
Int. J. Pharm. Sci. Rev. Res., ISSN: 0976 – 044X, 85(11) – November 2025; Article No. 16, Pages: 105-110                 DOI: 10.47583/ijpsrr.2025.v85i11.016 

 

 

International Journal of Pharmaceutical Sciences Review and Research International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
Available online at www.globalresearchonline.net  

 

105 

                                                                                                                             
 

Interfaces of LC-NMR - A Review 
 

A. Jaya Sree1, K. Bhavya Sri2 
1. Research Student Department of Pharmaceutical Analysis, RBVRR women’s College of Pharmacy, Barkatpura, Hyderabad-500027, India. 

2. Associate Professor, Department of Pharmaceutical Analysis, RBVRR women’s College of Pharmacy, Barkatpura, Hyderabad-500027, India. 
*Corresponding author’s E-mail: bhavya.khagga@gmail.com  

 
Received: 14-07-2025; Revised: 25-10-2025; Accepted: 03-10-2025; Published online: 20-11-2025. 

ABSTRACT 

The structural study of complicated mixtures may now be accomplished with great effectiveness using Liquid Chromatography 
Combined with Nuclear Magnetic Resonance (LC-NMR), especially in areas like pharmacology, metabolomics, and natural product 
research. The way the LC and NMR systems interface is designed has a significant impact on the technique's performance and 
dependability. Numerous case studies have illustrated how important interface selection is for increasing analysis speed, sensitivity, 
and resolution For instance, it has been demonstrated that stop-flow interfaces improve the detection of trace-level chemicals in 
pharmaceutical impurity profiling. Continuous-flow configurations, on the other hand, have made it possible to monitor biochemical 
reaction kinetics in real time, Furthermore, by enabling delayed NMR acquisition and selective fraction trapping, loop collection 
interfaces have shown promise in the investigation of unstable marine natural products. When combined with optimized interfaces, 
emerging technologies like cryogenically-cooled NMR systems and micro coil probes further boost sensitivity. All things considered, 
the adaptability of LC-NMR interfaces has increased their use in a wide range of scientific fields, with each configuration providing 
special benefits catered to certain analytical requirements.  

Keywords: LC-NM interface, Continuous-flow Stop-flow, Loop collection, Structural analysis, Metabolomics, Natural product 
research. 

 
INTRODUCTION 

iquid Chromatography-Nuclear Magnetic Resonance 
(LC-NMR) is a powerful analytical technique that 
combines the separating power of liquid 

chromatography (LC) with the detailed structural analysis 
provided by nuclear magnetic resonance (NMR) 
spectroscopy. LC-NMR is primarily used to identify and 
characterize complex mixtures, especially in the fields of 
chemistry, biochemistry, and pharmaceutical research.1 

In LC-NMR, the sample first undergoes separation by liquid 
chromatography, where it is passed through a column 
packed with a stationary phase. As the sample moves 
through the column, different components are separated 

based on their chemical properties such as polarity, size, or 
charge. Once separated, the individual compounds are 
directed to an NMR spectrometer, where detailed 
structural information can be obtained by analysing their 
unique nuclear magnetic resonance spectra. 

The integration of these two techniques—chromatography 
for separation and NMR for identification—makes LC-NMR 
highly advantageous in the analysis of mixtures that may be 
too complex or small in quantity for traditional methods. 
Moreover, LC-NMR allows for real-time, in-line analysis of 
each separated component, providing detailed insights into 
their molecular structure and dynamics. 2 

 

 

Figure 1: LC-NMR instrument 

L 

Review Article 

http://www.globalresearchonline.net/
http://www.globalresearchonline.net/
mailto:bhavya.khagga@gmail.com


Int. J. Pharm. Sci. Rev. Res., ISSN: 0976 – 044X, 85(11) – November 2025; Article No. 16, Pages: 105-110                 DOI: 10.47583/ijpsrr.2025.v85i11.016 

 

 

International Journal of Pharmaceutical Sciences Review and Research International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
Available online at www.globalresearchonline.net  

 

106 

The interface between liquid chromatography and NMR 
involves sophisticated coupling hardware that ensures the 
efficient transfer of separated compounds from the 
chromatograph to the NMR spectrometer. This interface 
can be a direct connection, where the effluent from the 
chromatographic column flows directly into an NMR probe, 
or it may involve a more complex system that includes flow 
cells and additional sample handling components. Proper 
optimization of the interface is crucial to achieving high-
resolution spectra with minimal sample loss and 
maintaining the integrity of the compound being analysed. 

Overall, LC-NMR represents a potent tool for the 
identification, quantification, and structural elucidation of a 
wide range of chemical substances, particularly when 
dealing with complicated or unknown mixtures. 3 

HISTORY OF LC-NMR 

Despite being a time-consuming and technically complex 
approach, both Liquid Chromatography (LC) and Nuclear 
Magnetic Resonance (NMR) have been, and continue to be, 
widely utilized for mixture analysis. The concept of 
physically integrating LC with NMR to enhance efficiency 
was proposed over 30 years ago. However, a successful and 
practical LC-NMR coupling was only achieved in the past 
three decades. The earliest on-line LC-NMR experiments 
were conducted in the late 1970s by Watanabe and Niki, 
who demonstrated stopped-flow measurements using a 
mixture of known compounds. They modified conventional 
NMR probes into flow-through probes by incorporating a 
thin-walled Teflon capillary inside a standard NMR tube, 
enabling spectra recording with sample rotation. The first 
real-world sample analysed using LC-NMR was military jet 
fuel, employing normal-phase chromatography columns 
along with deuterated chloroform and Freon as solvents. 
With advancements in technology, LC-NMR has been 
successfully integrated with other techniques such as LC-
MS, making them invaluable tools for structural elucidation 
of unknown compounds across various fields. This 
technique is particularly significant in the analysis of 

products derived from natural sources, as their extracts 
often contain closely related compounds that are difficult to 
separate. Notably, approximately 40% of newly registered 
compounds in drug discovery programs originate from 
plant-based sources. Therefore, there is a growing demand 
for innovative analytical techniques capable of accurately 
profiling each component within complex mixtures in a fast 
and straightforward manner. Overcoming these challenges 
remains a priority in scientific research. 4 

LC-NMR INSTRUMENTATION: 

Liquid chromatography (LC) is an analytical technique used 
to separate, identify, and quantify components in a mixture. 
The primary components of a typical liquid chromatography 
system include: 

1. Mobile Phase: This is the liquid solvent that carries the 
sample through the chromatographic column. The 
composition of the mobile phase can vary depending on 
the type of LC (e.g., reverse-phase, normal-phase). 

2. Pump: A high-pressure pump is used to push the mobile 
phase and the sample mixture through the column at a 
consistent flow rate. 

3. Injector: The injector introduces the sample into the 
mobile phase stream. It is typically a syringe-based 
mechanism that ensures precise sample injection. 

4. Column: The column is the heart of the system, where 
separation occurs. It is packed with a stationary phase 
(e.g., silica or polymer beads) that interacts with the 
sample components as they pass through, causing them 
to separate based on their affinity to the stationary 
phase. 

5. Detector: The detector is used to monitor the separated 
components as they elute from the column. Common 
detectors include UV-Vis, fluorescence, or mass 
spectrometers, depending on the nature of the 
analytes.5 

 

Block Diagram of LC-NMR 

 

Figure 2: Block Diagram of LC-NMR 

LC-NMR interfaces: 

allow for the coupling of LC systems with NMR spectroscopy 
for detailed analysis of complex mixtures. There are several 

methods for integrating LC with NMR, each providing 
unique benefits for different types of analysis: 6 
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1. Direct Coupling: This method involves the direct 
transfer of the LC effluent into the NMR flow cell, 
allowing continuous spectral recording during the 
chromatographic separation. This real-time data 
acquisition helps in monitoring and analysing the 
compounds as they elute from the column. 

2. Post-Column Splitter: This interface uses a splitter to 
divide the LC effluent into two streams, with one 
directed toward the NMR flow cell and the other 
towards another detector (such as UV or mass 
spectrometry). This allows simultaneous analysis 
through multiple techniques, improving the 
comprehensiveness of the data. 7 

3. BNMI (Bruker NMR-Mass Spectrometry Interface): 
The BNMI, often used as a value-switching interface, 
enables alternating the output between NMR and mass 
spectrometry. It can switch the flow of the LC effluent 
between different detection systems, providing 
complementary data from each analytical technique.  

4. Indirect Coupling: In this approach, the LC effluent is 
directed to an intermediate storage loop before being 
transferred to the NMR flow cell at specific time 
intervals. 8 This allows for the collection of fractions 
over time, which can then be analysed sequentially by 
NMR. Solid-phase extraction (SPE) is often used to 
isolate specific analytes before they are transferred to 
the NMR for detailed analysis. 9 

These coupling techniques provide a powerful platform for 
high-resolution analysis of complex mixtures, combining the 
separation capabilities of LC with the structural elucidation 
strengths of NMR spectroscopy. 10 

Nuclear Magnetic Resonance (NMR):instrumentation 
consists of several key components that work together to 
obtain and analyse NMR spectra. These include: 

1. Magnet: The primary function of the magnet is to create 
a strong, homogeneous magnetic field. This magnetic 
field splits the nuclear spins into different energy levels, 
a process that is fundamental to the operation of NMR.11 

2. RF Channels: There are two primary RF channels: 

o One channel is dedicated to maintaining field and 
frequency stability. 

o The other channel is responsible for supplying RF 
irradiation energy to the sample. 

3. Sample Probe: The probe contains several essential 
components that interact with the sample: 

o Sample Holder: This holds the sample in place during 
analysis. 

o RF Oscillator: This component generates the 
radiofrequency (RF) pulses required to excite the 
sample. 

o Sweep Generator: This modulates the frequency to 
sweep through different resonances. 

o RF Receiver: This receives the signals from the 
sample after it is excited by the RF pulses. 12 

4. Detector: The detector’s role is to process the signals 
emitted by the sample after the RF energy is applied. 
These signals are critical for analysing the chemical and 
structural properties of the sample. 

5. Recorder: The recorder is used to visualize the data and 
display the resulting spectrum, which can then be 
analysed for detailed information. 

This combination of components works together to provide 
the data necessary for a wide range of applications, from 
chemical analysis to structural characterization. 13 

Principal Modes of Operation in LC-NMR 

Liquid Chromatography-Nuclear Magnetic Resonance (LC-
NMR) operates in several modes, each tailored to specific 
analytical needs. The key modes of operation include: 

1. Continuous-Flow Mode – In this setup, the eluate from 
the chromatographic column is directly transferred into the 
NMR spectrometer for real-time analysis. This approach is 
advantageous for rapid screening of mixtures but requires a 
sufficient concentration of analytes to obtain a clear NMR 
signal. 14 

2. Stopped-Flow Mode – Here, the chromatographic 
separation is paused at a specific point, allowing the sample 
to accumulate in the NMR probe for a longer acquisition 
time. This enhances signal quality and is particularly useful 
for detecting low-concentration compounds. 

3. Loop Collection Mode – Fractions of eluate are 
periodically collected in loops before being introduced into 
the NMR spectrometer. This mode enables the selective 
analysis of individual components, improving resolution and 
sensitivity. 15 

4. On-Column Mode – In this technique, the NMR detection 
occurs directly within the chromatographic column, 
eliminating the need for sample transfer. While this 
enhances efficiency, it requires specialized instrumentation 
and is less common. Each of these modes has distinct 
advantages, and the choice of mode depends on factors 
such as sample complexity, concentration, and the required 
sensitivity of analysis. separation quality, and highly 
concentrated compounds can cause contamination or 
memory effects in the NMR detection cell. Therefore, the 
stopped-flow mode is best suited for analysing mixtures 
with a limited number of well-resolved components. To 
analyse natural products effectively, a combination of on-
flow and stopped-flow modes is commonly employed. 16 

NMR PROBES 

Nuclear Magnetic Resonance (NMR) probes are essential 
components of NMR spectrometers, responsible for 
detecting signals from atomic nuclei in a sample. These 
probes contain radiofrequency (RF) coils that generate and 
receive electromagnetic waves, enabling the measurement 
of nuclear spin interactions. The design and functionality of 
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an NMR probe significantly impact the sensitivity and 
resolution of the obtained spectra.17 Different types of 
probes exist, including broadband, cryogenic, and high-
resolution probes, each tailored for specific experimental 
needs. Broadband probes are versatile and allow the 
observation of multiple nuclei by tuning to different 
frequencies. 18 Cryogenic probes, on the other hand, 
enhance sensitivity by reducing thermal noise through 
cooling mechanisms, often involving liquid helium. High-
resolution probes are designed to minimize interference 
and improve spectral clarity, making them ideal for studying 
complex molecular structures. Some specialized probes also 
support solid-state NMR, which is used for investigating 
non-liquid samples such as polymers, biomaterials, and 
pharmaceuticals. The performance of an NMR probe 
depends on various factors, including coil geometry, sample 
volume, and temperature control. 19 Proper maintenance 
and calibration are necessary to ensure accurate results. 
Additionally, advancements in probe technology continue 
to improve NMR applications in fields such as chemistry, 
biochemistry, and material science. Understanding the role 
and capabilities of different NMR probes is crucial for 
selecting the appropriate equipment for specific research 
needs. 20 

The design of on-flow probes in Liquid Chromatography-
Nuclear Magnetic Resonance (LC-NMR) systems involves 
balancing the requirements of both chromatography and 
NMR analysis. One of the key challenges is optimizing the 
flow cell volume, which needs to be minimal for efficient 
chromatography while remaining sufficiently large for 
effective NMR signal detection.21 To address this, the 
radiofrequency (RF) coil is directly attached to the wall of 
the NMR flow cell, reducing overall volume while 
maintaining sensitivity. Unlike conventional NMR systems, 
LC-NMR does not allow sample spinning, as the fixed coil 
placement prevents rotation. However, this does not 
significantly impact the performance, as the small volume of 
the flow cell ensures good RF field homogeneity. 
Additionally, modern computational techniques help 
optimize field uniformity, reducing the necessity for sample 
spinning. The LC-NMR flow cell typically consists of a 
stationary glass tube encased by an RF coil, with both ends 
connected to liquid chromatography tubing for continuous 
sample flow. 22 

SOLVENT SUPRESSION 

Pre-saturation is one of the most commonly used methods 
for solvent suppression. In this approach, a low-power, 
highly selective pulse is applied to the solvent signal for a 
duration ranging from 0.5 to 2 seconds. During this period, 
the solvent signal is selectively irradiated, while other 
signals are unaffected. This technique is typically used in a 
stopped-flow mode, where the flow of the sample is paused 
during the irradiation to effectively suppress the solvent 
peaks. 23 

 

 

Soft pulse multiple irradiation   

Using a shaped pulse with a wider excitation profile, pre-
saturation is carried out. 

Wet method is a technique that combines a selective 
excitation pulse with a pulsed field gradient to suppress 
multiple solvent peaks. It is a widely employed solvent 
elimination method, particularly in LC-NMR. This approach 
is effective when solvent signals do not directly overlap with 
the signals from the target compound. However, in cases 
where solvent signals are not fully suppressed, the dynamic 
range of the instrument may prevent the detection of 
signals from trace components, making them undetectable 
due to the solvent's interference. 24 

RESEARCH METHODOLGY 

In this study Wolfenden JL, Ndjoko K, HostettmannHighlight 
explained about the significant role of LC-NMR (Liquid 
Chromatography-Nuclear Magnetic Resonance) in 
phytochemical analysis, emphasizing its ability to efficiently 
identify and characterize complex plant compounds. They 
stress its potential for providing detailed structural 
information while maintaining high sensitivity and 
resolution. This technique bridges chromatography and 
spectroscopy, offering a powerful tool for the study of 
natural products. 25 

In this study Gregory s Walkerexplains LC-NMR combines 
liquid chromatography with NMR, offering enhanced 
separation and identification of metabolites in complex 
mixtures, useful for drug metabolism studies.26 
Conventional NMR, while more direct, lacks this separation 
ability, making it harder to analyse complex biological 
samples. LC-NMR's advantage lies in its ability to resolve 
complex metabolic profiles with higher sensitivity and 
specificity. 27 

In this study Tesfay Gebretsadik LC-NMR has evolved from a 
niche academic technique to a powerful tool for natural 
product analysis, enabling detailed structural elucidation 
directly from complex mixtures. It offers enhanced 
resolution and sensitivity compared to traditional NMR, 
making it ideal for identifying metabolites and bioactive 
compounds. This progression has made LC-NMR a key 
method in natural product discovery and pharmacological 
studies. 28 

In this study Iola F. NMR spectroscopy and LC-NMR/MS are 
essential for identifying and characterizing carbohydrates in 
beer, helping to profile sugars and oligosaccharides. These 
techniques provide detailed structural insights and help 
distinguish complex carbohydrate structures in the 
beverage. The combination of LC-NMR/MS improves 
sensitivity, enabling the analysis of low-abundance 
carbohydrates in beer samples. 29 

In this study Tesfay Gebretsadik explains "LC-NMR for 
Natural Products Analysis: A Journey from an Academic 
Curiosity to a Robust Analytical Tool" explores the evolution 
of Liquid Chromatography-Nuclear Magnetic Resonance 
(LC-NMR) as a critical method in natural product research. 
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Initially an academic curiosity, it has developed into a 
reliable and powerful analytical technique for identifying 
complex compounds. 30 

In this study J.KidričThe NMR study of beverages examines 
the detailed chemical composition of various drinks, 
providing insights into their molecular structure. This 
technique is valuable for identifying key compounds, flavour 
components, and potential adulterants. It serves as an 
essential tool for quality control and authenticity testing in 
the beverage industry. 31 

The study yong Lu focuses on the screening, 
characterization, and identification of suspected additives, 
specifically bimatoprost and latanoprost, in cosmetics. NMR 
and LC-MS techniques are employed to accurately detect 
and quantify these compounds. This research aids in 
ensuring the safety and regulatory compliance of cosmetic 
products. 32 

In This study stefano Provera focuses on application of LC-
NMR in identifying bulk drug impurities in NK1 antagonist 
GW597599 (vestipitant) enables the detailed analysis of 
potential contaminants and structural characterization. This 
method ensures the purity and safety of the pharmaceutical 
compound. The study underscores LC-NMR's critical role in 
drug quality control. 33 

NMR techniques are essential for identifying 
pharmaceutical impurities and degradation products, 
offering precise structural insights. These methods enhance 
the detection and characterization of unwanted substances 
in drug formulations, ensuring product safety and efficacy. 
(Maggio, 2014). 34 

LC–NMR–MS provides a comprehensive approach to 
simultaneously analyze metabolites, impurities, and 
degradants in pharmaceutical compounds. This integrated 
technique enhances the detection and identification of 
complex mixtures, improving the accuracy of 
pharmaceutical quality control. (Green, 2006). 35 

DISSCUSION 

One important factor that affects how well the 
chromatographic separation and NMR detection are 
connected in LC-NMR is the interface. Each of the popular 
varieties—loop collection, stop-flow, and continuous-
flow—offers unique performance traits. Although real-time 
detection is possible with continuous-flow interfaces, their 
sensitivity is reduced because of dilution. By halting the flow 
for extended NMR acquisition, stop-flow enhances signal 
quality but slows down analysis. Loop collection provides 
more sensitivity and temporal flexibility by allowing 
thetrapping of specific fractions. 

The findings indicate that the type of contact and flow rate 
have a substantial impact on sensitivity and resolution. 
Higher signal-to-noise ratios are obtained using stop-flow, 
particularly for analytes with low abundance. For unstable 
substances, loop systems provide improved control and 
targeted analysis. Overall system performance has 

improved thanks to developments in solvent suppression 
methods and micro coil probes. 36 

CONCLUSION 

In conclusion, the integration of liquid chromatography with 
nuclear magnetic resonance (LC-NMR) has significantly 
advanced analytical capabilities, particularly in complex 
mixture analysis. The development of efficient interfaces 
between LC and NMR systems has enhanced sensitivity, 
resolution, and throughput. Continued innovations in 
hardware, solvent suppression techniques, and micro coil 
technologies are addressing previous limitations. These 
improvements are making LC-NMR more accessible and 
applicable in diverse fields such as natural product research, 
pharmaceuticals, and metabolomics. As the technology 
evolves, automation and miniaturization will likely play 
pivotal roles. Future research should focus on optimizing 
sample handling and data processing for broader adoption. 
Overall, LC-NMR remains a powerful hybrid tool for detailed 
structural elucidation and compound identification. 
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