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Gas-Liquid Chromatography of Fatty 
III. Analysis of Fatty Amines I 

Derivatives. 

W. E. EINK and R. A. MORRISSETTE, Archer-Daniels-Midland Company, Minneapolis, Minnesota, and 
A. D. COOPER and C. F. SMULLIN, Atlas Powder Company, Wilmington, Delaware 

G 
aS-],lqvu) chronlall)gral)lly has been shown to be 
al~ effeetiv(' tool in 1he amllysis of certain f a t t y  
derivat ives (10,11). Its eff(:ctiveness in the an- 

alysis of fatty ah'ohols and amines has been hampered  
however by nnsymnletrical  peaks which interfere  with 
area lneasurenlents and resolutiou. Tile a symmet ry  
which occurs is evi(hmced by the presence of leading, 
tailing, or both and ix gem, rally encountered with the 
more highly polar  nmlccules. These deviations front 
the desired Gaussian, (ir bell-shaped character ,  result  
pr inlar i ly  f rom some n,o(le of iuteraetion between the 
(~onlpouelltS being (,hronmt(lgraphed aml tile liquid sta- 
t ionary  phase and /o r  stal ionary support .  

Knigh t  (9) has shown 1hal highly polar compounds 
can be chronlatograllhcd with a minimum of tai l ing if 
the carr ier  gas is first alhlwed to beconlc either par-  
t ial ly or completely satllraled ((lepending on the an- 
alysis) with a volatih, COnll)Onent. The polar i ty  and 
part i t ion isothernl of tilts coml)l)nellt shonhl be some- 
what similar to the nloh'cuh, s being analyzed. Peak 
s.ymnletry and resolution were thus improved. Johns 
(7) reduced the tailing of certain p(llar nlolecules on 
silicone (DC-550) eohumlS by the addit ion of small 
amounts  of polar  solvents. 

J ames  and Mart in  (5) employed Celite 545, t reated 
with methanolie sodium hydroxide,  in the estimation 
of ammonia  and methylamines,  and James  described 
the separat ion of amines containing I to 12 carbon 
atoms (4).  Deeora and Dineen (2) used a porous 
inorganic solid p repared  f rom a commercial  deter- 
gent and t rea ted  with :potassium hydroxide  for  the 
separat ion of basic nitrogen compounds of pKa range 
front 6 to 11 including n-hexylamine. 

The procedures  repor ted herein represent  an appli- 
cation of the principles described in above techniques. 
These methods were independent ly  developed in sep- 
ara te  laboratories but  because of s imilar i ty  are being 
combined in one report .  The described procedures 
permi t  the separation and quant i ta t ive  determinat ion 
of sa tura ted  f a t t y  amine samples of carbon-chain 
length rang ing  f rom C~ through C,~,~, using nonpolar  
liquid substrates  on either Chromosorb W or Chromo- 
sorb solid suppor ts  previously t rea ted  to reduce their  
adsorpt ivi ty .  

Experimental 
Preparation of Solid Support. Procedure  A2: Chro- 

mosorb W, 40-60 mesh, was init ial ly deact ivated by 

1 The ~pplieation of gas chromatography described in this paper  was 
conceived a n d  developed independently and simultaneously in the  re- 
sp ec t ive  research laboratories of these two companies. 

washing with concentrated hydrochloric acid au(I 
then with water  to remove the residue aeid, followed 
by heating at 200°C. for  2 hrs. Af te r  sereening to 
40-60 mesh 15.5 g. of the suppor t  were poured into a 
solution of 1.5 g. of potassium hydroxide in 80 ml. of 
methanol. Af te r  the methanol was removed, the snp- 
por t  was again heated at 200°C. for  2 hrs., cooled, aml 
poured into 3.2 g. of Apiezon L, which was dissolved 
in 60 ml. of nlethylene chloride. The solvent was re- 
moved by evai)oration, packing mater ia l  was screened, 
and the 40-60 nlesh material was heated in a vacuunl 
oven 1 hr. at 60°C. before being used to pack the 
c o h l n l n .  

Proeedure  B:~: Chromosorb, 30-60 mesh, was first 
acid-washed over-night with concentrated hydrochlo- 
ric acid diluted 1:1 with water. The Chrolnosorb was 
then repeatedly  washed with distilled water until free 
of acidity attd finally oven-dried at 150°C. over-night. 
F o r t y  grams of the suppor t  were t reated with 200 nil. 
of a 5% solution of potassium hydroxide in methanol 
for a period of 2.5 hrs. The suspension was trans-  
ferred to a sintered glass funnel,  and the solvellt was 
removed with suetion. The suppor t  was then rinsed 
with 200 ml. of fresh methanol and finally with 100 
ml. of chloroform. The suppor t  was then air-dried. 

Twenty  grants of Dow-Corning High  Vacuum grease 
were washed, using the p re t rea tment  proeedure de- 
scribed by Cropper  and Heywood (1).  The washed 
grease was dissolved in sufficient ethyl acetate, and to 
the solution was added the previously deact ivated 
support .  The solvent was slowly removed with eon- 
t inual  agitation, and the packing was finally allowed 
to air-dry.  The packing was flushed with ni t rogen at 
200 ° C. for  3 hrs. before being used to pack a column. 

Instrumental Co)~ditions. Procedure  A, using Apie- 
zon L: the gas-liquid chromatographic  appara tus  used 
in this work was described previously (10,11). A 2-ft. 
column (stainless steel, 1/4 in. O.D.) was packed with 
the Apiezon L substrate  and equil ibrated in the instru-  
ment  for  a few hours at 220°C. 

F a t t y  amines were obtained by careful  f ract ional  
distillation of eommereial ly available materials.  4 The 
purified amines in Table I were run  at  225°C. both 
individual ly  and in mixtures  using 250 ma. current ,  
0.002-.005-ml. samples, and a helium flow rate  of 55 
ml . /min.  

The symmet ry  of the peaks, as shown in F igure  1, 
is as good as that  observed for the higher ~-olefins 

aArcher-D~nie]s-Midland Company procedure. 
a Atlas Powder Company procedure. 

Adogens, Areher-Daniels Midland Company. 
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TABLE I 

Fa t ty  Amine S tandards  

Homologue B.P.,°C. G L C analysis  

n-Octylarnine . . . . . . . . . . . . . . . . . . .  178--179 99.0'% Cs 
n-Dodecylamine ............... 1 3 9 - 1 4 3 / 2 0 - 2 1  ram. 99 .6% Cvz 
n-Tetradecylamine .......... 96 /0 .15  ram, 98 .0% Cll, 2 .0% Clo 
n- t iexadecylaminc  ........... 157 /4  ram. 97 .6% (h.. 2 .4% Cry8 
n-Octadecylamine ............ 139/0 .2  iron. 99.0% Cls, 1 . 0 %  Cl6 
n-Eicosylamine ................ 180 /1 .5  ram. 89 .9% C.~o, 3.7% C.~2, 

4 .8% C~s b 
n-noeDsylamine ............... 200 /1 .5  mm. 85.4% C,z,x, 14.6% C'~o 

a Employed for the work,  us ing  the Apiezon L column. 
b Unidentified components accounted for the, remainder .  

and hydrocarbons (10), indicating negligible absorp- 
t ivity by the solid support.  

Procedure B, using silicone grease: the apparatus  
employed was a Podbielniak Chromaeon, Model 9580. 
A 48-in. column (copper, 1/1 in. O.D.) was packed wi{h 
the silicone grease substrate, using vibration to insure 
uniformity  within the column. 

The purified fa t ty  amines used for this study were 
supplied to us by the Research Division of Armour  and 
Company. The individual amines were checked for 
pur i ty  by the gas chromatographic technique at 177 o C. 
by using a bridge current  of 245 ma. and a helium flow 
rate of 58 ml./minute. Sample volumes were 0.001 
ml.; dilution of the anlines with an inert solvent was 
employed if necessary. Recordings were made with ] 
millivolt, full-scale recorder attenuated by a factor 
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of 2x or 5x. Criteria for lnu'ity was full scah, deflec- 
tion for the nlajor eonll)onent; only trace amounts of 
other substances were present. With this procedure 
all amine samples were better than 99% lmre. 

Figure  2 shows a typical separation of n-alkyl am- 
ines ranging from Cs through Cls on silicone grease 
substrate. A small amount of n-butyl amine was em- 
ployed to dilute the sample s<) that colmmi overhlad 
would not occur with any individual fa t ty  amine. 

Figure  3 shows a typical analytical curve obtained 
from a commercial hexadeeylamine saniple. Since no 
amines lower than Cr_, were anticipated, a 35-in. col- 
u m n  was used. The helium flow rate was 40 ml./  
minute. In  addition to the four known amines, trace 
amounts of at least six other components are seen. 
This 35-iu. column is now being routinely employed 
for analysis of fa t ty  amilie samples of the type shown 
in Figure  3. 

LO ¢n 
Z 
o 

r~ 
a,- 
W 

0 

C15 

C 1._~6 
x tO 

Ci__~4 
X 10 

C 
i x  

I 

L 
i 

I 

I 

I 

I 

MINUTES 

I:IG. 2. ( } h r o m a t o g r a m  o f  f a t t y  a m i n e  s a m p l e  o n  s i l i c o n e  
g re t i s e ,  u s i n g  t r e a t e d  ( ; | u 'on iosorb .  

Quantitative A'nalysis of Amine Mixtures. For  a 
quantitative almlysis of mixtures, peak area calibra- 
tion was necessary since it was found that the actual 
compositions of known mixtures were not exactly rep- 
resented by peak areas. Relative sensitivity factors 
(K w/") were deterInined for C;~, C14, C,;, and C;~ 
amines by deternlining the area rl,sponse for separale 
coral)Clients on an equal-weight basis and assiglli,g 
a factor of l.O00 to hexadecylamine. The measm'e(I 
area for each conq)onlult ilver till' (,(>rresponding K w/'' 
vahle gives lhe ealeulatetI area. 
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relative r es l )onses  I )er  7 i ' a m  a n i o l i  7 t h e  fatty a l i i h l e s  
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T A B L E  1I  

ReIa t ive  Sens i t i v i t y  F a c t o r s  for  F a t t y  A m i n e s  

A m i n e  

Oe ty l amine  .................................................... 
D e e y l a m i n e  ................................................... 
D o d eey l am ine  ................................................ 
T e t r a d e e y l a m i n e  ............................................ 
H e x a d o c y l a m i n e  ............................................ 
Oc tadeey lamine  ............................................. 

Response  p e r  g r a m  

Apiezon Si l icone 
L G r e a s e  

...... 1 .126 
1,093 

1.068 1.063 
1.033 1.036 
1.000 1.000 
0.946 0 .946 

l iquid substrate  deteriorates, but at 225°C. the column 
is stable for  relat ively long periods of time. 

No deterioration has been observed with the Sili- 
cone Grease column when operat ing at t empera tures  
in the range of 175-180°C. P re l imina ry  data indicate 
that  the life expectancy of a column prepared  with 
silicone grease on t rea ted  Chromosorb is shorter than  
one p repared  by  using a suppor t  phase which is not 
pre t rea ted  to reduce its adsorpt ivi ty.  

approxinlates  a l inear funct ion of molecular weight. 
This is in agreement  with other available data  on 
homologous series of f a t ty  components (3,8). 

Results. The results of the analyses of three known 
mixtures  are shown in Table I l l .  Two of the samples 
were run  by employing the Al)iezon IZ column, and one 
was run  by using tile Sili('tllle Grease column. In  all 
three mixtures  the caleulaled area perecutages are in 
good agreement  with known sample eomposition. 

q'ABLlq II [ 

Analys i s  of K n o w n  M i x t u r e s  of Amines  

Mix tu r e  1~  M i x t u r e  22' ~ M i x t u r e  3 ~  b 

A m i n e  Kn  wn Deter -  K n o w n  Deter -  K n o w n  Deter -  
o vz ] m i n e d  I - ez I m i n e d  I . ~ m i n e d  

wt. ,  Yc wt.,  % wt.,  /~ wt.,  % w~., Vo I wt. ,  % 
I 

()r~ 29.3 29.5 21.9 21.8 30.0 30.3 
C14 27.2 27.0 28.8 28.8 30.0 29.6 
Clo 22.7 23.0  24.5 24.8 40.0 40.1 
(Jla [ 20.8 [ 20.5 / 24.8 24.6 ! ...... ] ...... 

a Apiezon  L column.  
b Si l icone G r e a s e  column.  

Satura ted  f a t ty  alcohols may  also be run  on the 
Apiezml l ,  colunm under  the same conditions as the 
corresponding f a t t y  atnim% and the symmet ry  of the 
peaks is comparable.  No quant i ta t ive  data  is yet  avail- 
able eoneerning f a t ty  alcohol mixtures.  

The l imit ing tempera tures  of the Apiezon L column 
when used for  the separat ion of both amines and alco- 
hols appears  to be 230°C. Above this t empera tu re  the 

Summary 
The separat ion of f a t t y  amines has been carried out 

with nonpolar  substrates on solid supports  of Chro- 
mosorb and Chromosorb W, which were previously 
t reated with potassium hydroxide to overcome adsorp- 
tivity.  In  this manner  well-resolved symmetrical  peaks 
are obtained. Unt rea ted  supports  give peaks which 
trail  and prohibi t  precise quant i ta t ive measurements.  
Both Apiezon L on Chromosorb W and Silicone Grease 
on Chronmsorb have proved effective, the la t ter  at 
176°C. and the fo rmer  at 225°C. Relative detector 
sensi t ivi ty factors  have been deterlnined for the am- 
ines Cs to C18, thus permi t t ing  accurate  analyses. 
The relative response for  p r i m a r y  alkyl  f a t ty  amines 
is a l inear function of nmlecular weight. 
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Acidolysis of Vegetable and Marine Oils with Phthalic Acids 
E. F. CARLSTON, California Research Corporation, Richmond, California 

T 
HE CONVERSION of vegetable and nlarine oils to 
par t ia l  esters by alcoholysis with polyhydr ie  alco- 
hols is a process tha t  is used ex~censively in the 

manufac tu re  of oil-modified a lkyd resins. Acidolysis 
is a t e rm tha t  describes a similar  a lkyd manufac tu r -  
ing process in which oil is heated with a dibasic 
acid at high t empera tu re  to obtain an exchange reac- 
tion and l iberation of monobasic acids f rom the oil. 
Both processes have the same purpose, tha t  is, to 
change the neut ra l  t r iglyceride oils into compounds 
that  can be esterified with the other a lkyd compo- 
nents  to fo rm an homogeneous oil-modified a lkyd resin. 
I t  is the purpose of this pape r  to present  some data  
on the reaction of t r iglyeer ide oils with the isomeric 
phthal ic  acids and the conversion of acidolysis products  

to a lkyd resins. Orthophthal ic  acid dehydrates  to the 
anhydr ide  when heated, but  the other two isomers, 
isophthalie and terephtha]ie  acids, are heat-stable and 
readi ly  react with oils at elevated temperatures .  

Acidolysis Reaction 

Procedures. All experiments  were conducted in a 
5-liter, four-neck, round-bot tom flask equipped with 
st irrer ,  thermoeouple,  ni trogen gas inlet, and reflux 
condenser. The condenser contained a special baffle- 
type  of packing and was heated with boiling water  
in the jacket ;  this a r rangement  permi t ted  rapid  heat- 
ing without  loss of glycerol dur ing  esterification. The 
flask was heated with an electric mantle.  Alkyd-  
grade nonbreak and alkali-refined oils, and commer- 


