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ABSTRACT 

UPLC is a modern method that provides a new direction for liquid chromatography. Ultra-performance liquid chromatography (UPLC) works on particles less 

than 2µm wide to achieve better accuracy, speed, and sensitivity compared to high-performance liquid chromatography (HPLC). For 21 years the pharmaceutical 

industry has focused on new ways to grow the economy and reduce the time it takes to manufacture drugs. Separation and measurement in the UPLC is 

performed under very high pressure (up to 100M Pa). Compared to HPLC, under high pressure it is noted that it is not a negative impact on the analysis column 

and other components such as wasting time and melting are small in the UPLC. 
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Introduction: 

UPLC stands for Ultra Performance Liquid Chromatography. It develops in three areas: chromatographic correction, speed and sensitivity analysis. It 

uses fine particles and saves time and reduces the use of solvent. One of the key concerns in the growth of this program is the packaging that affects 

segregation. On this divider the working principal is the figure of Van Deemeter, which any chromatography student is familiar with. H = A + B / v + 

Cv The above figure is a proven formula that describes the relationship between line speed (flow rate) and plate length (HETP, or column 

efficiency).When A, B and C are constants and v is line speed, the gas flow rate of the network company. A = Eddy B mixture B = Axial diffusion C = 

Solute mass transfer the word A is not independent of speed and represents a mixture of “eddy”. It is very small when the packed column particles are 

small and uniform. Term B represents axial scattering or natural distribution distribution of molecules. This effect decreases with higher flow rates so 

this term is separated by v. Term C is caused by kinetic resistance in the measurement of the separation process. The kinetic resistance reduces the time 

involved from the gas phase to the stationary packing phase and then back again. When there is a large flow of gas, the molecule in the pack is usually 

left behind the molecules in the moving phase.. 

 

Difference between UPLC and HPLC 

Principles are the same but not the sameperformance 
What creates the greatest respect for performance and maximizes the benefits of these columns, creating a robust, robust and reliable solution? The 

standard design of the UPLC H-class's Quaternary Solvent Manager (QSM) and Sample Manager (SMFTN), a needle design, provides all the flexibility 

and usability of your HPLC while gaining the most efficient separation that can only be provided by UPLC. (Table 1).  

In order to improve the efficiency of the UPLC the following steps must be taken. 

 1. By using a high temperature that reduces the viscosity of the cellular phase and ultimately the flow rate when it is high.  The return pressure 

decreases. 

 2. A unique feature of the UPLC analysis is the interlocking bones (pores) found in monolithic columns that make the UPLC process different from 

HPLC. In the UPLC chromatogram it is found that better separation are obtained compared to HPLC and to perform more critical analyzes, reduce 

solvent consumption and have a higher analytical speed. 
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Small Particle Chemistry 

The Van Deemter equation cannot be completed without particles smaller than those commonly used in HPLC. The Van Deemter equation influences 

the particle size, so scientists focusing on the formation and development of particles less than 2 µm is a major challenge, and researchers have been 

active in this area for a long time to use their advantages Figure 1 shows Van Deemter structure, which reflects the emergence of particle sizes over the 

past thirty years. 

 Researchers are studying decades of “fast LC” acceleration analysis. In the discovery of drugs the “need for speed” arose by selecting multiple samples 

from different research sites, as well as the availability of complex instruments such as the UPLC detector as many spectrometers. Unique column 

features with small columns and fast flow rates (among other parameters) are used. During the analysis of high temperature, which has two benefits of 

reducing viscosity, and increasing bulk transmission by increasing the separation of analytes, it has been investigated. However, using conventional 

particle sizes and pressures, limited steps are reached soon and should be done loosely, sacrificing a timely solution. It found that the analysis of the 

UPLC method and the classification for HPLC (High Performance Liquid Chromatography). There are many benefits to HPLC such as durability, ease 

of use, good selection and adjustable sensitivity. In UPLC the main advantage is better performance with faster analysis and this is achieved by only 

small particle size. The Van Deemter equation shows that efficiency increases with the use of smaller particles but this leads to a rapid increase in back 

pressure, while most HPLC systems can only work at 400 bars. This is why shorter columns filled with about 2µm particles are used with these 

systems, to accelerate analysis without loss of efficiency, while maintaining acceptable load losses to improve the efficiency of HPLC classification. 

 

Table 1: Comparison between UPLC and HPLC 

S. No. Characteristics HPLC UPLC 

1.  Particle size 3 to 5µm Less than 2 µm 

2.  Column dimensions 150 X 3.2 mm 150 X 2.1 mm 

3.  Injection volume 5mL (Std. In100% MeOH) 2mL (Std.In100% MeOH) 

4.  Analytical column Alltima C18 Acquity UPLC BEH C18 

5.  Maximum back pressure 35-40 MPa 103.5 MPa 

6.  Column temperature 30°C 65°C 

 

 Work at higher temperatures- allows for higher flow rates by reducing the viscosity of the cellular section which greatly reduces back 

pressure. 

 Use of monolithic columns-contains a polymerize perforated support structure that provides lower flow resistance than columns filled with 

normal particles. 

By above two parameter UPLC analysis improves in three areas. 

1. Produced Chromatogram with resolved peak.  

2. Fast analysis  

3. Sensitive analysis 

It uses fine particles and saves time and reduces the use of solvent. The new method makes a huge difference by maintaining a  differential analysis 

method such as HPLC while some of the most innovative features are rapid analysis, sensitivity and high resolution. Today's pharmaceutical industries 

are focused on a new way of reducing costs and minimal manufacturing time and at the moment the quality of their products does not suffer analytical 

laboratories that store everything. Speed allows a large amount of analysis to be done in a short period of time thus increasing sample output and 

laboratory productivity. These are the benefits of rapid analysis and that is why ultra-performance liquid chromatography. Standard tests were approved 

and prepared for the UPLC system to achieve both high sample analysis and better test sensitivity. Analysis of operating costs and sample output, 

UPLC cost more than HPLC. 

Instrumentation 

A. Sample Injection 

B. UPLC Columns 

C. Detectors 

 

 A. Sample Injection 

Small particles not only create increased efficiency, uniformity and the ability to work at high line speed without losing efficiency, providing both 

optimization and speed. Efficiency is the basic separation parameter behind the UPLC as it depends on the same selections and the same retention as 

the HPLC. 

For UPLC, sample introduction is essential. Conventional injection valves, either mechanical or hand-made, are not designed and strengthened to 

operate under extreme pressure. To protect the column from high-pressure fluctuations, the injection process should be pulse free and the swept 

capacity of the device also needs to be small to minimize potential band spread. Low volume injections with a small carryover are also needed to 

increase sensitivity. There are also specific injection methods for biological samples. 
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B. UPLC Columns 

Adjustments are raised to a particle-filled column of 1.7μm because efficiency is better. Separation of sample components requires a binding section 

that provides both retention and selection. 

Four binding categories are available for the UPLC division: 

(i) ACQUITY UPLCTM BEH C18 (straight chain alkyl columns), 

(ii) ACQUITY UPLCTM BEH C8 (straight chain alkyl columns),  

(iii) ACQUITY UPLC BEH Phenyl (phenyl group tethered to the silyl functionality with a C6 alkyl)and 

(iv) ACQUITY UPLC BEH Shield RP18 (embedded polar group column). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The chemistry of each column provides a unique combination of hydrophobicity, silanol activity, hydrolytic stability and chemical interactions with 

analysts. They combine tri functional ligand bonding chemistries that produce high pH stability. The ACQUITYUPLC BEH Shield RP18 columns are 

designed to provide options that are compatible with the components of ACQUITYUPLC BEH C18 and C8. ACQUITY UPLC BEH Phenyl columns 

use active T6 alkyl tether between phenyl ring and silyl function. This ligand, combined with the same end-to-end patent processes as the ACQUITY 

UPLC BEH C18 and C8 column, offers longer column life and excellent posture. This unique combination of ligand and end capping at 1.7μm BEH 

particles creates a new feature in the selection that allows for rapid matching to an existing HPLC column. An internal diameter (ID) of a 2.1 mm 

column is used. For high resolution, select 100 mm long and for fast analysis, as well as high output sample, select 50 mm column. A peak width that is 

less than one second in length is obtained by 1.7μm particles, which presents significant challenges to the detector. In order to quantify the high value 

of the analyte accurately and repeatedly, the detection rate of the detector must be high enough to capture sufficient data points throughout the universe. 

The detector cell must have a small dispersion (volume) in order to maintain the separation efficiency. Ideally, the sensitivity increase in UPLC 

detection should be 2-3 times higher than that of HPLC separation, depending on the acquisition method. MS detection is greatly improved by UPLC; 

high concentration of reduced chromatographic dispersion at low flow rates promotes ionization source efficiency.The ACQUITY UPLC system 

consists of a binary solvent manager, a sample manager that includes a column heater, a detector, and a sample editor to choose from. 

The binary solvent manager uses single serial flow pumps to deliver a consistent binary gradient. There are selected built -in valves to choose from for 

four solvents. There is a pressure limit of 15,000-psi (approximately 1000 bar) for full particles less than 2μm. The sample manager also incorporates 

several technical advances. Using a pressure-assisted sample introduction, low dispersion is maintained by the injection process, and a series of 

pressure transducers facilitates self-examination and diagnosis. It uses needle samples for improved posture and the needle measurement enhances 

accuracy. The duration of the injection cycle is 25 seconds without washing and 60 seconds with a double bath used to reduce continuity. A variety of 

micro titer plate formats (deep source, medium length, or containers) can also be installed in an air temperature control. Using an optional sample 

editor, the sample manager can inject from 22 micro titer plates. Column temperatures up to 65 ° C can be reached. To minimize sample dispersion, the 

“pivot out” design allows a column outlet to be placed near the MS detector source. 

 

C. Detectors 

The machines are used in the UPLC analysis by the UV / Visible detector. The acquisition of analytes is generally based on the absorption of 

aggression sensors. In the UPLC the flow cell volume will need to be reduced to maintain focus and signal. Based on the Kabia Act, small  volume flow 

cells will reduce the length at which the signal strength depends. Cross-cutting means the light path is reduced, and the transmission decreases with 

increasing noise. Therefore, if a standard HPLC flow cell was used, the sensitivity of the UPLC would be compromised. The ACQUITY Tunable UV / 

Visible Detector Cell contains a light flow-oriented light cell equal to fiber optical. Light is best transmitted to the bottom of a flowing cell with an 

internal display mode that maintains a 10mm flow path length and only 500mL volume. The tubes and connectors in the system are properly aligned to 

maintain low scattering and to use rewarding software receivers to alert the user to potential problems. 

Advantages of UPLC 

 It requires less running time and improves sensitivity.  

 Provides selection, sensitivity, and flexible scope for LC analysis. 
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 The chromatogram contains the resolution peaks.  

 Many residual methods are used. Quick analysis, accurately measure analysts and related products.  

 The use of fine particles (2μm) for standing phase packaging makes analysis faster.  

 Time and cost are both reduced.  

 The use of solvents is low. 

 Many products are analyzed with available resources. 

 It increases sample output and allows manufacturers to produce more items that meet or exceed product specifications, which may eliminate 

variability, failed collections, or the need for recycling. 

 It brings real-time analysis in line with production processes.  

 It ensures the quality of the final product, which includes the final release test. 

Disadvantages of UPLC 

In the UPLC analysis a major adverse event for column life, during the high-pressure analysis generated due to particle size.Increasing the pressure 

reduces the life of the columns. Due to the increase in pressure it requires more care and reduces the life of the columns of these species. Using a 

vertical phase of 2μm particle size makes for better analysis without the negative effects of high pressure. 

Application 

In the pharmaceutical industry the need for UPLC analysis is very high, due to the different features of UPLC such as high chromatogram adjustment, 

short-term analysis that makes the analysis work great in a short time with important, reliable and accurate data. Scientist can produce very accurate 

data on UPLC in a fast way. The UPLC method is used for herbal product analysis. In the analysis laboratory the need for the UPLC is very high 

because the system is precise and detailed and this increases the analytical research experience at the nano level. In this way the level of analysis in all 

aspects such as quality, quantity and complexity of the sample can be divided at the highest level. The UPLC / MS system is used to generate data that 

solves complex complexity. By using MS as a detector with UPLC the analytical definition reaches deeper. Such analysis is ful ly utilized in the bio-

analytical field. The unique features of UPLC that high precision and rapid analysis are also very helpful in pharmacokinetic studies such as - 

adsorption, distribution, metabolism and excretion (ADME). ADME studies measure the physical and chemical properties of composites. The UPLC / 

MS / MS method saves time. With the development of drugs and the formulation process, profiling, detection and measurement of drug substances and 

their contaminants can be done more accurately. 

UPLC analysis can be done like 

1. Amino acid analysis.  

2. Study of metabonomics. 

3. Analysis of natural medicine and herbal medicine. 

4. Analysis of drugs in human plasma (e.g. Levofloxacin and metabolites). 
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