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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes - Procedures

DETERMINATION OF MANGANESE IN GASOLINE
GMS097P

1 SCOPE. This method describes an atomic absorption
procedure for determining manganese in gasolines containing
methylcyclopentadienyl manganese tricarbonyl. It is applica-
ble to concentrations from 2.5 to 80 mg/L.

1.1 The gasoline sample is diluted with n-octanol. Bromine
is added to decompose the manganese compound. Manganese
is extracted with dilute hydrochloric acid solution and
determined by atomic absorption spectrophotometry.

2 EQUIPMENT REQUIRED. Atomic Absorption Spectro-
photometer, Perkin-Elmer Model 403 or equivalent, with
Penton-coated, titanium-head premix burner, and manganese
hollow cathode lamp (Perkin-Elmer Intensitron 20 mA, Part
No. 303-6043 or equivalent). Available from Perkin-Elmer
Corporation, Norwalk, Connecticut 06852.

NOTE: Segregate glassware for this analysis. Clean new
glassware with 10 percent nitric acid solution and rinse it well
first with tap water and finally with deionized or distilled
water. After each analysis clean the separatory funnels by
rinsing them first with acetone, then with hot tap water, then
with about 10 mL of 50% nitric acid followed by a hot tap
water rinse, and finally with 3 rinses with deionized of
distilled water.

3 CALIBRATION STANDARDS.

3.1 Prepare a master solution having a manganese content of
10 mg/L as follows: Dissolve 3.0765 g of MnsO,-H,0 in
deionized or distilled water and add ! mL of sulfuric acid
(sp. gr. 1.84). Transfer the solution to a 1000 mL volumetric
flask and dilute it to volume with deionized or distilled water.

3.1.1 Pipet 10 mL of this solution into a 1000 mL volumet-
ric flask and dilute it to volume with 1% hydrochloric acid.

3.2 Prepare a calibration standard having a manganese
content of 1.0 mg/L. Pipet 10 mL of the master standard into
a 100 mL volumetric flask. Dilute solution to volume with
1% hydrochloric acid.

3.3 By accurate successive dilutions of the calibration stan-
dard prepare at least 2 additional standards with manganese
concentrations below 1 mg/L. Use these standards to check
the atomic absorption spectrophotometer for linear response
for manganese. Set the instrument for operation as described
in 4.2. Aspirate deionized or distilled water into the flame and
set the base line at O as described in 4.3. Aspirate the
calibration standard into the flame and set the scale expansion
to give a digital reading of 01.00 or a recorder reading of 100
chart units as described in 4.4. Aspirate each additional
standard solution into the flame as described in 4.5 and
record the chart readings for manganese absorption and
background. Subtract the background reading from the total
reading and plot the results against the corresponding
manganese concentration. This plot should give a straight
line.

4 PROCEDURE.

4.1 With a hypodermic syringe, add about 1 to 2 mL of n-
octano! (Eastman No. 871 or equivalent) to a clean, dry,
125 mL separatory funnel. Pipet a 1 mL sample of gasoline
into the funnel. Stopper the funnel and mix the contents.
With a dropping pipet, add bromine drop by drop until a
persistent bromine color shows (about 5 drops is usually
required). CAUTION: USE RUBBER OR PLASTIC
GLOVES. Pipet 100 mL of 1% hydrochloric acid into the
separatory funnel. Shake the funnel for 1 minute. Allow the
phases to separate and drain about S50 mL of the lower phase
into a polyethylene bottle. Make certain that none of the
octanol phase drains into the aqueous phase.

4.2 Set the atomic absorption spectrophotometer for opera-
tion according to the manufacturer’s recommendations. Ad-
just the operating conditions for maximum sensitivity. The
following conditions were found satisfactory for one Perkin-
Elmer Model 403 (optimum settings may vary from instru-
ment to instrument):

AITflow..ocveiinerieeiiiiens 21.5 L/min at 200 kPa
Acetyleneflow ...........ooviviiiiiiani, 7 L/min at 55 kPa
Slit setting (SEE NOLE) .....ooevverniniiiiiiieieniniieainns 4
Wavelength (seenote).........c.ooceiviinvevnnnnenes 279.8 nm
Lamp CUITERL «..vvnieniniiiieieiiiiniriieeaaes 20mA
Nebulizer setting ..........cocviiiiiaviniicniie, max
Chart speed .....covvvvnrininmiciiniiineneneanns 20 mm/min
Recorder response........... No. 2 (5 s full scale response)

NOTE: With this slit setting, the band pass is about 0.7 nm.
The nomina! wavelength setting of 279.8 nm thus includes the
manganese lines at 279.5, 279.8 and 280.1 nm.

4.3 Aspirate deionized or distilled water into the flame. Set
the automatic zero on the digital readout or the chart
recorder to a reading of zero.

4.4 Aspirate the calibration standard into the flame. Use the
standard containing 1 mg/L of manganese. Set the scale
expansion to give a digital reading of 01.00 or a chart reading
of 100, whichever is appropriate.

NOTE: The instrument used should be checked for nebuliz-
er effects. Use manganese-free isooctane as the fuel and the
same amounts of octanol and bromine as used in 4.1. Extract
the octanol-iscoctane-bromine mixture with an aqueous man-
ganese instead of the 1% hydrochloric acid solution. Com-
pare the manganese response of this extract with that of an
aqueous standard of the same manganese concentration. If a
difference is found, standards must be prepared by treating
them with an octanol-isooctane-bromine mixture.

4.5 Flush the burner by aspirating deionized water into the
flame. Check the base line and adjust it to O if necessary.
Aspirate the sample into the flame directly from the polyeth-
ylene bottle. Allow the sample to aspirate for about 20 s.
Record the digital or chart reading. Remove the sample and
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allow the digital reading or chart recorder to return to base
line. Record the reading for this base line.

4.6 After cach determination, flush the burner by aspirating
deionized water into the flame. Check the base line and adjust
the 0 if necessary.

4.7 After every fourth determination, aspirate the calibra-
tion standard into the flame. Readjust the scale expansion to
01.00 digital or 100 chart units if necessary. If the setting
changed by more than 2 units, recheck the sample solutions
analyzed just before the adjustment.

4.8 Periodically, check the linearity of the instrument by
aspirating additional standards into the flame and noting the
chart readings obtained (see 3.3).

5 CALCULATIONS. Calculate the manganese content of
the gasoline sample as follows: When the concentration of the
standard is 1 mg/L of manganese, the sample size is 1 mL
(see 4.1), and the readings were obtained per 4.5:

Manganese, mg/L = A-B
A = Chart units for sample
B = Chart units for base line

or
Manganese, mg/L = (A-B) x 100
A = Digital reading for sample

B = Digital reading for base line

6 PRECISION AND ACCURACY.

6.1 Precision. Duplicate determinations should not differ by
more than 1.3 mg/L (95% confidence).

6.2 Accuracy. The accuracy of the method is dependent on
the type of gasoline being analyzed. For most gasolines the
accuracy is equal to the precision, and the average of
duplicate results should not differ from the true value by
more than 2.5 mg/L. Some gasolines may show bias. Results
for such gasolines will be less accurate.

7 GENERAL INFORMATION. This is a newly issued
standard.
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