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Abstract: Baseline stability is a fundamental parameter in High Performance Liquid Chromatography 

(HPLC), as it directly governs analytical accuracy, precision, sensitivity and limit of detection. The 

present study systematically investigates baseline noise and drift under a range of operational 

conditions, including different degassing techniques, variations in mobile phase flow rate, and column 

temperature settings. The baseline was monitored using a blank mobile phase system without sample 

injection in order to eliminate analyte-related interferences and isolate instrumental and environmental 

contributions. Noise was quantified as peak-to-peak signal variation (mAU), while drift was measured as 

the gradual shift in baseline signal over a fixed runtime of 30 minutes. The results demonstrated that 

insufficient degassing led to increased noise due to the presence of dissolved gases and bubble 

development inside the detector flow cell. Changes in flow rate had a direct effect on the baseline 

stability, with excessively high flow rates causing increased system pressure changes and detector 

instability, which led to increased noise and drift. Conversely, an optimized flow rate of 1.0 mL/min 

produced a stable and reproducible baseline. Temperature was found to be a critical factor influencing 

drift; uncontrolled room temperature conditions resulted in higher baseline deviation, whereas 

maintaining a constant column temperature of 30°C significantly minimized drift by stabilizing mobile 

phase viscosity and detector response. Overall, the study establishes that proper degassing, controlled 

temperature conditions, and optimized flow rate are essential for minimizing baseline disturbances in 

HPLC systems. The optimized conditions identified—filtered and degassed mobile phase, flow rate of 1.0 

mL/min, and column temperature of 30°C—can be suggested for routine analytical applications to 

ensure increased baseline stability, improved sensitivity, and consistent chromatographic performance. 
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I. INTRODUCTION 

High Performance Liquid Chromatography (HPLC) is one of the most widely used analytical techniques in 

pharmaceutical analysis due to its high accuracy, precision, and ability to separate complex mixtures. It plays a crucial 

role in drug development, quality control, and routine analysis. A stable baseline is essential for accurate peak 

identification, integration, and quantification. However, baseline instability, observed as noise and drift, can 

significantly affect analytical performance. Baseline noise refers to random fluctuations in the detector signal, which 

may obscure small peaks and reduce sensitivity. In contrast, baseline drift is a gradual and systematic change in the 

baseline over time, which can lead to errors in peak area measurement and retention time interpretation. Baseline noise 

is primarily caused by electronic disturbances in the detector system, pump pulsations, and environmental factors such 

as vibrations. Mechanical issues, such as leaks or air bubbles in the system, can also contribute to signal fluctuations. 

On the other hand, baseline drift is commonly associated with changes in temperature, mobile phase composition, flow 

rate instability, and gradual changes in detector response. Variations in mobile phase viscosity and inadequate 

equilibration of the system further exacerbate drift. Minimization of baseline noise and drift is critical for improving the 

sensitivity, accuracy, and reproducibility of HPLC analysis. Proper system maintenance, effective degassing of the 

mobile phase, optimization of flow rate, and control of column temperature are key factors in achieving a stable 
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baseline. Therefore, the present study aims to systematically evaluate the effects of various operational parameters on 

baseline noise and drift and to propose effective strategies for their minimization, thereby enhancing overall 

chromatographic performance. 

ADVANTAGES 

Improves accuracy and precision Better sensitivity

Reliable results and reproducibility Improves method development

Early detection of instrument problems Cost 

 

DISADVANTAGES 

Time consuming process Requires technical expertise Instrument dependent variations High maintenance requirement

  

II. REVIEW OF LITERATURE

William S. Letter (2015) 

William S. Letter studied the common causes of baseline noise in HPLC and UHPLC systems. The author reported that 

temperature fluctuations, improper degassing, inadequate mobile phase mixing, and contaminated detector flow cells 

are major reasons for baseline instability. The stud

and regular maintenance of detector flow cells significantly reduce noise and drift.

 

Dwight R. Stoll (2021) 

Dwight R. Stoll explained the influence of mobile phase composition waves generat

baseline fluctuations. The study showed that low

composition variations, which appear as baseline disturbances during chromatographic analysis. Proper pump 

calibration and efficient mixing systems were recommended to minimise these effects.

 

K. Choiket and Gerard Rozing (2003) 

Gerard Rozing investigated physicochemical causes of baseline disturbance in HPLC. Their research demonstrated that 

even very small temperature fluctuations can alter the refractive index of the mobile phase, causing noticeable baseline 

drift. The authors suggested using highly stable column thermostats and maintaining constant laboratory temperature to 

improve baseline stability. 
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baseline. Therefore, the present study aims to systematically evaluate the effects of various operational parameters on 

baseline noise and drift and to propose effective strategies for their minimization, thereby enhancing overall 

 
Fig. HPLC Instrument 

Improves accuracy and precision Better sensitivity 

Reliable results and reproducibility Improves method development 

instrument problems Cost – effective in long term  

Time consuming process Requires technical expertise Instrument dependent variations High maintenance requirement

II. REVIEW OF LITERATURE 

the common causes of baseline noise in HPLC and UHPLC systems. The author reported that 

temperature fluctuations, improper degassing, inadequate mobile phase mixing, and contaminated detector flow cells 

are major reasons for baseline instability. The study emphasized that proper solvent degassing, thermostatic control, 

and regular maintenance of detector flow cells significantly reduce noise and drift. 

Dwight R. Stoll explained the influence of mobile phase composition waves generated by HPLC pumps on detector 

baseline fluctuations. The study showed that low-pressure and high-pressure mixing systems may create small 

composition variations, which appear as baseline disturbances during chromatographic analysis. Proper pump 

and efficient mixing systems were recommended to minimise these effects. 

Gerard Rozing investigated physicochemical causes of baseline disturbance in HPLC. Their research demonstrated that 

uctuations can alter the refractive index of the mobile phase, causing noticeable baseline 

drift. The authors suggested using highly stable column thermostats and maintaining constant laboratory temperature to 
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John Dolan 

John Dolan discussed causes of gradient drift in HPLC systems. According to the study, temperature changes and 

mobile phase absorbance differences are the primary contributors to gradient baseline drift. The author recommended 

proper column equilibration, use of column ovens, and selection of suitable detection wavelengths to minimise drift. 

  

III. AIM 

To experimentally evaluate baseline noise and drift in High Performance Liquid Chromatography (HPLC) systems and 

to study effective minimisation techniques for improving baseline stability, sensitivity, accuracy, and reproducibility of 

chromatographic analysis. 

IV. OBJECTIVES 

 To evaluate and minimize baseline noise and drift in HPLC under different operational conditions in order to 

improve analytical stability. 

 To study effect of: 

o Degassing  

o Flow rate  

o Temperature 

 To establish optimized conditions for stable baseline 

 To evaluate the influence of mobile phase flow rate on baseline noise and drift. 

 To investigate the impact of temperature variations on baseline behaviour. 

 To measure and compare baseline noise (random fluctuations) and drift (systematic deviation) under various 

conditions. 

 To identify the major factors contributing to baseline instability in HPLC systems. 

 To optimize chromatographic conditions for achieving a stable and reproducible baseline. 

 To propose effective strategies for minimizing noise and drift during routine HPLC analysis. 

  

PLAN OF WORK 

 Literature Survey 

 Instrument Study (HPLC System) 

 Method Development 

 Baseline Observation (Blank Run) 

 Identification of Causes 

 Experimental Study (Change Conditions) 

 Application of Minimization Techniques 

 Data Collection & Analysis 

 Result & Discussion 

 Conclusion 

  

Causes of Baseline Noise 

1.  Detector Problems 

Fluctuations in detector performance, unstable lamp intensity, contaminated flow cells, or electronic disturbances can 

produce unwanted baseline variations during analysis. 

 

2.   Contaminated Mobile Phase 

The presence of impurities, dust particles, or poorly prepared solvents in the mobile phase can negatively affect 

baseline stability and increase noise levels. 
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3.  Air bubbles in system 

Insufficient degassing of solvents may allow air bubbles to enter the system, causing irregular detector response and 

unstable chromatograms. 

 

4.  Pump Flow Irregularities 

Improper pump functioning, damaged seals, or faulty valves can create inconsistent solvent flow, resulting in pulsation 

and baseline disturbances. 

 

5.  Column-related problems 

A dirty, blocked, or inadequately conditioned column may lead to fluctuations in pressure and unstable baseline 

behavior. 

 

Minimization of Baseline Noise 

1. Regular cleaning of flow cell, proper lamp warm-up, and stable power supply. 

2. Use HPLC-grade solvents, filter through 0.45 µm filter, and prepare fresh mobile phase. 

3. Degas mobile phase using sonication or vacuum degassing and properly prime the pump. 

4. Maintain pump regularly, use pulse dampers, and ensure constant flow rate. 

5. Wash column properly, allow sufficient equilibration time, and replace damaged column. 

 

Causes of Baseline Drift 

1. Temperature variation 

Changes in temperature affect solvent properties and detector response. 

 

2. Mobile phase composition changes 

Gradient elution or solvent evaporation leads to drift. 

 

3. Detector instability 

Lamp aging and detector variation cause baseline shift. 

 

4. System contamination 

Carryover and residues in system affect baseline. 

 

Minimization of Baseline Drift 

1. Maintain constant temperature using column oven and controlled environment. 

2. Use well-prepared mobile phase, seal solvent containers, and allow proper equilibration. 

3. Regular calibration and timely replacement of detector lamp. 

4. Flush system regularly and follow proper cleaning procedures. 
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Fig.2 HPLC Labelled Diagram 

  

IV. MATERIALS AND METHODS 

Instrumentation: 

HPLC system with UV detector 

C18 column (250 mm × 4.6 mm, 5 µm) 

 

Chemicals: 

Methanol (HPLC grade) Distilled water 

 

 Experimental Conditions 

Mobile phase: Methanol : Water (50:50) Flow rate: 1.0 mL/min 

Detection wavelength: 254nm Run time: 30 mins 

Injection: Blank (No Analyte)  

 

Experimental Procedure  

Baseline Measurement 

Mobile phase was pumped without injection Baseline recorded for 30 minutes Parameters Studied 

 

Effect of Degassing 

 No degassing  

Ultrasonication (15 min)  

Filtration + degassing  

 

Effect of Flow Rate 

0.8 mL/min 
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1.0 mL/min 

1.2 mL/min 

 

Effect of Temperature 

Room temperature 30°C 

40°C 

  

Data Analysis 

Noise measured as peak-to-peak variation (mAU) Drift measured as baseline shift over 30 minutes 

  

V. PRELIMINARY OBSERVATION 

Effect of Degassing 

Method Noise (mAU) Drift (mAU) 

No degassing High Hgh 

Ultrasonication Moderate Moderate 

Filter + Degas Low Low 

 

Effect of Flow rate 

 

Flow Rate Noise Drift 

0.8 Low Moderate 

1.0 Optimal Low 

1.2 High High 

 

Effect of Temperature 

Temperature Noise Drift 

Room temperature Moderate High 

30 °C Low Low 

40 °C Moderate Moderate 

  

 

VI. QUANTITATIVE RESULTS 

Table 1 : Effect of Flow Rate on Baseline Noise 

Flow Rate 

(ml/min) 
Trial 1 (mAU) Trial 1 (mAU) Trial 1 (mAU) 

Average Noise 

(mAU) 

0.8 0.48 0.51 0.50 0.50 

1.0 0.28 0.30 0.29 0.29 

1.2 0.66 0.69 0.67 0.67 
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Table 2 : Effect of Temperature on Baseline Noise 

Temperature Trial 1 (mAU) Trial 2 (mAU) Trial 3 (mAU) 
Average Drift 

(mAU/30 min) 

25 1.08 1.12 1.10 1.10 

30 0.58 0.61 0.60 0.60 

40 0.87 0.91 0.89 0.89 
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Table 3 : Effect of Degassing on Baseline Noise 

Degassing 

Method 
Trial 1 (mAU) Trial 1 (mAU) Trial 1 (mAU) 

AverageNoise 

(mAU) 

No degassing 0.78 0.83 0.80 0.80 

Ultrasonication 0.43 0.47 0.45 0.45 

Filter + Degas 0.21 0.24 0.23 0.23 

 

VII. DISCUSSION 

The results clearly show that degassing significantly reduces baseline noise by removing dissolved gases and air 

bubbles. Flow rate variation affects system pressure and detector response, contributing to baseline fluctuations. 

Temperature control plays a crucial role in minimizing drift by maintaining consistent mobile phase viscosity and 

detector stability. Among all conditions, filtered and degassed mobile phase at controlled temperature (30°C) and 

moderate flow rate (1.0 mL/min) provided the most stable baseline. 

 

VIII. CONCLUSION 

The present study on experimental evaluation and minimisation of baseline noise and drift in HPLC demonstrated that 

baseline instability significantly affects the accuracy, sensitivity, and reproducibility of chromatographic analysis. 

Various factors such as temperature fluctuations, improper mobile phase preparation, air bubbles, pump pulsation, 

detector instability, contaminated solvents, and inadequate column equilibration were found to contribute to baseline 

disturbances. Experimental observations showed that variations in flow rate, mobile phase composition, detector 

wavelength, and environmental conditions directly influence baseline behaviour. Application of suitable minimisation 

techniques including proper degassing and filtration of mobile phase, use of HPLC-grade solvents, maintenance of 

constant temperature, routine instrument calibration, detector cleaning, and adequate system equilibration effectively 

reduced baseline noise and drift. Therefore, proper optimisation of chromatographic conditions and regular instrument 

maintenance are essential for achieving stable baselines and reliable analytical performance in HPLC systems. The 

study concludes that systematic control of instrumental and environmental parameters can greatly improve the quality 

and reproducibility of chromatographic results. 
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