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WAVEL~'NGTH IN MICRONS 

F r o .  6. I n f r a r e d  s p e c t r u m  o f  : F r a c t i o n  A a s  m e a s u r e d  in  
c a v i t y  cel l  w i t h  c a r b o n  t e t r a c h l o r i d e  a s  s o l v e n t .  

has an a r rangement  similar to those of these peaks. 
The possibility of the presence of ni trogen com- 

pounds in reversion flavor is enhanced by ul t imate 
analyses. The reversion flavor isolated f rom soybean 
oil which has been refined with acetic anhydr ide  con- 
tains 0.67% of nitrogen. One of the possible pre- 
eursm~ of nitrogen conlpounds is phosphatide. Soy- 
bean phosphatides were purified by precipi tat ion f rom 
acetone and prepared  in granular  form. F lavor  com- 
pounds isolated f rom the soybean phosphatides at 
room tenlperature contain 2.72% nitrogen. There- 
fore if phosphatides are not completely removed frofll 
the oil dur ing refining, they may  serve as one of the 
precursors of nitrogen compounds. 

impor tan t  to note that  this bu t t e ry  fract ion is de- 
veloped dur ing the initial stage of reversion. When  
the soybean oil is highly reverted, this small bu t t e ry  
fract ion tends to be overshadowed by the relat ively 
large amounts of other flavor compounds. 

Well-defined inf rared  spectra of the remaining four  
fract ions were obtained. But  their  identifications are 
not complete, 

Frac t ion  V I I I  may be impure.  I t s  inf rared  spectra 
indicates two carbonyl  groups, one ester and the other 
aldehyde. Fract ion  I X  is a ketone, probably  a homo- 
logue of 2-heptanone. Fract ion  X (Figure  4) is an 
alcohol. Frac t ion  X V I  (Figure  5) is an ester. 

An additional peak A was obtained f rom a repeat  
run  of the reversion flavor. The inf rared  spect rum of 
this f ract ion (Figure  6) has a s t rong baald at 5.8 t* 
and is therefore  a carbonyl  compound. I t  also has 
bands at 7.9 and 9.3/, which are difficult to interpret .  
In  the reference spectra only dimethyl  fornlainide 
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Correlation of the Mean-Molecular Weights 
Commercial Alkylbenzenes with Gas-Liquid 
Chromatographic Data 
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Gas-liquid chromatography has been used to estimate the 
mean-molecular weights of commercial alkylbenzenes of 
the polypropylene type. Results obtained chromatographi- 
cally on samples from several sources correlate well with 
mean-molecular weight data determined chemically via the 
sulfonie acids produced from them. 

The chromatograms are obtained with a 200-ft. capillary 
eolunm coated with Apiezon L grease. Partial resolution of 
the multicomponent mixtures to yield eighty to one hundred 
peaks, each possibly representing several components, is 
achieved. A plot of the logarithms of the relative retention 
times at the median areas of the chromatograms of nar- 
row-cut distillation fractions of alkylbenzene vs. their 
known mean-molecular weights provides a linear calibrat- 
ing relationship with a discontinuity at a mean-molecular 
weight of ca. 260. This discontinuity distinguishes "dode- 
eylbenzenes" from the higher molecular weight "tetra- 
decylbenzenes." 

IXTURES OF phenyl-n-dodeeanes and didodecyl- 
M benzenes have been analyzed by gas-liquid 

chromatography  using capi l lary  columns in 
conjunction with an argon ionization detector (1).  
This separat ion technique has also been applied to 
the characterizat ion of commercial alkylbenzenes of 
the polypropylene type (2). As an extension of the 
la t ter  application, the work presented in this paper  
describes a method for  evaluating the par t ia l ly  re- 
solved ehromatograms of commercial  alkylbenzenes in 
terms of their  mean-molecular weights. 

When the chromatograms of narrow-cut  distillation 
fract ions of alkylbenzene of the polypropylene type  
are examined, it is found that  the relative retention 
time at the median area of each chromatogram is 
shifted exponential ly to higher values with a l inear 
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increase in the mean-molecular weights of the re- 
spective fractions. A semi-log plot of these data pro- 
vides a useful  calibration curve for  determining the 
mean-molecular weights of commercial alkylbenzenes 
f rom their  ehromatograms.  Where  the molecular 
weights of the narrow-cut  fraet ions exceed ca. _960, 
a discontinuity appears  in the relationship. The lower 
port ion of the curve correlates with the molecular 
weights of commercial  dodecylbenzenes while the 
uppe r  port ion seems appropr ia te  for the newer tetra-  
decylbenzenes. The accuracy of this chromatographic  
method has been cheeked against  molecular weight 
determinations made chemically via the sulfonic acids 
produced f rom eommereial alkylbenzenes. 

Experimental  Procedures 

The narrow-cut  distillation fract ions of alkylben- 
zenes (polypropylene type)  were obtained f rom the 
California Research Corporat ion which also provided 
the mass spectrometric analyses. 

Capillary Gas Chromatography. The use of capil- 
l a ry  columns and ionization detectors in gas chroma- 
tography  has been described elsewhere (3, 4, 5). In  
this investigation a Barber-Colman,  Model 10, Gas 
Chromatograph  was used in conjunction with a 200-ft. 
capi l lary  column made of 0.010 in. (I .D.)  stainless 
steel tubing and coated with Apiezon L grease. The 
column was also obtained f rom the Barber-Colmau 
Company,  Rockford, Ill. Strontium-90 was the source 
of radiat ion in the argon detector. The following 
ins t rumenta l  parameters  were found appropr ia te  for 
obtaining suitable chromatograms:  

Temperatures: 
Column 
Cell 
:Plash heater 

Carrier Gas (Argo~) : 
Inlet pressure 
Column flow 
Scavenger flow 

Sensitivity : 
Detector voltage 
Relative gain 
Recorder range 
Chart speed 

Sample Size: 
Injected 
Split 
On column 

165~ 
210~ 
275~ 

20 psig. 
2.0 ml./min. 
60 ml./min. 

1250 v. 
30 
5 inv. 
6 in./hr. 

0.75 ~t. 
1:25 
0.03 td. 

Chemical Method. The mean-molecular weights of 
the conunereial alkylbenzenes were determined indi- 
rect ly via the sulfonie acids produced f rom them by 
the usual sulfonation processes. 

In  this method, ca. 1.0 g. of sulfonie acids is dis- 
solved in 50 ml. of 1 : 1  ethanol-water mixture.  Af te r  
neutral izat ion with NaOH,  the solution is freed of 
unsulfonated mat te r  (ca. 1% of the acid sample) 
using 5 extractions, each with 30 ml. of petroleum 
ether. The aqueous phase is then evaporated to near  
dryness to volatilize all of the alcohol. The salts are 
taken up in 100 ml. of 3-M. HCI, and the sulfonie 
acids extracted with ethyt ether as originally sug- 
gested by  House and Da r r agh  (6). The pure  sulfonie 
acids are recovered by  volatilization of the ether and 
HC1 on a steam bath at  a t empera ture  slightly below 
100~ The reddish brown sulfonic acids are dissolved 
in neutralized 3A alcohol and t i t ra ted  to the phenol- 
phthalein end point  with a s tandardized 0.2-N solu- 
tion of NaOH.  The number  of milliequivMents of 

caustic consumed is noted for  subsequent calculations. 
The precisely neutralized solution of snlfonie adds  

is then t rans fe r red  to a 125-m1. glass-stoppered Erich-  
meyer  flask and evaporated to dryness. The flask is 
placed in an oven at 105cC. unti l  essentially constant 
weight is achieved. The weight of the dried salts 
thus obtained, a f te r  correction for residual nmistnre 
by Kar l  Fischer t i trat ion,  divided by the munber  of 
milliequivalents of caustic consmned above provides 
the mean-molecular weight of the sulfonie acids as 
their  sodium salts. 

Xo interference from ehloride or sulfate has been 
found on using this method. The results can be cal- 
culated in terms of the mean-nmlecular weight of 
alkylbenzene by subtract ing 102 f rom the value ob- 
tained. A coefficient of variat ion well within •  
has been found for  this procedure. 

Results 

Evaluation of a Chromalogram. A typical  ehro- 
matogram of a eommercial dodecylbenzene is shown 
in Fig. 1. The highest peak in the ehromatogram, 
indicated by an arrow in the figure, has a corrected 
retentim~ time of 98 rain. This peak, which is usually 
found in commercial dodecylbenzene, is used as an 
internal  reference for calculating relative retention 
times. Retention time data are measured f rom the 
solvent peak (not shown in the figure). The solvent 
peak results frorn an intentional contamination of 
the syringe used for injecting the sample on the co l  
mnn  with a trace of acetone. 

When the reference peak is absent in a par t icular  
chromatogram (vide i*Lfra), a sample known to con- 
tain the reference peak must  be run  either immedi- 
ately before or a f ter  the sample of interest  in order 
to correlate retention time data between ehromato- 
grams under  identical chromatographie  conditions. 
In  this way the position of the missing reference peak 
can be estimated quite accurately front its corrected 
retention t ime in the chromatogram of the known 
sample. 

With  this point on the time axis defined as 1.00, 
the abscissa of the chromatogram is subdivided into 
relative retention time units, and the area under  the 
curve within equal time intervals is measured with 
a planimeter.  These area data are converted into 
relative values in the usual way and then tabulated 
as i l lustrated in Table I for the chromatogram in 
Fig. 1. 

1 

COMMERCIAL 
DODEC YL BENZENE 

02 0.4 06 Q8 i.O [2 [4 1.6 
RELATIVE RETENTION TIME 

20 40 60 80 I00 120 140 160 
ABSOLUTE TIME IN MINUTES 

:PI~. 1. Chromatogram of typical commercial ~ledee>']benzene. 
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TABLE I 

Arithmetic Evaluation of Chromategram of nodecylbenzene 

Relative Cumulative 
retention Relative relative 

time area area 
interval a per cent per cent 

0,0-o.1 
0.1-0.2 
0.2-0.3 
0.3-0.4 
0.4-0.5 
0.5-0.6 
0.6-0.7 
0.7-0.8 
0.8-0.9 
0.9-1.0 
1.0-1.1 
1.1-1.2 b 
1.2-1.3 
1.3--1.4 
1.4--1.5 
1.5--1.6 
1.6--1.7 
1.7--1.8 
1.8-1.9 

0.1 
0.5 
1.0 
2.3 
4.2 
6.2 
8.9 

10.0 
15.3 
17.2 

6.6 
9.5 
5.3 
5.6 
4.6 
1.7 
1,0 

o.i 
0.6 
1.6 
3.9 
8.1 

14.3 
23.2 
33.2 
48.5 
65,7 b 
72.3 
81.8 
87.1 
92.7 
97.3 
99.0 

100.0 

a Relative to defined reference peak in the chromatogram (see Fig. 1). 
b Relative retention time at the median area is 1.11; obtained by 

interpolation. 

The relative retention time at the median area of 
the chromatogram is obtained by interpolation within 
the time interval  in which the 50%-cumulative area 
falls. 

Narrow-Cut Distillation Fractions. The dependence 
of the relative retention time at median area upon 
the mean-molecular weight of the alkylbenzene is evi- 
dent  f rom the ehromatograms shown in Fig. 2. These 
curves are ehromatograms of three narrow-cut  dis- 
tillation fractions of alkylbenzene with mean-molecu- 
lar weights of 231, 246, and 258, respectively. In  the 
chromatogram of the 246-fraction, the peak defined 
above as the internal reference for calculating rela- 
tive retention times is par t icular ly  prominent ;  it is 
just  barely evident in the 231-fraction; and missing 
entirely in the 258-fraction. In  cases such as the 
latter,  the relative retention time scale must be esti- 
mated indirectly as described above. 

In  Fig. 3, a fract ion with a mean-molecular weight 
of 272 is compared with that  of the 258-fraction (see 
Fig. 2). Although these samples emerge over ap- 
proximately the same time interval, the 272-fraction 
obviously contains a preponderance of higher mo- 
lecular weight components. 

Similarly, Fig. 4 provides a comparison between 
the chromatogram of the 272-fraction with one having 
a mean-molecular weight of 296. In this case the 
times of emergence of the samples just  overlap; the 

~ , ~ M M W  Z58 

..j t+.lw,J ,v ,!. 
tO 12. t4 t6 t8 2.0 ?_2. 2_4 2-6 2-8 5.0 5 2  3.4 

RELATIVE RETENTION TIME 

FIG. 3. C h r o m a t o g r a m s  o f  n a r r o w - c u t  d~s t i l l a t i on  f r a c t i o n s  
o f  a l k y l b e n z e n e s  ( p o l y p r o p y l e n e  t y p e ) .  

296-fraction requires ahnost eleven hours to be ful ly 
recorded. 

Calibration Curve. Fig. 5 is a semi-log plot of the 
relative retention t imes  at median areas taken from 
the chromatograms of each of the five narrow-cut 
fractions vs. their  respective mean-molecular weights. 
The latter values were determined independently by 
mass spectrometry. Over the range covered by the 
first three fractions (mean-molecular weights of 231, 
246, and 258), the plot is linear. The points for  the 
higher molecular weight fractions (mean-molecular 
weights of 272 and 296), however, are displaced. A 
relationship paralleling the lower curve has been 
assumed for these two values; a discontinuity in the 
calibration curve results. 

Commercial Samples. The mean-molecular weights 
of five samples of dodecylbenzene obtained from inde- 
pendent suppliers were determined chromatograph- 
ically using the calibration curve presented in Fig. 5. 
Table I I  summarizes these results and provides a 
comparison of the values found with those obtained 
by the chemical method. Included in the table are 
the results obtained for two commercial alkylbenzenes 
of the tetradecyl type where the upper  portion of the 
calibration curve beyond the discontinuity was used 
to estimate their mean-molecular weights. 

Repetitive analyses of two of the samples reported 
in Table I I  indicate the precision of a single deter- 
ruination of mean-molecular weight to be well within 
one molecular weight unit. Since the calibration 
curve in Fig. 5 was established against independently 

MMW 258 

()2 ' G4 ' 0'6 ' OB " I ' 0 '  [2 [ ,4 '  ~6 ' i S '  ZO 2.2 ' Z 4 '  Z 6  2.8 
RELATIVE RETENTION TIME 

FIG. 2. Chromatograms of naxrow-cut distillation fractions 
of alkylbenzenes (polypropylene type). 

0 i 2 ~ 4 5 6 7 
RELATIVE RETENTION TIME 

0 t 2 3 4 5 6 T 8 9 tO II ABSOLUTE TIME IN HOURS 
FIG. 4. Chromatograms of narrow-cut distillation fractions 

of alkylbenzenes (polypropyleno type) .  
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T A B L E  II 

Comparison of Results of Mean-Molecular Weight  Determinat ions of 
Commercial Alkylbenzenes 

Type 

Dodecylbeazene ................................... 

Tetradecylbenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Supplier  

3 
4 

MMW by 
GLC 

244 
244 
245 
247 
244 

27O 
261 

, , ,8.  
MMW by ~ 6, 
chemical ~ . -  
method 

243 
244 
245 
247 
244 

270 
261 

determined mass spectrometric data, the agreement 
of the results obtained chromatographically with those 
found chemically indicate that  all three methods are 
providing comparably accurate mean-molecular weight 
data. 

Discussion 
Commercial alkylbenzenes are mixtures of many 

components of different chain lengths. The molecular 
weights of these components are distributed about 
the mean-molecular weight of the mixture. Because 
the number of components in a mixture  is very large, 
the relationship between the relative retention time 
at median area and the mean-molecular weight of an 
alkylbenzene o:f a par t icular  type appears to be a 
continuous function which is analogous to the chro- 
matographic behavior of a homologous series of 
straight-chain phenylalkanes (7).  

The number and type of s t ructural  isomers in the 
mixture  having the same molecular weight are deter- 
mined by the process used to polymerize the propy]ene 
pr ior  to alkylation. Since these isomers of specific 
molecular weight undoubtedly have different reten- 
tion times, as in the case of the phenyl-n-dodecanes 
(1, 7), their  influence on the calibration curve shown 
in Fig. 5 is probably a constant factor within the 
limited molecular weight range of the usual com- 
mercial dodeeylbenzene. Product ion of the tetradecyl  
type of a]kylbenzene, however, requires a more ex- 
tensive polymerization of propylene which increases 
the number  of possible s t ructural  isomers of the same 
molecular weight on subsequent alkylation. Thus, the 
discontinuity in the calibration curve at a molecular 
weight of ca. 260 probably indicates the change in 
the number  of these isomers as a result  of the poly- 
merization step. This change is evident in the chro- 
matograms of the narrow-cut fractions with mean- 
molecular weights of 258 and 272, respectively, which 
show essentially the same times of emergence from 
the column (see Fig. 3). The difference in the num- 
bers of possible s t ructural  isomers in the two samples 
is apparent ly  the more significant factor  in determin- 
ing the character  of these ehromatograms than is the 
distribution of molecular weights of the individual 
species. 

The correlation of chromatographic data with the 
mean-molecular weights of alkylbenzenes provides an 
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MEAN M O L E C U L A R  WEIGHT 
FIG.  5.  C a l i b r a t i o n  c u r v e  o f  r e l a t i v e  r e t e n t i o n  t i m e s  a t  

m e d i a n  a r e a s  vs .  m e a n - m o l e c u l a r  w e i g h t s  o f  a l k y l b e n z e n e s  o f  
p o l y p r o p y l e n e  t y p e .  

additional analytical advantage for  gas-liquid chro- 
matography when this technique is used to charac- 
terize commercial alkylbenzenes. For  the purpose of 
rapid analytical control it may be possible to shorten 
the time required to obtain a chromatogram at the 
sacrifice of the resolution of the peaks. The molecular 
weight correlation with relative retention time at 
median area may be calculatable from the profile of 
the peaks. 
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