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Introduction
The addition of hydrogen to detector system flow can help maintain or recover response in a mass spectrometer (MS) or gas chromatograph/mass spectrometer (GC/MS)
system. Hydrogen conditions and cleans one or more components of the MS, such as the source. The use of a modified EPC module in the Self-Cleaning Ion Source (SCIS)
automates and accurately controls hydrogen addition off-line, when the system is not analyzing samples, or on-line, when the system is actively analyzing samples. Off-line
conditioning recovers MS performance without the need for system vent and manual cleaning of components. On-line, continual conditioning maintains source performance
during analytical performance prolong time between of line cleaning. This work will present the application of Agilent patented in situ MS source conditioning to the analysis of
polycyclic aromatic hydrocarbons (PAHs) by GC/MS and GC/MS/MS. In Situ addition of hydrogen addresses issues analysts have reported with poor peak shape, variation in
peak response, and non-linear calibration curves.

Experimental

Method performance

GC and Mass Spectrometer

Self-Cleaning Ion Source

This work focuses on GC/MS in SIM mode and GC/MS/MS in MRM mode for the
analysis of Polycyclic Aromatic Hydrocarbons (PAHs). Table 1 below depicts
system operating conditions. GC systems were configured for constant pressure
backflush mode operation and MSD systems were configured with a SelfCleaning Ion Source (SCIS). Separations were retention time locked to
1-methylphenanthrene at 12.500 minutes. Performance was compared between
stock systems and their respective optimized analyzers.

The SCIS includes a specially engineered aux EPC module that introduces small
amounts of hydrogen directly into the source through a CI transfer line. For
concurrent cleaning, a low hydrogen flow, 0.075–0.2 mL/min, is introduced
continuously during data acquisition. For off-line cleaning, a hydrogen flow of 0.4
mL/min is introduce for a 30-120 min depending on source condition. Figure 1
depicts the Self-Cleaning Ion Source.

Instrument

Agilent 7890B GC with
5977A MSD or 7000 MS/MS

Inlet

Multimode

Mode

Pulsed Splitless

Inlet Temperature

320°C

Injection pulse pressure

50 psi until 0.9 minutes

Purge flow to split vent

50 mL/min at 0.9 minutes

Column 1

30 m × 0.25 mm, 0.25 μm DB EUPAH

Column 1 flow (He)

1.1063 mL/min (constant flow)

Column 2 flow (He)

1.36 m × 150 μm, 0 μm Ultra Inert
Restrictor Tubing
1.5 mL/min

Column flow (He)

0.8ml/min (constant flow)

Oven program

80℃(1min)>200℃ (0min)@25℃/min>
335℃(6.325min)@8℃/min
29 minutes

Column 2

GC Total Run Time
LTM program

50℃(1min)>120℃ (0min)@20℃/min>
220℃(1.5min)@50℃/min

GC Total Run Time

29 minutes

Acquisition Mode
Source Temp.

SIM (EI MSD) or MRM (EI MS/MS)
320°C Maximum 350°C

Quad. Temp.

180°C Maximum 200°C

Fig 1. Self Cleaning Ion Source
Octafluoronaphthalene (OFN) provides indication of MS sensitivity. Figure 2
demonstrates recovery of OFN following in situ cleaning of a very dirty source
with hydrogen.

Table 1. GC/MS and GC/MS/MS operating conditions for Enhanced PAH
Analysis

Sample Preparation
To evaluate consistency of ISTD response, we analyzed a 7-level calibration
standard of 30 PAHs with 5 ISTDs. Standards were diluted from Accustandard
and UltraScientific stock solutions. Dilutions were made in toluene (preferred) or
isooctane. ISTD concentrations were constant at 500 ppb.

Fig 2. OFN response following in situ source cleaning,
Off-line operation

Results and Discussion
Signal-to-Noise (S/N)

Internal Standard Response

When compared to standard operation (Figure 3), S/N for 500 fg
Dibenzo(a,l)pyrene, the lowest calibration level for the latest eluting PAH studied,
was slightly diminished with GC/MS analysis in the continuous cleaning mode
(CCM). . The height difference for the ion chromatograms is due to tuning. The
displayed level is two times lower than the lowest calibration level demonstrating
sufficient signal for the typical 1–1,000 pg calibration range.

Without CCM operation, ISTD responses drop with decreasing standard
concentration independent of the injection order for the standards. Drift in ISTD
response makes accurate quantitation difficult. Figure 5 depicts ISTD response
for GC/MS normalized to the response from the highest calibration level. With
the addition of hydrogen through the Self-Cleaning Ion Source, ISTD responses
fell within 5% RSD. Figure 6 shows consistency for ISTD responses for
GC/MS/MS analysis. Analyses were repeated 3 and 12 days later to evaluate
stability of system performance. The use of CCM in situ source cleaning
improved ISTD consistency from greater than 35% RSD to less than 8% RSD.

Fig 5. ISTD response for
GC/MS (Normalized to
the response from the
highest calibration level)

Fig 3. S/N for Dibenzo(a,l)pyrene (500 pg), CCM vs standard
operation

Calibration Linearity
As shown in Figure 4 linearity improved with in situ cleaning of the source in
CCM. Correlation coefficients (r2) improved from 0.9 (stock configuration) to
0.999 with in situ cleaning.

Fig 6. ISTD response for
GC/MS/MS (Normalized
to the response from the
highest calibration level)

Conclusion
In Situ Source Conditioning

Fig 4. Calibration curves with in situ cleaning (top) and standard operation
(bottom)

PAH Analysis by GC/MS and GC/MS/MS with in situ exceeds the performance
that most laboratories require for PAH analysis. When optimized, both systems
demonstrated improved consistency of ISTD response, reduced peak tailing, with
sensitivity similar to and linearity improved over standard system configurations.
The use of the continual hydrogen cleaning helps maintain system performance
without the need for the downtime and venting associated with manual source
cleaning..

