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--------------------------------------------------------ABSTRACT----------------------------------------------------------Ultra Performance Liquid Chromatography (UPLC) can be regarded as new invention for liquid
chromatography. These days not only pharmaceutical industries but also several chemical industries are trying
to develop new cost effective technique to reduce analysis time for development of new product in order to
improve quality of their products. Analytical laboratories are no exception to this new trend. In recent years,
significant advancement has been made in liquid chromatographic separation technique. Before development of
UPLC, HPLC was an approved liquid separation technique used for more than 30 years in laboratories and
Industries. Significant advancement has been made in terms of particle chemistry in the last few years. UPLC
comes from HPLC. This new and advanced technique uses fine particles probably less than 2.5µm.UPLC takes
full advantage of all basic principle of chromatography, using advanced column with smaller particle size and
higher flow rates for increase in speed along with better, superior sensitivity and resolution. Use of fine
particles in UPLC system decreases column length, running time and solvent consumption. This new and
improved category of liquid chromatographic separation technique has similar practicality and principles of
HPLC with additional improved step function. Elevated temperature chromatography has advantages of
lowering mobile phase viscosity that reduces the column backpressure. UPLC technology has advantage in
particle chemistry performance, system optimization, detector design, data processing and data control. UPLC
is cost effective over HPLC. This study explains the UPLC theory and its applications in the diverse field.
Keywords - UPLC, HPLC, Cost effective, Particle chemistry, Liquid chromatography.
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I. INTRODUCTION
Ultra Performance Liquid Chromatography (UPLC) is one of the new technologies in analytical
separation science. It works on the similar principles of High performance Liquid Chromatography
(HPLC). It improves chromatographic resolution, speed and sensitivity [1]. It uses fine particles and
saves time and reduces solvent consumption. Ultra Performance Liquid Chromatography was
introduced by Waters Corporation in 2004 and trademarked it by UPLC. UPLC is a one step ahead
technology of HPLC that has underlying principle as co lumn packing particle size decreases,
efficiency and resolution increases. The use of porous sub2 micron particles, operated at higher flows
and pressures was the greatest change in the UPLC than a conventional system [2]. If the particle size
was made lesser than 2 μm, a significant increase in effectiveness was observed [3].This concept
shortened sample analysis time and mobile phase consumption by 80% significantly compared to
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HPLC. UPLC has technology advantages in particle chemistry performance, system optimization,
detector design, data processing and control [4].UPLC advancement is governed by the Van Deemter
equation.

II. PRINCIPLE & DISCUSSION
The UPLC principal is based on use of stationary phase consisting of particles less than 2 μm while
HPLC columns particle sizes are typically 3 to 5 μm. The underlying principles of UPLC are
governed by the van Deemter equation, an empirical formula which describes the relationship among
flow rate and plate height (HETP or column efficiency). HETP increases with increasing flow rate
after going down to a minimum value. According to van deemter equation (i) the flow range with the
smaller particles is much greater in comparison with larger particles for good results [5].
H=A+B/v+Cv

(i)

Where, H represents height equivalent to the theoretical plate (HETP). A, B & C are the constants
and v is the flow rate of the carrier gas. The “A” term is independent of velocity. It is small when the
packed column particles are small and uniform. The “B” term is axial diffusion of molecules. The
axial diffusion is smaller at high flow rates therefore this term is divided by v. The term “C” is kinetic
resistance to equilibrium in the separation process. The time interval taken in moving from the gas
phase to the packing stationary phase and back again is termed as kinetic resistance. This term is
inversely proportional to v (linear velocity).Therefore it is possible to increase throughput and speed
of separation without affecting the chromatographic performance. UPLC efficiency is proportional to
column length and inversely proportional to the radius of the [6]. The application of UPLC resulted
in the detection of additional drug metabolites, superior separation and improved spectral quality [7,
8]. The comparison between UPLC and HPLC is given in the Table 1.
Table 1: Comparison between UPLC and HPLC
Characteristics
Column
Particle size
Flow rate
Needle wash
Injection volume
Column temperature
Maximum backpressure
Gradient (time in min) ACN:H2O

HPLC Assay

UPLC Assay

150 X 3.2 mm
3 to 5mm
3.0 ml / min
Methanol
5μL (Std.In 100 % MeOH)
30 °C
35-40 MPa
T0 (25:75), T6.5 (25:75), T7.5 (95:5), T9
(25:75), T10 (25:75)
10min
Acetonitrile: 10.5 ml
Water: 21.0 ml

150 X 2.1 mm
Less than 2mm
0.6 ml / min
Methanol
2μL(Std.In 100 % MeOH)
65 °C
103.5 MPa
T0 (36:64), T1.1 (95:5),
T1.3 (36:64)
1.5min
Acetonitrile: 0.53 ml
Water: 0.66 ml

2000

7500

USP resolution

3.2

3.4

Delay volume

750 μl

110 μl

Total run time
Total solvent consumption (including
0.5
min of delay time in between injections)
Plate count
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Chemistry of small size particles
Small particles in UPLC increases efficiency, working ability at high linear velocity without a loss of
efficiency and provide both good resolution and speed. The basic resolution (Rs) equation (ii)
explains efficiency, selectivity and proportionality.

System efficiency Selectivity Proportionality

(ii)

In equation (ii), N is efficiency factor, α is selectivity factor and K symbolizes proportionality
constant. According to equation (ii), resolution increases with increase in efficiency. Efficiency (N)
is inversely proportional to particle size (dp) equation (iii)

(iii)
Efficiency increases with increase in resolution and sensitivity as t he particle size decreases.
Efficiency (N) is directly proportional to the length of the column (L), therefore equation (iii) can be
written as equation (iv)

(iv)
Efficiency is also indirectly proportional to peak width (w) denoted as equation (v). This explains
that lesser the peak width or narrower the peak helps in easy separation from each other.

(v)
Peak height (H) is inversely proportional with peak width (w) according to equation (vi)

(vi)
Above mentioned facts in UPLC, explains that by reducing particle size, the column length is reduced
and flow rate is increased also the separation becomes faster without loosing resolution loss [1]. The
effect of particle size on HETP and linear velocity in Fig.1 Shows that smaller diameter particles
overcomes band broadening in comparison to larger particles also they are less affected by higher
column flow rate [9, 10].
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Figure 1. Van Deemter Plot: The effect of particle size (in μm) on plate height (H). Smaller particle size
provides higher overall peak efficiencies and wide range of flow rates [9, 10]

Instrumentation
UPLC instrument has three parts (Sample injection, UPLC columns and Detectors).
Sample Injection
Sample injection part adds precisely measured sample, a small volume in the mobile phase. Sample
injection must be reproducible and accurately. UPLC takes care of quick injection cycle time,
sensitivity and low volume injections with minimal carryover [11]. Sample volume in UPLC is 2-5
μL.
UPLC Column
UPLC columns are packed with small particles having size less than 2μm. There are different types of
columns based on di fferent technologies [12] like Charged Surface Hybrid [CSH] particle
technology, Ethylene Bridged Hybrid [BEH] particle technology, High Strength Silica [HSS] particle
technology and Peptide Separation Technology (PST). UPLC columns have been manufactured and
developed by Waters: Acquity UPLC columns and Vanguard Pre-columns [12]. Agilgent technology:
Poroshell 120 columns, ZORBAX Rapid Resolution High definition columns, ZORBAX Eclipse
pluscolumns and ZORBAX Rapid Reduction High Throughput columns [13], Altech Associate [14],
Phenomenex: Kinetex® Coreshell HPLC/UHPLC columns of high efficiency and performance[15].
Solvent Delivery System
The solvent delivery system of UPLC works at 8000-15000 psi for isocratic, linear and non-linear
gradient elution. UPLC binary solvent manager has two solvent delivery modules that operates for
high pressure merges two solvents in <140 μL internal system volume.
The Detector
The detector in UPLC is Acquity photodiode array (PDA) and Tunable Vis –UV (TUV) in which
Teflon AF is used. This gives an internal reflective surface and increases the light transmission
efficiency. These have path lengths 10 nun, a cquisition rates 20 ( PDA) and 40 ( TUV) points, and
total internal volume 500 nL [16, 17 and 18].
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Advantages and Disadvantages
UPLC has advantages over selectivity, sensitivity and high resolution performance through the use of
a novel column packed with small particle size. It decreases run time and reduces operation cost. It
reduces solvent consumption and increases sample throughput [19, 20 and 21]. UPLC disadvantage is
the high back pressure that decreases column life [1, 22 and 23].
Applications of UPLC
There are many applications of UPLC in diverse fields like analysis of natural products, metabolite,
bio analysis, ADME screening and impurity profiling etc.
Analysis of Natural Products and Traditional Chinese medicines
Natural products and Traditional Chinese Medicines are complex constituent matrix having specific
importance for each constituent for the overall efficacy. It is essential to analyse all the constituents
for quality control and is accomplished by UPLC [24].
Identification of Metabolite
Identification and detection of metabolites for the discovery of new chemical entities is required to
further explore its medicinal properties by medicinal chemists. UPLC-MS/MS is useful in biomarker
discovery [25, 26 and 27].
Bio analysis Studies
Bio analysis studies include pharmacokinetic studies of biological samples for the drug
quantification. Comparison of the rate and exposure level of new drug formulations with its original
formulation is important part. The use of UPLC-MS/MS provides reliable and precise data [28, 29].
ADME Screening
ADME stands for absorption, distribution, metabolism and excretion. These are pharmacokinetic
studies that measure physical and biochemical properties of drugs where compounds show activity
against the target disease.
Impurity Profiling
Impurity profiling is important while drug development and formulation process. UPLC coupled
with mass spectrometry has been useful for profiling impurities and identifying endogenous
metabolites in the final product [30, 31 and 32].
III. CONCLUSION
UPLC is important analytical instrument that increases speed, resolution and sensitivity of the
chromatographic analysis. It decreases analysis time, operating cost and solvent consumption. UPLC
columns have capacity of withstand high back pressure. The applications of UPLC are in wide
23
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spectrum of pharmaceuticals like drug discovery, metabolomics, peptide mapping etc. This
technology provides efficient product launch in the market within less span of time.
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