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ABSTRACT 

Modern techniques like UPLC provide liquid 

chromatography a fresh outlook. When compared 

to high-performance liquid chromatography 

(HPLC), ultra-performance liquid chromatography 

(UPLC) is more accurate, faster, and more 

sensitive. The pharmaceutical business has been 

concentrating on innovative strategies to boost the 

economics and speed up medication production for 

the last 21 years. In the UPLC, separation and 

measurement are carried out at very high pressures 

(up to 100M Pa). When compared to HPLC, it is 

observed that high pressure has little to no 

influence on the analytical column, while other 

factors like time loss and melting are minimal. 

Keywords: UPLC (Ultra performance liquid 

chromatography), High pressure, High separation 

efficiency. 

Introduction: 

Ultra Performance Liquid 

Chromatography is referred to as UPLC. 

Chromatographic correction, speed, and 

sensitivity analysis are its three main 

development areas. It employs tiny 

particles, cuts down on time, and requires 

less solvent. Packaging that impairs 

segregation is one of the main issues with 

this program's expansion. Any student of 

chromatography is acquainted with the 

Van Deemeter figure, which serves as the 

working principle for this divider. H = A + 

B/v + C The link between line speed (flow 

rate) and plate length (HETP, or column 

efficiency), as seen in the following graph, 

has been mathematically shown.the 

network company's gas flow rate, where v 

represents line speed, A, B, and C are 

constants. A = Eddy + B combination B is 

for axial diffusion. C = Transfer of Solute 

Mass The letter A stands for an amalgam 

of "eddy" and is not speed-independent. 

When the packed column particles are 

uniformly tiny and small, it is quite small. 

Axial scattering or natural dispersion of 

molecules is represented by term B. Since 

the influence diminishes with increasing 

flow rates, the word is separated by a v. 

Kinetic resistance in the separation process 

measurement is the root cause of term C. 

The time it takes to transition from the gas 

phase to the stationary packing phase and 

back again is sped up by the kinetic 

resistance. The molecule in the pack is 

often left behind the molecules in the 

moving phase when there is a high flow of 

gas. 

Difference between UPLC and HPLC 

Principles are the same but not the same 

performance 

What fosters the most esteem for 

performance and optimizes these columns' 

advantages, producing a strong, strong, 

and trustworthy solution? The Quaternary 

Solvent Manager (QSM) and Sample 

Manager (SMFTN), which are part of the 

UPLC H-class, have a needle design that 

offers all the use and flexibility of HPLC 

while getting the most effective separation 

possible with UPLC. (Table 1). 

The following actions need to be made in 

order to increase the UPLC's effectiveness. 

1. By applying a high temperature, which 

lowers the cellular phase's viscosity and, 
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as a result, increases flow rate. Lower 

return pressure is experienced. 

2. The monolithic columns' interlocking 

bones (pores), which distinguish the UPLC 

procedure from HPLC, are a distinctive 

aspect of the UPLC analysis. In 

comparison to HPLC, superior separation 

is discovered in the UPLC chromatogram, 

as well as the ability to conduct more 

important analyses, use less solvent, and 

execute analyses more quickly. 

Small Particle Chemistry 

Without particles smaller than those often 

used in HPLC, the Van Deemter equation 

cannot be solved. Researchers have been 

working on the generation and 

development of particles smaller than 2 m 

for a long time to take advantage of their 

benefits since the Van Deemter equation 

controls particle size. Van Deemter 

structure, seen in Figure 1, demonstrates 

the development of particle sizes during 

the last thirty years. 

Researchers have been examining "fast 

LC" acceleration analyses for decades. The 

"need for speed" in the drug discovery 

process was fueled by the availability of 

sophisticated tools like the UPLC detector 

and several spectrometers, as well as the 

choice of multiple samples from various 

research locations. Unique column 

characteristics, like compact columns and 

quick flow rates, are utilised. It has been 

explored during the analysis of high 

temperature, which has two advantages of 

decreasing viscosity and enhancing bulk 

transmission by increasing analyte 

separation. However, limiting steps are 

quickly reached when utilizing standard 

particle sizes and pressures and should be 

taken carelessly to avoid missing the 

deadline. It was discovered that the 

classification for HPLC (High 

Performance Liquid Chromatography) and 

the analysis of the UPLC technique. HPLC 

has a lot of advantages, including 

robustness, usability, superior selection, 

and customizable sensitivity. The major 

benefit of UPLC is improved performance 

and quicker analysis, which is only 

possible with tiny particle sizes. Smaller 

particles enhance efficiency, according to 

the Van Deemter equation, however this 

causes back pressure to rise quickly, and 

most HPLC systems can only operate at 

400 bars. Because of this, shorter columns 

loaded with particles no larger than 2 m in 

diameter are employed with these systems 

to speed up analysis without sacrificing 

effectiveness and preserve tolerable load 

losses for better HPLC classification. 

Table 1: Comparison between UPLC 

and HPLC 

S. No. Chara

cterist

ics 

HPLC UPLC 

1. Particl

e size 

3 to 5µm Less 

than 2 

µm 

2. Colum

n 

dimen

sions 

150 X 3.2 

mm 

150 X 

2.1 

mm 

3. Injecti

on 

volum

e 

5mL (Std. 

In100% 

MeOH) 

2mL 

(Std.In

100% 

MeO

H) 

4. Analyt

ical 

colum

n 

Alltima 

C18 

Acquit

y 

UPLC 

BEH 

C18 

5. Maxi

mum 

back 

pressu

35-40 

MPa 

103.5 

MPa 
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re 

6. Colum

n 

tempe

rature 

30°C 65°C 

 

• Working at greater temperatures enables 

larger flow rates by lowering the cellular 

section's viscosity, which significantly 

lowers back pressure. 

• Use of monolithic columns, which 

provide lower flow resistance than 

columns packed with ordinary particles 

because they feature a polymerized 

perforated support structure. 

The UPLC analysis is improved in three 

ways by the aforementioned two 

parameters. 

1. Produced Chromatogram with 

resolved peak. 

2. Fast analysis 

3. Sensitive analysis 

It employs tiny particles, cuts down on 

time, and requires less solvent. Rapid 

analysis, sensitivity, and high resolution 

are some of the most novel elements of the 

new technology, which offers a significant 

improvement over existing approaches that 

rely on differential analysis techniques like 

HPLC. The pharmaceutical industry is 

now focused on finding innovative ways to 

save costs and shorten production times 

without sacrificing product quality, thanks 

to analytical labs that store everything. 

Speed increases sample production and lab 

productivity by enabling a lot of analysis 

to be completed in a short amount of time. 

Rapid analysis has these advantages, 

which is why ultra-performance liquid 

chromatography was developed. For the 

UPLC system to accomplish both high 

sample analysis and greater test sensitivity, 

standard tests were accepted and created. 

When operational expenses and sample 

production were compared, UPLC was 

more expensive than HPLC. 

Instrumentation 

A. Sample Injection 

B. UPLC Columns 

C. Detectors 

A. Sample Injection 

Smaller particles provide both 

optimization and speed while also 

increasing efficiency, homogeneity, and 

the capacity to operate at high line speeds 

without sacrificing efficiency. Efficiency, 

which relies on the same choices and 

retention as the HPLC, is the fundamental 

separation characteristic underlying the 

UPLC. 

Sample introduction is crucial for UPLC. 

Traditional injection valves, whether 

mechanical or created by hand, are not 

built to withstand high pressure. The 

injection procedure should be pulse-free to 

protect the column from high-pressure 

fluctuations, and the device's sweeping 

capacity also has to be minimal to reduce 

possible band spread. To boost sensitivity, 

low volume injections with a little 

carryover are also required. Additionally, 

there are particular injection techniques for 

biological material. 

B. UPLC Columns 

Because efficiency is higher, adjustments 

are increased to a particle-filled column of 

1.7 m. A binding section that offers both 

retention and selection is necessary for the 

separation of sample components. 

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 
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functionality with a C6 alkyl)and 

(iv) ACQUITY UPLC BEH Shield 

RP18 (embedded polar group column). 

With respect to hydrophobicity, silanol 

activity, hydrolytic stability, and chemical 

interactions with analyzers, each column's 

chemistry offers a unique mix. High pH 

stability is achieved by combining tri 

functional ligand bonding chemistries. The 

components of the ACQUITYUPLC BEH 

C18 and C8 are compatible with the 

choices offered by the RP18 

ACQUITYUPLC BEH Shield columns. 

Phenyl columns employ an active T6 alkyl 

tether to connect the phenyl ring to the 

silyl function.  

This ligand delivers a longer column life 

and better posture when used in 

conjunction with the same end-to-end 

patent methods as the ACQUITY UPLC 

BEH C18 and C8 column. It is possible to 

quickly match this particular ligand and 

end capping at 1.7 m BEH particles to an 

existing HPLC column since it adds a new 

feature to the selection. The utilised 

column has an internal diameter (ID) of 

2.1 mm. Choose 50 mm column for quick 

analysis and 100 mm length for high 

output sample and excellent resolution. 

The detector faces major difficulties since 

the peak width of the 1.7 m particles is less 

than one second long.  

The detector's detection rate must be high 

enough to gather enough data points from 

throughout the universe in order to reliably 

and repeatedly estimate the analyte's high 

value. To maintain the separation 

efficiency, the detector cell has to have a 

modest dispersion (volume). Depending on 

the acquisition technique, the sensitivity 

increase for UPLC detection should be 2–3 

times more than for HPLC separation. The 

efficiency of the ionization source is 

enhanced by UPLC's high concentration of 

decreased chromatographic dispersion at 

low flow rates, which significantly 

improves MS detection.The components of 

the ACQUITY UPLC system include a 

binary solvent manager, a sample manager 

with a column warmer, a detector, and 

several sample editors. 

 
Figure 1 UPLC flow chart 

Single serial flow pumps are used by the 

binary solvent management to produce a 

constant binary gradient. Four solvents 

each have a variety of built-in valves to 

pick from. For complete particles less than 

2 m, a pressure restriction of 15,000 psi 

(about 1000 bar) applies. The sample 

manager also makes use of a number of 

technological advancements. Low 

dispersion is maintained by the injection 

procedure when using a pressure-assisted 

sample introduction, and self-examination 

and diagnosis are made easier thanks to a 

series of pressure transducers. For better 

posture, needle samples are used, and the 

precision of the measurement is increased. 

The injection cycle lasts for 25 seconds 

without washing and for 60 seconds with 

the use of a twin bath to cut down on 

continuity. You may also install several 

micro titer plate types in an air temperature 

control, including deep source, medium 
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length, and containers. The sample 

manager may inject from 22 micro titer 

plates using an optional sample editor. It is 

possible to obtain column temperatures of 

up to 65 °C. The "pivot out" design 

enables the placement of a column outlet 

close to the MS detector source to reduce 

sample dispersion. 

C. Detectors 

The UV/Visible detector uses the 

machines in the UPLC analysis. Analyte 

acquisition is often predicated on 

aggressiveness sensors being absorbed. To 

maintain focus and signal in the UPLC, the 

flow cell capacity will need to be 

decreased. Small volume flow cells will 

shorten the duration at which the signal 

intensity varies based on the Kabia Act. 

Cross-cutting results in a shorter light path, 

and transmission drops off as noise level 

rises. Therefore, the sensitivity of the 

UPLC would be diminished if a typical 

HPLC flow cell was utilized. The 

ACQUITY Tunable UV / Visible Detector 

Cell has a fiber-optic-like light cell with a 

flow-oriented light source. The internal 

display mode that retains a 10mm flow 

channel length and just a 500mL capacity 

is the mode that optimally transmits light 

to the bottom of a flowing cell. In order to 

ensure minimal scattering and employ 

rewarded software receivers to warn the 

user of possible issues, the tubes and 

connections in the system are correctly 

aligned. 

Advantages of UPLC 

• It enhances sensitivity and needs less 

running time. 

• Offers customizable scope, sensitivity, 

and selection for LC analysis. 

• The resolution peaks are seen in the 

chromatogram. 

• A lot of residual approaches are used. 

rapid analysis, precise measurement 

analysts, and related goods. 

• The use of tiny particles (2μm) for 

standing phase packing makes analysis 

quicker. 

• Both time and money are saved. 

• Solvent use is modest. 

• As more samples are produced and 

manufacturers are able to make more 

goods that meet or exceed product criteria, 

unpredictability, unsuccessful collection 

attempts, and the necessity for recycling 

may all be eliminated. 

• It aligns real-time analysis with 

manufacturing procedures. 

• It guarantees the final product's 

quality, including the results of the release 

test. 

Disadvantages of UPLC 

In the UPLC analysis a key unfavorable 

event for column life, during the high-

pressure analysis produced owing to 

particle size.The columns' lifespan is 

reduced as pressure is increased. The 

lifespan of these species' columns is 

shortened as a result of the increased 

pressure. Using a vertical phase of 2μm 

particle size makes for better analysis 

without the negative effects of high 

pressure. 

Application 

In the pharmaceutical business the 

necessity for UPLC analysis is quite 

strong, owing to the varied qualities of 

UPLC such as high chromatogram 

adjustment, short-term analysis that helps 

the analysis work wonderfully in a short 

period with vital, dependable and correct 

results. Scientist can provide extremely 

precise data on UPLC in a rapid method. 

The UPLC technique is utilized 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 
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experience at the nano level.  

In this method the degree of analysis in all 

elements such as quality, quantity and 

complexity of the sample may be 

segregated at the highest level. 

 Data is generated using the UPLC/MS 

technology to solve complicated 

complexity. The analytical definition is 

deeper when MS is used as a detector in 

conjunction with UPLC. The discipline of 

bioanalysis fully makes use of such 

analysis. The distinctive qualities of UPLC 

that high accuracy and quick analysis are 

also highly beneficial in pharmacokinetic 

investigations such as - adsorption, 

distribution, metabolism and excretion 

(ADME). The physical and chemical 

characteristics of composites are measured 

using ADME investigations. The 

UPLC/MS/MS approach reduces 

processing time. Profiling, detection, and 

measurement of pharmacological 

ingredients and their impurities may be 

done more precisely with the development 

of medications and the formulation 

process. 

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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