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AROMATIC HYDROCARBON TYPES IN
DETERGENT ALKYLATES USING LOW
VOLTAGE MASS SPECTROMETRY

UOP Method 672-84

SCOPE

This method is for determining the composition of aromatic hydrocarbon types and their carbon number
distribution in detergent alkylates. Samples are principally composed of mono-n-alkylbenzenes having the
empirical formula CnH2n−6 and in a carbon number range from C15–C22. The method is particularly useful
for determining the composition of the more hydrogen deficient aromatic types, CnH2n−8, etc., which may be
present as impurities. However, it is also applicable to the characterization of heavy alkylate samples, which
have a carbon number range from approximately C22–C40. Non-aromatic hydrocarbons in the finished
product alkylate are not determined.

Calibration sensitivities are derived from concentrates which are representative of the average isomer
distribution present in the alkylate. Since the sensitivities of some individual mass isomers differ from each
other significantly and may vary due to changing processing conditions it is difficult to determine the
absolute accuracy of the results. However, this method is useful to characterize impurities and indicate
relative changes in concentration.

The hydrocarbon types are referred to by “Z number” or “negative constant” in the empirical formula
subscript for hydrogen. Thus, “Z = 6” represents hydrocarbons with the formula CnH2n−6. The analysis
yields arrays of Z numbers by carbon number expressed as mass percent.

OUTLINE OF METHOD

The composition of the aromatic alkylated products is determined by low ionization voltage, high
resolution mass spectrometry, coupled with an on-line data acquisition and reduction system, based on the
intensity of the parent ion peaks present in the mass spectrum. Spectra are obtained at a resolving power of
10,000 and at low ionizing voltages, ~11.5 eV from mass ~750 to 78. This resolving power is sufficient to
separate mass multiplets of aromatic hydrocarbon types having different Z numbers but having the same
nominal mass to molecular weight of ~750. The use of low voltage reduces the mass spectrum to essentially
parent ion peaks and their 13C isotopes. Calculations are made from sensitivity data provided in this method
at each even-mass value using polyisotopic parent peaks for each homologus series and/or Z number. Each
parent peak sensitivity represents the thermodynamic equilibrium distribution of mass isomers at each given
molecular weight present in the alkylate. Results are expressed in mass percent.

IT IS THE USER'S RESPONSIBILITY TO ESTABLISH APPROPRIATE PRECAUTIONARY PRACTICES AND TO
DETERMINE THE APPLICABILITY OF REGULATORY LIMITATIONS PRIOR TO USE.  EFFECTIVE HEALTH AND
SAFETY PRACTICES ARE TO BE FOLLOWED WHEN UTILIZING THIS PROCEDURE.  FAILURE TO UTILIZE THIS
PROCEDURE IN THE MANNER PRESCRIBED HEREIN CAN BE HAZARDOUS.  MATERIAL SAFETY DATA SHEETS
(MSDS) OR EXPERIMENTAL MATERIAL SAFETY DATA SHEETS (EMSDS) FOR ALL OF THE MATERIALS USED IN
THIS PROCEDURE SHOULD BE REVIEWED FOR SELECTION OF THE APPROPRIATE PERSONAL PROTECTION
EQUIPMENT (PPE).

NOTICE: This standard has either been superseded and replaced by a new version or withdrawn.
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APPARATUS

Mass spectrometer, double beam instrument, Kratos Model MS-30, or equivalent

Data system, on-line with the mass spectrometer, Data General, Nova 4X Computer, or equivalent

REAGENTS AND MATERIALS

All reagents shall conform to the specifications established by the Committee on Analytical Reagents of
the American Chemical Society, when such specifications are available, unless otherwise specified.
References to water shall mean deionized or distilled water. Unqualified references to solutions shall mean
aqueous solutions unless otherwise stated.

Perfluorokerosine-H, PCR Inc., Cat. No. 12461, or equivalent

Pipets, 0.5- and 1-µL, disposable, Drummond Scientific Co., or equivalent

Sample introduction system, Kratos Model WH-008, all Glass Heated Inlet System fitted with UOP(1) all
glass sample introduction system, see Figs. 1 and 2 or equivalent. Temperature range of this system is
from ambient to 375 C. However, any heated inlet system permitting the introduction of the sample
without loss, contamination or change in composition may be used.

PREPARATION OF THE APPARATUS

No special preparation is required once the instrument is activated and tuned for optimum performance at
10,000 resolution according to the manufacturer’s instruction. The specific instrument settings used to
develop this method are listed in Table 1.

Table 1

Instrument Settings
Magnet current 5.55 amps
Ion accelerating voltage 3,870 volts
Source slit, resolution, beams 1 & 2 10,000
Collector slit, resolution, beams 1 & 2 10,000
Multiplier voltage ~1600 volts
Scan rate 100 seconds/decade
Filament ionizing voltage* ~11.5 eV
Source temperature 200 C
Sample reservoir oven and inlet line 375 C
Sample introduction system 375 C
Mass reference material Perfluorokerosine-H

______________
* To assure that minimal fragmentation is achieved, the low ionizing voltage is further adjusted by scanning
either xylene or n-octylbenzene. When xylene is used, the voltage is adjusted to reduce the intensity of the
m/z 91 fragment so that it is ~1.5% of the m/z 106 parent intensity. For n-octylbenzene, the m/z 92 peak is
~35% of the m/z 190 parent peak intensity.
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Figure 1

SEALED AMPOULE WITH SAMPLE PIPET

Figure 2

DRY-ORIFICE AND SAMPLE INLET
SYSTEM
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CALIBRATION

Calibration sensitivity data for the calculation of mass-percent by carbon number and aromatic type are
included in Table 4. Sensitivities are expressed in peak area/mg of sample. The accurate masses used for the
identification of each Z number type from Z = 6 to 76 and by carbon number from C6 to C100 are included in
Table 5. The extended sensitivity range for Z number, Z = 18+, and carbon number C50+ were computer
calculated from previously derived petroleum data in anticipation of possible future needs.

Background Performance Test

Samples in a carbon number range from C14–C25 should pump out so that less than 0.1% of the strongest
peak observed in the previous spectrum remains. Pump out time is normally fifteen minutes. Heavy alkylate
samples, C25 to approximately C50, normally require a one hour pump out time.

PROCEDURE

Mass spectrometers are generally in continuous operation and should require no additional preparation
before introduction of the sample. If the spectrometer has been turned on only recently, it will be mandatory
to check its operation according to the instructions of the manufacturer, and also as outlined in this method
before proceeding, to ensure minimum fragmentation and sufficient stability at low ionizing operation.

Introduce the sample by means of a microburet, constant volume pipet, or the system developed at UOP(1)

to obtain a spectrum of usable intensities over the carbon number range of the sample. For the alkylate
product the upper end of this range is approximately C25, and for the heavy alkylate approximately C40.

CALCULATIONS

Alkylate Product

Qualitatively establish the carbon number distribution of the sample from the low voltage spectrum. By
observation, the parent mono-n-alkylbenzene peaks, Z = 6, in the alkylate will increase in intensity from the
highest carbon number, C25, to C17 and decrease to C15, and then begin increasing again. The lowest value
obtained determines the beginning of the carbon number series. All the parent ion peaks from C6 to the
minimum value are disregarded and assumed to be absent for not only Z = 6 but also for the Z = 8 and Z =
10 series. No parent peaks are disregarded for the Z = 12 and higher series, if present.

The C15 peak intensity at m/z 204.1878 is corrected by subtracting the 13C isotope effect from the m/z
203.1800 fragment peak produced at 11.5 eV. The Correction is made by multiplying the total peak
intensity at m/z 203 by the isotope correction factor 0.1658.(2) The product obtained is subtracted from the
204 peak intensity and the remainder is due to the C15 alkylate present. If the carbon number distribution
changes, new isotope factors are used to correspond with the first carbon number of the Z = 6 series. Isotope
corrections are not made for the higher carbon numbers in the Z = 6 series, since only a minimal amount of
fragmentation occurs in this range.

The peak intensities are divided for each parent peak by the appropriate Z number sensitivities in Table 4
and normalized to 100%. The mass-percent carbon number obtained for each Z number series is reported in
columns in ascending sequence. The Z numbers from 6 to 18 and some of their corresponding “suggested”
hydrocarbon types are listed in Table 2. The names for the Z numbers above 18 are not given due to the
large number of possible compounds that can be present, but instead are identified by their Z numbers only.



5 of 18

672-84

Table 2

Z No. Suggested Aromatic Hydrocarbon Types
6 Mono-n-alkylbenzenes
8 Indans, Tetralins, Phenylalkenes

10 Dinaphthenebenzenes, Indenes
12 Naphthalenes, Trinaphthenobenzenes
14 Biphenyls, Acenaphthenes
16 Fluorenes, Dinaphthenonaphthalenes
18

↓
76

Phenanthrenes, Anthracenes, Trinaphthenonaphthalenes

Heavy Alkylate

Qualitatively establish the carbon number distribution of the sample from the low voltage spectrum as
described for the alkylate product. All the parent ion peaks from C6 to the minimum value are disregarded
and assumed to be absent for all Z series from Z = 6 to Z = 20.

The intensities of the C20–C24 peaks for the Z = 6 series and the C20 peak for the Z = 8 series are corrected
by subtracting the 13C isotope effect from the corresponding fragment ion peaks produced at 11.5 eV. The
corrections are made by multiplying the total peak intensities of the fragment ion by the appropriate isotope
correction factor shown below.

Table 3

Fragment Ion Correction Factor
m/z 273.2598 0.2212
m/z 287.2739 0.2324
m/z 301.2895 0.2435
m/z 315.3052 0.2547
m/z 329.3208 0.2658
m/z 271.2426 0.2210

PRECISION

Based on 10 replicates and 7 replicates, respectively, the estimated standard deviations (esd) for an
alkylate product and a heavy alkylate have been calculated and are shown in Tables 6 and 7. Duplicate
results by the same operator should not differ by more than the amounts shown in the “allowable
difference” column (95% probability).
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Table 6
Alkylate Product

Z
Number

Level,
mass-%

esd,
mass-%

Allowable
Difference,

mass-%
6 95.8 0.3 1.0
8 2.2 0.2 0.6

10 0.2 0.1 0.3
12 0.6 0.1 0.3
14 0.8 0.1 0.3
16 0.3 0.1 0.3

Table 7
Heavy Alkylate

Z
Number

Level,
mass-%

esd,
mass-%

Allowable
Difference,

mass-%

6 65.2 1.3 4.5
8 14.0 1.0 3.5

10 4.4 0.4 1.4
12 6.5 0.2 0.7
14 6.2 0.2 0.7
16 2.4 0.2 0.7
18 0.6 0.1 0.3
20 0.5 0.03 0.1
22 0.1 0.01 0.03

TIME FOR ANALYSIS
The total elapsed time and the labor requirement for the analysis of the alkylate product are identical, 2.5

hours.

The total elapsed time and the labor requirement for the analysis of the heavy alkylate are identical, 4
hours.

REFERENCES
1. Padrta, F. G., and Donohue, J.J., Anal. Chem., 42, 950 (1970).
2. McAdams, D.R., “Isotope Correction Factors for Mass Spectra of Petroleum Fractions,” Esso Research

Laboratories, Baton Rouge, LA (October, 1957).

SUGGESTED SUPPLIERS
Data General Corp., Westboro, MA 0l581
Drummond Scientific Co., Broomall, PA 19008
Kratos Scientific Instruments, Inc., 170 Williams Dr., Ramsey, NJ 07446
PCR Inc., P.O. Box 1466, Gainesville, FL 32601
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