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CHAPTER 5: UPLC and Nano-LC — Faster,
Sharper Chromatography

Learning Objectives
After studying this chapter, you will be able to:
« Define UPLC and Nano-LC in simple words.

+ Explain the van Deemter idea in simple terms: why smaller particles give faster and sharper
separations.

+ Compare UPLC with conventional HPLC (speed, resolution, sensitivity, solvent use).
+ Describe the main instrumentation differences between UPLC and HPLC.

« List pharmaceutical applications of UPLC and Nano-LC.

Definitions

UPLC (Ultra Performance Liquid Chromatography): A type of liquid chromatography that uses very
small packing particles (smaller than 2 micrometres — much smaller than ordinary HPLC particles) and
very high pressure to push the mobile phase through the column. Because the particles are so small, the
separation is much faster and the peaks are much sharper than in normal HPLC.

Nano-LC (Nano Liquid Chromatography): A type of liquid chromatography that uses extremely low flow
rates (measured in nanolitres per minute — thousands of times lower than HPLC) and very thin columns
(about the width of a human hair). It is used when only a tiny amount of sample is available and very high
sensitivity is needed.

Van Deemter relationship (simplified): The scientific relationship that describes how the width (blurring)
of a chromatographic peak depends on how fast the mobile phase flows and how big the column particles
are. Its simple message: smaller particles let you run faster without losing sharpness.

Theoretical plate: An imaginary "slice" of the column. More theoretical plates in a column means better
separation — sharper peaks and better resolution.

Terminology

Mobile phase The liquid (or liquid mixture) that flows through the column,
carrying the sample along.

Stationary phase The solid packing material inside the column that interacts with
sample molecules.

Particle size The size of the small beads that fill the column. Smaller beads =
more surface area and faster separation.

Column efficiency How well the column separates — measured by the number of

theoretical plates. Higher = better.
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Resolution How well two neighboring peaks are separated from each
other.
Back pressure The pressure that builds up when liquid is pushed through a

tightly packed column.

Flow rate How fast the mobile phase flows, e.g. millilitres per minute
(HPLC) or nanolitres per minute (Nano-LC).

Peak width How wide a chromatographic peak is. Narrower peaks =
sharper separation.

Peak capacity How many peaks a column can separate in one run.
Sensitivity How small an amount of sample the instrument can detect.
Ionisation The process of giving molecules an electrical charge, needed

for mass spectrometry (used with Nano-LC).

Dead volume / extra-column volume The small spaces in tubing and detectors outside the column
where peaks can spread out and blur.

Simple Explanations

What is UPLC? Concept —» Explanation - Example —» Diagram — Takeaway

Concept: UPLC is HPLC taken to the next level — same idea, but with much smaller column particles and
much higher pressure.

Simple explanation: In ordinary HPLC, the column is packed with small beads (particles) about 3to 5
micrometres wide. In UPLC, the beads are even smaller — less than 2 micrometres wide. Because the
beads are smaller, molecules of the sample move in and out of them very quickly and evenly, so the peaks
become sharper and the separation finishes much sooner. But there is a price: liquid cannot easily flow
through such tightly packed tiny beads, so the pump must push at a MUCH higher pressure than a normal
HPLC pump can give.

Example: A drug impurity test that takes 30 minutes on normal HPLC can often be done in 5 to 10 minutes
on UPLC, with sharper peaks that let you see small impurity peaks that would have been hidden before.

Key takeaway: UPLC = HPLC + sub-2 micrometre particles + very high pressure = faster analysis,
sharper peaks, more sensitivity.

What is Nano-LC? Concept — Explanation —» Example —» Takeaway

Concept: Nano-LC is liquid chromatography shrunk down to a miniature scale — tiny columns and tiny
flows for tiny samples.

Simple explanation: In normal HPLC, liquid flows at about 1 millilitre per minute through a column about
4-5 mm wide. In Nano-LC, the flow is a thousand times smaller — only a few hundred nanolitres per
minute — through columns as thin as a human hair (around 75 micrometres wide). Because so little liquid
flows, even a tiny amount of sample gives a strong signal. Nano-LC is almost always connected to a mass
spectrometer, because the tiny flow goes directly into the detector without dilution.

Example: A biochemistry lab has only a drop of a rare protein sample. Nano-LC can separate and detect it
where normal HPLC would be too insensitive.
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Key takeaway: Nano-LC = very low flow + very thin columns = maximum sensitivity for very small
sample amounts, often used with mass spectrometry.

Van Deemter Basics in Simple Terms

The idea: When a peak travels down a column, it can spread out and become wide (blurry). A wide peak is
bad — it can overlap with neighboring peaks and make detection weak. The van Deemter relationship tells
us that peak spreading depends on three things:

1 Uneven paths (eddy diffusion): Liquid can take many different paths between the particles. If
particles are big, some paths are much longer than others, so some molecules arrive early and some
arrive late — the peak widens. Smaller particles = more uniform paths = less spreading.

2 Molecules wandering sideways (longitudinal diffusion): While sitting in the flowing liquid, sample
molecules naturally spread sideways on their own. This matters mainly at very slow flow rates.

3 Molecules moving slowly in and out of particles (mass transfer): Molecules need time to enter the
particle pores and come back out. Big particles = long journey in and out = lagging molecules = wide
peaks. Small particles = short journey = sharp peaks.

The big simple message: With smaller particles, all three types of spreading are reduced, AND you can
run the flow much faster without the peaks getting wider. That is why UPLC can be both faster AND
sharper.

Everyday analogy: Imagine a crowd walking through a market. In a market with big, uneven stalls (big
particles), people take wildly different routes and spread out. In a market with small, evenly spaced stalls
(small particles), everyone takes nearly the same short route and stays in a tight group — and they can
walk faster without getting separated.

Classifications
By particle size (LC family):

+ Conventional HPLC: particle size about 3-5 micrometres, normal operating pressure.
+ UHPLC/UPLC: particle size below 2 micrometres, much higher operating pressure.

« Nano-LC: very thin columns (around 50-100 micrometres internal diameter), flow in nanolitres per
minute; can use conventional particle sizes in a miniature column.

By column scale:

+ Conventional scale (analytical HPLC): flow about 1 mL/min.
* Microbore: narrower columns, lower flow.

+ Capillary: even narrower, microlitre-per-minute flow.

« Nano: thinnest columns, nanolitre-per-minute flow (Nano-LC).

Mechanisms / Processes

How UPLC Works — Step by Step
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1 Injection: A small sample is injected into the flowing mobile phase.

2 Separation on tiny particles: The sample travels through the column packed with sub-2 micrometre
particles. The small particles give many theoretical plates, so compounds separate quickly and sharply.

3 High-pressure pumping: The pump pushes the mobile phase at very high pressure to force it through
the tightly packed column.

4 Fast detection: Sharper, taller peaks pass the detector quickly, giving high sensitivity and short run
times.

How Nano-LC Works — Step by Step

1 Micro-injection: A very small sample volume (nanolitres) is injected.
2 Separation in a hair-thin column: The sample separates in a capillary column of tiny diameter.

3 Direct transfer to MS: The very low flow enters the mass spectrometer directly — almost no dilution
— giving extremely high sensitivity.

Diagrams
Block diagram of a UPLC system:

[SAMPLE + MOBILE PHASE RESERVOIRS]
I
%
[HIGH-PRESSURE PUMP] <--- pushes much harder than an HPLC pump
I
v
[INJECTOR / AUTOSAMPLER] <--- sample introduced here
I
%
[COLUMN OVEN with SHORT COLUMN] <--- packed with sub-2 um particles
I
v
[FAST UV / PDA / MS DETECTOR] <--- must be fast enough for narrow peaks
I
%
[WASTE]

Block diagram of a Nano-LC system:

[TINY SOLVENT RESERVOIRS]
I

v
[NANO PUMP] <--- delivers nanolitres per minute

%
[MICRO-INJECTOR + TRAP COLUMN] <--- concentrates the tiny sample
I

v
[HAIR-THIN ANALYTICAL COLUMN] <--- ~75 pym wide capillary
I

%
[NANO-ESI SOURCE -> MASS SPECTROMETER] <--- tiny flow goes straight into MS

Van Deemter idea as a simple sketch (in words):
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Peak sharpness (low spreading)

| Small particles:  --‘'''-- (stays sharp even at high speed)

| Large particles: \ / (gets wide quickly at high speed)
I \ /

e > Flow speed (fast)

Message: small particles tolerate fast flow without blurring.

Flowchart

Decision: Which liquid chromatography technique do I need?
I
v
Is the sample amount LARGE and the goal routine QC? ---- YES ---> Use conventional HPLC

I
NO

I
%
Is the goal VERY FAST analysis or impurity profiling with sharp peaks? -- YES --> Use UPLC

I
NO

I
v
Is the sample VERY SMALL and maximum sensitivity needed? -- YES --> Use Nano-LC (with MS)
|
NO
v
Reconsider: conventional HPLC may be enough

> INFOGRAPHIC CONCEPT: Picture a side-by-side race track poster
titled "HPLC vs UPLC vs Nano-LC". Three lanes: (1) HPLC — a wide
road with big marbles (3-5 um particles), a car driving at normal
speed, peak shapes wide and rounded, clock showing 30 minutes; (2)
UPLC — a narrow smooth road with tiny pebbles (<2 um), a race car
at high speed, tall sharp peaks, clock showing 5 minutes, a big
pressure gauge marked "very high"; (3) Nano-LC — a thin hair-like
tube with a single drop of sample, a magnifying glass over a tall
sharp peak, clock showing a long run but a tiny sample vial labelled
"nanolitres". Bottom strip: "Smaller particles = sharper peaks; lower
flow = higher sensitivity."

Tables

UPLC vs Conventional HPLC — Comparison

Particle size About 3-5 micrometres Below 2 micrometres

Operating pressure Normal (moderate) Much higher than HPLC

Analysis time Longer (tens of minutes) Much shorter (often 3-10x faster)
Resolution Good Better (sharper peaks)

Pills & Python - Pharmacy * Data ¢ Al « Healthcare - Instagram @pillsandpython - pillsandpython.com - YouTube @PillsAndPython 6



BP704T - UNIT III CHAPTER 5

Sensitivity Moderate Higher (taller, narrower peaks)
Solvent consumption Higher Lower (shorter runs, smaller columns)
Instrument cost Lower Higher

Pump & column hardware Standard Specially built for high pressure
Detector requirement Standard Must be fast (peaks are very narrow)
Best for Routine QC, general analysis Fast QC, impurity profiling,

high-throughput work

LC Scale Comparison (HPLC —» Nano-LC)

Conventional HPLC ~4.6 mm ~1 mL/min Microlitres Robust, routine
Microbore ~1-2 mm ~50-200 pL/min Smaller Less solvent
Capillary LC ~0.3-0.5 mm ~1-10 pL/min Very small Good for MS
Nano-LC ~50-100 pm ~100-500 nL/min Nanolitres Maximum sensitivity
Examples

1 Fast QC of a tablet: A quality-control lab checks the assay of paracetamol tablets. The HPLC method
takes 25 minutes per sample. On UPLC, the same separation finishes in 6 minutes, so the lab can test
four times more batches per shift.

2 Impurity profiling: A new drug has an impurity present at 0.05%. On HPLC the tiny impurity peak
hides under the tail of the main peak. On UPLC the peaks are so sharp that the impurity peak stands
out clearly.

3 Nano-LC with MS for a protein drug: A research team has only a few microlitres of a new monoclonal
antibody sample. Nano-LC coupled to a mass spectrometer separates and identifies the protein
fragments with enough sensitivity from that tiny drop.

4 High-throughput screening: A pharma company screens hundreds of reaction mixtures from drug
synthesis daily. UPLC's short run times make this possible within working hours.

Analogies

« UPLC vs HPLC: Like sieving sand through two sieves — one with big holes (HPLC) and one with very
fine mesh (UPLC). The fine mesh separates fine particles much more precisely, but you must shake it
much harder (high pressure).

* Nano-LC: Like tasting a single drop of soup instead of a whole bowl — the flavour (signal) is
concentrated because nothing dilutes it.

+ Van Deemter: Like students leaving a classroom through one wide door (big particles, uneven paths
— they spread out) versus through many identical small turnstiles (small particles — they stay in neat,
fast lines).
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Pharmacy Relevance

Faster batch release: UPLC shortens QC analysis time, so medicine batches can be tested and
released to the market faster.

Impurity control: Sharper peaks reveal low-level impurities and degradation products, protecting
patients from harmful contaminants.

Method modernisation: Old, slow HPLC methods for official drug monographs are being converted
to fast UPLC methods in industry.

Biotech drugs: Nano-LC with mass spectrometry is essential for analysing protein drugs and peptides
where sample amounts are tiny.

Cost saving: Lower solvent use means less purchase cost and less hazardous waste disposal —
important for large QC labs running thousands of samples.

India Context

Large Indian pharmaceutical companies (which manufacture a huge share of the world's generic
medicines) run high-throughput QC laboratories where UPLC instruments are now common for fast
batch testing and impurity profiling.

Indian biotech and biosimilar companies use Nano-LC with mass spectrometry for protein and peptide
characterisation during product development.

Contract research organisations (CROs) in cities like Hyderabad, Bengaluru, and Mumbai offer UPLC
and LC-MS services to global clients, making speed a competitive advantage.

Reduced solvent consumption also helps Indian labs manage the cost and safe disposal of organic
solvents.

Key Points

UPLC uses sub-2 micrometre particles and much higher pressure than HPLC.

Smaller particles = less peak spreading (van Deemter) = sharper peaks AND faster runs.
UPLC advantages: speed, resolution, sensitivity, lower solvent use.

UPLC needs special high-pressure pumps, columns, and fast detectors.

Nano-LC uses nanolitre-per-minute flow and hair-thin columns for maximum sensitivity with tiny
samples.

Nano-LC is usually coupled to mass spectrometry.

Common Confusions
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+ "Smaller particles always better?": Not automatically — they demand much higher pressure, special
instruments, and the sample must be very clean, otherwise the tiny column blocks (clogs) easily.

* Nano-LC is not "smaller UPLC": Nano-LC is about miniaturised flow and column size for sensitivity,
while UPLC is about small particles and high pressure for speed. They solve different problems.

+ High pressure does not itself separate better: The pressure is just what is needed to push liquid
through tiny particles; the better separation comes from the small particles.

Common Mistakes
«  Writing that UPLC works at "low pressure" — it works at much HIGHER pressure than HPLC.

« Saying Nano-LC is used for fast routine QC — Nano-LC is for tiny samples and high sensitivity, not
speed.

+ Forgetting that UPLC needs fast detectors — very narrow peaks need a detector that samples quickly,
or the peak shape is lost.

«  Mixing up flow units — HPLC uses mL/min, Nano-LC uses nL/min (a million times smaller).

+ Claiming smaller particles increase analysis time — they DECREASE it.

Mnemonics

+ "S-P-P-S-S" for UPLC advantages: Speed, Peak sharpness (resolution), Pressure high, Sensitivity,
Solvent saving.

+  "Nano = Needle": Nano-LC column is as thin as a needle/hair, flow is a trickle, sample is a drop —
think of a needle-thin column.

+ Van Deemter in one line: "Small particles, Sharp peaks, Swift runs" — the three S's.

Exam Summary

UPLC (Ultra Performance Liquid Chromatography) uses column particles smaller than 2 micrometres and
much higher operating pressure than conventional HPLC. The van Deemter relationship explains why:
smaller particles reduce all three causes of peak spreading — uneven flow paths, sideways diffusion, and
slow movement in and out of particles — so peaks stay sharp even at high flow speeds. Result: much
faster analysis, better resolution, higher sensitivity, and lower solvent consumption. UPLC needs special
high-pressure pumps, robust columns, and fast detectors. Nano-LC is a miniaturised form using hair-thin
columns and nanolitre-per-minute flow rates, giving maximum sensitivity for very small samples; it is
usually coupled to a mass spectrometer. Pharma uses: fast QC, impurity profiling, high-throughput
screening (UPLC), and trace protein/peptide analysis (Nano-LC).

One-Minute Revision
* UPLC = sub-2 pm particles + very high pressure.

+ Small particles = sharp peaks + fast runs (van Deemter).

+ UPLC beats HPLC in speed, resolution, sensitivity, solvent saving.
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* Nano-LC = hair-thin column + nL/min flow = max sensitivity, tiny samples, usually with MS.

+ Uses: fast QC, impurity profiling, high-throughput screening, trace biomolecule analysis.

Short Answer Questions

1 Define UPLC in one or two sentences.

2 Whatis Nano-LC? How does its flow rate differ from HPLC?

3 State the simple message of the van Deemter relationship.

4 Why does UPLC need much higher pressure than HPLC?

5 Name any four advantages of UPLC over conventional HPLC.

6 Why is Nano-LC usually coupled with a mass spectrometer?

7 What s a theoretical plate, and what does a high plate number mean?

8 Why must UPLC use fast detectors?

Long Answer Questions

1 Explain the principle of UPLC. Discuss the role of sub-2 micrometre particles and high pressure, using
the van Deemter concept in simple terms.

2 Compare UPLC with conventional HPLC with respect to particle size, pressure, speed, resolution,
sensitivity, and solvent consumption. Give pharmaceutical applications of UPLC.

3 Describe Nano-LC: its column dimensions, flow rates, instrumentation, and why it gives very high
sensitivity. Mention its applications.

4 Draw a labelled block diagram of a UPLC system and explain the function of each part, highlighting the
differences from a conventional HPLC system.

MCQs with Answer Keys

1 UPLC columns use particles of size:

a) 10 micrometres b) 3-5 micrometres c) Below 2 micrometres d) 50 micrometres Answer: ¢

1 Compared to HPLC, UPLC operates at:

a) Lower pressure b) The same pressure c) Much higher pressure d) No pressure Answer: ¢

1 The van Deemter relationship mainly explains:

a) Why pumps are expensive b) How peak spreading depends on particle size and flow c) How to choose
solvents d) How detectors work Answer: b

1 Smaller column particles give:
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a) Wider peaks and slower runs b) Sharper peaks and faster runs c) No change d) Lower pressure Answer:
b

1 Nano-LC flow rates are typically in:

a) Litres per minute b) Millilitres per minute c¢) Microlitres per minute only d) Nanolitres per minute
Answer: d

1 Nano-LC is most useful when:

a) Sample is abundant and speed is needed b) Only a tiny sample is available and high sensitivity is needed
¢) Routine tablet QC is done d) Solvent cost is the only concern Answer: b

1 Which detector is commonly coupled with Nano-LC?

a) Refractive index b) Mass spectrometer c) Flame detector d) pH meter Answer: b

1 One advantage of UPLCina QC lab is:

a) Higher solvent consumption b) Longer run times c) Faster batch analysis d) Wider peaks Answer: ¢

Viva Questions
1 What does UPLC stand for?

2 What particle size does UPLC use?
3 Why can't a normal HPLC pump be used for UPLC?
4 What is the main benefit of smaller particles?

5 What flow unit does Nano-LC use?
6 Why does Nano-LC give high sensitivity?
7 Name two pharmaceutical applications of UPLC.

8 Whatis peak capacity?

Application-Based Questions

1 A QClab must analyse 200 tablet batches per day, but each HPLC run takes 30 minutes and only one
instrument is available. Suggest a solution using UPLC and justify it with two reasons.

2 Animpurity at 0.05% level is hidden under the main peak in an HPLC method. Explain how transferring
the method to UPLC could reveal it.

3 Avresearcher has only 2 microlitres of a purified peptide. Which technique — conventional HPLC or
Nano-LC — would you recommend for its analysis, and why?

4 Your UPLC peaks look broad and flat although the method worked earlier. List two instrument-related
causes linked to UPLC's special requirements.

References
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CHAPTER 6: Hyphenated Techniques — GC-MS,
LC-MS/MS, ICP-MS

Learning Objectives
After studying this chapter, you will be able to:

+ Explain what "hyphenated technique" means in simple words.

+ Describe the principle of GC-MS, including the interface concept.

+ Explain the tandem MS (MS/MS) concept: MS1 selects, MS2 fragments.
+ Describe the principle of ICP-MS for elemental analysis.

+ Compare GC-MS, LC-MS/MS, and ICP-MS in a table.

« List pharmaceutical applications of each technique.

Definitions

Hyphenated technique: An analytical method in which a separation technique (like gas or liquid
chromatography) is directly connected ("hyphenated") to an identification technique (like mass
spectrometry), so separation and identification happen in one online run. The name comes from the
hyphen in names like GC-MS.

GC-MS (Gas Chromatography-Mass Spectrometry): A hyphenated technique where volatile compounds
are first separated by gas chromatography and then identified by a mass spectrometer, which measures
the mass of the molecules and their fragments.

LC-MS/MS (Liquid Chromatography-Tandem Mass Spectrometry): A hyphenated technique where
compounds are separated by liquid chromatography and then analysed by TWO mass spectrometers in
series: the first (MS1) selects a specific ion, and the second (MS2) breaks it into fragments, giving very
confident identification and very high sensitivity.

ICP-MS (Inductively Coupled Plasma-Mass Spectrometry): A technique in which a sample is sprayed
into an extremely hot plasma (a super-hot ionised gas, hotter than the surface of the sun) that breaks
everything into atoms and ionises them; a mass spectrometer then measures the atoms by mass. It is
used for trace element and heavy-metal analysis at extremely low levels.

Interface: The connection between the chromatography part and the mass spectrometer part. It must
transfer the separated compounds from one to the other without losing them — a key engineering
challenge, especially for LC-MS.
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Ion: An atom or molecule carrying an electrical charge. Mass spectrometers only "see" ions, so neutral
molecules must be ionised first.

Terminology

Volatile Easily turns into vapour/gas when heated (needed for GC).

Mobile phase (GC) An inert carrier gas (like helium) that pushes sample vapour
through the column.

Ionisation Giving molecules an electrical charge so the MS can detect
them.

Electron impact (EI) A hard ionisation method in GC-MS: electrons smash molecules
into characteristic fragments — like a fingerprint.

Electrospray (ESI) A soft ionisation method for LC-MS: liquid spray forms charged
droplets, giving intact ions — good for fragile drug molecules.

Precursor ion The original ion selected by MS1 in an MS/MS experiment.

Product / fragment ions The pieces formed when the precursor ion is broken apart in
MS2.

Tandem MS (MS/MS) Two mass analysers in series: select (MS1) - fragment -
measure fragments (MS2).

Quadrupole A common mass analyser: four rods that filter ions by mass
using electric fields.

Plasma (ICP) An extremely hot, ionised gas (from argon) that atomises and
ionises the sample.

Trace analysis Measuring extremely tiny amounts (parts per billion or lower).

Elemental impurities Unwanted metals (e.g. lead, cadmium, arsenic, mercury) in
drugs — strictly controlled for safety.

Metabolite A chemical product formed when the body breaks down a drug.

Matrix Everything in the sample except the compound of interest (can

interfere).

Simple Explanations

What Does "Hyphenated" Mean? Concept — Explanation » Example —» Takeaway

Concept: Two instruments joined together so that separation and identification happen automatically in
one run.

Simple explanation: Chromatography (GC or LC) is excellent at SEPARATING a mixture into individual
compounds, but it cannot tell you WHAT each compound is. Mass spectrometry (MS) is excellent at
IDENTIFYING compounds by their mass, but it gets confused if you feed it a mixture. A hyphenated
technique connects them: the chromatography separates the mixture first, and each separated
compound flows straight into the mass spectrometer, which identifies it. One run gives you both
separation and identification.

Example: A cough syrup contains 5 ingredients plus unknown impurities. LC separates them into 8 peaks;
MS then tells you the mass (and hence the identity) of each peak. Without the hyphenation, you would
need two separate experiments.
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Everyday analogy: Like a sorting office plus a detective working side by side: the sorting office
(chromatography) separates mixed letters into piles, and the detective (mass spectrometry) immediately
identifies who sent each letter. If the detective got the whole mixed sack, identification would be a mess.

Key takeaway: Hyphenated = separation + identification, coupled online, in one run.

GC-MS Principle

Concept — Explanation: In GC-MS, the sample is heated so that volatile compounds turn into vapour. A
carrier gas pushes the vapour through a long GC column, where compounds separate based on how they
interact with the column coating — lighter, less sticky compounds come out first. As each compound
leaves the column, it enters the mass spectrometer through the interface. Inside, electron impact
ionisation smashes each molecule into charged fragments. The fragments form a pattern (a "fingerprint")
that identifies the compound, and reference libraries of these fingerprints help confirm identities.

The interface concept: The GC column ends in a gas (already vapour), and the MS also works with
gas-phase molecules under vacuum — so the connection is natural and simple: the column outlet feeds
directly into the ion source. This easy interface is why GC-MS was the first successful hyphenated
technique.

Example: Detecting residual solvents (like traces of methanol left from drug manufacturing) in a tablet —
GC separates the volatile solvents, MS identifies each one.

LC-MS/MS Principle — Tandem MS Concept

Concept — Explanation: Many drug molecules are not volatile and would be destroyed by heat, so they
cannot go through GC. LC separates them gently in liquid. The challenge: the MS needs gas-phase ions,
but the LC delivers liquid — so a special interface (electrospray) sprays the liquid into a fine mist of
charged droplets, releasing ions into the MS.

MS/MS — MS1 selects, MS2 fragments: In tandem MS, there are two mass analysers in series:

1 MS1 (first analyser) acts like a gatekeeper: out of all ions present, it selects ONLY the ion of the target
compound (the precursor ion) and lets it through.

2 Collision cell: the selected ion is smashed into small gas molecules and breaks into fragments.

3 MS2 (second analyser) measures the masses of these fragments (product ions).

Because we first select and then fragment, the result is extremely specific — even in a dirty, complex
sample (like blood plasma), we can confidently say "this is our drug" and measure it at very low levels. That
is why MS/MS gives confident identification plus superb sensitivity.

Example: Measuring a new drug in a patient's blood during a clinical trial: LC separates the drug from
blood components, MS1 selects the drug's ion, MS2 fragments confirm it is really the drug — and the
fragment signal is measured for accurate quantitation.

ICP-MS Principle

Concept — Explanation: ICP-MS does not analyse molecules — it analyses ATOMS of elements. The liquid
sample is sprayed into an argon plasma that is extremely hot. The heat is so intense that every molecule is
torn apart into individual atoms, and the atoms lose electrons to become positive ions. These ions then
enter a mass spectrometer (usually a quadrupole), which sorts them by mass — each element has its own
atomic mass. Result: we can detect metals and other elements down to parts per billion or even parts per
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trillion.

Example: Checking a herbal medicine for lead, cadmium, arsenic, and mercury contamination — ICP-MS
measures all of them in one run at levels far below safety limits.

Key takeaway: GC-MS and LC-MS/MS identify molecules; ICP-MS counts atoms of elements (metals).

Classifications

Hyphenated techniques by separation method:
* Gas-phase separation: GC-MS (for volatile compounds).
* Liquid-phase separation: LC-MS, LC-MS/MS (for non-volatile, heat-sensitive compounds).

+ Plasma-based (no molecular separation): ICP-MS (for elements).

MS ionisation types:
+ Hard ionisation: electron impact (EI) — heavy fragmentation, fingerprint spectra (GC-MS).

+ Soft ionisation: electrospray (ESI), atmospheric pressure chemical ionisation (APCI) — intact molecular
ions (LC-MS).

MS/MS scan modes (how MS1 and MS2 work together):
* Product ion scan: select one precursor — see all its fragments (structure confirmation).
* Precursor ion scan: see all fragments - find which precursors made one common fragment.

+ Selected/multiple reaction monitoring (SRM/MRM): select one precursor = watch one specific
fragment — maximum sensitivity for quantitation.

Mechanisms / Processes

How GC-MS Works — Step by Step

1 Injection & vaporisation: Liquid sample injected into a hot inlet; volatile compounds become vapour.

2 GCseparation: Carrier gas carries vapour through the column; compounds separate by volatility and
interaction.

3 Interface: Column outlet feeds directly into the MS ion source (natural gas-to-gas connection).
4 Ionisation (EI): Electrons bombard molecules, forming ions and characteristic fragments.

5 Mass analysis: Ions sorted by mass; fragment pattern identifies the compound (library matching).

How LC-MS/MS Works — Step by Step

1 LCseparation: Compounds separate in liquid on the column.
2 Interface (electrospray): Liquid sprayed into charged mist; ions released into the MS.

3 MS1 selection: Quadrupole 1 selects only the target (precursor) ion.
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4 Fragmentation: Precursor collides with gas and breaks into fragments.

CHAPTER 6

5 MS2 measurement: Quadrupole 2 measures fragment masses — confirms identity; chosen fragments

quantified.

How ICP-MS Works — Step by Step

1 Nebulisation: Liquid sample sprayed into a fine mist.

2 Plasma atomisation & ionisation: Mist enters the super-hot argon plasma; molecules break into

atoms; atoms become ions.
3 Ion extraction: Ions pulled from the plasma into the mass spectrometer.
4 Mass filtering: Quadrupole sorts ions by mass — each element identified by its atomic mass.

5 Detection: Ion counts converted to concentration — trace metals measured.

Diagrams
Block diagram of GC-MS:

[INJECTOR (hot)] --> [GC COLUMN in OVEN] --> [INTERFACE: direct column-to-MS connection]
(sample vaporised) (compounds separate (gas phase to gas phase — simple!)
as vapours)
I

v
[ION SOURCE (EI)] --> [MASS ANALYSER]
(fragments formed) (ions sorted by mass)
I
v
[DETECTOR + LIBRARY MATCH]

Block diagram of LC-MS/MS:

[LC PUMP + COLUMN] --> [INTERFACE: ELECTROSPRAY] --> [MS1 (Quadrupole 1)]
(liquid separation) (liquid -> charged mist (SELECTS precursor ion only)
-> gas-phase ions)
|

\
[COLLISION CELL]
(precursor FRAGMENTS)
|
\
[MS2 (Quadrupole 2)]
(measures FRAGMENT masses)
|
\
[DETECTOR]

Block diagram of ICP-MS:
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[SAMPLE (liquid)] --> [NEBULISER] --> [ARGON PLASMA TORCH (extremely hot)]
(dissolved sample) (fine mist) (atoms formed + ionised)

I
v

[MASS ANALYSER (quadrupole)]

(ions sorted by atomic mass)
I
v

[DETECTOR]
(element concentrations)

Flowchart

I have a sample to identify/measure. Which hyphenated technique?
I
%

Is the target a METAL / ELEMENT (Pb, Cd, As, Hg...)? -- YES --> Use ICP-MS
I
NO (it is an organic molecule)
I
v

Is the compound VOLATILE and heat-stable? -- YES --> Use GC-MS
I
NO
I
%

Is CONFIDENT identification + trace quantitation in complex matrix needed? -- YES --> Use LC-MS/MS
I
NO
%

Simple LC-MS may be enough

> INFOGRAPHIC CONCEPT: A three-panel comic strip titled "Three
Detectives". Panel 1 — GC-MS: a detective sniffing vapours rising
from a heated flask, catching "volatile suspects” with a fingerprint
kit labelled EI fragments. Panel 2 — LC-MS/MS: two security gates in a
row; Gate 1 (MS1) lets through only one suspect (precursor ion), a
smashing room (collision cell) breaks the suspect's disguise, Gate 2
(MS2) checks the broken pieces — caption "double-checked identity".
Panel 3 — ICP-MS: a giant furnace (plasma) melting everything into
atoms, a sorter placing each metal atom into labelled boxes (Pb, Cd,
As, Hg) — caption "counts atoms, not molecules". Bottom banner:
"GC-MS = volatile molecules - LC-MS/MS = fragile molecules, double
sure - ICP-MS = elements at trace levels."

Tables

GC-MS vs LC-MS/MS vs ICP-MS — Comparison
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Volatile, heat-stable molecules = Non-volatile / heat-sensitive

What it analyses

Separation step

Interface

Ionisation

MS stages

Identification

Sensitivity

Main pharma use

Gas chromatography

Simple (gas to gas)

Electron impact (hard,
fragments)

Usually single MS

Fragment fingerprint + library

Good (nanogram level)

Residual solvents, volatile
impurities

molecules

Liquid chromatography
Electrospray (liquid to gas
ions)

Electrospray (soft, intact ions)

Tandem: MS1 selects, MS2
fragments

Precursor + fragments (very
confident)

Excellent (trace, complex
samples)

Drug metabolism, impurity ID,

bioanalysis

Elements (atoms), mainly
metals

None (plasma destroys
molecules)

Nebuliser into plasma

Argon plasma (atomises +
jonises)

Usually single (quadrupole)

Atomic mass of element

Extreme (parts per
billion/trillion)

Elemental impurities (heavy
metals)

Which Technique for Which Pharma Problem

Residual solvents in tablets
Unknown impurity structure
Drug level in blood (clinical trial)
Lead/arsenic in herbal drug
Degradation products of a drug

Volatile oil composition

Examples

GC-MS
LC-MS/MS
LC-MS/MS
ICP-MS
LC-MS/MS

GC-MS

Solvents are volatile

Fragments reveal structure
Selective in complex blood matrix
Trace metals, not molecules
Non-volatile, need confident ID

Volatile mixture

1 GC-MS — residual solvents: A paracetamol tablet batch is tested for leftover methanol from
manufacturing. GC separates the volatile methanol from everything else; MS confirms it is methanol
and measures it below the safety limit.

2 LC-MS/MS — drug metabolism: After a volunteer takes a new drug, blood samples are analysed. LC
separates the drug and its metabolites; MS1 selects the drug ion, MS2 fragments confirm its identity —
even at tiny blood concentrations.

3 LC-MS/MS — impurity identification: An unknown peak appears in a drug's stability sample.
LC-MS/MS fragments it; the fragment pattern shows it is the drug plus one oxygen atom — an
oxidation degradation product.

4 ICP-MS — elemental impurities: An ayurvedic/herbal formulation is screened for lead, cadmium,
arsenic, and mercury. ICP-MS measures all four in one run at parts-per-billion levels, proving the

product is safe.

Pills & Python - Pharmacy * Data * Al » Healthcare - Instagram @pillsandpython - pillsandpython.com - YouTube @PillsAndPython

18



BP704T - UNIT III CHAPTER 6

Analogies

+ Hyphenation: A relay race — the chromatography runner separates the crowd, then passes the baton
(each pure compound) to the MS runner who identifies it.

+ GC-MS interface: Like connecting two garden hoses that already carry the same water — easy,
because both sides handle gas.

+ LC-MS interface: Like turning a waterfall into mist so it can pass through a doorway — the
electrospray converts liquid into gas-phase ions.

«  MS/MS: Airport security with two checkpoints — first checkpoint picks the right passenger (MS1), the
interview room breaks their cover story (collision cell), the second checkpoint verifies the pieces (MS2).

« ICP-MS: A furnace that melts a mixed-metal statue into individual atoms, then a sorting machine drops
each atom into the right element's box.

Pharmacy Relevance

+ Drug safety: LC-MS/MS identifies unknown impurities and degradation products so unsafe batches
never reach patients.

« Bioanalysis: LC-MS/MS measures drug levels in blood during clinical trials — the backbone of
pharmacokinetic studies for new drug approval.

+ Elemental impurity control: ICP-MS ensures toxic metals (lead, arsenic, cadmium, mercury) in drugs
and herbal products stay within safety limits.

+ Metabolite profiling: Understanding how the body breaks down a drug (via LC-MS/MS) guides safe
dosing.

« Quality investigations: When a batch fails, hyphenated techniques find the root cause fast.

India Context

+ Indian pharma QC and R&D labs widely use GC-MS for residual solvent testing, a routine requirement
for drug batches made in India for world markets.

« LC-MS/MS centres in Hyderabad, Bengaluru, Mumbai, and Ahmedabad support bioequivalence and
clinical trial studies for India's large generic drug industry.

« ICP-MS is used by Indian labs testing herbal and ayurvedic products for heavy-metal contamination —
an important export-quality requirement.

+ Regulatory expectations for impurity identification and elemental impurity limits make these
techniques essential for Indian manufacturers supplying regulated markets.

Key Points

+ Hyphenated = chromatography (separation) + MS (identification), online, one run.

+  GC-MS: volatile compounds; simple gas-phase interface; EI fragmentation fingerprints.
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LC-MS/MS: non-volatile drugs; electrospray interface; MS1 selects precursor, collision fragments it,
MS2 measures fragments = confident ID + high sensitivity.

ICP-MS: super-hot argon plasma atomises and ionises; MS sorts by atomic mass - trace
element/metal analysis.

GC-MS/LC-MS/MS identify molecules; ICP-MS identifies elements.

Common Confusions

GC-MS vs LC-MS: Not interchangeable — GC-MS needs volatile, heat-stable compounds; LC-MS
handles non-volatile, fragile drug molecules. The sample decides.

MS vs MS/MS: Single MS measures ion masses once; MS/MS (tandem) selects an ion first and then
fragments it — the extra step gives much more confidence.

ICP-MS does not identify molecules: It destroys molecules completely and counts atoms of elements.
Do not use it to identify a drug's structure.

"Interface" confusion: The interface is just the connection hardware between the two instruments —
its job is to deliver the separated compound into the MS without loss. GC's interface is simple; LC's
needs electrospray.

Common Mistakes

Suggesting GC-MS for a heat-sensitive protein drug — it would decompose; use LC-MS/MS.

Saying MS/MS means "two mass spectrometers side by side" — they are in SERIES (one after the
other), not parallel.

Forgetting ionisation: MS cannot detect neutral molecules — they must be ionised first.
Using ICP-MS to "identify an impurity's structure" — it only tells you which elements are present.

Mixing up precursor and product ions — precursor is selected by MS1; products/fragments are
measured by MS2.

Mnemonics

"S-I" for hyphenation: Separate first (chromatography), Identify second (MS) — "SI, see it identified!"
MS/MS = "Select, Smash, See": MS1 selects, collision cell smashes, MS2 sees the fragments.

"G-VOL, L-FRAG, I-METAL": GC-MS = volatile molecules; LC-MS/MS = fragile molecules,
double-checked; ICP-MS = metals/elements.

Interface memory: "Gas meets gas with ease (GC); liquid needs a mist (LC electrospray)."

Exam Summary

A hyphenated technique couples a separation method directly to an identification method so both happen
online in one run — chromatography separates, mass spectrometry identifies. In GC-MS, volatile
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compounds are separated as vapours by GC and pass through a simple gas-phase interface into the MS,
where electron impact creates characteristic fragment fingerprints for identification (e.g. residual
solvents). In LC-MS/MS, non-volatile drugs are separated by LC, converted to ions by an electrospray
interface, then analysed by tandem MS: MS1 selects the precursor ion, a collision cell fragments it, and
MS2 measures the fragments — giving highly confident identification and excellent sensitivity in complex
samples like blood (drug metabolism, impurity ID, bioanalysis). In ICP-MS, the sample enters an extremely
hot argon plasma that breaks molecules into atoms and ionises them; the MS sorts ions by atomic mass,
enabling trace-level measurement of elements such as lead, cadmium, arsenic, and mercury (elemental
impurity analysis).

One-Minute Revision

* Hyphenated = separation + identification in one online run.

+ GC-MS: volatile molecules; easy interface; EI fragment fingerprints.

LC-MS/MS: MS1 selects = fragment -» MS2 measures; confident ID, trace sensitivity.

ICP-MS: hot plasma - atoms - ions — sorted by atomic mass; trace metals.

+ Uses: residual solvents (GC-MS); metabolism, impurity ID (LC-MS/MS); heavy metals (ICP-MS).

Short Answer Questions

1 Whatis a hyphenated technique? Give two examples.

2 Why is the GC-MS interface considered simple?

3 What problem does the electrospray interface solve in LC-MS?

4 In MS/MS, what are the roles of MS1 and MS2?

5 What does ICP-MS analyse — molecules or elements? Explain briefly.
6 Why is LC-MS/MS preferred for measuring drugs in blood?

7 What s a precursor ion?

8 Name the four toxic elements commonly tested by ICP-MS in pharmaceuticals.

Long Answer Questions

1 Explain the meaning of "hyphenated technique". Describe the principle of GC-MS with a labelled block
diagram, including the interface concept and one pharmaceutical application.

2 Describe the principle of LC-MS/MS. Explain the tandem MS concept (MS1 selects, collision fragments,
MS2 measures) and why it gives confident identification. Give two pharmaceutical applications.

3 Explain the principle of ICP-MS with a labelled block diagram. How does it differ from GC-MS and
LC-MS/MS in what it analyses? Give pharmaceutical applications.

4 Compare GC-MS, LC-MS/MS, and ICP-MS with respect to analytes, separation, interface, ionisation, and
applications. Draw a flowchart for choosing among them.
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MCQs with Answer Keys
1 A hyphenated technique couples:
a) Two pumps b) Separation + identification online c) Two detectors only d) Two columns Answer: b

1 GC-MS is best suited for:

a) Proteins b) Volatile, heat-stable compounds c) Metal ions d) Salts Answer: b

1 The GC-MS interface is simple because:

a) No interface is needed b) Both GC and MS handle gas-phase molecules c) It uses plasma d) It uses liquid
Answer: b

1 In LC-MS, the electrospray interface:

a) Heats the sample strongly b) Converts liquid into gas-phase ions c) Separates isomers d) Counts atoms
Answer: b

1 In MS/MS, MS1:

a) Fragments the ion b) Selects the precursor ion c) Detects elements d) Vaporises the sample Answer: b

1 Fragmentation in MS/MS occurs in the:

a) Injector b) Collision cell c) Detector d) Column Answer: b

1 ICP-MSis used mainly for:

a) Identifying drug structures b) Trace element/metal analysis c) Separating enantiomers d) Measuring pH
Answer: b

1 InICP-MS, the sample is ionised by:

a) Electrons b) Electrospray ¢) Extremely hot argon plasma d) UV light Answer: ¢

1 Which technique would you choose to identify an unknown non-volatile impurity?

a) GC-MS b) LC-MS/MS ¢) ICP-MS d) pH meter Answer: b

1 Which technique measures lead at parts-per-billion level in a herbal product?

a) GC-MS b) LC-MS/MS c) ICP-MS d) TLC Answer: ¢

Viva Questions
1 Expand GC-MS, LC-MS/MS, ICP-MS.

2 What does "hyphenated" mean?
3 Which part separates and which part identifies?
4 Why can't GC-MS analyse proteins?

5 What does MS1 do in tandem MS?
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6 Whatis a fragment/product ion?
7 What does the plasma do in ICP-MS?

8 Name two applications of LC-MS/MS.

Application-Based Questions

1 A stability sample of a new tablet shows an unknown peak. The impurity is non-volatile. Which
hyphenated technique would you choose, and what information would the MS/MS experiment give
you?

2 An export batch of herbal capsules must be certified free of heavy metals. Which technique do you
recommend, and why is GC-MS unsuitable here?

3 During a clinical trial, a drug must be measured in volunteer blood samples at very low levels with no
confusion from blood components. Explain how LC-MS/MS achieves this.

4 Alab suspects methanol residue in a drug powder. Which technique fits best? Outline the steps from
injection to identification.

References

* Niessen
« Silverstein/Webster/Kiemle/Bryce
+ Skoog/Holler/Crouch

*  Friebolin

CHAPTER 7: Supercritical Fluid Chromatography
and Flash Chromatography

Learning Objectives
After studying this chapter, you will be able to:

+ Explain what a supercritical fluid is in simple words.

+ Describe the principle of supercritical fluid chromatography (SFC).

+ State the composition of the SFC mobile phase and the role of the modifier.
« List advantages and applications of SFC.

+ Describe the principle of flash chromatography.

+ List applications of flash chromatography in API synthesis and purification.

+ Compare SFC with flash chromatography in a table.
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Definitions

Supercritical fluid: A substance held above its critical temperature and critical pressure — the point
beyond which the boundary between liquid and gas disappears. In this state it flows and spreads like a
gas but can dissolve substances like a liquid. Carbon dioxide (CO,) is the most commonly used
supercritical fluid.

Critical temperature: The temperature above which a substance cannot be turned into a liquid just by
pressing it — no matter how much pressure you apply.

Critical pressure: The pressure needed, together with the critical temperature, to push a substance into
the supercritical state.

SFC (Supercritical Fluid Chromatography): A chromatography technique that uses a supercritical fluid
(usually CO,) as the main mobile phase. It combines features of gas and liquid chromatography: fast like
GC, able to handle drug-like molecules like LC.

Modifier (co-solvent): A small amount of an organic solvent (such as methanol) added to the supercritical
CO, in SFC. Pure CO; is non-polar, so the modifier is added to help dissolve and separate polar drug
molecules.

Flash chromatography: A fast, medium-pressure liquid chromatography technique using a short column
packed with relatively coarse silica, used by synthetic chemists to quickly purify the product of a chemical
reaction. It is a preparative (purification) technique, not mainly an analytical one.

API (Active Pharmaceutical Ingredient): The actual drug substance in a medicine — the chemical that
produces the therapeutic effect.

Terminology

Mobile phase (SFC) Mainly supercritical CO, plus a small amount of modifier.

Stationary phase (SFC) Similar to HPLC columns — silica-based packings.

Back-pressure regulator A device at the column outlet in SFC that keeps the pressure
high enough for CO, to stay supercritical.

Depressurisation Releasing the pressure at the end of SFC — CO, turns back into
gas and escapes, leaving the pure sample behind.

Green chemistry Chemistry designed to reduce waste, toxic solvents, and
environmental harm.

Enantiomers Mirror-image forms of a molecule (left-handed and
right-handed); often only one form is the active drug.

Chiral separation Separating enantiomers from each other — a famous strength
of SFC.

Silica gel The common white powder packing used in flash
chromatography columns.

Elution Washing compounds out of the column with solvent.

Fraction A portion of liquid collected from the column outlet, hopefully
containing the pure product.

Gradient Gradually changing the solvent mixture during the run to push

out stubborn compounds.
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Preparative Done to collect/purify material (not just to analyse it).
Throughput How much material or how many samples can be processed in
a given time.

Simple Explanations

What Is a Supercritical Fluid? Concept —» Explanation - Example —» Takeaway

Concept: A substance squeezed and heated past a special point where it is neither fully liquid nor fully gas
— and gets the best properties of both.

Simple explanation: Every substance has a "critical point" — a specific temperature and pressure. Below
it, you can clearly tell liquid apart from gas. Above it, the difference vanishes: the substance becomes a
supercritical fluid. It spreads and flows fast like a gas (so separations are quick), but it is dense enough to
dissolve things like a liquid (so it can carry drug molecules through a column). CO, is ideal because its
critical point is easy to reach (just above room temperature and at moderate pressure), it is cheap,
non-toxic, non-flammable, and — best of all — when you release the pressure at the end, it simply turns
back into gas and floats away, leaving your pure sample behind with no solvent to evaporate.

Everyday analogy: Like steam that is so dense it can dissolve sugar — it moves fast like a gas but carries
things like a liquid.

Key takeaway: Supercritical CO, = flows like a gas (fast) + dissolves like a liquid (carries drugs) +
vanishes at the end (green, easy sample recovery).

SFC Principle

Concept — Explanation: SFC works like HPLC, except the main mobile phase is supercritical CO, instead of
liquid solvents. The sample is injected into the flowing supercritical CO, (mixed with a little modifier such
as methanol). Because the fluid has gas-like low viscosity (it flows very easily) and liquid-like dissolving
power, compounds travel through the column quickly and separate well. A back-pressure regulator at the
outlet keeps everything pressurised so the CO, stays supercritical inside the column. After the detector,
the pressure is released: CO, becomes gas and escapes, and the separated pure compounds are left
behind — almost no liquid waste.

Why add a modifier? Pure supercritical CO, is non-polar (like oil) and cannot dissolve polar drug
molecules well. Adding a small percentage of methanol (the modifier) makes the mobile phase able to
handle polar compounds — just like adding soap helps oil and water mix.

Example: Separating the two mirror-image forms (enantiomers) of a new drug — SFC with a chiral column
does this fast, and the pure enantiomer is recovered simply by letting the CO, evaporate.

Flash Chromatography Principle

Concept — Explanation: After a chemist makes a new compound in a reaction flask, the product is mixed
with unreacted starting materials and by-products — it must be purified. Flash chromatography is the
quick workhorse for this: a short glass or plastic column is packed with silica gel, the crude mixture is
loaded on top, and solvent is pushed through at medium pressure (by compressed air or a pump — faster
than gravity, gentler than HPLC). Compounds separate as they travel: less sticky ones come out first.
Fractions are collected in test tubes, and the tubes containing the pure product are combined. It is fast
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(minutes, not hours), simple, and purifies gram quantities — exactly what a synthetic chemist needs daily.

Example: A chemist synthesises a new drug intermediate; the crude solid contains product plus two
by-products. Flash chromatography on silica with a hexane/ethyl acetate mixture separates them in 20
minutes, giving pure product for the next reaction step.

Key takeaway: Flash chromatography = quick, medium-pressure purification on a short silica
column — the synthetic chemist's daily purification tool.

Classifications
By mobile phase state (chromatography family):

+ Gas chromatography: mobile phase is a gas.

+ Liquid chromatography (HPLC/UPLC): mobile phase is a liquid.

+ Supercritical fluid chromatography (SFC): mobile phase is a supercritical fluid — between gas and
liquid.

SFC by separation mode:

« Normal-phase-like SFC: polar stationary phase, CO, + modifier — common for chiral separations.

«  With different modifiers (methanol, ethanol, isopropanol) to tune polarity.

Flash chromatography by operation:
* Manual (glass column, air pressure, fractions collected by hand).

+ Automated (instrument pumps solvent gradient, UV detector tracks peaks, fractions collected
automatically).

Mechanisms / Processes

How SFC Works — Step by Step

1 Pressurisation: CO, is pumped and heated above its critical point = supercritical fluid.

2 Modifier mixing: A small amount of methanol (modifier) is mixed in.

3 Injection: Sample injected into the supercritical mobile phase.

4 Separation: Compounds separate on the column — fast, because the fluid flows easily like a gas.
5 Pressure control: Back-pressure regulator keeps CO, supercritical throughout.

6 Detection & recovery: After the detector, pressure is released — CO, turns to gas and escapes - pure
fractions collected with almost no solvent waste.

How Flash Chromatography Works — Step by Step

1 Pack column: Short column packed with silica gel (stationary phase).
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Push solvent: Solvent (mobile phase) pushed through at medium pressure.

A W N

Separate: Compounds travel at different speeds; less polar (less sticky) ones exit first.

CHAPTER 7

Load sample: Crude reaction mixture loaded on top (dissolved in a little solvent or adsorbed on silica).

5 Collect fractions: Outlet liquid collected in tubes; TLC or UV shows which tubes hold the pure product.

6 Combine & evaporate: Product fractions combined; solvent evaporated — pure compound.

Diagrams

Block diagram of an SFC system:

[CO2 SUPPLY (liquid CO2 cylinder)] --> [C02 PUMP] --+
+--> [MIXER] --> [INJECTOR]
[MODIFIER RESERVOIR (methanol)] --> [MODIFIER PUMP] -+ |
%
[COLUMN in OVEN]
I
Vv
[BACK-PRESSURE REGULATOR]

Vv
[DETECTOR (UV/MS)]
I

\"
[DEPRESSURISATION]
C02 -> gas escapes

Vv

(keeps C02 supercritical)

[PURE FRACTIONS COLLECTED]

Block diagram of a flash chromatography setup:

[SOLVENT RESERVOIRS] --> [PUMP / PRESSURISED AIR] --> [SHORT COLUMN packed with SILICA]
(hexane, ethyl acetate) (medium pressure) |
v
[CRUDE SAMPLE loaded on top]
I
v
Compounds separate as they travel

Vv

[UV DETECTOR (optional)] --> [FRACTION COLLECTOR]
(test tubes)

Supercritical state sketch (in words):

GAS (thin, fast, cannot dissolve much)

A
| critical point
I
+

/
LIQUID ----+---- SUPERCRITICAL FLUID (dense like liquid,
(dense, | flows like gas — best of both)
slow)
E T >

Increasing temperature & pressure
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Flowchart

I need to purify or analyse a compound. Which technique?
I
v
Do I need ANALYTICAL information (fast analysis, chiral purity check)? -- YES --> Consider SFC

I
NO — I need to PURIFY bulk material from a synthesis

I
v
Is the amount MILLIGRAMS TO GRAMS of crude reaction mixture? -- YES --> Use FLASH CHROMATOGRAPHY
I
NO
v
Consider preparative HPLC or other methods

> INFOGRAPHIC CONCEPT: A two-scene poster titled "The Green
Racer and the Workhorse". Left scene — SFC "The Green Racer": a
race car labelled "supercritical CO." speeding down a column track,
a small methanol droplet riding along as "modifier helper", a
pressure gauge at the finish line (back-pressure regulator), then the
car dissolving into bubbles with the caption "CO; just evaporates —
almost zero waste!", and a trophy for "chiral separations". Right
scene — Flash "The Workhorse": a sturdy short column packed with
sand-like silica, a chemist pouring a crude brown mixture on top,
coloured bands separating as solvent pushes through, test tubes
filling with pure coloured fractions, caption "grams purified in
minutes". Bottom strip: "SFC = fast + green analysis - Flash = fast bulk
purification."”

Tables

SFC vs Flash Chromatography — Comparison

Mobile phase Supercritical CO, + small % modifier Liquid organic solvents

Pressure High (keeps CO, supercritical) Medium (air/pump pressure)

Column Analytical-type, often chiral Short, packed with coarse silica

Main purpose Analysis (fast separations, chiral purity) Purification (isolate product from reaction
mixture)

Speed Very fast (gas-like flow) Fast (minutes)

Solvent waste Very low — CO, evaporates Moderate — litres of organic solvent

Greenness Very green Less green (organic solvents)

Sample recovery Easy — CO; just escapes Needs solvent evaporation

Famous strength Chiral (enantiomer) separations Daily purification in synthesis labs

Pills & Python - Pharmacy * Data ¢ Al « Healthcare - Instagram @pillsandpython - pillsandpython.com - YouTube @PillsAndPython 28



BP704T - UNIT III CHAPTER 7

Scale Analytical (mg) Preparative (mg to grams)

SFC vs HPLC vs GC — Where SFC Sits

Mobile phase Supercritical fluid Liquid
Speed Fast Fast Slower
Can analyse non-volatile No Yes Yes
drugs?

Chiral separations Limited Excellent Good
Solvent waste Very low Very low Higher
Examples

1 SFC — chiral purity: A new drug exists as two mirror-image forms, but only one is active. SFC with a
chiral column separates them in minutes, and the pure active form is collected simply as the CO,
evaporates.

2 SFC — green QC: A lab replaces an HPLC purity method with SFC; solvent waste drops dramatically
because the main mobile phase (CO,) just turns to gas at the end.

3 Flash — API intermediate: During the synthesis of a drug candidate, each reaction step's crude
product is purified by flash chromatography on silica before the next step — a daily routine in
medicinal chemistry labs.

4 Flash — natural product: A plant extract containing the desired compound plus pigments and waxes
is cleaned up by flash chromatography to give an enriched fraction for further study.

Analogies

+ Supercritical fluid: Like a crowd that is packed tightly enough to carry you (liquid-like density) but
moving fast like a running crowd (gas-like speed).

+ Modifier: Like adding a little detergent to water so it can dissolve grease — methanol helps CO,
dissolve polar drug molecules.

+ Back-pressure regulator: Like keeping your thumb partly over a garden hose to maintain pressure —
release it fully and the special state collapses.

+ Flash chromatography: Like panning for gold in a fast stream — water (solvent) rushes through
gravel (silica), and the heavy gold (product) separates from the dirt as fractions are collected.

Pharmacy Relevance

« Chiral drugs: Many modern drugs are single enantiomers; SFC is one of the fastest ways to check
enantiomeric purity and to isolate the correct form.
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Green analysis: SFC cuts organic solvent use and waste — important as the industry moves toward
greener laboratories.

API synthesis: Almost every synthetic drug route uses flash chromatography to purify intermediates
at each step — it is the backbone purification tool of medicinal chemistry.

Faster development: Quick purification means chemists can make and test new drug candidates
faster.

Sample recovery: In SFC, the product is recovered without tedious solvent evaporation — valuable for
precious compounds.

India Context

Indian pharmaceutical R&D centres (Hyderabad, Bengaluru, Mumbai, Ahmedabad) use SFC widely for
chiral separations during drug development, since many new drug candidates are chiral.

Flash chromatography instruments are standard equipment in every synthetic/medicinal chemistry lab
across Indian pharma companies and university research departments — used daily for API
intermediate purification.

The green chemistry push in Indian pharma (reducing solvent waste and disposal costs) makes SFC an
attractive modernisation step for analytical labs.

Indian manufacturers of generic chiral drugs rely on fast chiral purity methods like SFC for batch
release.

Key Points

A supercritical fluid is above its critical temperature and pressure: flows like a gas, dissolves like a
liquid.

SFC mobile phase = supercritical CO, + a small amount of modifier (e.g. methanol).
A back-pressure regulator keeps CO, supercritical inside the column.

SFC advantages: very fast, green (CO, evaporates), excellent for chiral separations, easy sample
recovery.

Flash chromatography = fast, medium-pressure purification on a short silica column.
Flash is preparative (purifies mg-g quantities); SFC is mainly analytical.

Flash applications: purifying API intermediates after each synthesis step, natural product clean-up.

Common Confusions

SFC vs HPLC: SFC is not "HPLC with CO," — the supercritical mobile phase gives gas-like speed with
liquid-like dissolving power, and needs pressure control hardware HPLC does not have.

Flash vs column chromatography: Flash IS a type of column chromatography — just faster, using
medium pressure and a short column. Gravity column chromatography is its slow cousin.
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« "Supercritical" does not mean "super critical/important": It is a precise physical state above the
critical temperature and pressure.

* Modifier purpose: The modifier is not the main mobile phase — CO; is. The modifier is a small helper
percentage for polar compounds.

+ SFCis mainly analytical; flash is preparative: Do not suggest flash chromatography for trace
impurity analysis, or SFC for purifying grams of crude product.

Common Mistakes

+ Saying the SFC mobile phase is "liquid CO," — it is SUPERCRITICAL CO, (above the critical point), not
ordinary liquid.

+ Forgetting the back-pressure regulator — without it, CO, would turn to gas inside the column and
separation would fail.

+ Claiming flash chromatography is for analysis — its job is PURIFICATION of synthetic products.

«  Writing that CO, waste is a pollution problem in SFC — the CO, simply returns to the atmosphere as
gas; the green benefit is avoiding large volumes of liquid organic solvents.

+ Mixing up which is faster for what: SFC = fast analysis; flash = fast bulk purification.

Mnemonics
+  "G-L-S" for SFC's fluid: Gas-like flow + Liquid-like dissolving = Supercritical.

+ "CO.+ M + B": CO; (main) + Modifier (helper) + Back-pressure regulator (keeps it supercritical) — the
three essentials of SFC.

* "FLASH = Fast Lab-scale Purification Helps Synthetic Chemists": what flash chromatography is for.

+ "SFC analyses, Flash purifies": one-line role split.

Exam Summary

A supercritical fluid exists above its critical temperature and pressure, where the liquid-gas boundary
disappears: it flows and spreads like a gas but dissolves substances like a liquid. Supercritical Fluid
Chromatography (SFC) uses supercritical CO, as the main mobile phase with a small amount of modifier
(e.g. methanol) to dissolve polar drug molecules. A back-pressure regulator keeps the CO, supercritical
inside the column. SFC is very fast, green (CO, evaporates at the end leaving the pure sample, so almost
no solvent waste), and excellent for chiral (enantiomer) separations. Flash chromatography is a fast,
medium-pressure preparative technique: a short column packed with silica gel, crude reaction mixture
loaded on top, solvent pushed through, and pure fractions collected — the everyday purification
workhorse for synthetic chemists purifying API intermediates (milligram to gram scale).

One-Minute Revision

* Supercritical fluid = above critical T & P; gas-like flow + liquid-like dissolving.

* SFC = supercritical CO, + modifier; back-pressure regulator keeps it supercritical.
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« SFC:fast, green, great for chiral separations; CO, evaporates — easy recovery.
* Flash = medium-pressure, short silica column; purifies crude synthesis products (mg-g).

« SFC analyses; flash purifies.

Short Answer Questions

1 Whatis a supercritical fluid? Give one example.

2 What are critical temperature and critical pressure?
3 Whatis the mobile phase in SFC?
4 Why is a modifier added in SFC?

5 Whatis the function of the back-pressure regulator in SFC?
6 Why is SFC called a green technique?
7 Define flash chromatography.

8 Why is flash chromatography called "preparative"?

Long Answer Questions

1 Explain what a supercritical fluid is. Describe the principle of SFC with a labelled block diagram,
including the mobile phase, modifier, and back-pressure regulator. List its advantages and
applications.

2 Compare SFC with flash chromatography with respect to mobile phase, pressure, purpose, speed,
solvent waste, and scale.

3 Describe the principle of flash chromatography with a labelled diagram. Explain its role in API
synthesis with an example.

4 Why is SFC especially useful for chiral separations? Explain with reference to its mobile phase
properties and sample recovery.

MCQs with Answer Keys

1 Asupercritical fluid:

a) Is always a liquid b) Exists above critical temperature and pressure, with gas-like flow and liquid-like
dissolving power c) Is always a gas d) Cannot dissolve anything Answer: b

1 The main mobile phase in SFC is:

a) Water b) Hexane c) Supercritical CO, d) Helium gas Answer: ¢

1 The modifier in SFC is added to:

a) Increase pressure b) Help dissolve polar compounds c) Cool the column d) Detect peaks Answer: b

1 The back-pressure regulator in SFC:
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a) Injects the sample b) Keeps CO, supercritical inside the column ¢) Heats the oven d) Collects fractions
Answer: b

1 SFCis considered green because:

a) It uses green-coloured solvents b) CO, evaporates at the end, leaving almost no liquid waste c) It needs
no electricity d) It uses only water Answer: b

1 SFCis especially famous for:

a) Protein sequencing b) Chiral (enantiomer) separations ¢) pH measurement d) Metal analysis Answer: b

1 Flash chromatography is mainly used for:

a) Trace analysis b) Fast purification of synthetic products ¢) Gas analysis d) Elemental analysis Answer: b

1 Flash chromatography columns are packed with:

a) lon-exchange resin b) Silica gel ¢) Charcoal d) Alumina only Answer: b

1 Flash chromatography typically purifies:

a) Nanogram amounts b) Milligram to gram amounts c) Tonnes d) Single molecules Answer: b

1  Which statement is correct?

a) SFC is preparative and flash is analytical b) SFC is mainly analytical, flash is preparative c) Both are gas
techniques d) Both use plasma Answer: b

Viva Questions
1 What does SFC stand for?

2 Whatis a supercritical fluid?
3 Whyis CO; preferred in SFC?
4 What is a modifier? Name one.

5 What keeps CO; supercritical in the column?
6 Why is SFC green?
7 What is flash chromatography used for?

8 What s packed inside a flash column?

Application-Based Questions

1 A company develops a chiral drug where only one enantiomer is active. Suggest SFC for checking
enantiomeric purity and explain two reasons why it suits this task (speed, recovery).

2 A medicinal chemist has 5 g of crude product from a reaction containing two by-products. Which
technique — SFC or flash chromatography — would you recommend for purification, and why?
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3 A QClab wants to reduce organic solvent waste from its HPLC purity methods. Explain how switching
suitable methods to SFC would help, mentioning what happens to the CO, after detection.

4 After an SFC run, a student forgets the purpose of the back-pressure regulator and removes it. Predict
what happens inside the column and why the separation fails.

References

+ Poole
+ Skoog/Holler/Crouch

+ Dong

Pills & Python - Pharmacy * Data ¢ Al « Healthcare - Instagram @pillsandpython - pillsandpython.com - YouTube @PillsAndPython 34



