
210 

alcohol, and oleic acid as 31.6, 28.3, and 31.5 dynes 
per  cm, respectively, i t  can be shown that :  

(K2 - 90.5) 2 = 6.45 - (7 - 30-8) 2 

where, y = soil surface tension in dynes per  cm. 

C. Correlation of Detergency of Nonyl P]~enol Poly- 
ethenoxyethers Using Oleic Acil Soil 

I n  section A of this report ,  analyses of the deter- 
gent-solubilization equations for  the three analogs of 
the nonyl  phenol polyethenoxyethers  using triolein 
soil indicated that  the K1 of the equations varied line- 
ar i ly  with the H L B  values of the analogs and tha t  
the K2-1og interracial  tension funct ion (at  the CC-1 
point)  was linear. 

I t  was now considered essential to determine the 
correlation, if any, existing for  analogs of the same 
sur fac tan t  when using oleic acid as the soil. Table I I  
contains the detergeney-solubilization data  at 180F, 
using oleic acid soil, for  the 20, 50, and  100 ethylene 
oxide mole ratio adducts  of nonyl  phenol. The 30 
and 40 mole rat io analogs were not included in this 
analysis because their  detergency isotherms deviated 
in pa r t  f rom the normal  characteristics of our CC-1 
system. While both possessed CC-1 and CC-2 points, 

TABLE II 
Nonyl  P h e n o l  Po lye thenoxye the r  Dete rgency-Solub i l i za t ion  Data 

a t  1 8 0 F - O l e i c  Acid  Soil 

E thy lene  De te rgency ,  Micel lar  
solubil ization.  A d d u c t  oxide mole Mola r i ty  % soil 

r a t i o  r emova l  m g  o r a n g e  OT 
pe r  100  ml 

N P E G E  20 .00152,  CC-1 90.0 4.2 a t . 0 0 1 4 5 M  
�9 00291,  CC-2 96.5 8.18 
.00249 96.5 7.0 

N P 5 0 E  50 .00455,  CC-1 89.7 5.07 
.00910,  CC-2 99.4 10.08 
.00517 93.5 ...... 

N P 1 0 0 E  100 .00351,  CC-1 90.1 7.4 
.00702, CC-2 97.7 14.5 
.00400 97.7 ...... 
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the CMC of the former  coincided with its CC-1, and 
the CMC of the la t ter  was larger  than  its CC-2 con- 
centration. F r o m  the data of Table I I ,  the following 
equations were computed, the terms having the same 
significance as heretofore:  

I I E thy lene  E q u a t i o n  Adduct  oxide ratio 

N P E G E  ............................................. [ 20 D : 1.31 S - ~  85.75 
N P 5 O E  ............................................. 50 D ---- 1.66 S -}- 82.62 
N P 1 O 0 E  ............................................ 100 D : 0.60 S zc 89.06 

Remember ing that  the equations are in the form of 
D --- K1 S + K2, and utilizing the following additional 
information:  

I n t e r r a c i a l  
I . .  t ~ ( H L  ~ I t ens ion  a t  

Adduct 1~.1 ~ r~ CC-1 e rgs  

I ! 
N P E G E  ...................................... - -  ~ 85.75 L 16.00 3.0 
N P 5 0 E  ........................................ 1 .66 82.62 18.18 3.4 
N P 1 0 0 E  ...................................... I 0.60 l 89.06 ~ 19.05 ~ 3.2 

I t  can be shown that  K1 varies parabolically with 
H L B  ; viz., 

( H L B  - 17.3) e 
K1 = 2.24 - - -  

1.85 

A relationship also exists between K2 and the inter- 
facial tension, as follows: 

(K=, - 86.25) 2 - 264.06 - ( IT  - 19.25) 2 
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Graphic Aid for Interpreting Gas Chromatograms 
C. D. EVANS, PATRICIA M. COONEY, and E. J. PANEK, Northern 
Regional Research Laboratory, 2 Peoria, Illinois 

Abstract  
A simple semilogari thm plot of elution vol- 

umes can be constructed as an aid to ident i fy  
components that  are members  of the same homol- 
ogous series. This technique is especially useful  
in organoleptic and flavor studies for identify- 
ing small peaks in any  gas chromatogram. The 
method is applicable to chromatograms contain- 
ing 20 or more peaks, which do not have to be 
completely resolved. Any  member  of the homol- 
ogous series within 4 or 5 carbons of the unknown 
can be used as a s tandard  for  identification. The 
tentat ive plots also help in examining chroma- 
tograms obtained with hydrogen flame or with 
fl r a y - t y p e  de tec to r  e q u i p m e n t  where  s a m p l e s  
are too small for collection and identification by  
chemical and physical tests. 

T H E  L I I ~ E A R  R E L A T I O N S t t I F  o f  the carbon number  to 
the logar i thm of the retention volume has been 

widely used for  identification and expression of re- 
sults in the terms of one component  (2,5,6). 

2 Presented at fall  mee t ing ,  American Oil Chemists' Society, 1961.  
s T h i s  is  a l abo ra to r y  of the Northern Utilization Research and Devel- 

o p m e n t  Div i s ion ,  A g r i c u l t u r a l  R e s e a r c h  Service ,  U .S .D .A.  

The log-log plot  (2-4)  allows a fa i r ly  accurate 
identification of unknown constituents when more 
than  one suitable s tandard  is available. Many ex- 
t racts  of na tu ra l  products  present  a whole series of 
unknowns in a single sample, such as the volatiles 
f rom autoxidat ion of fats  and the flavor essence of 
na tura l  fruits.  In  many  cases s tandards  for the iden- 
tification of these materials  are not available. Because 
many  of these substances are homologs, they follow 
the l inear plot of carbon number  vs. the logari thm of 
the retention volume. The problem of ident i fying 
the unknowns is helped t remendously if they can be 
grouped together as a homologous series. The usual 
p re l iminary  separat ions involving alkali washing, 
preferent ia l  solubility, or removal  of insoluble deriva- 
tives all tend to concentrate certain of the homologs. 
The graphic technique aids in the identification of a 
large number  of unknown components where m a n y  
of them belong to one or more homologous series. 

Retention volumes or retention times are plotted in 
the usual fashion on a semilogari thm paper.  At  each 
retent ion time lines are drawn across the full  width 
of the paper,  i.e., parallel  to the carbon number  base. 
I f  colored lines are drawn to contrast  with the lines 
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on the graph paper, the plots will be easier to use. 
I f  the first number  of the arithmetic base line is X, 
then at unit  intervals the carbon numbers will be 
X + 1, X + 2, etc. (Figure  1). The shortest member 
of any homologous series present in the chromatogram 
of an unknown has the lowest retention time. I f  it 
is assumed that  the first line represents the lowest 
number of such a series, a pin is placed on this line 
at the locus of X and a ruler  laid against the pin. By  
moving the ruler  across the face of the graph with 
the pin acting as the pivot point other members of 
the same homologous series will be found where the 
ruler  intersects the points where the retention lines 
cross the vertical carbon number lines. A line is 
drawn connecting these intersections and, for  con- 
venience, this line is called the identi ty line. 

For  one homologous series of compounds any num- 
ber of identi ty lines with decreasing slopes can be 
drawn connecting the individual members of a series. 
Only that  line having the greatest slope and connect- 
ing all the points is used. Lines of lesser slope are 
equivalent since the lower slope results from increas- 
ing the unit  value on the X axis. I f  the second, third, 
or any retention line is not intersected by the first 
drawn identi ty line, the process is repeated to estab- 
lish the second homologous series. For  convenience 
in plotting, the value selected for  X is different in 
each homologous series. By such a process of elimi- 
nation one or more points may not fall  on any of the 
identification lines. A n y  two of these may be par t  
of a homologous series, but  for  classification either 
the unknowns must be run  on a different type of col- 
umn or knowns of the same homologous series added 
to the sample and the chromatograms repeated and 
similar plottings made of the retention volumes. 

Figures 1 and 2 show tentative identification plots 
constructed from isothermal chromatograms of known 
materials. The range of the homologous series covered 
in a single chromatogram is about 5 or 6 carbon units 
for  lower boiling materials. However, for  higher boil- 
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Identification Plot of Chromatogram 
from Known Mixture 
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X+4 X+6 X+8 X+lO 

Carbon Number 
Value of X different for each series 

Fro. 1. Identification plot of chromatogram obtained from a 
known mixture of methyl esters (C~ to C~) and normal aliphatic 
aldehydes (C~ to C5). 

lag members, like normal fa t ty  acid esters, the range 
will extend to about 11 carbon atoms. The slope of 
each identi ty line in Figure  1 is different and depends 
upon the retention characteristics of a par t icular  
column. For  a given set of conditions this slope is 
helpful in establishing the unknown belonging to any 
part icular  homologous series. In Figure  2 the slopes 
are identical for  the two homologous series of hydro- 
carbons. The nonlineari ty  shown for the first two 
members of the normal alkanes results from insuffi- 
cient retention time in the 4-ft columns used for these 
separations. In highly polar materials such as alco- 
hols, the first members of the series always show non- 
linear retentions because of the preponderant  effect 
of the polar group. 

Volatile compounds obtained by high-vacuum strip- 
ping of melted vacuum stopcock grease (C) illus- 
trate the technique on unknown materials. F igure  
3 shows the gas ehromatogram of volatiles obtained 
from a U.S. brand product  that  were t rapped under  
liquid nitrogen. Because this product  had been par- 
t ially used, it had been exposed to the vapors of a 
chemical laboratory. Thir teen peaks are shown for 
the highly volatile materials that  were chromato- 
grammed in a 4-ft glass column at 0~ The tenta- 
tive identification plot shown in Figure  4 indicates 
that there are at least 5 homologous series represented 
by these volatiles. Since there are only two unknown 
materials on the ident i ty  line, to the far  right, these 
may or may not be members of the same homologous 
series. However the slope of the line and the spacing 
between the two points on this line agree with the 
other identi ty lines and indicate the possibility that  
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Fto. 2. Identification plot of ehromatogram obtained from a 
kno,~n hydrocarbon mixture (Phil l ips No. 42). 
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Chramatogram of VolatUes Present in Vacuum Grease C 

10"/, P. Glycol 1200 Coital 

$.~0 4.119 I 
3.76 2.90 1.61 0.79 

Rot*ntiol i l l , ,  lacbe~ 

F~G. 3. Chrom~togr~m of  vol~ttiles ob ta ined  f rom mel ted  
v a c u u m  g rease  " C "  by  h igh-vacuUm s t r ipp ing .  

these are members  of the same homologous series. A 
repeat  ehromatogram run  of the same mater ia l  on a 
column of different polar i ty  would establish these 
conclusions. One line represent ing a very  small peak 
at  the log retent ion rat io  of 0.85 does not fall on any  
ident i ty  line. By  similar  retention values this peak 
has been identified as acetone. 

Ind iv idua l  members of each homolog ms series have 
been identified f rom retention volumes of one or more 
known members  of the series. The use of log reten- 
tion rat io is advantageous in recording the retention 
times since it corrects the small differences tha t  occur 
in flow rates, temperature ,  and t ime of injection for  
repeat  runs. Normal  pentane has been used as the 
s tandard  in Figures  4 and 5. 

F igure  5 shows the tentat ive identification plot of 
the volatiles obtained by  s t r ipping a fresh and a pre- 
viously unopened sample of a Bri t ish-made stopcock 
grease CA). F o u r  ident i ty  lines include all the peaks 
except two, which are identified by retention volumes 
as an acetone and  pentene-2. The slope of the last  
ident i ty  line is not paral lel  to the other three lines, 
and the spacing of the points is much closer than  on 
the rest  of the plot. Although the lowest retention 
volume of this line corresponds to methyl  formate,  

Q II 

Tentative Identification Plot of Volatiles 
from Vacuum Grease C 

X X§ X+4 X+6 X+$ X+IO 
Carbon Number 

F m .  4. Ten t a t i ve  identifica,tien plot  of  vo]ati les p re sen t  in 
v a c u u m  grease  ~' C " .  

Tentative Identification Plot of Volatiles 
from Vacuum Grease I 

b -  

e 
II 

l 

X+2 X+4 X+6 X+8 X+IO 
Carbon Number 

FIG. 5. Tentative identification plot of volatfles present in 
vacuum grease ~ ' A ' '. 

the other two points do not correspond to methyl  ace- 
tate and propionate ;  consequently these three sub- 
stances are not members  of a methyl  ester homologous 
series. Fract ionat ion on other types  of columns and 
the plot t ing of retention volumes on a t r i l inear  dia- 
g ram by the method of Brown (1) would resolve the 
ident i ty  of these materials.  

D i s c u s s i o n  

Many lines, each of lesser slope, can be drawn con- 
necting the same series of points on any  of the plots. 
Lines tha t  f an  f rom a single point  indicate tha t  the 
units  along the X axis have been doubled, tripled, 
etc. The un i fo rm absence of every other member  of 
a series does offer a special problem in identification. 
To ident i fy  the value of X, one or p re fe rab ly  two 
s tandards  of each homologous series should be run  
with the unknown. The s tandards  can be any  member  
of the homologous series within 4 or 5 carbons of the 
unknown, which in many  cases is an added advantage.  
Because the value assigned to X can be any  positive 
or negative integer,  the ident i ty  line need not  be 
taken at the zero origin, but  it can be s tar ted any- 
where on the graph, and a line of identical  slope will 
be obtained but  displaced by  a given number  of units. 
I f  the ident i ty  lines are conveniently spaced, the 
value assigned for  X will most l ikely be different 
for  each of the homologous series lines drawn on the 
graph. The retention volume mus t  be known for  at  
least one member  of the series to determine the value 
of X. 

In  m a n y  plots of unknowns one point  may  fit two 
homologous series lines; this point  could represent  
one or two different materials  (F igure  1). I f  it is 
only a single component,  the question of which one 
c a n  be resolved by runn ing  the sample on a column 
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having different retention characteristics. The same 
type of a semilogarithm plot is constructed for the 
second chromatogram, and it  can be deduced to which 
homologous series the unknown belongs. I f  the point 
is resolved and appears on both lines, it can be as- 
stoned that  the peak contains at least two components. 
For  samples having only a few unknown components, 
it is possible to add knowns from two or three differ- 
ent homologous series and in this manner  to construct 
identification plots. 

Another  advantage of the technique is the identifi- 
cation of very  small sample peaks. The procedure has 
proved highly useful on chromatograms obtained with 
equipment using a B-ray detector where sufficient 
amounts of a sample cannot be obtained by condens- 
ing and t rapping  the effluent of the gas chromato- 
gram for chemical or inf rared  analysis. Obviously 
the technique works best where high resolutions of 
components are obtained and where the equipment is 
sufficiently stable to give good, reproducible, retention 
volumes. Still another advantage is that  the method 

works well on part ia l ly  resolved peaks. After  experi- 
ence with the method had been acquired, coupled 
with a knowledge of the limitations of gas chroma- 
tography, chromatograms containing 20 or more com- 
ponents were resolved. 

The method may also have application in liquid 
chromatography where good resolution and a linear 
relationship can be obtained between elution volumes 
and some chemical or physical proper ty  such as the 
molecular weight, degree of polynlerization, or other 
noncolligative property.  
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Continuous High Temperature Preparation of 
Alkylolamides 
I. A. MONICK, Research and Development Department, Colgate-Palmolive Company, Jersey City, New Jersey 

Abstract 
L a u r i e  d i e t h a n o l a m i d e  was p r e p a r e d  f r o m  

methyl laurate and diethanolamine in the pres- 
ence of an alkaline catalyst by a continuous high 
t e m p e r a t u r e  process.  The  c o n v e n t i o n a l  ba t ch  
process requires cycle times of 2-6 hr which can 
lead to undesirable by-products. 

With a reaction time of about 10 sec, product  
pur i ty  of 91-94% was obtained at 149C for  an 
absolute pressure range of 10-760 mm Hg. When 
reaction temperature  was lowered to 110C, prod- 
uct pur i ty  became poorer as the absolute pres- 
sure was increased f rom 30 mm Hg to 760 mm Hg. 

Two studies for  optimum catalyst content of 
either KOI t  or sodium methylnte showed that  
maximum product  pur i ty  of about 97% was ob- 
tained at  0.20% catalyst by weight. 

LKYLOLAMIDES are a widely used class of nonionic 
surface active agents, par t icular ly  f a t ty  diethan- 

olamides which are popular  as foam builders for  the 
alkyl aryl  sulfonates. They are found in products  
ranging f rom laundry  detergents to h igh-qual i ty  
shampoos. The composition of alkylolamides can vary  
considerably, however, depending on the reactants 
employed. 

One of the earliest commercial alkylolamides was 
the Kri tchevsky detergent (1). For  a typical  prod- 
uct, one mole of coconut f a t ty  acid was mixed with 
two moles of diethanolamine in a still. The mixture  
was heated to about 150-170C, and water was slowly 
distilled off unti l  the free f a t ty  acid content was 5% 
or less. 

C2H~OIt  
/ 

R C O O t I  -k H N ( C 2 H ~ O t t ) 2  ) R C O N  § H 2 0  
A \ 

C2H4OH 

The final product  was a clear, yellowish-brown, vis- 
cous liquid which was readily soluble in water, and 
had a p i t  of about 9. 

The reaction product  contained only 60-70% of 
pure coco-fatty acid diethanolamide, plus free amine, 
amine soap, f a t ty  acid, f a t t y  amide, esteramide, piper- 
azine, and other compounds in lesser amounts. 

In  1949 E. M. Meade was granted patents on the 
amidation of esters (2,3). His process reacted an 
ester with an amine containing a replaceable hydro- 
gen attached to a nitrogen atom, in the presence of 
catalyst such as an alkali metal alcoholoxide. For  
example, a f a t t y  methyl  ester would be reacted with 
an alkyl amine at 100C for 3 hr in the presence of 
sodium methylate. In  commerciM practice, product  
pur i ty  as high as 92% is available. 

C2H~OH 
/ 

R C O O C H 3 + H N  (C2H~OH)2  ) P~CON + C H 3 O H  
sod i tm l  

m e t h y l a t e  C_~H~ 0I-I 

Comparison of alkylolamides made by these two 
methods shows the difference in composition (4). 

Kritchevsky Meade 
pa tent  patent  

Diethanolamine,  e/, ............................................. 29.0 7.0 
Fa t ty  acid, % ...................................................... 4.0 0.5 
Ester amide, % ................................................... 3.5 2.5 
Fatty alkylolamide (by diff.), % ........................ 63.5 90.0 

The purer  alkylolamides have been called " e x t r a "  
or " s u p e r "  in comparison with the product  made 
from fa t ty  acids. The more active form is superior 
in its ability to stabilize foam and increase product  
viscosity (5).  

The following work was conducted with methyl  
laurate at temperatures  of 110-150C in a short-time, 
continuous reactor. The objective of this program was 
to save reaction time without sacrificing pur i ty  or 
quality. 

Experimental 
Experimental  work was carried out in a thin-film 

evaporator. Figure  1 shows the detailed construction 
of this equipment, whereby spinning vanes spread 


