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Introduction Methods
Chemistry, manufacturing, and controls (CMC) information 
is required to support the approval of an abbreviated new 
drug application (ANDA). It allows reviewers to assess 
critical formulation and manufacturing process variables 
and identify potential risks involved with the design and 
manufacturing of the product. Due to the globalization of 
supply chain and associated regulatory issues, the 
requirement for impurity profiling and identification has 
dramatically increased. However, impurity profiling and 
identification is often based on optimized separations 
developed with non-volatile-salt and ion-pair reagents. 
Transferring methods to volatile buffer separations 
amenable for MS detection is labor-intensive and risks 
missing impurities. To automate non-volatile based impurity 
analysis a 2D-LCMS-IT-TOF has been developed and applied 
to the separation of sulfa drugs using phosphate buffers.

Co-Sense for LC/MS system in collaboration with Eisai 
Pharmaceuticals, Japan in 2000. The premise of the system 
design is to collect components separated by 
non-volatile-salt and ion-pair reagents as individual 
fractions, trap/desalt and concentrate and transfer to a 2D 
volatile buffer based separation for LC/MS analysis. Whilst 
this design is highly successful and robust there is a need 
for the trap column conditions to be optimized for new 
product and by-product chemistries.

In this design, the trap column has been removed from the 
Co-sense system, and a UV detector has been added to the 
second-dimension HPLC flow path. The addition of the UV 
detector to the second dimension HPLC greatly facilitates 
the detection of impurities. In an actual workflow, both 
impurity data and corresponding blank data are acquired, 
and the impurity peaks are identified through comparison 
of the respective chromatograms.

Figure 1.
Components separated by a 1D non-volatile or ion-pair reagent are isolated and transferred to individual sample loops using a series of switching valves 
controlled by a software application. Isolated peaks in the sample loops are transferred to a volatile buffer system for high mass accuracy LC/MS analysis.  

1D Separation System
The sample is injected onto a conventional LC 
separation system using non-volatile-salt and 
ion-pair reagents. Each peak of interest (main 
product or impurities) is transferred to separate 
10uL injection loops.
 
To automate the transfer, each impurity was 
fractionated using a time based program in the 
software.    

Peak transfer to sample loops
Each isolated peak is transferred to individual sample loops. In this 
design 6 sample loops are used (sample loop volume is typically 
10uL).

Sequence;
1D initial state; after passing through the UV/Visible detector, the 
non-volatile based mobile phase flows directly to waste.
1D peak transfer to sample loops; the time program schedule 
triggers the switching valves to isolate the peak of interest. Once 
the peak transfer is complete the sample loop is closed and the 
non-volatile buffer stream is again diverted to waste.
2D initial state; the volatile buffer based mobile phase flows 
directly to the MS detector (or waste).
2D peak transfer to the LC/MS; the time program schedule 
switches the volatile buffer LC flow stream through the sample 
loop for high resolution, high mass accuracy LC/MS analysis.  

LCMS-IT-TOF
High resolution, high mass 
accuracy MSn analysis; m/z 
100-1000, external mass 
calibration.

2D Analytical conditions
Column | Shim-pack XR-ODS 75mm L. × 2.0mm i.d., 2.2 µm
Mobile phase | A:0.1% formic acid aqueous solution B:Methanol. 
Gradient | 0%B(0min)-50%B(10min)-10%B(10.01−20min)
Flow rate | 0.3 mL/min.

2D Separation System
Volatile LC buffer separation system interfaced with a high 
resolution, high mass accuracy IT-TOF system to help 
identify impurities/by-products. 

1D Analytical conditions
Column | Shim-pack VP-ODS,150mm L. × 4.6mm i.d., 5µm
Mobile phase | 0.01mol/L phosphate buffer solution (pH 2.6) 
methanol mixture (7:3)
Flow rate | 1 mL/min

1D Detection
UV/VIS detector 
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A mixture of 5 different sulfa drugs (Sulfadimethoxine, 
Sulfamerazine, Sulfadimidine, Sulfamonomethoxine and 
Sulfaquinoxaline) was used as a test model. 
Sulfadimethoxine was selected as main API compound and 

prepared at a concentration of 500 ug/mL. The remaining 
sulfa drugs were prepared at a concentration 
corresponding to 0.1% of the main API compound 
Sulfadimethoxine. 

Phosphate buffer analysis
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Figure 2.
1D separation was applied with a conventional 0.01mol/L phosphate buffer (pH2.6) / MeOH (7:3) at a flow rate of 1 mL/min. To automate the transfer, 
each impurity was fractionated using a time based program. Each impurity was subsequently identified using a 2D volatile buffer separation and high mass 
accuracy MSn data analysis and formula prediction software (LCMS-IT-TOF, Shimadzu Corporation, Japan).
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Figure 3.
Components separated in a 1D phosphate buffer mobile phase determined by 2D high mass accuracy LCMS-IT-TOF. 

The ion-pair chromatography (Shim-pack VP-ODS; 20mol/L 
KH2PO4 / 5mmol/L 1-heptane sulfonic acid sodium salt / 
ultra pure water (pH3.0) : ACN = 80 : 20) at 1 mL/min flow 
rate was applied to a 1D separation using three sulfa drugs 
(Sulfamerazine, Sulfadimidine and Sulfamonomethoxine) 

which were prepared as the mimic impurities. The 
concentration of three compounds was 0.1% against main 
compound (1000 ug/mL). 2D analysis was achieved using a 
Shim-Pack XR-ODS and a formic acid solution:acetonitrile 
mobile phase.

Ion Pair reagent analysis
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As opposed to the phosphate buffer results, the ion-pair 
regent is usually highly retained on the 2D analytical column 
compared to the target impurities, however, it can be easily 
elimination using a divert valve. Completely cleaning the 2D 
column requires a further column washing step (this is 

simply inserted on the time program). It is also important to 
note that the loop volume in ion-pair chromatography 
should be less than 10 uL as the loop volume affects the 
separation between impurity and ion-pair regent. 

  Simplifies impurity detection by comparing UV 
  chromatograms.
  Integrated transfer to structure elucidation by 
  accurate mass MSn measurement and significantly 
  reduced workloads in impurity identification. 
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2D LC-IT-TOF system accelerates method transfer to high 
mass accuracy MS analysis and can be a key technology in 
impurity analysis.
  Supports non-volatile LC separations developed as  
  part of standard test methods.

Conclusions

•

•

•
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