanamides were synthesized using the reaction of fatty acid chloride 
(lauroylchloride) with p-substituted aromatic amines in the presence of triethylamine as an organic base and dioxane 
as a solvent. The structures of N-aryl substituted dodekanamides were determined by their melting temperature, IR 
and UV spectra. The ultraviolet absorption spectra of synthesized amides were recorded in seven polar solvents in the 
range from 200 nm to 400 nm. The effects of solvent polarity and of hydrogen bonding, on the absorption spectra, 
were interpreted by means of linear solvation energy relationships (LSER) using a general equation: � = �o + s�* + 
a� + b� and by two-parameter models presented by the equation: � = �o + s�* + a�. The mode of influence of the 
solvent on the ultraviolet absorption spectra of the investigated dodekanamides are discussed on the basis of the cor-
relation results. 

Key words: N-aryl substituted dodekanamides; ultraviolet absorption spectra; polar solvents; solvent effects;  
linear solvation energy relationships 
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INTRODUCTION 

The amide function is based on the presence 

of the N C

O

 group. 
When attaching various radicals to the three 

free valences of this group, one can obtain various 

classes of compounds. The amide bond is present 
as a key building unit in many important natural 
products and man-made compounds [1]. 

Amides and N-substituted amides of fatty ac-
ids have different properties [2–4], and find large 
application in various chemical industries. 
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CH3(CH2)10 C Cl

O

H2N HClNH+ Ar

O

CCH3(CH2)10 Ar +

The fatty acid amides derivatives are useful 
as textile additives, softening, lubricating, wetting, 
washing, waterproofing agents, detergents, sham-
poos, and leveling agents [4, 5]. The lauroyl de-
rivatives of bis(hydroxyalkyl) amide have a re-
markable activating effect on the foaming power. 
Also, the akylolamides, especially those containing 
a high proportion of bis(hydroxyethyl) lauramide, 
have the dual advantages of excellent neutral 
scouring efficiency and uniquely effective waster-
liquor clarification by simple cold acid-cracking. 
Wastes from desuinting and suint scouring are ef-
fectively clarified by bentonite treatment without 
acidification. Some fatty acid amides are useful as 
cholesterol-lowering agents and they are also use-
ful as a remedy for atherogenesis. The surfactants 
based on polyoxyethylene fatty acid amides, which 
are mild to the skin and have good foaming property, 
are useful with anionic surfactants and/or amphoteric 
surfactants for shampoos formulation [6]. 

The aim of this work was to synthesize a 
number of N-aryl substituted dodekanamides. A 
special attention has been paid to the study of sol-
vent effects on amides in some polar solvents us-
ing the UV spectroscopy method. 

EXPERIMENTAL 

All chemicals used in the synthesis of amides 
(1–12) were commercial products (Merck). The 
melting temperatures of synthesized compounds 
were determined on a Büchi 510 melting tempera-
ture apparatus and, therefore, the values reported 
here are uncorrected. IR spectra were recorded in 
the range of 4000–400 cm–1 using the KBr pill on a 
Perking-Elmer 297 Spectrophometer. The UV 
spectra were recorded on a Varian Cary 50 Scan 
Spectrophometer. 

Preparation of N-aryl substituted  
dodekanamides (1–12) 

The title compounds were synthesized by the 
modified method reported in the literature [7]. 

General procedure 

The lauroylchloride (0.01 mol) dissolved in 
dioxane was slowly added with stirring into a solu-
tion of dioxane (15 ml), corresponding amine 
(0.01 mol) and triethylamine (0.01 mol). After the 

addition was complete, stirring continued for an-
other 1 hour at room temperature. 

The reaction mixture was poured into ice wa-
ter, and acidified with HCl to pH = 3 ~ 4. 

The precipitate that formed was filtered, 
washed with ice water (neutral pH) and dried at 
room temperature. The yields of the amides (1–12) 
were in the range from 82–96%. The amides thus 
obtained were recrystallized from dilute ethanol. 

 All synthesized N-aryl substituted dodekana-
mides (1–12) were identified by melting tempera-
ture, IR and UV spectroscopic data (Tables 1 and 
2). The UV spectra were recordered in spectro-
quality solvents using concentrations of 2.5×10–5 

mol/dm3. 

T a b l e  1 �

 Physical data for N-aryl substituted  
dodekanamides (1–12) 

�

Comp. Ar Formula 
(Mr./g⋅mol–1) 

Yield 
(in %) 

M.t. 
(°C)  

(1) –C6H5 C18H29NO 
(275) 

93 79–80 

(lit. 78) 

 (2) p-CH3–C6H4– C19H31NO 
(289) 

95.65 85–86 
(lit. 87) 

(3) p-C2H5–C6H4–  C20H33NO 
(303) 

95.71 74–76 

(4) p-OCH3–C6H4–  C19H31NO2 

(305) 
85.25 104–105 

(5) p-OH–C6H4– C19H29NO2 

(291) 
89.3 130–131 

(6) p-Br–C6H4–  C18H28NBrO 
(354) 

88.98 106–108 
(lit. 104) 

(7) p-Cl–C6H4–  C18H28NClO 
(309.5) 

88.87 88–91 

(8) p-C6H5–C6H4–  C24H33NO 
(351) 

82.62 147–149 

(9) p-COOC2H5 –
C6H4– 

C21H33NO3 

(347) 
86.45 83–86 

(10) p-COOH–C6H4–  C19H29NO3 

(319) 
83.07 226–228 

(11) p-COCH3–C6H4–  C20H31NO2 
(317) 

85.2 111–113 

(12) p-NO2–C6H4–  C18H28N2O3 

(320) 
95.31 79–80 

(lit. 78) 
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T a b l e  2  
IR and UV data for N-aryl substituted  

dodekanamides (1–12) 
Comp. 

Ar 
IR 

(�max/cm–1) 
UV[H2O] 

(�/nm)
����

 
 

–C6H5�

3280 (NH) st 
2920–2825 (CH) st 
1645 (C�O) st Amid I 
1590 (C–C) st benz. ring 
1530 ( N�C�O) st Amid II, (NH)δ 

229.76

����
 
 

p-CH3C6H4–�

3280 (NH) st 
2920–2840 (CH) st 
1650 (C�O) st Amid I 
1590 (C–C) st benz. ring 
1530–1510 (N�C�O) st Amid II, (NH)δ 

211.75

239.99

����
 
 

p-C2H5C6H4–�

3290 (NH) st 
2925–2840 (CH) st 
1645 (C�O) st Amid I 
1590 (C–C) st benz. ring 
1530–1510 (N�C�O) st Amid II, (NH)δ 

211.43

232.79

����
 
 

p-OCH3C6H4–�

3300 (NH) st 
2900–2840 (CH) st 
1645 (C�O) st Amid I 
1595 (C–C) st benz. ring 
1575–1520 (N�C�O) st Amid II, (NH)δ 

209.16

231.52

298.63
����

 
 

p-OHC6H4–�

3280 (NH) st, (OH) st 
2920–2825 (CH) st 
1640 (C�O) st Amid I 
1600 (C–C) st benz. ring 
1530–1500 (N�C�O) st Amid II, (NH)δ 
1240 (O�Car) st  

209.68

230.78

296.65

����
 
 

p-BrC6H4–�

3300 (NH) st 
2920–2840 (CH) st 
1655 (C�O) st Amid I 
1590 (C–C) st benz. ring 
1540 (N�C�O) st Amid II, (NH)δ 

218.08

236.57

293.35
����

 
 

p-Cl C6H4– 

3300 ( NH ) st 
2920–2840 (CH) st 
1655 (C�O) st Amid I 
1590 (C–C) st benz. ring 
1540 (N�C�O) st Amid II, (NH)δ 

214.39

234.46

292.03
����

 
 

p-C6H5C6H4–�

3290 (NH) st 
2910–2840 (CH)st 
1650 (C�O) st Amid I 
1590 (C–C) st benz. ring 
1545 (N�C�O) st Amid II, (NH)δ 

225.98

260.05
����

 
 

p-COOC2H5 C6H4–�

3280 (NH) st 
2920–2835 (CH) st 
1700 (C�O) st COOC2H5 
1645 (C�O) st Amid I 
1600–1510 (C–C) st benz. ring 
1540–1510 (N�C�O) st Amid II, (NH) δ 

224.30

250.26

�����
 
 

p-COOH C6H4–�

3300 (OH–NH) st 
2920–2840 (CH) st 
2540 (COO–H) st assoc. 
1670 (C�O) st Amid I, (C=O) st COOH 
1600 (C–C) st benz. ring 
1520 (N�C�O) st Amid II, (NH)δ  

227.17

270.49

294.92
�����

 
 

p-COCH3C6H4–�

3300 (NH) st 
2900–2845 (CH) st 
1650 (C�O) st Amid I, (C�O)st COCH3 
1600 (C–C) st benz. ring 
1550 (N�C�O)st Amid II, (NH)δ 

238.76

254.80

298.71
�����

 
 

p-NO2C6H4–�

3335 (NH) st 
2920–2845 (CH) st 
1675 (C�O)st Amid I 
1600 (C–C)st benz. ring 
1540 (N�C�O) st Amid II, (NH)δ 
1340–1330 (NO2) st 

238.83

315.24

375.52

st – stretching vibrations; δ – deformation vibrations 

RESULTS AND DISCUSSION 

In this work, the ultraviolet absorption spec-
tra of N-aryl substituted dodekanamides (1–12) 
(Figure 1) were recorded in seven polar solvents. 

CH3(CH2)10 C

O

NH C6H5 X  

(X = H, CH3, C2H5, OCH3, OH, Br, Cl, C6H5, 
COOC2H5, COOH, COCH3, NO2) 

Fig. 1. N-aryl substituted dodekanamides under study 

The absorption maxima are given in Table 3 
and Table 4. To explain the effects of solvents on 
the electronic absorption spectra of these amides, 
the spectrum of N-phenyl dodekanamide (1) was 
taken as reference; it has one absorption band in 
the range 229–250 nm (two electronic transitions 
with overlapping peaks). The results can be ex-
plained as follows: since the two chromophores  
(–CONH group and –C6H5 group) of (1) can inter-
act freely, its absorption is caused by delocalized 
π-system spreading over the whole molecule [8]. 

Examination of the data given in Tables 3 and 
4 shows that there is an identical trend in the UV 
absorption data of the investigated compounds in 
all used solvents. Introduction of substituent 
groups in the benzene ring (electron-donating or 
electron-accepting) generally causes bathochromic 
shift of the long wavelength absorption maximum, 
as compared to that of the reference system (1). It 
has been known that the complementary electronic 
transitions need lower energies regardless of 
whether the substituent withdraws or accepts elec-
trons [9].The results generally show hypsochromic 
shifts for all the dodekanamides (1–12) with in-
creasing solvent polarity (negative solvatochrom-
ism) [10]. 

It is known that, UV spectroscopic measure-
ment of �max of a dissolved probe provides numeri-
cal values for the intermolecular interactions be-
tween solute and solvent. The most extensively 
applied method of generating values for intermo-
lecular solute/solvent interactions is the method of 
Kamlet and Taft [11, 12, 13]. Recently, several 
reports become available on the correlation of UV 
absorption frequencies with solvent parameters 
[14–18]. 
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T a b l e  3  

Ultraviolet absorption data for N-aryl substituted dodekanamides (1–6) 

Solvent   λmax / nm   

 (1) (2) (3) (4) (5) (6) 
 –C6H5 p-CH3C6H4– p-C2H5C6H4– p-OCH3C6H4– p-OHC6H4– p-Br C6H4– 

Water 229.76 211.75 
239.99 

211.43 
232.79 

209.16 
231.52 
298.63 

209.68 
230.78 
296.65 

218.08 
236.57 
293.35 

Methanol 240.77 244.63 246.12 250.15 250.24 253.43 

Ethanol 244.68 244.79 247.88 249.59 250.83 253.56 

1-propanol 244.74 244.89 247.47 250.6 250.63 253.55 

2-propanol 244.75 244.97 247.34 247.58 249.88 249.8 

1-butanol 248.77 244.77 247.88 249.59 249.88 251.25 

Ethylene glycol 244.83 244.77 247.88 249.59 250.43 253.35 

T a b l e  4  

Ultraviolet absorption data for N-aryl substituted dodekanamides (7–12) 

Solvent   λmax / nm   

 (7) (8) (9) (10) (11) (12) 
 p-ClC6H4–� p-C6H5C6H4–� p-COOC2H5C6H4–� p-COOHC6H4–� p-COCH3C6H4–� p-NO2C6H4–�

Water 
214.39 
234.46 
292.03 

225.98 
260.05 

224.3 
250.26 

227.17 
270.49 
294.92 

238.76 
254.8 

298.71 

238.83 
|315.24 
375.52 

Methanol 250.6 274.9 272.99 270.98 218.73 
289.99 

223.75 
316.83 

Ethanol 250.36 273.68 273.7 271.98 217.72 
292.08 

222.75 
319.24 

1-propanol 250.17 274.69 274.05 271.99 216.9 
292.65 

223.75 
317.12 

2-propanol 249.88 248.59 
274.69 

248.87 
274.19 270.98 249.12 

291.58 
240.84 
317.33 

1-butanol 249.88 275.69 274.56 271.99 291.21 317.53 

Ethylene glycol 250.88 278.1 274.53 271.39 218.73 
292.11 

223.75 
321.25 

 
In the present work, the effects of solvent po-

larity and hydrogen bonding on the absorption 
spectra were interpreted by the linear solvation 
energy relationships (LSER) concept developed by 
Kamlet and Taft using a general equation (1): 

 � = �o + s�* + a� + b�  (1) 

and by two-parameter models presented by the 
equation (2) 

 � = �o + s�* + a�  (2) 

where �*, � and � are solvatochromic parameters, 
and s, a and b are the solvatochromic coefficients. 

In Eq. (1), �* is an index of the solvent dipo-
larity/polarizability, which is a measure of the abil-
ity of the solvent to stabilize a charge or a dipole 
by its own dielectric effects. The �* scale was se-
lected to run from 0.00 for cyclohexanone to 1.00 
for dimethyl sulfoxide. The variable � is a measure 
of the solvent hydrogen-bond donor (HBD) acid-
ity, and describes the ability of the solvent to do-
nate a proton in a solvent-to-solute hydrogen bond. 
The scale � was selected to extend from 0.00 for 
non-HBD solvents to about 1.00 for methanol. The 
variable � is a measure of the solvent hydrogen-
bond acceptor (HBA) basicity, and describes the 
ability of the solvent to accept a proton in a solute-to-
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solvent hydrogen bond. The scale � was selected to 
extend from 0.00 for non-HBD solvents to about 
1.00 for hexamethylphosphoric acid triamide. 

In these amphiprotic solvents, complications 
can be caused by self-association type-AB hydro-
gen bonding, and multiple type-A and type-B in-
teractions. In this situations (where both the sol-
vents and the solutes are hydrogen-bond donors), it 
can be quite difficult to untangle solvent dipolar-
ity/polarizability, type-B hydrogen bonding and 
variable self-association effects from common multi-
ple type-A hydrogen bonding interactions [19]. 

For the purpose of exploring the solvent ef-
fects and hydrogen bonding (type-A and type-B) 
on the absorption spectra, the absorption frequen-
cies (�max = 1/�max) were correlated with the total 
solvatochromic equation (1). The correlation of the 
spectroscopic data was carried out by means of 
multiple linear regression analysis. The Kamlet-
Taft solvatochromic parameters are shown in Ta-
ble 5 [20]. 

T a b l e  5  

Kamlet-Taft solvatochromic parameters 

Solvent π∗� β� α�
Water ����� ����� �����

Methanol ����� ����� �����

Ethanol ����� ����� �����

1 – propanol ����� ����� �����

2 – propanol ����� ����� �����

1 – butanol ����� ����� �����

Ethylene glycol ����� ����� �����

 
The results of the correlation of the absorp-

tion frequencies with the Kamlet-Taft solvato-
chromic parameters (�*, � and �) are given in Ta-
ble 6. 

The percentage contribution of calculated 
solvatochromic parameters are given in Table 7.

T a b l e  6  

Results of the correlations with Eq. (1) for N-aryl substituted dodekanamides (1–12)�

Comp. Ar n a ν0 s b a R b SD c 

����
–C6H5�

�� ������� ������� �������� ������ ������� ������

����
p-CH3 C6H4– �� ������� ������� �������� ������ ������� �������

����
p-C2H5 C6H4– �� ������� ������� �������� ������ ������� �������

����
p-OCH3 C6H4– �� ������� ������� �������� ������ ������� �������

����
p-OH C6H4– �� ������� ������� �������� ������ ������� �������

����
p-Br C6H4– �� ������� ������� �������� ������ ������� �������

����
p-Cl C6H4– �� ������� ������� �������� ������ ������� ������

����
p-C6H5 C6H4– �� ������� ������� ������� �������� ������� �������

����
p-COOC2H5 C6H4–�

�� ������� ������� �������� ������� ������� �������

�����
p-COOHC6H4– �� ������� ������� �������� ������ ������� �������

�����
p-COCH3 C6H4– 

�� ������� ������ ������� �������� ������� �������

�����
p-NO2 C6H4– �� ������� ������ ������� ������� ������� �������

a Number of solvents; b Correlation coefficient; c Standard deviation 
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T a b l e  7  
Percentage contribution of calculated  

solvatochromic parameters�

Comp. 
Ar 

s �b 
��� 

a 

����
–C6H5 �

������ ����� ������

����
p-CH3C6H4–  ����� ����� �����

����
p-C2H5C6H4–  ������ ����� ������

����
p-OCH3C6H4– ����� ����� �����

����
p-OHC6H4– ����� ����� ������

����
p-BrC6H4– ����� ���� ������

����
p-ClC6H4–  ����� ����� ������

����
p-C6H5C6H4–  ������ ����� ������

����
p-COOC2H5C6H4–�

������ ����� ������

�����
p-COOHC6H4– ����� ����� ������

�����
p-COCH3C6H4– 

����� ����� ������

�����
p-NO2C6H4– ����� ������ ������

 
The discussion is based on the quantitative 

values and the sign of the coefficients in the corre-
sponding equations, and the comparison of these 
coefficients among themselves. 

The results (Table 6 and Table 7) show that 
solvent effects on the absorption spectra of N-aryl 
substituted dodekanamides (1–12)� generally in-
clude important contributions from the solvent 
HBD (hydrogen bond donor) acidity. Judging from 
the coefficient values, the classic solvation effects 
(π∗��dominate in the N�diphenyldodekanamide (8), 
contrary to the other dodekanamides, where the 
HBD effects dominate. 

The high positive values of the coefficient a 
(1–7, 9, 10) indicate a better stabilization of the 
ground state (Figure 2, 2a) by the HBD solvent 
effects, suggesting stabilization by the formation 
of the type A (solvent to solute) hydrogen bonding. 
The high negative values of the coefficient a (11, 
12) indicate a better stabilization of the transition 
state (Figure 2, 2b) by the HBD solvent effects, 
due to stabilization by the formation of the type A 
hydrogen bonding. 

The HBA effects (b) and the classic solvation 
effects (π∗� �work in the opposite direction to the 
HBD effects, and their influence is much smaller 
than the influence of the HBD effects. 

CR
O

N

H

X CR
O

N

H

X
+

–

 
a) ground state                           b) transition state  

Fig. 2. Resonance structures of N-aryl substituted 
dodekanamides  

The effects of solvent polarity and hydrogen 
bonding on the absorption spectra were also inter-
preted by the system of a simplified two-
parameters equation (2) (two-parameter model) in 
six solvents (water, ethanol, 1-propanol, 2-
propanol, 1-butanol, ethylene glycol).  

The results of the correlations and the per-
centage contribution of the calculated solvato-
chromic parameters� are presented in Table 8 and 
Table 9. 

T a b l e  8  
Results of the correlations with Eq. (2)  

for N-aryl substituted dodekanamides (1–12) 

Comp. Ar na v0 s a Rb SDc 

����
–C6H5 �

�� ������� �������������� ������ ������

����
p-CH3C6H4– �� ������� ������� ������ ������ ������

����
p-C2H5C6H4– �� ������� �������������� ������ ������

����
p-OCH3C6H4– �� ������� �������������� ������ ������

����
p-OHC6H4–  �� ������� �������������� ������ ������

����
p-BrC6H4–  �� ������� �������������� ������ ������

����
p-ClC6H4– �� ������� �������������� ������ ������

����
p-C6H5C6H4– �� ������� �������������� ������ ������

����
p-COOC2H5C6H4–�

�� ������� �������������� ������ ������

�����
p-COOHC6H4–  �� ������� �������������� ������ ������

�����
p-COCH3C6H4– 

�� ������� ������ ������� ������ ������

�����
p-NO2C6H4–  �� ������� ������ �������� ������ ������

a Number of solvents. b Correlation coefficient. c Standard deviation 
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���	��
�	��
����	����
�������� !$�($�)*(+�#�  +, 

T a b l e  9  

Percentage contribution of calculated  
solvatochromic parameters�

s� a�Comp. 
Ar� ���� ����

�����
–C6H5�

����� �����

����
p-CH3C6H4– ����� �����

����
p-C2H5C6H4– ����� �����

����
p-OCH3C6H4– ��� ���

����
p-OHC6H4– ����� �����

����
p-BrC6H4– ����� �����

����
p-ClC6H4– ����� �����

����
p-C6H5C6H4– ����� �����

����
p-COOC2H5C6H4–�

��� ���

�����
p-COOHC6H4– ����� �����

�����
p-COCH3C6H4– 

����� �����

�����
p-NO2C6H4– ����� �����

 
 
The data in Table 8 shows that the HBD ef-

fects play a major role, compared with the classic 
solvation effects. The HBD effects, generally, sta-
bilize the ground state (Figure 2, 2b) of the amides 
by formation of hydrogen bonding where they act 
as proton-donors. 

The percentage contribution of the calculated 
solvatohromic parameters (Table 9) also show that 
the dominant solvent effect in all investigated 
compounds is the hydrogen bond acidity (HBD 
effects). 

The correlation coefficients (R) have satisfac-
tory values in all cases (Table 8) and are better 
when compared to those obtained by applying 
equation (1) (Table 6). 

CONCLUSIONS 

The results of all correlations for the exam-
ined N-aryl substituted dodekanamides (Table 6 

and Table 8) show that most of the solvatochrom-
ism can be ascribed to the HBD effects (solvent 
acidity) rather than other effects, when polar sol-
vents are used. The study on solvation in these sys-
tems has shown that the acidity of the solvent has 
significant effects on the solvent induced fre-
quency shift, and may be used to characterize the 
intermolecular interactions. 

In this work, satisfactory results were ob-
tained for the correlations of the ultraviolet absorp-
tion frequencies of the investigated dodekana-
mides by a two-parameters equation (2), indicating 
that the selected model was correct. This model 
gives an accurate interpretation of the solvating 
effects on N-aryl substituted dodekanamides in 
different polar solvents. 
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