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Introduction

Ghost peaks are a common troubleshooting challenge in HPLC, UHPLC, and LC-MS laboratories. These

unexpected peaks often appear in both sample injections and blank runs, making them difficult to attribute to the

analyte of interest.

When ghost peaks consistently appear near the end of a gradient run, the source is frequently related to the mobile

phase, solvent additives, or contaminants that become concentrated as organic solvent content increases during

the gradient.  Understanding the potential causes can help laboratories quickly identify the source and improve

method reliability.

What Are Ghost Peaks?

Ghost peaks are chromatographic peaks that:

Appear in blank injections

Appear inconsistently or intermittently

Are not associated with the target analyte

May vary in intensity over time

Often become more noticeable in trace-level analyses

These peaks can interfere with:

Impurity analysis

Pharmaceutical assays

Stability studies

Trace-level quantitation

LC-MS applications

Method validation studies

TFA as a Potential Source of Ghost Peaks

Trifluoroacetic acid (TFA) is commonly used as a mobile phase additive because it can improve:

Peak shape

Retention behavior

Chromatographic reproducibility

However, TFA can become a source of chromatographic artifacts if its purity changes during storage.  Over time,

TFA may undergo degradation or oxidation processes that generate low-level impurities. These impurities can



appear as ghost peaks in chromatograms, particularly when gradient methods are used.

The effect may become increasingly noticeable when:

Mobile phases are stored for extended periods.

TFA containers are repeatedly opened.

Low-level analytes are being measured.

Trace impurity testing is performed.

Why Ghost Peaks Often Appear Late in a Gradient

Gradient methods gradually increase the strength of the mobile phase throughout the run.

As organic solvent content rises:

Weakly retained contaminants may elute.

Trace impurities can become more visible.

Mobile phase contaminants may produce distinct peaks.

This is why ghost peaks associated with additive degradation often appear toward the later portion of a gradient

chromatogram.

Minimizing TFA-Related Impurities

Several practices can help reduce the likelihood of TFA-related ghost peaks.

Prepare Fresh Mobile Phase Regularly

Using freshly prepared mobile phase can help minimize the buildup of degradation products and oxidation-

related contaminants.

Use High-Purity HPLC-Grade TFA

High-purity TFA intended for chromatography applications can reduce background contamination and

improve analytical consistency.

Use Small-Volume Ampules When Available

Small-volume, sealed ampules are often advantageous because they:

Limit repeated exposure to air

Reduce oxidation potential

Improve consistency between preparations

Help maintain additive purity

Using freshly opened ampules for mobile phase preparation may help minimize ghost peak formation in

sensitive methods.

THF as Another Common Source of Ghost Peaks

Tetrahydrofuran (THF) can also contribute to background chromatographic peaks if degradation occurs during

storage.  THF is known to form degradation products over time, which may become detectable during gradient



analyses.

Potential consequences include:

Unexpected chromatographic peaks

Elevated baseline noise

Reproducibility issues

Analytical interference

THF Stabilization Considerations

When THF is used in chromatographic applications, stabilized grades may help reduce degradation-related

problems.

THF containing:  Butylated Hydroxytoluene (BHT)  is often used because the stabilizer helps inhibit degradation

reactions during storage.  Proper storage and handling of THF remain important regardless of stabilization.

Other Potential Sources of Ghost Peaks

Although mobile phase additives are common contributors, other sources should also be considered:

Solvent contamination

Water quality issues

Sample carryover

Autosampler contamination

Injector residues

Reservoir contamination

Tubing contamination

Detector flow cell contamination

Blank injections and systematic troubleshooting can help identify the true source.

Best Practices for Preventing Ghost Peaks

To minimize ghost peak formation:

Prepare mobile phases regularly.

Use fresh, high-purity solvents.

Use chromatography-grade additives.

Minimize additive exposure to air.

Replace aged mobile phases.

Use fresh TFA preparations when possible.

Store THF according to manufacturer recommendations.

Routinely clean the HPLC system.

These practices can improve method robustness and reduce troubleshooting time.

Conclusion



Ghost peaks observed during gradient HPLC methods are frequently associated with mobile phase impurities,

additive degradation, or solvent contamination. TFA can generate impurity-related peaks over time, particularly in

sensitive analytical methods, while THF degradation products may also contribute to background signals. Using

fresh mobile phases, high-purity additives, and proper solvent handling practices can significantly reduce the

occurrence of ghost peaks and improve chromatographic reliability.
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