1. Principle of Paper Chromatography
At its core, paper chromatography separates mixtures based on differential partitioning between:
e Stationary phase: the water layer held within the cellulose fibers of chromatography paper

e Mobile phase: a solvent or solvent mixture that migrates through the paper by capillary
action

Each component of the mixture spends a characteristic fraction of its time dissolved in the moving
solvent versus adsorbed (or hydrogen-bonded) to the paper. Components with higher affinity for the
mobile phase travel farther; those more strongly retained by the paper lag behind. The result is spatial
separation along the paper.

The separation is quantified by the retention factor (Rf):

R f=distance travelled by substance from origindistance travelled by solvent front from originR f =
distance travelled by substance from origin\distance travelled by solvent front from origin

2. Key Materials and Setup
1. Chromatography paper:
o Grade 1 (Whatman™) is most common (pore size ~11 pm).
o Pre-cut into strips (5—10 mm wide, 10-20 cm long).
2. Solvent systems (mobile phase):
o Polar (e.g. water, methanol, acetonitrile)
o Non-polar (e.g. hexane, toluene)
o Often mixed to tune polarity (e.g. butanol:acetic acid:water, 4:1:1).
3. Sample application:

o Apply tiny “spots” of sample (1-2 pL) as close as possible to the paper’s origin line
(~1 cm from edge).

o Air-dry between successive applications to concentrate the analyte.
4. Development chamber:
o A glass jar or beaker with a lid.

o A small reservoir of solvent at the bottom, often with a folded filter strip to help
saturate the atmosphere.

5. Visualization reagents:
o UV lamp (254 nm or 365 nm) for fluorescent or UV-active compounds.

o Chemical sprays (ninhydrin for amino acids, iodine vapor for many organics,
Dragendorft’s for alkaloids).



3. Development Techniques
3.1 Ascending Chromatography
1. Clamp the paper strip so its bottom edge dips into the solvent.
2. Capillary action draws solvent up the paper, carrying analytes past the origin.
3. End point: when solvent front nears the top; mark immediately and remove.
Use case: General separations—especially for small molecules like amino acids or dyes.
3.2 Descending Chromatography
1. Invert the paper so the origin is at the top, and allow solvent to wet from above.
2. Gravity assists capillary flow downward.

Advantage: Often gives sharper bands and faster run times, since gravity adds force to the mobile
phase.

3.3 Radial (Circular) Chromatography

1. Spot the sample at the center of a circular paper disc.

2. Place the disc over a solvent reservoir so that the rim just touches solvent.

3. Solvent spreads outward in all directions, forming concentric rings of separated components.
Benefit: Visual, easy to compare multiple samples side-by-side on one disc.
3.4 Two-Dimensional Chromatography

1. Develop the paper in one solvent direction (e.g. ascending).

2. Air-dry, rotate the paper 90°, then develop in a second solvent system.

3. Components that co-migrate in the first solvent often separate in the second.

Power: Excellent for complex mixtures (e.g. plant extracts, inks) where one solvent cannot fully
resolve all analytes.

4. Detection and Quantitation
¢ Visualization: After development, spots may be colorless. Use UV lamps or spray reagents:
o Ninhydrin — purple-blue for amino acids
o lodine chambers — brown spots for many organics (reversible)
o Anisaldehyde/sulfuric acid — colored spots for sugars, steroids
e Quantitation (semi-quantitative):

o Measure spot intensity via densitometry (scanning the dry paper in a specialized
instrument).

o Compare Rf and intensity to standards run under identical conditions.



5. Advantages
1. Simplicity & Low cost:
o No pumps, detectors, or columns—just paper, solvent, and basic glassware.
2. Minimal sample preparation:
o Often just dissolve the sample in a volatile solvent.
3. Small sample volumes:
o Microliter-scale spots suffice.
4. Parallel screening:
o Do dozens of strips at once to rapidly compare many samples or conditions.
5. Green chemistry potential:

o Water-based or low-toxicity solvents can often be used.

6. Disadvantages
1. Limited resolution:
o Overlapping spots for closely related compounds, especially in complex matrices.
2. Poor quantitative precision:
o Spot intensity can vary with humidity, paper thickness, and operator technique.
3. Longer development for non-polar systems:
o Many analytes require multi-solvent systems or long runs.
4. Environmental sensitivity:

o Room temperature, barometric pressure, and paper moisture content can shift R f
values.

5. Restricted analyte range:

o Best for relatively small, polar, UV-active or derivatizable molecules.

7. Applications
Field Example Uses
Biochemistry » Amino acid mapping (after protein hydrolysis)

* Nucleotide separation

Pharmaceutical QC  « Checking purity of active ingredients



Field Example Uses
* Detecting counterfeit or adulterated drugs
Food & Beverage * Identifying food dyes and preservatives
» Monitoring spoilage markers (e.g., biogenic amines in fish)
Environmental Testing * Screening water samples for phenolic pollutants
» Monitoring pesticide residues on leaves
Forensic Science * Ink comparison in questioned documents
* Drug residue screening in biological fluids
Botany & Ecology * Profiling plant pigments (chlorophylls, carotenoids, anthocyanins)

» Comparing secondary metabolite patterns across species

8. Tips for Reliable Results

1. Pre-equilibrate the development chamber with solvent vapor for > 15 min to ensure a
saturated atmosphere.

2. Use fresh, high-quality paper and cut strips with clean edges to avoid solvent “feathering.”
3. Spot small, concentrated samples; large, diffuse spots lead to band broadening.
4. Run standards alongside unknowns to calibrate R f and detect shifts.

5. Control environment: work in a draft-free, temperature-stable lab; seal the chamber tightly.

In Summary

Paper chromatography remains a cornerstone technique for quick, inexpensive separations and
qualitative analyses—ideal for teaching laboratories, preliminary screenings, and environments where
sophisticated instrumentation is unavailable. While modern high-resolution methods (HPLC, GC,
capillary electrophoresis) have largely supplanted it for demanding quantitative work, paper
chromatography’s elegance and accessibility continue to make it a valuable tool in countless research
and industrial settings.



