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Lecture 1: Introduction
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Chemistry 5390/4930
Fall 2026
Lecture: TTh 8:00 — 9:20 am, CHEM 352

https://sites.cos.unt.edu/~tgolden/courses/course downloadsFall26

Instructor: Dr. Teresa D. Golden

Office hours: 10:00-10:30 a.m. TTh
CHEM 279/207B, tgolden@unt.edu

Grading: Exams, quizzes, homework, and research
paper/presentation will each be assigned a total point
value. The student’s final grade will be: (the total
number of points received/total number of points
possible) x 100.
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Chemistry 5390/4930
Fall 2026

Exams: There will be 2-3 exams, several quizzes, homework
and a final exam. Dates for each exam will be
announced 1n class.

The final will be Tuesday, December 8th, 8:00 -
10:00 a.m.

Textbook: Principles and Practice of Modern Chromatographic
Methods. Roberts & others on reserve in Willis Library (code:
CHEM5390).
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Course Topics: ***
Week 1 & 2

Week 3 & 4

Week 5

Week 6

Week 7

Week 8

Week 9 &10

Week 11

Week 12

Week 13

Week 14 & 16

ADVANCEDCHROMOTOGRAPHY

Chemistry 5390/4930
Fall 2026

Chromatography Theory; Gas Chromatography (Mobile Phase)

Gas Chromatography (Injection Modes, Columns and Detectors)
Gas Chromatography (Detectors and Applications)

High Performance Liquid Chromatography (Theory)

High Performance Liquid Chromatography (Instrumentation)

High Performance Liquid Chromatography (Detectors)

High Performance Liquid Chromatography (LC/MS)

High Performance Liquid Chromatography (Applications)

Super Critical Fluid Chromatography (Introduction, Instrumentation,
Theory and Applications)

Super Critical Fluid Chromatography (Introduction, Instrumentation,
Theory and Applications)

Other various topics as time permits; i.e. Gel Permeation
Chromatography, Ion Chromatpgraphy, and Capillary Electrophoresis

*#*This is a basic course outline and may change depending on other factors.
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S Chemistry 5390/4930
A Research Paper

% A research paper will be optional for the course. The topic must cover the latest advances in

S chromatography or can be related to the student’s research as long as there is a chromatography
component. A white paper (2-4 pages) indicating the student's topic of choice (with reference list) must
be submitted to me no later than September 27%. Final paper due November 30,

Papers should include:

Title Page

Introduction (literature review, background, and frame of reference)
Instrumentation and Experimental

Problem Statement/Assessment of Need

Results and Discussion

How this advancement solves this problem/need

Conclusions

References/Citations

(Note — if your topic is part of your graduate research — the paper can be in the format of a journal article,
6010, or thesis/dissertation chapter)
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History - Chromatography (Chroma - color & graphy — writing)
Originally the separation of color (in plant pigments)

*First demonstrated in 1906 by Michael Tswett (Russian
botanist) — used a column of crushed chalk and poured
leave extracts into it and separated color fractions
(chlorophyll and carotene).

*Taylor and Urey — 1938 — developed ion-exchange
chromatography to separate lithium and potassium
isotopes on zeolites.

*Martin and Synge — 1941 — developed partition
chromatography. They developed paper chromatography
to separate amino acids using ninhydrin spray for
detection.
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History — Chromatography, con’t

CHEM5390 |

James and Martin — 1952 — developed gas-liquid
chromatography, separated amines and carboxylic acids
using a gaseous mobile phase.

‘McWilliam, Dewar and Harley — 1958 - Gas
chromatography (GC) became universally accepted with
the invention of flame ionization detector.

*High performance liquid chromatography was
developed in small stages by several researchers in the
late 1960’s.
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General Principles: Definition

CHEMS390 [T

IUPAC Definition of Chromatography

A method, used primarily for separation of the components
of a sample in which the components are distributed
between two phases, one of which is stationary while the
other moves. The stationary phase may be a solid, liquid
supported on a solid, or a gel. The stationary phase may be
packed in a column, spread as a layer, or distributed as a
film. The mobile phase may be gaseous or liquid.

[Notice that the definition neglects supercritical fluid
chromatography (SFC)].
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General Principles: Classification Methods

Classify by Mobile Phase
*Three areas:
Liquid Chromatography (LC)
Gas Chromatography (GC)
Supercritical Fluid Chromatography (SFC)

Further classify by specifying stationary phase, i.e.
gas-solid, gas-liquid, etc.

For LC:
A nonpolar mobile phase with polar stationary phase is called

normal-phase chromatography.
A polar mobile phase with nonpolar stationary phase is called

reversed-phase chromatography.
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(11 General Principles:Classification Methods
g
£  Classify by Technique

Column or Planar (TLC)
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General Principles: Classification Methods

Classify by Column Types
For GC:

o Packed capillary columns — small i.d. (less than 1.0
mm), practical problem with high backpressure.

o Open tubular column (capillary columns) — stationary
phase is coated or bonded directly to wall of column.

For LC:

o Packed microbore columns — small i.d. (70um or less)
o Open microtubular columns —i.d. 10-30 um — stationary
phase bonded to wall of column.
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MOBILE PHASE GAS SUPERCRITICAL FLUID LIQUID

—_—
—
—

STATIONARY liquid solid Liquid solid HtLid E solid

PHASE l
I | I " e
gbsorbent molecular absorbent bonded absorbent bonded resin gel
CONFIGURATION columa column column column plane plane column  plane column column column
NAME gas- gas-solid supercritical fuid* Liquid-liquid* thin Layer* liquid: bonded phase* ion size
liquid (GSC)! (SFC)+12 (LLC)™s (TLC)* solid* (BPO)™ exchange exclusion
(GLCy= LSOy (EEC)***  (SEC)*

*For these techniques the combination of mobile and stationary phase can be varied to genefa}e either a normal phase or reversed phase system. Mechanisms
which have been exploited in the various techniques are identified as: 'adsorption, ?partition, *bonded phase, ‘ion exchange, %ion interaction, ®size exclusion

Taffinity, micellar, "chelation, "®ion exclusion,

Fig. 1.3. Classification of chromatographic systems.
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General Principles:Classification Methods
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Classify by Separation Mechanism

The nature of interaction between sample
components and the two phases form a further
basis of classification.

Reflects the forces involved which are usually weak
such as van der Waals or hydrogen bonding, ionic
Interactions, etc...
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General Principles: Classification Methods

Classify by Separation Mechanism

° Adsorption — solute and mobile phase molecules compete for
active sites on the surface of the solid stationary phase (the
adsorbent).

° Partition — partitioning of a solute between two immiscible liquids
but one liquid is held stationary on a solid support. A solute in
contact with two immiscible liquids will distribute itself between
them according to its distribution coefficient, K.

° lon-exchange

° Size exclusion — physical sieving process (gel permeation is a
size exclusion process).

o Affinity — stationary phase is a bioactive liquid bonded to solid
support. Antibody-antigen interactions, chemical, chiral, etc.

° Micellar or pseudophase — modifier added to mobile phase —
surfactants.
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Objectives
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*Qualitative Applications
Confirm presence or absence of compounds
in samples. Screening unknowns.

‘Quantitative Applications

Establish the amount of individual components in a
sample by comparing with standards used for
quality control.

‘Preparative Applications
Purifying samples.
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Qualitative Analysis

We typically think of GC and LC as quantitative
tools.

In general, chromatography is a blind method.

It indicates the presence of a substance but not
what it is.

Qualitative data can also be obtained even with
non-discriminating detectors.
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Quantitative Analysis

CHEM5390 |

All chromatography detectors produce a signal that
drives a meter, recorder, integrator or A/D converter.

While the detectors used for GC and LC are not the
same, quantitative methods are identical.

Each detector will produce a response/unit
concentration.

This is substance dependent so standards must
always be used.
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Peak Measurements

CHEMS390 [T

Each method of quantitation assumes you have one or more
reasonably resolved peaks.

Need to identify baseline as well as beginning and end of peak.

Detector Response

Detector Response

A :
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Time vl scimedia.com
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Peak Height

CHEMS5290 ||

In some cases, can assume peak height is
proportional to concentration. (typically only used
with capillary columns)

Advantage: simple and rapid
Disadvantage: height is more variable than area

Approximate
area=h x wy
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AN Peak Height
2 L
= In some cases, can assume peak height is

proportional to concentration. (typically only used
with capillary columns)

Area Peak B = 19x 122 = 2320 mm?2
AreaPeak A = 17x 40 = 680 mm2

Total area = 3000 mm?2

%A = %x 100 = 22.7% }

%B = gg—ggxmo = 77.3%
Total 100.0%

Composition
of mixture

ioB = 2320 _ 3.35
Rat'oA 680 1

h = 40mm

wy, = 17 mm

Air peak

A
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Peak Area

This is the major approach for establishing a
relationship between peaks and concentration.

area o« concentration
Area is determined from a large number of
measurements and detectors usually have very

large dynamic ranges.

This results in a reliable method of measurement.
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Peak Area

Major Problem
If the peak is approximately Gaussian, how do we
accurately measure its area?

Manual Automated

- Cut & Weigh - Integrating recorder
- Planimeter - Digital integrators

- Triangulation - Computer

system
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= Digital integrators

Rely on A/D conversion of detector
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Quantitative Interpretation

Once you have the peak areas — a relationship
between concentration and area must be
established.



Determining Concentration
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Several approaches can be used — depending on
the chromatographic experiment.

Methods:
External standard method
Internal standard method
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External Standard Method

Requirements for proper use:
« Standard solution contains all eluents to be quantified.

» Standard eluents should be of similar concentration as
unknowns.

* The standard and sample matrix should be similar as
possible.

» Analysis conditions must be identical — stable
instrumental conditions, same sample size, etc...
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External Standard Method

CHEMS5390 ]

Assume response is linear over entire
concentration range or measure it. Use same
injection volume for both unknown and standard.

Areapnalyte
Std
Areagiq |

|[Analyte]| =
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External Standard Method

Example:

Determination of X in MeCl,.

Prepare a standard of X: 20 mg in 100 mL MeCl,
(0.200 ug/uL).

Use same injection volume for both of 5 uL.

Measure the areas produced by both the analyte
and standard.

Areag,, = 2000 units
Areay,,, = 3830 units
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External Standard Method

Now determine the [X] in unknown.

__Aredpnqiyte
|[Analyte]| = pro— Std]
[Analyte] = =2x 0.200 ug/ul = 0.384 ug/ul.

Can convert to whatever units needed.
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Internal Standard Method
Overall, the most reliable approach.

Basis

A known substance is added at a constant
concentration to all standards and samples —
internal standard.

Since the internal standard is always present at a
constant amount, it can be used to account for
variations such as injection volume during an
analysis.
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Internal Standard Method
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Requirements for an internal standard:

‘Must be present at a constant concentration in
all samples and standards.

‘Must be stable and measurable under the
analysis conditions.

Must not interfere with the analysis or co-elute
with sample components.
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Internal Standard Method

Three common approaches are used:

* Classical method — weighed portions of the standard
and sample are combined.

» Stock solution — a known volume of the sample is
“spiked” with a known volume of the standard.

 Calibration plot — a series of standards are run and a
curve plotted based on corrected peak areas.
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Internal Standard Method

It is assumed that variations in the internal
standard area are representative of the whole

analysis.

Accounts for factors such as:
Sample injection errors or changes
Slow detector variations

Slow column changes

etc...
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Assignment

« Read Chapter 1: Principles and Practice of Modern
Chromatographic Methods, Peter E. Jackson,
Academic Press.
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