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ABSTRACT 

There  are n u m e r o u s  m e t h o d s  p r o p o s e d  for  deter-  
ru ina t ion  o f  p r i m a r y ,  s econda ry  and  te r t i a ry  amines .  
Most  seem to  be l eng thy ,  inaccura te  and  u n s u i t a b l e  
for  smal l  samples .  Previous  spec t roscop ic  m e t h o d s  
based  on  near - in f ra red  spec t ro scopy  for  d e t e r m i n a -  
t ion  of  a l ipha t ic  and  a roma t i c  amines  are n o t  applica-  
ble for  samples  c o n t a i n i n g  more  t han  10% ni t r i le .  A 
s imple  m e t h o d  based  on  near - in f ra red  s p e c t r o s c o p y  
has  b e e n  developed,  and  is p re sen ted ,  for  d e t e r m i n a -  
t ion  o f  p r i m a r y  and  s econda ry  f a t t y  a l iphat ic  amines  
in t he  p resence  o f  O- 100% ni t r i le .  
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Market. Nutr. Res. Div. ARS, USDA, New Orleans, Louisiana 
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INTRODUCTION 

High m o l e c u l a r  weight  a l iphat ic  amines  are used  ex ten-  
sively in  m a n y  indus t r ies .  In t he  m a n u f a c t u r e  o f  these  
a l iphat ic  amines ,  f a t t y  acids o b t a i n e d  f rom an imal  fa t  and  
tall oil are o f t e n  u sed  as feed  mater ia ls .  The  f inal  p r o d u c t ,  
wh ich  shou ld  be p r ima ry  amine ,  is o b t a i n e d  by  h y d r o g e n a t -  
ing  the  ni t r i le  t h a t  is p r o d u c e d  by  a m m o n i a t i o n  o f  the  f a t t y  
acids. The  ni t r i le  h y d r o g e n a t i o n  is done  gradual ly  in  a series 
o f  reac tors  ove r  R a n e y  nickel  or  o t h e r  s imi la r  ca t a ly s t  un t i l  
theore t i ca l ly  100% amine  is in  the  f inal  t ank .  T h e r e f o r e  t he  
c o m p o s i t i o n  of  the  m i x t u r e  in  any  s tep  o f  the  p rocess  is o f  
cons iderab le  i m p o r t a n c e  in  fo l lowing  the  progress  o f  the  
h y d r o g e n a t i o n  and  t h e r e b y  i m p o s i n g  the  p r o p e r  c o n d i t i o n s  
o f  e ach  reac tor .  

Thus  there  is a great  n e e d  for  a s imple ana ly t ica l  m e t h o d  
for  d e t e r m i n a t i o n  o f  p r ima ry  and  s econda ry  amines  in  the  
p resence  o f  0-100% fa t t y  ni t r i le .  Many ana ly t i ca l  m e t h o d s  
o t h e r  than  near - in f ra red  spec t ro scopy  have  been  p r o p o s e d  
for  d e t e r m i n a t i o n  o f  p r imary ,  s econda ry  and  te r t i a ry  

TABLE I 

Reference 

Blend 

Determination of Primary and Secondary 
Fatty Amines in the Presence of  Fatty Nitrile 

Chloroform Nitrile 

g/liter g/liter g/liter g/liter 
Amine added found added found 

90% Amine 
10% Nitrile 

70% Amine 
30% Nitrile 

60% Amine 
40% Nitrile 

50% Amine 
50% Nitrile 

10% Amine 
90% Nitrile 

Primary 0.00 0.00 0.00 0.00 
Secondary 13.50 13.56 13.50 13.54 
Primary 4.50 4.57 4.50 4.55 
Secondary 9.00 9.07 9.00 8.98 
Primary 9.00 9.06 13.50 13.51 
Secondary 4.50 4.56 0.00 0.00 

Primary 0.00 0.00 --  
Secondary 10.50 11.10 -- --  
Primary 10.50 11.10 . . . .  
Secondary 0.00 0.00 -- --  
Primary 4.50 5.10 --  
Secondary 6.00 6.30 . . . . .  

Primary . . . . .  0.00 0.O0 
Secondary . . . . .  9.00 9.01 
Primary . . . .  6.00 6.02 
Secondary --  ~ 3.00 3.01 
Primary --  - -  9.00 9.01 
Secondary . . . . .  0.00 0.00 

Primary 0.00 0.00 0.00 0.00 
Secondary 10.00 11.53 10.00 10.02 
Primary 6.00 7.73 5.00 5.01 
Secondary 4.00 5.62 5.00 5.01 
Primary 10.00 10.81 10.00 10.01 
Secondary 0.00 0.00 0.00 0.00 

Primary 0.00 0.00 0.00 0.00 
Secondary 4 . 0 0  5.62 4 .00  4.01 
Primary 2.00 3.65 2.00 2.03 
Secondary 2.00 3.75 2.00 2.02 
Primary 4.00 5.73 4.00 3.99 
Secondary 0.00 0.00 0.00 0.00 
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TABLE II 

Average Errors Found in Analysis of Known Blends of Amine 
and Nitrile With and Without Nitrile in the Reference 

Blend Amine 

Average error 

With Without 
nitrile nitrile 

100% Amine mixture Primary +0.013 +0.001 
0% Nitrile Secondary +0.010 +0.010 

90% Amine mixture Primary +0.011 +0.061 
10% Nitrile Secondary -0.012 +0.070 
80% Amine mixture Primary +0.006 +0.121 
20% Nitrile Secondary +0.014 +0.009 
70% Amine mixture Primary +0.001 +0.431 
30% Nitrile Secondary +0.008 +0.437 
60% Amine mixture Primary +0.009 +0.903 
40% Nitrile Secondary +0.008 +0.965 
50% Amine mixture Primary +0,006 + 1.584 
50% Nitrile Secondary +0.005 + 1.587 
40% Amine mixture Primary +0.009 + 1.670 
60% Nitrile Secondary +0.00 g + 1.691 
20% Amine mixture Primary +0.010 + 1.645 
80% Nitrile Secondary +0.007 + 1.677 
10% Amine mixture Primary +0.010 + 1.660 
90% Nitrile Secondary +0.007 +1.625 

amines; most of them seem lengthy, inaccurate and 
unsuitable for use with rather small samples (1-5). 

Near-infrared methods for determination of primary and 
secondary aliphatic and aromatic amines are not actually a 
new development. Liddel and Wulf (6) calculated absorp- 
tivities at the absorption maxima of ca. 1.5/~ due to N-H 
stretching in a number  of primary and secondary aliphatic 
and aromatic amines. 

Holman and Edmonson (7) measured the absorption of a 
series of fatty acids and other lipids and assigned bands for 
several organic structures. 

Whetsel et al. (8-10) have studied mixtures of primary 
and secondary aromatic amines, the first overtone -OH, -NH 
stretching of N-alkyl and N-alkyl-N-hydroxyalkyl aromatic 
amines. 

Goddu and Delker (11) organized a spectra-structure 
correlation chart for the near-infrared region. This chart 
showed bands at about 1.50-1.55 /a and 2.00-2.05 /z for 
primary aliphatic amines and 1.53 and 1.55/a for secondary 
aliphatic amines. 

In 1963 Lohman and Norteman (12) developed a 
method for determination of primary and secondary amines 
in the presence of tertiary amines by near-infrared spectro- 
scopy. Observation of their data will show that mixtures 
containing more than 10% nitriles and other substances 
showed on interference in the amine determination in that 
mixture. 

This research has extended the spectroscopic method 
previously developed (12) by showing it is applicable for 
the entire range from 0-100% amine and in the presence of 
large amounts of nitrile in a mixture of fatty aliphatic 
amines. 

EXPERIMENTAL PROCEDURES 
Characteristic primary and secondary amine absorptions 

in the near-infrared region of the spectrum were used to 
determine quantitatively the concentration of each in 
known solutions, also containing nitrile. 

Mixtures of primary and secondary amines plus nitrite 
were made up and run on the Beckman DK-2A spectro- 
photometer, first using a reference of chloroform and next 
a reference of nitrile diluted in chloroform. Then the 
absorption maxima at 2025 m/z and 1551 m/a were used to 
calculate the percentages of primary and secondary amine 
present. 

Apparatus and Reagents 
Apparatus and reagents were: (a) chloroform, spectro- 

photometric grade; (b) fused silica cells, 5.0 cm path length; 
(c) 50 ml volumetric flasks; (c) primary amine Armours  
Armeen (D 77% oleyl amine or equivalent, 8% other 
unsaturated primary amines, 15% saturated primary amines 
(98% minimum purity for primary amine); (e) secondary 
amine Armour's Armeen 2HT 63% stearyl amine or 
equivalent, 35% other saturated secondary amines, 2% 
unsaturated secondary amine (95% minimum purity for 
secondary amine); (f) nitrile, Armour's Arneed OD 78% 
oleyl nitrile or equivalent, 22% other nitriles. Atl were used 
as supplied. 

Calibration 
Primary Amine. A series of standard solutions of the 

primary amine was prepared in 50 ml volumetric flasks 
containing 0.75000 g of nitrile in chloroform, correspond- 
ing to 0, 5, 10, 15, and 20 g/liter amine. Using the sample 
containing 0.7500g nitrile and 0.0000g amine as a 
reference, the spectrum was scanned from 2100 nap to 
1950 m/a for each of the amine samples using a 5 cm fused 
silica cell and the following instrument settings: 

Speed 
Scale 
Period 
Sensitivity 

20 (7.5 mu/sec) 
Absorbanee 
0.2 
Sufficient to give a slit of 0.04 mm at 2.0 tz 
with 0.750g nitrile diluted to 50 ml with 
chloroform in the reference and sample beams 

Photo- 
multiplier 2-X 

For each sample the absorbance was read at 2025 rng 
and 1551 rng as maxima and the net absorbance w a s  
calculated. These absorbance values were plotted vs. con- 
centration of amine to obtain calibration curves for the 
primary amine at 2025 rrgt and 1551 rag respectively. 

Secondary Amine Calibration. A series of standard 
solutions of secondary amine plus nitfile was prepared in 50 
ml volumetric flasks as described for primary amine. 

The 5 cm cell was filled and the spectrum was scanned 
from 1600 nag to 1500 rrgt, using the sample containing 
0.7500 g nitrile and 0.0000 g amine as the reference and 
using the instrument settings as described for primary 
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amine. For each sample the net absorbance was calculated 
at 1551 mat and plotted vs. concentration to obtain the 
calibration curve for secondary amine at 1551 mat. 

Proce du re 

In a 50 ml beaker a sufficient amount of the amine and 
nitrile mixture was weighed to give a total concentration of 
15-20 g/hter (more concentrated for low purity amine), 
dissolved in ca. 20 ml chloroform, transferred quantita- 
tively to a 50 ml volumetric flask and diluted to the mark 
with chloroform. 

With the sample in one 5 cm cell and 15-20 g/liter nitrile 
dissolved in chloroform as reference, the spectrum was 
scanned from 2100-1950 mat and from 1600-1500 mat, 
using the instrument settings described under Calibration. 
The value of the net absorbance was taken at 2025 mat and 
the calibration curve previously prepared for primary amine 
was used at 2025 nap, to obtain the concentration of 
primary amine in g/liter. 

The concentration obtained above for the primary amine 
(g/liter was converted to its corresponding absorbance at 
1551 mat using the calibration curve previously prepared for 
primary amine at 1551 mat. This absorbance value was 
subtracted from the net absorbance found at 1551 mp due 
to secondary amine. The calibration curve prepared for 
secondary amine at 1551 mat was used to convert this 
absorbance value to concentration (g/liter). 

R ESULTS AND DISCUSSION 

This method has extended the method developed by 
Lohman and Norteman (12) to include the range of  fatty 
aliphatic amines from 0-100% and modified it to make it 
applicable in the presence of large amounts of nitrile. 

Preliminary information acquired at the beginning of 
this research indicated a large error in the determination of 
primary and secondary atiphatic amines when the mixture 
consisted of more than 10% nitrile. Some of these data are 
presented in Table I. 

It was observed that the error could be decreased as the 
nitrile concentration in the reference cell neared the nitrile 
concentration in the sample cell and at the point of  
equality the error became constant as shown in Table I. 

Therefore, the lowest error in the determination is obtained 
when the nitrile concentration in the reference cell is equal 
to or greater than the nitrile concentration in the sample 
cell. 

The method resulting from this research has been used in 
the determination of primary and secondary fatty aliphatic 
amines in mixtures of amine with 0-100% nitrile present. 
Comparative data are presented in Table II which indicate 
that in order to obtain accurate results when more than 
10% nitrile is present in the sample, the nitrile concentra- 
tion in the reference cell must be equal to or greater than 
the nitrile concentration in the sample. 

It is suggested that the modified near-infrared method 
developed in this research is a simple procedure and 
requires only about one-third the time required to deter- 
mine primary amine in such a mixture by vacuum distilla- 
tion. 
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