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SUMMARY:
An integrated autosampler and fraction collector (LC-mate) was developed to automate repetitive HPLC separations. Compatible with HPLC detectors that output analog signals, LC-mate enhances the performance of manually operated systems and accelerates research workflows that depend on high-performance liquid chromatography.

ABSTRACT: 
High-performance liquid chromatography (HPLC) plays a crucial role in the purification of high-value compounds, meeting the increasing demands of chemistry and biology disciplines in both academic and industrial settings. However, repeated manual injection and fraction collection during microscale purification significantly limit efficiency and reproducibility. To overcome this bottleneck, we have developed an integrated autosampler and fraction collector system, temporarily named LC-mate, which automates repetitive separations by responding directly to analog signals from the HPLC detector. The instrument is constructed around a high-pressure six-port switching valve for sample injection and a selector valve for fraction collection, with operational parameters controlled via an intuitive touchscreen interface. LC-mate is compatible with commercial HPLC detectors capable of analog output and can also achieve repetitive separation of gradient elution mode through synchronous signal triggering. Demonstration experiments confirmed stable operation and reproducible separations for natural product purification, showing a clear reduction in manual handling time. The system offers a practical and accessible solution for enhancing automation in conventional HPLC workflows, bridging the gap between manual and fully automated purification systems.

INTRODUCTION:
Chromatography, pioneered by M.S. Tswett in the early 20th century, evolved into modern high-performance liquid chromatography (HPLC) in the 1960s with advancements in instrumentation1–3. 

Today, HPLC plays a critical role in the purification of high-value compounds, meeting the growing demands of biomedicine, chemistry, and biology disciplines in both academic and industrial fields. In academic research, the microscale purification of natural products and resolution of chiral molecules depend critically on semi-preparative HPLC techniques4–8. In most practical cases, researchers inject a portion of the sample solution into an HPLC column at a time rather than the whole to avoid unforeseeable sample loss or due to the limitation of column size, which makes repeated sample injection and fraction collection inevitable. Despite its exceptional separation capability, the use of HPLC for sample purification remains limited by inherent constraints in current instrumentation and workflows. A major bottleneck lies in the heavy dependence on manual intervention, particularly in sample injection and fraction collection. These processes are not only time-consuming and labor-intensive, but also susceptible to human error, thereby compromising throughput, reproducibility, and overall operational efficiency9,10. 

Commercial autosamplers and fraction collectors from major HPLC manufacturers, such as Agilent, Shimadzu, and Waters provide reliable and precise automation, but are typically constrained within proprietary hardware and software ecosystems. For instance, the Agilent 1260 Infinity II autosampler and G1364F fraction collector are seamlessly integrated within Agilent’s HPLC systems, providing excellent reproducibility but limited cross-platform compatibility. Similarly, Shimadzu’s SIL-20A/40C autosamplers and FRC-40/FRC-10A fraction collectors offer high throughput and excellent mechanical precision, yet depend on Shimadzu’s LC-20 and Nexera control architectures. The Waters Alliance HPLC autosampler and fraction collector III modules also deliver robust performance and flexible collection formats (up to 300 mL/min), but remain tailored to Waters’ proprietary UHPLC and LC-MS environments. In addition, traditional autosamplers that rely on injection needles may reduce sample recovery, and tube-based fraction collectors can be inconvenient for handling large eluent volumes. For most other HPLC instruments, semi-preparative separation still depends on tedious repetitive manual operation. 

These challenges highlight the need for an innovative approach to automate sample purification in HPLC workflows. To address this need, we have developed LC-mate, a compact and versatile instrument that integrates autosampler and fraction collection modules into a single platform. The fluidic core of LC-mate consists of two key components: a high-pressure six-port switching valve (SKVA-3130-S) constructed from SUS 316 stainless steel with a 0.4-mm flow path and supporting operating pressure up to 45 MPa, rating for precise sample injection control, and a 10-channel multi-position selector valve featuring minimal dead volume (27.5 µL port-to-port, 5 µL rotor groove) with a 1.2 mm flow channel diameter for efficient fraction collection. This configuration minimizes dead volume and reduces the risk of cross-contamination. For detailed instrument specifications, please refer to Table 1. LC-mate may receive analog output from HPLC detectors and trigger the HPLC instrument via synchronous signal, enabling independent control of both sample injection and fraction collection. 

[Place Table 1 here]

The instrument is equipped with user-friendly control software and an intuitive touchscreen interface that allows real-time visualization of analog chromatographic signals. LC-mate supports both isocratic and gradient separation modes, allowing users to configure key parameters—including injection volume, number of repetition times, interval time of each injection, and collection mode [threshold-based, time-based, or Collect All (collect fractions both above and below the threshold)], and launch fully automated operation with a single command. This eliminates the need for repetitive manual intervention and significantly enhances the efficiency of HPLC purification.

Figure 1 illustrates the overall appearance, operating principle, and configuration of the LC-mate integrated with an HPLC system. 

[Place Figure 1 here]

PROTOCOL:

1. Checking the connection

1.1. Verify the solvent plumbing connections between the HPLC, LC-mate, and chromatographic column to ensure proper flow paths (Figure 1A).

1.2. Check the connection of the signal transmission line between the UV detector and LC-mate, as shown in Figure 1D.

1.2.1. Connect the black wire to the red terminal and the white wire to the black terminal to match the polarity of the analog signal output.

1.2.2. Observe the LC-mate display. If the analog signal waveform appears, the connection is correct.

NOTE: If no waveform is visible, reverse the connections: attach the black wire to the black terminal and the white wire to the red terminal.

1.3. Check the connection of trigger connection between UV detector and LC-mate.

1.3.1. Plug the single end of the data cable into the output port of the UV detector.

1.3.2. Connect the black and white wires from the other end to the blue and black trigger terminals on the LC-mate, respectively.

1.3.3. Tighten the terminal and trigger to ensure a firm connection.

2. Startup of the integrated separation system

2.1 Ensure proper startup of the HPLC.

2.2 Ensure proper startup of the LC-mate.

2.2.1 Upon startup of the LC-mate system, click on the LC-mate icon on the interface to automatically execute the system self-test program and initialize key hardware modules.

2.2.2 Wait for the brief Di prompt tone (approximately 0.5 s) and the disappearance of the "Self-Testing" prompt on the screen after the self-test completes, as they indicate that initialization is finished. 

3. Condition optimization

3.1 Configure the HPLC separation condition and begin elution to realize column equilibration.

3.2 Click on the Test icon on the left side of the screen of LC-mate, and the following interface will display on the screen (Figure 2A). Input Injection Volume, Elution Time, and Repetition Times parameters, and press the Start icon; the running of autosampler, fraction collector, and HPLC will be initiated. In this case, the eluent only flow out through port 10 of the selector valve, and can be collected manually or discarded.

3.3. Identify the feasible separation conditions, including resolution, running time, retention time, injection volume, and UV wavelength, etc, to facilitate the subsequent separation and fraction collection under suitable modes.

4. Auto-running

NOTE: Based on the chromatogram of feasible separation conditions, one could select a suitable fraction collecting manner from the Threshold, Timing Collection, and Collect All options on the left side of the interface.

4.1 Fraction collection based on threshold value

4.1.1. Select the Threshold function module on the left side of the interface, and the system will display the parameter setting interface as shown in Figure 2B. 

4.1.2. Enter the Injection Volume, Repetition Times, Threshold, and Elution time, and press Start; the HPLC and LC-mate will run automatically. Fractions with chromatographic peaks exceeding the threshold will be collected in different collection bottles. 

4.1.3. Monitor the status indicators arranged vertically on the display: Observe Injection in Progress to confirm that sample introduction is initiated. Check the Separation in Progress to verify that the chromatographic separation is going on. Note "Syringe Emptying" to identify when the syringe is purging residual liquid. Watch for blue highlighting of the corresponding text to confirm which operational state is currently active.

NOTE: During the separation process, pressing the “Chromatogram” icon will display the chromatogram and threshold line on a new interface, and the chromatogram is identical to that shown on the screen of the computer that controls the HPLC.

4.2 Fraction collection based on time period

4.2.1. Select the Timing Collection module from the left-side of the interface to open the parameter setting menu (Figure 2C).

4.2.2. Input the required parameters: Injection Volume, Repetition Times, Elution Time, and a series of Collection Time that needed.

4.2.3. Press the Start button to initiate the automated sequence, then the HPLC system and LC-mate will run repeatedly according to the parameters set.

4.3 Fraction collection with the “Collect All” mode

4.3.1. Select the Collect All function module on the left side of the interface, the system will display the parameter setting interface as shown in Figure 2D.

4.3.2. Set a collection threshold value, and chromatographic peaks that above or below the threshold will all be collected separately, which may guarantee no compound in a mixture would be lost.

NOTE: Acetonitrile is a flammable and toxic solvent. All procedures involving acetonitrile or other organic solvents must be performed in a well-ventilated laboratory space. Personnel must wear appropriate personal protective equipment (PPE), including chemical splash goggles and solvent-resistant gloves, at all times. Waste acetonitrile and other organic solvents must be collected in designated, properly labeled containers for hazardous chemical waste. These waste streams were handled according to our institution's environmental health and safety protocol by a licensed disposal service.

5. Pipeline cleansing

NOTE: Cleaning the pipeline ensures that no sample remains in the pipeline when the autosampler is used next time.

5.1. Prepare a small bottle of clean solvent, and insert the injection pipeline of the autosampler into the solvent.

5.2. Select the Cleansing module from the left-side interface to open the parameter setting menu (Figure 2E).

5.3. Cleansing of injector pipeline

5.3.1. Set the Injection Volume between 0-1000, and set the Repetition Times (no limits).

5.3.2. Click on the Cleansing below the “cleansing Completed” to start the cleansing of the injector pipeline.

5.3.3. Monitor the "Cycle" count to track the number of completed wash cycles.

5.4. Cleansing of the collection pipeline

5.4.1. Set the Cleansing Time (no limits).

5.4.2. Click on the Cleansing below the “Current Pipeline” to start the cleansing of collection pipeline.

5.4.3. Monitor the Current Pipeline display to confirm which pipeline is being cleaned, as the system processes sequentially from pipeline 0 to pipeline 10.

[Place Figure 2 here]

6. Data saving instructions

6.1. Enable automatic saving. The system automatically saves the chromatogram after each elution cycle is completed.

6.2. Perform manual saving. Click on the Save button after elution completes. Enter the required metadata in the dialog box to save the file.

6.3. Select storage location. Choose to save files to the device's local storage, an SD card, or an external USB drive. 

NOTE: Use an external USB drive for all data storage to avoid capacity limitations and ensure easy data access.

RESULTS:

Purification of 2”-O-galloyl-hyperoside
[bookmark: _Hlk219114759]2”-O-Galloyl-hyperoside (2-GH) is a major water-soluble component of Euphorbia helioscopia L., a traditional Chinese medicine with a long history of use for resolving phlegm and dampness11. Its chemical structure is shown in Figure 3. 2-GH was recently found to possess an anti-fibrotic effect in an animal model12. To prepare enough pure 2-GH sample for further pharmacological investigation, semi-preparative HPLC separation with the help of LC-mate was undertaken. The detailed separation parameters were as follows:
Column: Sharpsil C18, 150 x 30 mm, 10 μm; Mobile phase: isocratic 25 % acetonitrile-water with flow rate 15 mL/min; Injection volume: 200 μL; Elution time: 20 min; Repetition times: 20; Threshold collection mode was adopted. The results are shown in Figure 3.

[Place Figure 3 here]

As shown in Figure 3, LC-mate achieves continuous and stable sample injection and fraction collection. The process effectively removes minor impurities to obtain purified 2-GH.

Purification of phloridzin and trilobatin
Phloridzin and trilobatin were found abundantly in the old and tender leaves of Lithocarpus litseifolius (Hance) Chun, respectively. Their chemical structures are shown in Figure 4. As an herbal tea with anti-diabetic effect13, chemical investigation and further development of the plant have been undertaken. To supply enough pure samples of phloridzin and trilobatin, semi-preparative HPLC separation with the help of LC-mate was undertaken. The detailed separation parameters were as follows:
Column: Sharpsil C18, 150 x 30 mm, 10 μm; Mobile phase: isocratic 35 % acetonitrile-water with flow rate 15 mL/min; Injection volume: 200 μL; Elution time: 20 min; Repetition times: 20; Timing collection mode was adopted. The results are shown in Figure 4.

[Place Figure 4 here]

As shown in Figure 4, the LC-mate system achieved continuous and stable sample injection and fraction collection. This result demonstrates that the LC-mate system significantly enhances operational efficiency by substantially reducing manual work.

Instrument injection repeatability
Chromatographic conditions: Mobile phase: methanol; Column: XB-C18 (4.6 × 250 mm); Test sample: methanol solution of naphthalene (Table 2).

[Place Table 2 here]

Relative standard deviation (RSD) of full ring injection peak area: 0.813% (≤2%). This result demonstrates the excellent stability and reproducibility of LC-mate injections.

FIGURE AND TABLE LEGENDS: 

Figure 1: Design and setup of the LC-mate system. (A) Schematic layout. (B) Instrument diagram. (C) Practical setup photo. (D) Connection of the signal transmission line between the UV detector and the LC-mate.

Figure 2: LC-mate touchscreen interface for method operation. (A) Optimization screen. (B) Threshold mode. (C) Timing mode. (D) Collect-all mode. (E) Pipeline cleansing. (F) Settings.

Figure 3: Structure and automated purification of 2″-O-galloyl-hyperoside using LC-mate. 

Figure 4: Structure and automated purification of phloridzin and trilobatin using LC-mate.

Table 1: LC-mate related instrument parameters.

Table 2: Instrument injection repeatability of LC-mate.

DISCUSSION:
These results demonstrate that the LC-mate system can autonomously perform continuous sample injection and fraction collection following the set parameters, therefore significantly minimizing manual intervention and enhancing separation efficiency. The system features a user-friendly interface, requiring only initial hardware setup followed by intuitive touchscreen operation.

To ensure experimental success, three critical aspects require attention. First, the analog signal and trigger cables must be correctly connected between the HPLC detector and LC-mate (as detailed in Protocol step 1.2.2) to enable accurate signal display and reliable peak-based fraction collection. Second, chromatographic conditions (Protocol step 3) should be optimized to reach a satisfactory resolution, and the retention time, peak shape, and signal intensity. Finally, a suitable fraction collection mode should be selected according to the optimized chromatogram. “Threshold” mode can be applied to the collection of compounds that exhibit prominent absorption signals. “Timing Collection” mode relies on the stable running of HPLC pumps and can be applied to the collection of compounds with or without prominent absorption signals. While “Collection All” mode also relies on a threshold value, it can be applied to separate major components from minor ones and to avoid the loss of those treasured items.

From a technical perspective, the design of this system addresses the specific shortcomings of existing commercial products. The simplified autosampler avoids the dead volume problem associated with traditional needle-based autosamplers, thereby improving the recovery rate of valuable samples.

LC-mate demonstrates broad compatibility with mainstream HPLC systems because it can directly receive analog voltage outputs provided by major detector manufacturers. For example, the Agilent 1260 Infinity VWD supports user-selectable analog output ranges (100 mV or 1 V full-scale) with adjustable offset and attenuation parameters, enabling external devices to receive accurate chromatographic signals14. Similarly, the Waters 2487 Dual λ Absorbance Detector provides rear-panel analog outputs for both channels, with selectable 2 V and 10 mV ranges that scale proportionally with the AUFS settings15. The Thermo Scientific/Dionex UltiMate 3000 VWD series also offers up to two configurable analog output channels for real-time signal transmission to external control modules16,17. These publicly documented specifications confirm that modern HPLC detectors widely provide standardized analog voltage outputs. Our system is therefore designed to interface directly with these signals, ensuring cross-vendor compatibility and flexible integration with diverse chromatographic workflows.

Compared with several other low-cost, DIY fraction collectors for HPLC systems reported in recent years18,19, LC-mate is designed as a consolidated unit that integrates both an autosampler and a fraction collector. It supports both isocratic and gradient separations. The three optional fraction collection modes of LC-mate enable users to select the suitable method for each chromatogram.

Theoretically, LC-mate can be used with various HPLC detectors that output analog signals and can serve as a platform for additional functions.

In summary, the integrated LC-mate system offers a new option to enhance the performance of manually operated HPLC instruments. It bridges the critical gap between the theoretical power of HPLC and its practical implementation, paving the way for accelerating research progress across disciplines that rely on HPLC separation. 

Troubleshooting and modifications
At present, the parameters that can be set on the touchscreen include the storage mode for analog signal waveforms, injection speed, collection delay time, collection reference mode, and the language displayed. The main problems that may occur are delays in sample collection and language barriers.

Due to the volume in the plumbing between the exit of the HPLC detector and the entrance of the 10-channel multi-position selector valve, there is a certain delay in the separation and collection of samples. The problem can be solved by setting the collection delay time. After the plumbing connection is fixed, the collection delay time can be calculated based on the inner diameter of the plumbing and the eluent flow rate. The position of the "Collection Delay" option is shown in Figure 2F.

The languages used for LC-mate now include Chinese and English. As shown in Figure 2F, users can click on the Language option to select.

Limitations
Despite its demonstrated advantages, the current LC-mate system still presents certain limitations that warrant further optimization. According to our tests, with a 1 mL syringe, the maximum injection volume is 1 mL, and the minimum is 100 µL. For injection of samples beyond the volume limit, replacing the syringe with one of a larger or smaller inner diameter is necessary. Besides, the 10-channel multi-position selector valve used for fraction collection limits its application when more fractions need to be collected. As far as we know, commercial 24- and 28-channel multi-position selector valves are available at present. The development of LC-mate, used for the collection of more fractions based on the same design, is feasible.

Importance and potential applications in purification work
The LC-mate system represents an important advancement in the automation of microscale HPLC purification. By integrating the autosampler and fraction collector into a single platform, the system substantially reduces the need for human intervention and improves the reproducibility of repetitive separations. This feature is particularly valuable for the purification of natural products, synthetic intermediates, and reference compounds where high-throughput and consistent recovery are critical. Moreover, the system’s compatibility with various HPLC detectors possessing analog output allows researchers to readily integrate LC-mate in existing laboratory setups without requiring major hardware modifications.
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