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Abstract

When analytical methods are scaled across different particle size columns and migrated between 

systems, demonstrating equivalent results is critical to ensure product consistency and regulatory 

compliance. This work describes scaling and migration of a method for the analysis of naphazoline 

hydrochloride (HCl) and pheniramine maleate active pharmaceutical ingredients (APIs) and their 

associated related substances. The method developed on a 1.7 µm (2.1 x 100 mm) column is 

geometrically scaled to a 2.5 µm (4.6 x 150 mm) column with equivalent chemistry and migrated from an 

ACQUITY™ UPLC™ H-Class Plus System to an ACQUITY Arc™ System. Equivalent performance is 

demonstrated by evaluating chromatographic separation, system suitability data, and assay results for 

APIs and related substances content.

Benefits

The Waters™ Columns Calculator facilitates method scaling by calculating operating parameters that ■
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produce equivalent chromatographic performance across the different particle sized columns

Accounting for differences in systems dwell volume and extra-column dispersion increases the 

success of method scaling and migration between chromatographic systems

■

Introduction

Analytical methods developed on the sub-2 μm particle size columns using low-dispersion liquid 

chromatography (LC) systems offer fast and high throughput analysis and the benefit of reduced 

method development times. When quality control laboratories supporting manufacturing processes are 

not equipped with low dispersion systems, there is need to scale these methods to larger particles 

suitable for analysis on higher-dispersion HPLCs.1

When scaling and migrating a method across different instruments, the goal is to obtain identical 

chromatographic separation and method performance. Numerous factors must be considered to ensure 

the quality of the chromatographic separation. Maintaining ratio of column length (L) to particle size 

(dp) preserves the resolving power of the method. Additionally, HPLC systems designed for use with 

larger particle size generally have larger dwell volume and extra-column dispersion compared to 

systems used with sub-2 µm particles. These differences will impact chromatographic separation and 

must be considered when scaling methods.2

In this work, a method for naphazoline hydrochloride, pheniramine maleate and associated related 

substances, developed on a 1.7 μm particle size column, is scaled to a 2.5 μm column and migrated from 

an ACQUITY UPLC H-Class Plus System to an ACQUITY Arc System. Chromatographic separation, system 

suitability results and assay results are examined to measure the success of method scaling and 

migration.

Experimental

Standard solutions

Compounds used in the study (Table 1) were purchased from Sigma-Aldrich and Toronto Research 
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Chemicals (TRC).

Individual stock solutions were prepared in methanol at 4.0 mg/mL. Stock solutions were diluted with 

80:20 water/methanol diluent to make a mixture standard solution for method migration experiments 

containing naphazoline HCl and pheniramine maleate APIs at 0.1 mg/mL and related substances at 10 

µg/mL. 

Table 1. Active pharmaceutical ingredients (APIs) and their associated related 

substances.

Ophthalmic Sample Solutions

Ophthalmic sample solutions were prepared by dilution in 80:20 water/methanol diluent to the working 

concentrations of 500 µg/mL pheniramine maleate and 40 µg/mL naphazoline HCl.

Method Conditions

Mobile phase A: 0.1% formic acid in water

Mobile phase B: 0.1% formic acid in methanol
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Column temperature: 42 °C

Detection: λ range: 210‒400 nm, Derived at 260 nm

Sampling rate: 10 pts/sec

Vials: LCMS Maximum Recovery 2 mL volume, p/n: 

600000670CV

Sample temperature: 10 °C

Wash solvents: Purge/sample: 80:20 water/methanol

Seal wash: 90:10 water/acetonitrile

Method conditions used for 1.7 and 2.5 µm particle size columns are summarized in Table 2. The flow 

rate, injection volume, and gradient elution were geometrically scaled from 1.7 to 2.5 µm using the 

Waters Columns Calculator.3
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Table 2. Operating conditions for methods run using 1.7 and 2.5 µm particle size columns.

Data Management

Chromatography software: Empower™ 3 Feature Release 5 Service Release 

5 (FR5 SR5)

Data acquisition and processing performed using Empower Software. Summary reports generated using 

the report templates are available in the Empower project.

Results and Discussion

Dwell Volumes of LC Systems
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Systems designed for sub-2 µm particle size columns generally have smaller volumes compared to 

systems designed for use with 2.5 to 5 µm particles. The differences in system volumes may cause poor 

chromatographic separation and peak distortion in gradient methods. Therefore, system dwell volumes 

must be accounted for when migrating methods across different LC systems to achieve the same 

chromatographic separation.2 The recommended procedure for measuring dwell volume of an LC 

system is described in the white paper.4

Method Scaling

To preserve the resolving power of the method, the ratio of column length (L) to particle size (dp) must 

be the same as (or very similar to) the original method. Other parameters including flow rate, injection 

volume and gradient times are scaled geometrically to maintain the same chromatographic separation 

quality. 

In this work, a method for related substances of pheniramine maleate and naphazoline HCl APIs was 

scaled from 1.7 µm to 2.5 µm particle size using Columns Calculator3. The original method utilized a 100 

mm long, 1.7 µm particle size column, resulting in L/dp = 58,824. For the target method, a 150 mm long, 

2.5 µm column was selected, with an L/dp of 60,000. Due to the larger dwell volume of the ACQUITY Arc 

System (1.1 mL) compared to ACQUITY UPLC H-Class Plus System (0.4 mL), the gradient start time for 

the target method was delayed to maintain the integrity of the chromatographic separation. Using the 

Gradient StartSmart in the instrument method for the ACQUITY Arc System, the gradient was adjusted to 

start 1.2 minutes after the injection (Figure 1). The Gradient SmartStart feature compensated for the 

differences in systems dwell volume, eliminating the need for manual adjustments to the gradient table.
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Figure 1. Instrument method in the ACQUITY Arc System with the Gradient StartSmart to compensate for 

differences in systems dwell volume in method migration. Gradient start time adjusted by 1.2 minutes after the 

injection.

The chromatographic data of a sample containing 100 µg/mL of pheniramine maleate and naphazoline 

HCl APIs with 10 µg/mL of related compounds, acquired on both systems, is shown in Figure 2.  The 

chromatographic separation produced on an ACQUITY Arc System was comparable with results obtained 

on the ACQUITY UPLC H-Class Plus System. Additionally, the relative retention times (RRT) for related 

substances and USP Resolution (Rs) between peaks produced on the ACQUITY Arc System were in 

agreement with the results obtained on an ACQUITY H-Class Plus System (Table 3). The RRT values were 

calculated using Empower Software by comparing retention of each related substance to the associated 
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API. The RRT values aid peak identification in chromatographic separation, therefore it is imperative 

that they are the same when moving a method across different particle sized columns and different LC 

systems.

Figure 2. Chromatographic data for method scaling from 1.7 to 2.5 µm particle size column and migration 

between systems. UV at 260 nm.
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Table 3. Data for method scaling and migration between systems. Method with 1.7 µm (2.1 x 100 mm) run on 

ACQUITY UPLC H-Class Plus System, while method with 2.5 µm particle size column run on ACQUITY Arc. UV at 

260 nm.

Performance Verification: System Suitability

Performance of the method run on the ACQUITY Arc System with 2.5 µm column was assessed by 

measuring repeatability of six replicate injections using a 10 µg/mL standard. The peak areas and 

retention times repeatability on the ACQUITY Arc System were excellent and comparable to the results 

acquired on the ACQUITY UPLC H-Class Plus System (Figure 3). The ACQUITY Arc System produced 

equivalent USP Resolution between critical pairs of peaks: 1.9 between Naph-Imp D and Naph-Imp A, as 

well as 1.8 between Naph-Imp B and Naph-Imp C. 
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Figure 3. System suitability results for method scaling and migration from an ACQUITY UPLC H-Class Plus 

System with 1.7 µm column (A) to an ACQUITY Arc System with 2.5 µm column (B). 

Analysis of Ophthalmic Formulations

Representative chromatograms of the ophthalmic sample solution containing 500 µg/mL of 

pheniramine maleate and 40 µg/mL of naphazoline HCl acquired on an ACQUITY UPLC H-Class Plus 

System with 1.7 µm column and an ACQUITY Arc System with 2.5 µm column are shown in Figure 4.

The assay of APIs and related substances content in the ophthalmic sample solutions were calculated 

and compared across systems. The APIs assay or percent (%) recovery was determined by quantifying 

samples against a calibration curve generated in the range of 80 to 120% with respect to the working 

concentration of 500 and 40 µg/mL of pheniramine and naphazoline, respectively. The assay for related 

substances content (% impurity) was determined by comparing peak area of the detected related 

substance to the associated API, calculated using Empower Software. The assay results for APIs and 

related substances content generated by the ACQUITY Arc System were equivalent to the data obtained 

on the ACQUITY UPLC H-Class Plus System (Figures 5 and 6). 
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Figure 4. Representative chromatograms of ophthalmic sample solution containing 500 µg/mL of pheniramine 

maleate and 40 µg/mL of naphazoline HCl acquired using ACQUITY UPLC H-Class Plus System with 1.7 µm 

column (A) and ACQUITY Arc System with 2.5 µm column (B). RT Ratio: retention time of related compound to 

retention time of associated API. UV at 280 nm. 
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Figure 5. Assay results (% recovery) of pheniramine (PHEN) and naphazoline (NAPH) from the ophthalmic 

sample solutions generated ACQUITY UPLC H-Class Plus System with 1.7 µm column (A) and ACQUITY Arc 

System with 2.5 µm column (B). UV at 280 nm.
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Figure 6. Assay results for related substances content (% impurity) in the ophthalmic sample solutions generated 

using ACQUITY UPLC H-Class Plus System with 1.7 µm column (A) and ACQUITY Arc System with 2.5 µm column 

(B). UV at 280 nm.

Conclusion

A method for the analysis of pheniramine maleate and naphazoline HCl APIs and their associated related 

substances was successfully scaled from 1.7 µm to 2.5 µm particle size columns and migrated from an 

ACQUITY UPLC H-Class Plus System to an ACQUITY Arc System. The chromatographic separation, 

relative retention times (RRT) values, system suitability, and assay results produced on the ACQUITY Arc 

System were equivalent to the data obtained on ACQUITY UPLC H-Class Plus System.

The success of scaling and migrating methods across different LC platforms can be impacted by the 

system characteristics. Making appropriate adjustments to account for these differences increases the 

success of generating equivalent separation and performance.
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