Instrumental Chemistry
Introduction to Instrumental Analysis
· Definition and Scope of Instrumental Analysis
· Quantitative vs Qualitative Analysis
· Trace Analysis Requirements
· Multi-element and Multi-component Analysis
· Historical Development of Analytical Methods
· Evolution from Classical to Instrumental Methods
· Key Milestones in Instrumental Development
· Modern Trends and Future Directions
· Comparison with Classical Methods
· Advantages of Instrumental Methods
· Speed and Automation
· Enhanced Sensitivity and Selectivity
· Reduced Sample Requirements
· Improved Precision and Accuracy
· Limitations of Instrumental Methods
· Initial Cost and Maintenance
· Complexity and Training Requirements
· Matrix Effects and Interferences
· Typical Applications of Classical vs Instrumental Methods
· Classification of Instrumental Methods
· Spectroscopic Methods
· Absorption Spectroscopy
· Emission Spectroscopy
· Scattering Spectroscopy
· Magnetic Resonance Spectroscopy
· Chromatographic and Separation Methods
· Gas Chromatography
· Liquid Chromatography
· Electrophoretic Methods
· Field-Flow Fractionation
· Electrochemical Methods
· Potentiometric Methods
· Voltammetric Methods
· Coulometric Methods
· Conductometric Methods
· Mass Spectrometric Methods
· Molecular Mass Spectrometry
· Atomic Mass Spectrometry
· Tandem Mass Spectrometry
· Thermal Analysis Methods
· Thermogravimetric Analysis
· Differential Scanning Calorimetry
· Thermomechanical Analysis
· Surface Analysis Methods
· Electron Microscopy
· Scanning Probe Microscopy
· X-ray Spectroscopy
· Fundamental Components of an Instrument
· Signal Generation
· Sample Introduction Systems
· Manual Introduction
· Automated Sample Handling
· Flow Injection Systems
· Energy Source or Stimulus
· Electromagnetic Radiation Sources
· Electrical Stimulation
· Thermal Energy Sources
· Mechanical Energy Sources
· Input Transducer
· Types of Detectors
· Photon Detectors
· Thermal Detectors
· Electrical Detectors
· Mass Detectors
· Detector Response Characteristics
· Sensitivity
· Response Time
· Dynamic Range
· Linearity
· Signal Processor
· Amplification
· Operational Amplifiers
· Lock-in Amplifiers
· Chopper Amplifiers
· Filtering
· Low-pass Filters
· High-pass Filters
· Band-pass Filters
· Notch Filters
· Analog-to-Digital Conversion
· Sampling Rate
· Resolution
· Quantization
· Output Transducer
· Digital Displays
· LED Displays
· LCD Displays
· Computer Monitors
· Chart Recorders
· Strip Chart Recorders
· X-Y Plotters
· Computer Interfaces
· Data Acquisition Systems
· Software Integration
· Network Connectivity
· Selecting an Analytical Method
· Nature of the Analytical Problem
· Sample Type and Matrix
· Analyte Properties
· Concentration Range
· Required Sensitivity and Selectivity
· Detection Limit Requirements
· Interference Considerations
· Specificity Needs
· Sample Matrix Considerations
· Matrix Complexity
· Sample Preparation Requirements
· Matrix Effects
· Throughput and Speed
· Analysis Time Requirements
· Sample Volume Considerations
· Automation Needs
· Cost and Availability of Instrumentation
· Initial Investment
· Operating Costs
· Maintenance Requirements
· Regulatory and Quality Requirements
· Method Validation Standards
· Accreditation Requirements
· Documentation Needs
Basic Concepts and Performance Characteristics
· Signals and Noise
· Definition of Analytical Signal
· Signal Types
· Signal Characteristics
· Signal Processing Requirements
· Types of Noise
· Chemical Noise
· Sample Matrix Effects
· Reagent Impurities
· Contamination Sources
· Instrumental Noise
· Thermal Noise
· Shot Noise
· Flicker Noise
· Environmental Noise
· Quantization Noise
· Signal-to-Noise Ratio
· Importance in Analytical Measurements
· Calculation Methods
· Factors Affecting S/N Ratio
· Methods for S/N Enhancement
· Hardware Methods
· Proper Grounding Techniques
· Electromagnetic Shielding
· Low-Noise Component Selection
· Temperature Stabilization
· Software Methods
· Signal Averaging
· Digital Filtering
· Smoothing Algorithms
· Background Subtraction
· Calibration Methods
· Purpose and Principles of Calibration
· Establishing Analytical Response
· Compensation for Matrix Effects
· Quality Assurance Requirements
· External Standard Calibration
· Preparation of Standard Solutions
· Construction of Calibration Curves
· Linear Calibration Models
· Nonlinear Calibration Models
· Weighted Regression Analysis
· Standard Addition Method
· Principles and Theory
· Matrix Effects Compensation
· Procedure and Calculations
· Limitations and Applications
· Internal Standard Method
· Selection Criteria for Internal Standards
· Ratio Calculations
· Advantages and Limitations
· Applications in Different Techniques
· Figures of Merit
· Precision
· Repeatability
· Within-run Precision
· Short-term Precision
· Reproducibility
· Between-run Precision
· Long-term Precision
· Inter-laboratory Precision
· Accuracy and Bias
· Systematic Errors
· Instrumental Bias
· Method Bias
· Calibration Errors
· Random Errors
· Statistical Nature
· Sources and Control
· Sensitivity
· Analytical Sensitivity
· Slope of Calibration Curve
· Factors Affecting Sensitivity
· Detection Limit
· Definition and Significance
· Calculation Methods
· Signal-based Approach
· Blank-based Approach
· Quantitation Limit
· Definition and Calculation
· Relationship to Detection Limit
· Practical Considerations
· Dynamic Range
· Linear Dynamic Range
· Upper Limit of Detection
· Lower Limit of Detection
· Working Range
· Selectivity and Specificity
· Interference Studies
· Matrix Effects Assessment
· Selectivity Coefficients
Spectroscopic Methods
· Fundamentals of Spectroscopy
· The Electromagnetic Spectrum
· Regions and Energy Ranges
· Wavelength and Frequency Relationships
· Energy Units and Conversions
· Photon Energy Calculations
· Interaction of Radiation and Matter
· Absorption Processes
· Electronic Transitions
· Vibrational Transitions
· Rotational Transitions
· Emission Processes
· Spontaneous Emission
· Stimulated Emission
· Fluorescence and Phosphorescence
· Scattering Processes
· Rayleigh Scattering
· Raman Scattering
· Mie Scattering
· Reflection and Transmission
· Specular Reflection
· Diffuse Reflection
· Transmission Measurements
· Beer-Lambert Law
· Mathematical Expression
· Assumptions and Conditions
· Limitations and Deviations
· Chemical Deviations
· Instrumental Deviations
· Stray Light Effects
· Instrumentation for Optical Spectroscopy
· Radiation Sources
· Continuous Sources
· Tungsten Lamps
· Deuterium Lamps
· Xenon Arc Lamps
· Blackbody Sources
· Line Sources
· Hollow Cathode Lamps
· Electrodeless Discharge Lamps
· Laser Sources
· Wavelength Selectors
· Filters
· Absorption Filters
· Interference Filters
· Neutral Density Filters
· Monochromators
· Prism Monochromators
· Grating Monochromators
· Resolution and Dispersion
· Stray Light Considerations
· Sample Containers
· Material Selection
· Glass Cuvettes
· Quartz Cuvettes
· Plastic Cuvettes
· Path Length Considerations
· Cell Design and Geometry
· Cleaning and Maintenance
· Radiation Detectors
· Photomultiplier Tubes
· Operating Principles
· Spectral Response
· Noise Characteristics
· Photodiodes
· Silicon Photodiodes
· Germanium Photodiodes
· Avalanche Photodiodes
· Diode Arrays
· Linear Diode Arrays
· Two-dimensional Arrays
· Readout Electronics
· Charge-Coupled Devices
· Operating Principles
· Quantum Efficiency
· Dark Current and Noise
· Ultraviolet-Visible Spectroscopy
· Principles and Theory
· Electronic Transitions
· Sigma to Sigma Star Transitions
· Pi to Pi Star Transitions
· n to Pi Star Transitions
· Charge Transfer Transitions
· Chromophores
· Conjugated Systems
· Aromatic Systems
· Carbonyl Groups
· Metal Complexes
· Auxochromes
· Electron-donating Groups
· Electron-withdrawing Groups
· Solvent Effects
· Instrumentation
· Single-Beam Spectrophotometers
· Design and Components
· Operating Procedures
· Advantages and Limitations
· Double-Beam Spectrophotometers
· Design and Components
· Reference Beam Compensation
· Advantages and Limitations
· Scanning vs Array Instruments
· Sequential Scanning
· Simultaneous Detection
· Speed and Resolution Trade-offs
· Sample Preparation
· Solvent Selection
· Concentration Considerations
· pH Effects
· Temperature Control
· Applications
· Quantitative Analysis
· Single-component Analysis
· Multi-component Analysis
· Mixture Analysis
· Qualitative Analysis
· Identification of Compounds
· Structural Information
· Kinetic Studies
· Reaction Rate Monitoring
· Enzyme Kinetics
· Colorimetric Assays
· Complexation Reactions
· Redox Reactions
· Infrared and Raman Spectroscopy
· Principles and Theory
· Molecular Vibrations
· Stretching Vibrations
· Symmetric Stretching
· Asymmetric Stretching
· Bending Vibrations
· In-plane Bending
· Out-of-plane Bending
· Combination and Overtone Bands
· Selection Rules
· IR Activity Requirements
· Raman Activity Requirements
· Mutual Exclusion Principle
· Group Frequencies
· Characteristic Frequencies
· Functional Group Identification
· IR Instrumentation
· Dispersive IR Spectrometers
· Prism Instruments
· Grating Instruments
· Double-beam Design
· Fourier Transform IR Spectrometers
· Michelson Interferometer
· Interferogram Generation
· Fourier Transformation
· Advantages of FTIR
· Raman Instrumentation
· Laser Sources
· Continuous Wave Lasers
· Pulsed Lasers
· Wavelength Selection
· Optical Components
· Notch Filters
· Edge Filters
· Beam Splitters
· Detection Systems
· CCD Detectors
· Photomultiplier Tubes
· InGaAs Detectors
· Sample Handling Techniques
· Solid Samples
· KBr Pellets
· Nujol Mulls
· Diffuse Reflectance
· Liquid Samples
· Transmission Cells
· Capillary Films
· Solution Cells
· Gas Samples
· Gas Cells
· Long-path Cells
· Matrix Isolation
· Attenuated Total Reflectance
· ATR Crystals
· Penetration Depth
· Spectral Interpretation
· Functional Group Region
· O-H Stretching
· N-H Stretching
· C-H Stretching
· C=O Stretching
· Fingerprint Region
· C-C Stretching
· C-O Stretching
· Bending Vibrations
· Peak Assignment Strategies
· Spectral Databases
· Atomic Spectroscopy
· Principles of Atomic Spectra
· Atomic Energy Levels
· Electronic Configurations
· Term Symbols
· Selection Rules
· Line Spectra
· Emission Lines
· Absorption Lines
· Line Broadening
· Atomization Methods
· Flame Atomization
· Flame Types
· Temperature Profiles
· Nebulization Systems
· Electrothermal Atomization
· Graphite Furnace Design
· Temperature Programming
· Matrix Modifiers
· Inductively Coupled Plasma
· Plasma Generation
· Sample Introduction
· Excitation Conditions
· Atomic Absorption Spectroscopy
· Principles of Absorption
· Ground State Populations
· Absorption Line Profiles
· Instrumentation
· Light Sources
· Monochromators
· Detectors
· Background Correction
· Deuterium Correction
· Smith-Hieftje Correction
· Zeeman Correction
· Atomic Emission Spectroscopy
· Principles of Emission
· Excited State Populations
· Emission Intensities
· Flame Emission
· Alkali Metal Analysis
· Instrumentation
· Plasma Emission
· ICP-AES Systems
· Multi-element Capabilities
· Atomic Fluorescence Spectroscopy
· Principles of Fluorescence
· Excitation and Emission
· Quantum Efficiency
· Instrumentation
· Light Sources
· Optical Arrangements
· Detection Systems
· Interferences in Atomic Spectroscopy
· Spectral Interferences
· Line Overlap
· Background Absorption
· Scattering
· Chemical Interferences
· Compound Formation
· Ionization Effects
· Matrix Effects
· Physical Interferences
· Viscosity Effects
· Surface Tension Effects
· Transport Interferences
· Nuclear Magnetic Resonance Spectroscopy
· Principles of Nuclear Spin
· Magnetic Properties of Nuclei
· Nuclear Spin Quantum Numbers
· Magnetic Moments
· Gyromagnetic Ratios
· Resonance Condition
· Larmor Frequency
· Energy Level Splitting
· Population Differences
· Instrumentation
· Superconducting Magnets
· Field Strength and Homogeneity
· Cryogenic Systems
· Shimming
· Radio-Frequency Systems
· Transmitter Design
· Receiver Design
· Pulse Sequences
· Sample Handling
· Sample Tubes
· Spinning Systems
· Temperature Control
· Data Acquisition
· Digitization
· Fourier Transformation
· Phase Correction
· Chemical Shift
· Origin of Chemical Shift
· Electronic Shielding
· Deshielding Effects
· Reference Standards
· Tetramethylsilane
· Internal Standards
· External Standards
· Factors Affecting Chemical Shift
· Electronegativity
· Hybridization
· Aromatic Effects
· Solvent Effects
· Spin-Spin Coupling
· Coupling Mechanisms
· Through-bond Coupling
· Through-space Coupling
· Coupling Constants
· Magnitude and Sign
· Geminal Coupling
· Vicinal Coupling
· Multiplicity Patterns
· First-order Patterns
· Higher-order Effects
· Spectral Interpretation
· Proton NMR
· Integration
· Chemical Shift Ranges
· Coupling Patterns
· Carbon-13 NMR
· Decoupling Techniques
· Chemical Shift Ranges
· Quantitative Aspects
· Advanced NMR Techniques
· Two-Dimensional NMR
· COSY Spectroscopy
· HSQC Spectroscopy
· HMBC Spectroscopy
· NOESY Spectroscopy
· Multinuclear NMR
· Phosphorus-31 NMR
· Fluorine-19 NMR
· Nitrogen-15 NMR
· Luminescence Spectroscopy
· Principles of Luminescence
· Photophysical Processes
· Absorption
· Internal Conversion
· Intersystem Crossing
· Emission
· Jablonski Diagram
· Energy Level Representation
· Radiative Transitions
· Non-radiative Transitions
· Fluorescence vs Phosphorescence
· Singlet and Triplet States
· Lifetime Differences
· Temperature Effects
· Instrumentation
· Excitation Sources
· Xenon Arc Lamps
· Mercury Lamps
· Laser Sources
· LED Sources
· Monochromators
· Excitation Monochromator
· Emission Monochromator
· Wavelength Accuracy
· Detection Systems
· Photomultiplier Tubes
· CCD Detectors
· Time-resolved Detection
· Factors Affecting Luminescence
· Quenching Mechanisms
· Collisional Quenching
· Static Quenching
· Inner Filter Effects
· Solvent Effects
· Polarity Effects
· Viscosity Effects
· pH Effects
· Temperature Effects
· Thermal Quenching
· Lifetime Changes
· Applications
· Quantitative Analysis
· Trace Analysis
· Environmental Monitoring
· Qualitative Analysis
· Compound Identification
· Structural Studies
· Biochemical Applications
· Enzyme Assays
· Immunoassays
· DNA Analysis
Mass Spectrometry
· Principles of Mass Spectrometry
· Mass-to-Charge Ratio
· Definition and Significance
· Mass Scale Calibration
· Resolution Requirements
· Isotopic Abundance
· Natural Isotope Patterns
· Isotope Ratio Calculations
· Applications in Identification
· Ion Formation and Detection
· Ion Production Mechanisms
· Ion Transmission
· Detection Efficiency
· Instrumentation
· Sample Inlet Systems
· Direct Insertion Probes
· Temperature Programming
· Vacuum Requirements
· Gas Chromatography Coupling
· Interface Design
· Carrier Gas Considerations
· Liquid Chromatography Coupling
· Interface Challenges
· Flow Rate Compatibility
· Membrane Introduction
· Selective Permeation
· Ionization Sources
· Electron Impact
· Operating Principles
· Fragmentation Patterns
· Energy Considerations
· Chemical Ionization
· Reagent Gas Selection
· Soft Ionization
· Adduct Formation
· Electrospray Ionization
· Droplet Formation
· Ion Evaporation
· Multiple Charging
· Matrix-Assisted Laser Desorption/Ionization
· Matrix Selection
· Sample Preparation
· Laser Parameters
· Fast Atom Bombardment
· Liquid Matrix
· Atom Gun Design
· Atmospheric Pressure Ionization
· APCI Mechanisms
· APPI Mechanisms
· Mass Analyzers
· Quadrupole Analyzers
· Operating Principles
· RF and DC Voltages
· Mass Range and Resolution
· Time-of-Flight Analyzers
· Linear TOF
· Reflectron TOF
· Orthogonal Acceleration
· Magnetic Sector Analyzers
· Single-focusing Systems
· Double-focusing Systems
· High Resolution Capabilities
· Ion Trap Analyzers
· Quadrupole Ion Traps
· Linear Ion Traps
· Trapping and Ejection
· Fourier Transform Analyzers
· ICR Principles
· Superconducting Magnets
· Ultra-high Resolution
· Orbitrap Analyzers
· Electrostatic Trapping
· Image Current Detection
· High Resolution and Accuracy
· Detection Systems
· Electron Multiplier
· Discrete Dynode Design
· Continuous Dynode Design
· Gain Characteristics
· Faraday Cup
· Current Measurement
· Linearity
· Microchannel Plate
· Channel Structure
· Time Response
· Spatial Resolution
· Vacuum Systems
· Pumping Requirements
· Pressure Measurement
· Leak Detection
· Interpretation of Mass Spectra
· Molecular Ion Peak
· Identification Criteria
· Stability Factors
· Isotope Patterns
· Base Peak
· Definition and Significance
· Relative Abundance
· Fragmentation Patterns
· Common Fragmentation Rules
· Rearrangement Reactions
· Metastable Ions
· Isotope Patterns
· Calculation Methods
· Element Identification
· Molecular Formula Determination
· Adduct Formation
· Common Adducts
· Solvent Adducts
· Metal Adducts
· High-Resolution Mass Spectrometry
· Resolving Power
· Definition and Calculation
· Factors Affecting Resolution
· Accurate Mass Measurement
· Mass Accuracy Requirements
· Internal Standards
· External Calibration
· Applications
· Molecular Formula Determination
· Structural Elucidation
· Metabolomics Studies
Separation Science and Chromatography
· General Principles of Chromatography
· Fundamental Concepts
· Mobile Phase Properties
· Stationary Phase Properties
· Partitioning Equilibria
· Adsorption Mechanisms
· Types of Chromatography
· Partition Chromatography
· Liquid-Liquid Partitioning
· Bonded Phase Systems
· Adsorption Chromatography
· Surface Interactions
· Polar Stationary Phases
· Ion-Exchange Chromatography
· Cation Exchange
· Anion Exchange
· Ion Pairing
· Size-Exclusion Chromatography
· Molecular Sieving
· Pore Size Distribution
· Calibration Methods
· Chromatographic Parameters
· Retention Time
· Dead Time
· Adjusted Retention Time
· Relative Retention
· Retention Factor
· Calculation and Significance
· Optimization Strategies
· Selectivity Factor
· Definition and Calculation
· Method Development
· Resolution
· Definition and Calculation
· Factors Affecting Resolution
· Theoretical Plates
· Plate Height Concept
· Efficiency Calculations
· Plate Theory
· Assumptions and Limitations
· Rate Theory
· Van Deemter Equation
· Band Broadening Mechanisms
· Optimization Strategies
· Gas Chromatography
· Principles of GC
· Volatility Requirements
· Partition Coefficients
· Temperature Effects
· Instrumentation
· Carrier Gas Systems
· Gas Selection Criteria
· Purity Requirements
· Flow Control Systems
· Pressure Regulation
· Sample Injection Systems
· Split Injection
· Splitless Injection
· On-column Injection
· Headspace Injection
· Solid Phase Microextraction
· Column Technology
· Packed Columns
· Support Materials
· Stationary Phase Loading
· Column Preparation
· Capillary Columns
· Fused Silica Columns
· Stationary Phase Coating
· Column Dimensions
· Column Selection Criteria
· Temperature Control
· Isothermal Operation
· Temperature Programming
· Heating Rates
· Cool-down Times
· Detection Systems
· Flame Ionization Detector
· Operating Principles
· Gas Requirements
· Response Characteristics
· Thermal Conductivity Detector
· Operating Principles
· Reference Gas
· Temperature Control
· Electron Capture Detector
· Operating Principles
· Radioactive Sources
· Selectivity
· Nitrogen-Phosphorus Detector
· Operating Principles
· Selectivity
· Mass Spectrometric Detection
· Interface Design
· Scan Modes
· Library Searching
· Method Development
· Column Selection
· Temperature Optimization
· Flow Rate Optimization
· Sample Preparation
· Applications
· Environmental Analysis
· Petroleum Analysis
· Food Analysis
· Pharmaceutical Analysis
· High-Performance Liquid Chromatography
· Principles of HPLC
· Liquid Mobile Phases
· High Pressure Operation
· Particle Size Effects
· Instrumentation
· Solvent Delivery Systems
· Pump Types
· Reciprocating Pumps
· Syringe Pumps
· Pneumatic Pumps
· Gradient Formation
· Low-pressure Mixing
· High-pressure Mixing
· Flow Rate Control
· Pressure Monitoring
· Sample Introduction
· Manual Injection Valves
· Autosampler Systems
· Injection Volume Effects
· Sample Loops
· Column Technology
· Packing Materials
· Silica-based Phases
· Polymer-based Phases
· Hybrid Materials
· Particle Size and Shape
· Column Dimensions
· Guard Columns
· Detection Systems
· UV-Visible Absorbance
· Fixed Wavelength
· Variable Wavelength
· Diode Array Detection
· Fluorescence Detection
· Excitation Sources
· Wavelength Selection
· Sensitivity Advantages
· Refractive Index Detection
· Operating Principles
· Temperature Control
· Universal Response
· Electrochemical Detection
· Amperometric Detection
· Coulometric Detection
· Working Electrodes
· Mass Spectrometric Detection
· Interface Types
· Ionization Methods
· Scan Modes
· Separation Modes
· Normal-Phase Chromatography
· Polar Stationary Phases
· Non-polar Mobile Phases
· Reversed-Phase Chromatography
· Non-polar Stationary Phases
· Polar Mobile Phases
· C18 and C8 Phases
· Ion-Exchange Chromatography
· Strong and Weak Exchangers
· pH Effects
· Salt Gradients
· Size-Exclusion Chromatography
· Pore Size Selection
· Molecular Weight Separation
· Aqueous and Organic SEC
· Method Development
· Mobile Phase Optimization
· pH Selection
· Buffer Systems
· Organic Modifier Selection
· Applications
· Pharmaceutical Analysis
· Biochemical Separations
· Environmental Monitoring
· Food and Beverage Analysis
· Other Separation Techniques
· Supercritical Fluid Chromatography
· Principles of SFC
· Supercritical Fluid Properties
· Density Programming
· Instrumentation
· Pump Systems
· Pressure Control
· Detection Methods
· Applications
· Chiral Separations
· Natural Product Analysis
· Capillary Electrophoresis
· Principles of Electrophoresis
· Electroosmotic Flow
· Electrophoretic Mobility
· Zone Electrophoresis
· Instrumentation
· High Voltage Power Supply
· Capillary Systems
· Injection Methods
· Detection Methods
· UV Absorbance
· Fluorescence
· Mass Spectrometry
· Separation Modes
· Capillary Zone Electrophoresis
· Micellar Electrokinetic Chromatography
· Capillary Gel Electrophoresis
· Thin Layer Chromatography
· Principles and Theory
· Stationary Phases
· Mobile Phase Selection
· Detection Methods
· Ion Chromatography
· Principles of Ion Separation
· Suppressor Systems
· Conductivity Detection
Hyphenated Techniques
· Concept of Coupling Separation and Detection
· Advantages of Hyphenated Techniques
· Enhanced Selectivity
· Structural Information
· Reduced Sample Preparation
· Challenges in Coupling
· Flow Rate Compatibility
· Solvent Compatibility
· Interface Design
· Data Handling
· Gas Chromatography-Mass Spectrometry
· Interface Design
· Direct Coupling
· Jet Separators
· Membrane Separators
· Operating Conditions
· Carrier Gas Selection
· Temperature Programming
· Ionization Methods
· Data Interpretation
· Chromatographic Separation
· Mass Spectral Identification
· Library Searching
· Applications
· Environmental Analysis
· Forensic Analysis
· Metabolomics
· Liquid Chromatography-Mass Spectrometry
· Interface Design
· Electrospray Ionization
· Atmospheric Pressure Chemical Ionization
· Atmospheric Pressure Photoionization
· Mobile Phase Considerations
· Volatile Buffers
· Organic Modifiers
· Flow Rate Optimization
· Method Development
· Chromatographic Optimization
· MS Parameter Optimization
· Matrix Effects
· Applications
· Pharmaceutical Analysis
· Proteomics
· Metabolomics
· Tandem Mass Spectrometry
· Principles of MS/MS
· Precursor Ion Selection
· Fragmentation Methods
· Product Ion Analysis
· Instrumentation
· Triple Quadrupole Systems
· Ion Trap Systems
· Hybrid Instruments
· Scan Modes
· Product Ion Scan
· Precursor Ion Scan
· Neutral Loss Scan
· Selected Reaction Monitoring
· Applications
· Quantitative Analysis
· Structural Elucidation
· Biomarker Discovery
Electrochemical Methods
· Fundamentals of Electrochemistry
· Redox Reactions
· Oxidation and Reduction
· Electron Transfer Processes
· Half-reactions
· Electrochemical Cells
· Galvanic Cells
· Spontaneous Reactions
· Cell Potential
· Electrolytic Cells
· Non-spontaneous Reactions
· Applied Potential
· Standard Electrode Potentials
· Standard Hydrogen Electrode
· Electrode Potential Series
· Cell Potential Calculations
· Nernst Equation
· Derivation and Applications
· Concentration Effects
· Temperature Effects
· pH Effects
· Potentiometric Methods
· Principles of Potentiometry
· Equilibrium Measurements
· Zero Current Conditions
· Potential Measurements
· Reference Electrodes
· Standard Hydrogen Electrode
· Construction and Operation
· Limitations
· Silver/Silver Chloride Electrode
· Construction and Operation
· Advantages and Applications
· Saturated Calomel Electrode
· Construction and Operation
· Temperature Effects
· Indicator Electrodes
· Metal Electrodes
· First Kind Electrodes
· Second Kind Electrodes
· Third Kind Electrodes
· Ion-Selective Electrodes
· Glass Electrodes
· pH Electrodes
· Sodium Electrodes
· Other Cation Electrodes
· Solid-State Electrodes
· Crystalline Membranes
· Pressed Pellet Electrodes
· Liquid Membrane Electrodes
· Ion Exchangers
· Neutral Carriers
· Gas-Sensing Electrodes
· CO2 Electrodes
· NH3 Electrodes
· Direct Potentiometry
· Measurement Procedures
· Calibration Methods
· Standard Addition
· Gran's Plot Method
· Sources of Error
· Junction Potentials
· Activity Coefficients
· Interferences
· Potentiometric Titrations
· Endpoint Detection
· Derivative Methods
· Voltammetric Methods
· Principles of Voltammetry
· Current-Potential Relationships
· Mass Transport
· Electrode Kinetics
· Classical Polarography
· Dropping Mercury Electrode
· Polarographic Waves
· Half-wave Potential
· Modern Voltammetric Techniques
· Linear Sweep Voltammetry
· Potential Ramps
· Peak Currents
· Cyclic Voltammetry
· Reversible Systems
· Irreversible Systems
· Quasi-reversible Systems
· Differential Pulse Voltammetry
· Pulse Sequences
· Background Subtraction
· Square Wave Voltammetry
· Waveform Design
· Enhanced Sensitivity
· Stripping Voltammetry
· Anodic Stripping
· Cathodic Stripping
· Adsorptive Stripping
· Instrumentation
· Potentiostat Design
· Control Amplifier
· Current Measurement
· Compensation Circuits
· Working Electrodes
· Mercury Electrodes
· Carbon Electrodes
· Metal Electrodes
· Modified Electrodes
· Cell Design
· Three-electrode Systems
· Cell Geometry
· Solution Stirring
· Applications
· Trace Metal Analysis
· Organic Compound Analysis
· Electrochemical Sensors
· Coulometric and Conductometric Methods
· Coulometric Methods
· Principles of Coulometry
· Faraday's Laws
· Current Efficiency
· Controlled-Potential Coulometry
· Instrumentation
· Controlled-Current Coulometry
· Coulometric Titrations
· Endpoint Detection
· Conductometric Methods
· Principles of Conductometry
· Ionic Conductivity
· Equivalent Conductance
· Instrumentation
· AC Bridges
· Conductivity Cells
· Cell Constants
· Conductometric Titrations
· Acid-Base Titrations
· Precipitation Titrations
· Complexometric Titrations
· Applications
· Water Quality Analysis
· Process Monitoring
· Purity Determinations
Thermal Analysis
· Principles of Thermal Analysis
· Heat Transfer Mechanisms
· Temperature Measurement
· Controlled Atmosphere
· Heating Rate Effects
· Thermogravimetric Analysis
· Principles and Theory
· Weight Change Monitoring
· Decomposition Processes
· Kinetic Analysis
· Instrumentation
· Microbalance Systems
· Furnace Design
· Atmosphere Control
· Temperature Programming
· Sample Preparation
· Sample Size Effects
· Particle Size Effects
· Crucible Selection
· Data Interpretation
· Weight Loss Curves
· Derivative Thermogravimetry
· Kinetic Parameters
· Applications
· Polymer Analysis
· Pharmaceutical Analysis
· Materials Characterization
· Differential Scanning Calorimetry
· Principles and Theory
· Heat Flow Measurement
· Phase Transitions
· Thermal Events
· Instrumentation
· Heat Flux DSC
· Power Compensation DSC
· Temperature Calibration
· Heat Flow Calibration
· Sample Preparation
· Sample Pans
· Reference Materials
· Atmosphere Selection
· Measurements and Applications
· Melting Point Determination
· Glass Transition Temperature
· Crystallization Studies
· Purity Analysis
· Reaction Kinetics
· Data Analysis
· Baseline Construction
· Peak Integration
· Enthalpy Calculations
· Differential Thermal Analysis
· Principles and Theory
· Temperature Difference Measurement
· Thermal Events Detection
· Instrumentation
· Sample Holders
· Temperature Sensors
· Reference Materials
· Comparison with DSC
· Advantages and Limitations
· Other Thermal Techniques
· Thermomechanical Analysis
· Dimensional Changes
· Mechanical Properties
· Dynamic Mechanical Analysis
· Viscoelastic Properties
· Frequency Effects
· Evolved Gas Analysis
· Gas Chromatography Coupling
· Mass Spectrometry Coupling
Surface Analysis Techniques
· Principles of Surface Analysis
· Surface vs Bulk Properties
· Surface Sensitivity Factors
· Depth Profiling Capabilities
· Vacuum Requirements
· Electron Microscopy
· Scanning Electron Microscopy
· Principles of Operation
· Electron Beam Generation
· Beam-Sample Interactions
· Signal Generation
· Instrumentation
· Electron Gun
· Electromagnetic Lenses
· Scanning System
· Detection Systems
· Sample Preparation
· Coating Procedures
· Mounting Techniques
· Dehydration Methods
· Image Formation and Interpretation
· Secondary Electron Images
· Backscattered Electron Images
· Resolution Factors
· Applications
· Morphological Studies
· Particle Analysis
· Failure Analysis
· Transmission Electron Microscopy
· Principles of Operation
· Electron Transmission
· Image Formation
· Diffraction Patterns
· Instrumentation
· High Voltage Systems
· Electromagnetic Lenses
· Specimen Stage
· Recording Systems
· Sample Preparation
· Ultramicrotomy
· Ion Beam Thinning
· Replica Techniques
· Applications
· Crystal Structure Analysis
· Defect Studies
· High Resolution Imaging
· Scanning Probe Microscopy
· Atomic Force Microscopy
· Principles of Operation
· Force Detection
· Cantilever Deflection
· Feedback Systems
· Instrumentation
· Cantilever Systems
· Detection Methods
· Scanning Systems
· Environmental Control
· Operating Modes
· Contact Mode
· Non-contact Mode
· Tapping Mode
· Force Modulation
· Applications
· Topographical Imaging
· Force Measurements
· Nanomanipulation
· Scanning Tunneling Microscopy
· Principles of Operation
· Quantum Tunneling
· Current Detection
· Tip-Sample Distance Control
· Instrumentation
· Tip Preparation
· Piezoelectric Scanners
· Vibration Isolation
· Current Amplifiers
· Applications
· Atomic Resolution Imaging
· Electronic Properties
· Surface Modifications
· X-ray Photoelectron Spectroscopy
· Principles of Operation
· Photoelectric Effect
· Binding Energy Measurement
· Chemical Shift Information
· Instrumentation
· X-ray Sources
· Electron Energy Analyzers
· Detection Systems
· Sample Handling
· Data Interpretation
· Peak Identification
· Quantitative Analysis
· Chemical State Information
· Applications
· Surface Composition
· Chemical Bonding
· Depth Profiling
· Other Surface Techniques
· Auger Electron Spectroscopy
· Principles and Applications
· Secondary Ion Mass Spectrometry
· Principles and Applications
· X-ray Fluorescence Spectroscopy
· Principles and Applications
Data Analysis and Chemometrics
· Signal Processing and Data Transformation
· Baseline Correction
· Linear Baseline Correction
· Polynomial Baseline Correction
· Automatic Baseline Methods
· Smoothing and Filtering
· Moving Average Smoothing
· Savitzky-Golay Smoothing
· Digital Filtering
· Fourier Transform Techniques
· Fast Fourier Transform
· Inverse Fourier Transform
· Frequency Domain Analysis
· Peak Detection and Integration
· Peak Finding Algorithms
· Peak Fitting Methods
· Integration Techniques
· Data Preprocessing
· Normalization Methods
· Scaling Techniques
· Outlier Detection
· Statistical Analysis of Data
· Descriptive Statistics
· Measures of Central Tendency
· Measures of Variability
· Distribution Analysis
· Hypothesis Testing
· t-tests
· F-tests
· Chi-square Tests
· ANOVA
· Confidence Intervals
· Calculation Methods
· Interpretation
· Regression Analysis
· Linear Regression
· Nonlinear Regression
· Weighted Regression
· Residual Analysis
· Quality Control Statistics
· Control Charts
· Process Capability
· Statistical Process Control
· Multivariate Analysis
· Principal Component Analysis
· Data Reduction Principles
· Eigenvalue Decomposition
· Score and Loading Plots
· Variance Explanation
· Partial Least Squares
· Regression Principles
· Calibration Model Development
· Cross-validation
· Prediction Accuracy
· Cluster Analysis
· Hierarchical Clustering
· K-means Clustering
· Distance Metrics
· Discriminant Analysis
· Linear Discriminant Analysis
· Quadratic Discriminant Analysis
· Classification Accuracy
· Method Validation and Quality Assurance
· Validation Parameters
· Precision Studies
· Repeatability Testing
· Intermediate Precision
· Reproducibility Studies
· Accuracy Assessment
· Recovery Studies
· Reference Materials
· Bias Evaluation
· Linearity Testing
· Calibration Range
· Correlation Coefficients
· Residual Analysis
· Robustness Testing
· Parameter Variations
· Factorial Designs
· Ruggedness Testing
· Inter-laboratory Studies
· Different Analysts
· Quality Control Procedures
· Control Sample Analysis
· Blank Analysis
· Duplicate Analysis
· Spike Recovery
· Documentation and Reporting
· Standard Operating Procedures
· Validation Reports
· Analytical Reports
· Data Integrity
· Regulatory Compliance
· FDA Guidelines
· ICH Guidelines
· ISO Standards
· Good Laboratory Practices
Created with UsefulLinks




