
Analytical Chemistry from Ancient India 

(प्राचीन भारत में विश्लेषणात्मक रसायन विज्ञान) 

 

1. Introduction 

• Analytical chemistry का मूल उद्देश्य substances की पहचान और शुद्धता ननधााररत करना है। 

• प्राचीन भारत में यह ज्ञान Vedic, Ayurvedic और Rasashastra ग्रंथों में पाया जाता है। 

• Metals, minerals और gemstones की quality और purity test करना trade, medicine और 
metallurgy के ललए जरूरी था। 

 

2. Identification and Purity Testing of Substances 

2.1 Precious Metals 

• Gold (स्िणा): 

o Tests: Touchstone, acid tests, density और color observation 

o Rasashastra में alloy और karat testing का वििरण 

• Silver (रजत): 

o Purity test: Fire assay और cupellation method 

o Alloy identification 

2.2 Gemstones (रत्न) 

• Physical properties: Color, hardness, transparency 

• Specific gravity और luster के आधार पर identification 

• Ayurvedic texts में gemstones की medicinal and astrological value के ललए purity test 

2.3 Minerals and Ores (खननज और अयस्क) 

• Iron (लोहा), Copper (ताम्र), Zinc (जस्ता), Mercury (पारा) 

o Observing physical characteristics, taste, color, and behavior with heat 

o Smelting और extraction से before-after comparison 

• Rasashastra texts में metal purification and ore testing techniques का िणणन 

 



3. Analysis of Ores and Metal Extraction 

• Ore Analysis: 

o Impurities की पहचान (sand, stone, sulfides) 

o Physical separation methods: Washing, sieving, density separation 

• Metal Extraction Techniques: 

o Gold: Cupellation, amalgamation with mercury 

o Silver: Heating with lead to remove impurities 

o Copper and Zinc: Roasting, smelting, condensation techniques 

o Mercury: Purification using herbs and heating cycles 

• Objective: 

o High purity metal for coins, ornaments, and medicinal uses 

o Reduction of toxic impurities 

 

4. Tools and Methods in Ancient India 

• Touchstone, crucibles, bellows, molds, sieves 

• Heating furnaces for smelting metals 

• Herbal and chemical reagents for purification 

• Observational methods: Color change, luster, hardness, taste, and density 

 

5. Significance 

1. Early form of analytical chemistry and metallurgical science 

2. Development of precise techniques for testing and purifying metals and gemstones 

3. Basis for modern chemical analysis and quality control 

4. Contribution to trade, medicine, and art in ancient India 

Analytical Chemistry of Medicinal Substances in Ancient India 

(प्राचीन भारत में औषधीय पदाथों का विश्लेषण और शुद्धधकरण) 

 

1. Standardization and Purification of Medicinal Substances 

• Standardization: ककसी औषधीय पदाथण की शुद्धता, गुण और प्रभािकाररता सुननश्श्चत करना। 

• Purification (Sanskara): 



o Mercury, Lead, Sulphur और अन्य धातुओं का शुद्धधकरण 

o Herbs और minerals की processing 

o उद्देश्य: Toxicity को कम करना और therapeutic efficacy बढाना 

 

2. Dravyaguna Vigyan (Science of Properties of Substances) 

• पररभाषा: Ayurveda में पदाथों की गुण, प्रभाि और therapeutic action का अध्ययन 

• Principles: 

1. Rasa (taste) 

2. Guna (properties) 

3. Virya (potency) 

4. Vipaka (post-digestive effect) 

5. Prabhava (specific action) 

• उपयोग: औषधीय पदाथों के चयन और formulation में 

 

3. Purification (Sanskara) of Mercury and Other Metals 

• Mercury: 

o Repeated washing, heating, triturating with herbal juices 

o Removal of toxic impurities 

• Other metals (Gold, Silver, Lead, Copper, Zinc): 

o Roasting, washing, calcination, and combination with herbal extracts 

o Objective: Therapeutically safe Rasayana preparations 

 

4. Characterization of Soil and Materials 

• Soil Testing: Color, texture, smell, and taste observation 

• Materials (Herbs, Minerals, Metals): 

o Identification of origin 

o Suitability for medicinal or industrial use 

 

5. Analysis of Smell and Taste 

• Smell (Gandha): Indicative of freshness, quality, and adulteration 



• Taste (Rasa): Used for classification and therapeutic action determination 

 

6. Analysis of Colour and Pigments 

• Colour (Varna): Quality indicator of minerals, metals, and herbal powders 

• Pigments: Extracted from plants and minerals, used in medicine, cosmetics, and art 

• Observational analysis to detect adulteration or degradation 

 

7. Significance 

1. Early quality control techniques in medicinal substances 

2. Foundation for modern pharmacognosy and analytical chemistry 

3. Ensured safety, efficacy, and reproducibility of formulations 

4. Contributed to Ayurveda, Rasashastra and metallurgical sciences 

Analytical Chemistry 

(विश्लेषणात्मक रसायन विज्ञान) 
 

1. Role of Analytical Chemistry 

1.1 Research 

• Substances की composition और structure का ननधाणरण 

• New compounds और materials की characterization 

• Mechanistic studies और reaction pathways समझने में मदद 

1.2 Industry 

• Raw materials और finished products की quality control 

• Process optimization और yield improvement 

• Adulteration और impurities detection 

1.3 Environmental Monitoring 

• Air, water, soil और industrial effluents का pollution analysis 



• Heavy metals, pesticides, toxic chemicals का detection 

• Regulatory compliance और public health protection 

1.4 Quality Control 

• Pharmaceuticals, chemicals, food, cosmetics में standardization और specifications 

सुननश्श्चत करना 
• Product reproducibility और safety testing 

 

2. Classification of Analytical Methods 

2.1 Classical Methods 

Definition: Old and conventional methods of analysis based on physical and chemical 

reactions. 

1. Gravimetric Analysis 

o Measurement of mass of analyte after isolation as a pure compound 

o Example: Precipitation of barium as BaSO₄ to determine sulfate content 

2. Volumetric (Titrimetric) Analysis 

o Measurement of volume of standard solution reacting with analyte 

o Example: Acid-base titration, redox titration, complexometric titration 

 

2.2 Instrumental Methods 

Definition: Modern methods using instruments to measure physical or chemical properties. 

1. Spectroscopic Techniques 

o UV-Vis, IR, NMR, Atomic Absorption Spectroscopy (AAS) 

o Measure interaction of electromagnetic radiation with analyte 

2. Chromatographic Techniques 

o Separation of mixture components 

o Examples: TLC, HPLC, GC 

3. Electroanalytical Techniques 

o Measurement of current, voltage or charge 

o Examples: Potentiometry, Voltammetry, Coulometry 

4. Thermal Analysis Techniques 

o Study change in properties with temperature 

o Examples: TGA (Thermogravimetric Analysis), DSC (Differential Scanning 

Calorimetry) 

5. Surface Analysis Techniques 

o Study surface composition and morphology 

o Examples: SEM, AFM, XPS 



Sample Preparation Techniques and 

Laboratory Practices 

(नमूना तैयारी तकनीक और प्रयोगशाला अभ्यास) 
 

1. Sample Preparation Techniques 

1.1 Dissolution and Decomposition 

• Purpose: Sample को analysis के ललए suitable form में लाना। 
• Methods: 

1. Acid Digestion: Strong acids (HNO₃, HClO₄) का use कर sample को dissolve 

करना 
2. Microwave-assisted Decomposition: Microwave energy से rapid digestion 

3. Dry Ashing: Sample को high temperature पर जलाकर inorganic residue प्राप्त 
करना 

 

1.2 Filtration, Centrifugation, Distillation 

• Filtration: Solid-liquid separation using filter paper या membrane 

• Centrifugation: High-speed spinning से solid-liquid separation 

• Distillation: Volatile component को अलग करना 

 

1.3 Pre-concentration and Separation Techniques 

• Solid-phase Extraction (SPE): Analyte को solid adsorbent पर retain करना और 
impurities हटाना 

• Liquid-liquid Extraction (LLE): दो immiscible solvents में analyte partitioning 

• Matrix Removal & Analyte Isolation: Interfering substances हटाकर target analyte 

का isolation 

 



1.4 Gravimetric Techniques 

• Sample से analyte का precipitation और weighing करके quantitative analysis 

• Example: BaSO₄ precipitation for sulfate estimation 

 

2. Selecting and Handling of Reagents 

• Criteria for Reagent Selection: Purity, compatibility, stability, cost-effectiveness 

• Storage & Labelling: 

o Proper containers, avoid contamination 

o Correct labeling (name, concentration, hazard symbols, expiry) 

• Preparation of Standard Solutions: Accurate weighing, dissolution, and dilution 

• Use of Analytical Grade Chemicals: Ensure precision and reliability 

 

3. Laboratory Safety and Good Practices 

• Safety Equipment: Gloves, goggles, lab coat, fume hood 

• Good Practices: 

o No eating/drinking in lab 

o Proper waste disposal (chemical, biological, sharps) 

o Handling acids, bases, and toxic chemicals with care 

o Awareness of Material Safety Data Sheets (MSDS) 

o Calibration and maintenance of instruments 

 

4. Significance 

1. Proper sample preparation ensures accurate and reproducible analysis 

2. Pre-concentration और separation enhance sensitivity of detection 

3. Safe handling of reagents और good laboratory practices prevent accidents और 
contamination 

4. Gravimetric और extraction methods form foundation of quantitative analysis 

Accuracy, Precision, Errors and Significant 

Figures 

(सटीकता, ननष्पक्षता, तु्रटटयााँ और महत्िपूणा अंक) 



 

1. Accuracy और Precision 

1.1 Accuracy (सटीकता) 

• पररभाषा: ककसी measurement का सही या िास्तविक मान के पास होना। 
• उदाहरण: यदद एक sample का िास्तविक मान 10.0 g है और measured value 9.98 g है 
→ High accuracy 

1.2 Precision (ननष्पक्षता / पुनरािवृि) 

• पररभाषा: Measurement की reproducibility या repeatability। 
• उदाहरण: Series of measurements: 9.91 g, 9.92 g, 9.90 g → High precision 

Note: Accuracy और Precision अलग हैं। High precision जरूरी नहीं कक high accuracy हो। 

 

2. Systematic and Random Influences 

2.1 Systematic Errors (प्रणालीगत त्रुटटयााँ) 

• Reproducible और predictable errors 

• कारण: Instrument calibration, environmental conditions, method errors 

• Minimization: Calibration, proper method, blank correction 

2.2 Random Errors (यादृश्छिक त्रुटटयााँ) 

• Unpredictable और unavoidable 

• कारण: Observer variation, environmental fluctuation 

• Minimization: Repeated measurements, statistical averaging 

 

3. Classification of Errors and Minimization Strategies 

Error Type Cause Minimization Strategy 

Systematic 

Error 
Instrumental, Method, Personal 

Calibration, method validation, 

training 



Error Type Cause Minimization Strategy 

Random Error 
Environmental fluctuations, human 

observation 

Repetition, averaging, careful 

technique 

Gross Error Mistakes like wrong reading 
Careful observation, double-check, 

peer review 

 

4. Significant Figures (महत्िपूणा अंक) 
• Definition: Measurement में जो digits actual information देते हैं और last digit 

uncertain होता है 

• Rules: 

1. Non-zero digits always significant 

2. Leading zeros not significant 

3. Trailing zeros in decimal significant 

4. Exact numbers (counted) have infinite significant figures 

4.1 Computation Rules 

• Addition & Subtraction: Result should have decimal places = smallest decimal 

places in data 

• Multiplication & Division: Result should have significant figures = smallest 

significant figures in data 

 

5. Significance in Analytical Chemistry 

1. Accuracy और precision सुननश्श्चत करते हैं reliable और reproducible results 

2. Errors का पहचान और कम करना analytical reliability बढाता है 

3. Significant figures और computation rules data reporting में standardization लाते हैं 

Statistical Analysis of Data 

(डेटा का सांश्ययकीय विश्लेषण) 
 

1. Measures of Central Tendency 

1.1 Mean (औसत) 



• सभी observations का sum / number of observations 

• Formula: 

𝑥̄ =
∑𝑥𝑖
𝑛

 

 

• Represents average value of dataset 

1.2 Median (मध्यमान) 

• Data को ascending/descending order में arrange करने के बाद middle value 

• Odd observations: Middle value 

• Even observations: Average of two middle values 

1.3 Mode (बहुलक) 

• Data में सबसे frequently occurring value 

• Useful for categorical data 

 

2. Measures of Dispersion 

2.1 Mean Deviation (औसत विचलन) 

• Observations का average absolute deviation from mean or median 

• Formula: 

𝑀𝐷 =
∑ ∣ 𝑥𝑖 − 𝑥̄ ∣

𝑛
 

 

2.2 Standard Deviation (मानक विचलन) 

• Measure of spread of data around mean 

• Formula for population: 

𝜎 = √
∑(𝑥𝑖 − 𝑥̄)2

𝑁
 

 

• Formula for sample: 



𝑠 = √
∑(𝑥𝑖 − 𝑥̄)2

𝑛 − 1
 

 

2.3 Relative Standard Deviation (RSD) / Coefficient of Variation (CV) 

• Measure of precision relative to mean 

• Formula: 

𝑅𝑆𝐷% =
Standard Deviation

Mean
× 100 

 

• Low RSD → High precision 

 

3. Variance (विचलन) 
• Square of standard deviation 

Variance = 𝜎2 or 𝑠2 
 

• Importance: 

o Compare spread of different datasets 

o Identify variability in experiments 

o Basis for statistical tests like ANOVA 

 

4. Significance in Analytical Chemistry 

1. Mean, median और mode से data का central value पता चलता है 

2. Standard deviation और RSD से precision और reproducibility पता चलती है 

3. Variance dataset के scatter और reliability को quantify करता है 

4.  

Statistical Methods in Analytical Chemistry 

(विश्लेषणात्मक रसायन विज्ञान में सांश्ययकीय विधधयााँ) 
 



1. Least Squares Method for Data Fitting 

• पररभाषा: Experimental data को best-fit line या curve में represent करने की विधध 
ताकक sum of squares of deviations minimum हो। 

• Formula (Linear fit): 

𝑦 = 𝑚𝑥 + 𝑐 
 

जहााँ m = slope, c = intercept 

Applications: 

1. Calibration Curves: 

o Standard solutions के absorbance vs concentration plot 

o Least squares method से line fit कर unknown sample concentration determine 

करना 
2. Analytical Method Validation: 

o Linearity check करना 
o Regression coefficient (R²) determine करना 

 

2. Statistical Significance and Hypothesis Testing 

• Statistical Significance: Determines whether observed results are due to chance or 

actual effect 

• Hypothesis Testing: 

1. Null Hypothesis (H₀): No effect / no difference 

2. Alternative Hypothesis (H₁): Significant effect / difference 

• Procedure: 

o Select test statistic (t, F, χ²) 

o Compute value 

o Compare with critical value 

o Decide to accept/reject H₀ 

 

3. Confidence Intervals 

• Definition: Range in which true population parameter lies with certain probability 

(usually 95% or 99%) 

• Interpretation: 

o 95% confidence interval → 95% probability that true value lies within the 

range 



• Importance in analytical chemistry: 

o Express reliability of measured concentration 

o Uncertainty assessment 

 

4. Common Statistical Tests in Analytical Chemistry 

4.1 t-Test 

• Compares means of two datasets 

• Types: 

1. Student’s t-test (paired/unpaired) 

• Application: Compare experimental vs reference values 

4.2 F-Test 

• Compares variances of two datasets 

• Application: Precision comparison between two methods or instruments 

4.3 Chi-Square Test (χ²) 

• Compares observed vs expected frequencies 

• Application: Goodness-of-fit, method validation, error analysis 

 

5. Significance in Analytical Chemistry 

1. Least squares method ensures accurate calibration and quantitative analysis 

2. Hypothesis testing validates experimental results 

3. Confidence intervals quantify uncertainty 

4. t, F, χ² tests ensure method reliability, precision, and accuracy 

Spectrochemical Methods of Chemical 

Analysis 

(रासायननक विश्लेषण के ललए स्पके्ट्रोकेलमकल विधधयााँ) 
 

1. Atomic Absorption Spectroscopy (AAS) 

1.1 Principle (लसद्धांत) 



• AAS का मुख्य लसद्धांत: Atoms अपने specific wavelength की light को absorb 

करते हैं। 
• श्जतना absorption होगा, उतनी ही target element की concentration sample में होगी। 
• Lambert-Beer law के आधार पर concentration का ननधाणरण ककया जाता है। 

 

1.2 Instrumentation Components (यंत्र संरचना) 

1. Light Source (प्रकाश स्रोत): Hollow cathode lamp या electrodeless discharge lamp 

2. Atomizer (परमाणुकरण यंत्र): Flame, Graphite Furnace, Hydride Generation 

3. Monochromator: Wavelength select करने के ललए 

4. Detector: Absorbed light को signal में convert करता है 

5. Readout Device: Signal को concentration में convert करता है 

 

1.3 Production of Atoms and Ions (Atoms और Ions का ननमााण) 

1. Flame Atomizer: Sample को hot flame में vaporize करके atoms produce करना 
2. Electrothermal / Graphite Furnace Atomizer: Small sample को electrically heated 

furnace में atomize करना, higher sensitivity 

3. Hydride Generation Atomizer: Volatile hydrides बनाकर atomization, trace analysis 

के ललए 

 

1.4 Advantages and Limitations of AAS 

Advantages (फायदे): 

• High sensitivity (ppm/ppb level) 

• Specific to individual elements 

• Wide applicability in environmental, biological, industrial samples 

Limitations (सीमाएाँ): 

• Single element analysis per measurement 

• Expensive instrumentation 

• Matrix interference और background absorption का प्रभाि 



 

1.5 Applications in Industries 

1. Environmental Samples: Water, soil, air में trace metals (Pb, Cd, Hg) analysis 

2. Biological Samples: Blood, urine, hair में toxic metals detection 

3. Industrial Samples: Metals in alloys, raw materials 

4. Food and Pharmaceutical QC: Heavy metal contamination check 

5. Clinical Diagnostics: Example – Blood lead levels, trace metal deficiencies 

 

2. Significance in Analytical Chemistry 

• Quantitative determination of trace metals 

• Quality control और safety compliance में उपयोगी 
• Research और industrial monitoring के ललए accurate और reliable 

 

3. ननष्कषा (Conclusion) 

• AAS एक highly sensitive, specific और versatile analytical technique है। 

• Flame, Graphite Furnace और Hydride Generation atomizers द्िारा atoms का 
production possible है। 

• Industries और clinical labs में trace metal detection और quality control के ललए 
AAS extensively use होता है। 

Flame Photometry (Flame Atomic Emission 

Spectroscopy) 

(फ्लेम फोटोमेरी / फ्लमे एटॉलमक इलमशन स्पेक्ट्रोस्कोपी) 
 

1. Introduction (पररचय) 
• Flame Photometry एक spectrochemical analytical technique है। 



• यह technique metal ions (alkali और alkaline earth metals) के concentration को 
measure करने के ललए use होती है। 

• Measurement का principle atomic emission पर आधाररत है। 

 

2. Principle (लसद्धांत) 
• Metal ions को flame में atomize ककया जाता है। 
• Excited atoms characteristic wavelength की light emit करते हैं। 
• Emitted light intensity directly proportional होती है element की concentration के। 
• Lambert-Beer law के माध्यम से concentration calculate ककया जाता है। 

 

3. Instrumentation Components (यंत्र संरचना) 
1. Nebulizer: Sample को fine spray में convert करता है 

2. Flame: Excitation के ललए (typically air-acetylene या nitrous oxide-acetylene) 

3. Monochromator / Filters: Specific wavelength select करने के ललए 

4. Detector: Emitted light को electrical signal में convert करता है 

5. Readout Device: Signal को concentration में convert करता है 

 

4. Types of Interference (अिरोध के प्रकार) 
1. Chemical Interference: Sample matrix के कारण emission affect होना 
2. Ionization Interference: High temperature में ionization से signal change 

3. Spectral Interference: Overlapping emission lines 

 

5. Applications (अनुप्रयोग) 
5.1 Biological and Food Samples 

• Determination of Sodium (Na), Potassium (K), Calcium (Ca), Lithium (Li) 

• Example: Blood, urine, milk, beverages 



5.2 Agriculture 

• Soil और Fertilizer में alkali and alkaline earth metals का analysis 

5.3 Industrial Quality Control 

• Glass, Cement, Ceramics में metal content determination 

• Ensures product quality and specification compliance 

 

6. Significance in Analytical Chemistry 

• Simple, rapid और cost-effective method 

• Alkali और alkaline earth metals की trace analysis के ललए ideal 

• Industrial, clinical और agricultural laboratories में extensively used 

Atomic Emission Spectrometry (AES) 

(एटॉलमक इलमशन स्पेक्ट्रोमेरी) 
 

1. Introduction (पररचय) 
• Atomic Emission Spectrometry (AES) एक spectrochemical analytical technique है। 
• यह metal ions और elements की qualitative और quantitative analysis के ललए use 

होती है। 
• Atoms को excited state में लेकर उनके द्िारा emitted light को measure ककया जाता 

है। 

 

2. Principle (लसद्धांत) 
• Sample में उपश्स्थत atoms को high temperature source (flame, plasma, or arc) से 

excite ककया जाता है। 
• Excited atoms characteristic wavelength की light emit करते हैं। 



• Emission intensity directly proportional होती है element की concentration के। 

 

3. Instrumentation and Equipment Components (यंत्र 
संरचना) 

1. Excitation Source: Flame, inductively coupled plasma (ICP), DC/AC arc, or spark 

2. Nebulizer / Sample Introduction System: Sample को aerosol form में convert करता 
है 

3. Monochromator / Filters: Specific wavelength select करने के ललए 

4. Detector: Emitted light को electrical signal में convert करता है 

5. Readout / Data Processing Unit: Signal को concentration या emission spectrum में 
convert करता है 

 

4. Qualitative and Quantitative Analysis with AES 

4.1 Qualitative Analysis 

• Emission lines की wavelength के आधार पर element की पहचान 

• Each element का unique emission spectrum होता है 

4.2 Quantitative Analysis 

• Emission intensity और concentration के बीच calibration curve बनाकर unknown 

sample की concentration determine करना 

 

5. Calibration Methods (कैललब्रेशन विधधयााँ) 
1. External Standard Method: Known concentration standards की calibration curve 

बनाना 
2. Internal Standard Method: Interference और instrument drift को correct करने के 

ललए 

3. Standard Addition Method: Complex matrices में accurate measurement के ललए 



 

6. Applications of AES (अनुप्रयोग) 
1. Environmental Analysis: Water, soil, air में trace metals 

2. Industrial Analysis: Alloys, cement, glass, and ceramics 

3. Biological Analysis: Blood, urine, tissue metals 

4. Food and Pharmaceutical QC: Heavy metals detection 

 

7. Advantages of AES (फायदे) 
• Multi-element analysis possible 

• High sensitivity और accuracy 

• Rapid measurement, less sample preparation 

• Wide dynamic range and industrial applicability 

Plasma Emission Spectrometry और ICP-

AES 

(इंडश्क्ट्टिली कपल्ड प्लाज्मा – एटॉलमक इलमशन 
स्पेक्ट्रोस्कोपी) 

 

1. Plasma Emission Spectrometry (प्लाज्मा इलमशन 
स्पेक्ट्रोस्कोपी) 

1.1 Introduction (पररचय) 

• Plasma Emission Spectrometry एक spectrochemical technique है। 
• High temperature plasma में atoms और ions excite होकर characteristic light emit 

करते हैं, श्जसे measure ककया जाता है। 
• Multi-element analysis के ललए यह बहुत effective है। 



1.2 Plasma Source (प्लाज्मा स्रोत) 

• Plasma: Ionized gas containing free electrons और ions 

• High temperature (6000–10000 K) generate करता है 

• Common sources: Argon plasma (ICP), Microwave plasma 

 

2. ICP-AES (Inductively Coupled Plasma – Atomic 

Emission Spectroscopy) 

2.1 ICP-AES Instrumentation 

1. RF Generator: High frequency electromagnetic field generate करता है 

2. Induction Coil: Plasma maintain करने के ललए 

3. Torch: Sample atomization और excitation के ललए 

4. Nebulizer / Sample Introduction: Liquid sample को fine aerosol में convert करता है 

5. Monochromator / Spectrometer: Specific wavelengths select करता है 

6. Detector & Readout: Emitted light को signal में convert कर concentration ददखाता 
है 

2.2 Sample Introduction Techniques 

• Nebulization: Liquid sample को aerosol में बदलना 
• Spray Chamber: Large droplets को remove करना 
• Direct Injection: High sensitivity के ललए 

2.3 Measurement and Data Interpretation 

• Emission intensity और wavelength से element identification और quantification 

• Calibration curve या internal standard method use करके concentration determine 

करना 
• Spectral interferences और matrix effects consider करना 

 

3. Applications in Industrial Chemistry (औद्योधगक रसायन 
में अनुप्रयोग) 



Sector Application 

Metallurgy and Alloys Trace metals analysis, alloy composition control 

Environmental Monitoring Water, soil, air में heavy metals detection 

Petroleum and Petrochemicals Metal contaminants in fuels और additives 

Pharmaceuticals Trace elements in drugs और raw materials 

Food and Agriculture Fertilizers और food products में metal analysis 

Cement and Ceramics Industry Raw materials और finished product quality control 

 

4. Significance 

• High sensitivity और precision के साथ multi-element analysis possible 

• Industrial और environmental monitoring में reliable और rapid results 

• Sample matrix से interference कम होने के कारण accurate measurement 

 

5. ननष्कषा (Conclusion) 

• Plasma Emission Spectrometry और ICP-AES modern analytical chemistry के 
powerful tools हैं। 

• High temperature plasma में excitation के कारण trace metals और multi-element 

analysis आसान और accurate हो जाता है। 
• Industries जैसे metallurgy, pharmaceuticals, environmental monitoring, food, cement 

और ceramics में quality control और compliance के ललए extensively use होते हैं। 

Thermal Methods of Analysis 

(थमाल विश्लेषण विधधयााँ) 
 

1. Thermogravimetric Analysis (TGA / TG) 

1.1 Introduction (पररचय) 



• TGA एक thermal analysis technique है। 

• यह technique sample के mass change को measure करता है जैस-ेजैसे temperature 

या time के साथ thermal decomposition, oxidation, या loss of volatiles होता है। 
• Mass change को temperature या time के function में plot ककया जाता है → TGA 

curve 

 

1.2 Principle (लसद्धांत) 

• Sample को controlled heating में रखा जाता है। 
• Heating के दौरान mass में बदलाि: 

o Moisture loss 

o Thermal decomposition 

o Oxidation/reduction reactions 

• Mass vs Temperature/Time graph से thermal stability, composition, decomposition 

temperature determine ककया जाता है। 

 

1.3 Instrumentation (यंत्र संरचना) 

1. Balance / Microbalance: High sensitivity, sample mass detect करने के ललए 

2. Furnace / Oven: Controlled heating environment 

3. Sample Holder / Pan: Sample रखा जाता है 

4. Temperature Controller: Heating rate control करता है 

5. Data Acquisition System: Mass और temperature के data को record करता है 

6. Atmosphere Control (Optional): Air, N₂, O₂ आदद environment control 

 

1.4 Industrial Applications (औद्योधगक अनुप्रयोग) 

Industry Application 

Polymer Industry Polymer thermal stability, degradation, filler content analysis 

Pharmaceuticals Drug stability, moisture content, excipient decomposition 

Cement and Ceramics Raw material decomposition, clinker formation, thermal stability 

Metallurgy 
Oxidation, reduction reactions, alloy stability, decomposition of 

ores 

 



2. Significance 

• Thermal stability और decomposition profile समझने में मदद 

• Material selection और quality control में useful 

• Degradation temperature और composition determine करके process optimization 

possible 

Differential Thermal Analysis (DTA) 

(अंतर थमाल विश्लेषण) 
 

1. Introduction (पररचय) 
• DTA एक thermal analysis technique है। 
• यह technique sample और reference material के बीच temperature difference को 

measure करती है जब दोनों को controlled heating में रखा जाता है। 
• Temperature difference से endothermic और exothermic transitions detect ककए 

जाते हैं। 

 

2. Principle (लसद्धांत) 
• Sample और inert reference material को एक साथ controlled heating में रखा जाता 

है। 
• Heating के दौरान: 

o Sample में कोई phase transition, reaction, melting, crystallization होता है। 
o Reference material inert रहता है। 

• ΔT (temperature difference) vs Temperature plot → DTA curve 

o Endothermic peak → heat absorbed 

o Exothermic peak → heat released 

 

3. Instrumentation (यंत्र संरचना) 



1. Furnace / Heating Unit: Controlled heating 

2. Sample and Reference Holders: Parallel arrangement 

3. Thermocouples: Sample और reference temperature measure करने के ललए 

4. Temperature Difference Measurement Unit: ΔT record करता है 

5. Data Acquisition System: DTA curve plot करता है 

 

4. Complementary Nature with TGA (TGA के साथ 
पूरकता) 

• TGA: Mass change vs Temperature 

• DTA: Heat flow / phase transitions vs Temperature 

• दोनों techniques combine करके thermal behavior और composition समझना आसान 
होता है। 

• Example: Mass loss in TGA के साथ DTA peak → decomposition, melting या 
crystallization confirm होता है। 

 

5. Industrial Applications (औद्योधगक अनुप्रयोग) 
Sector Application 

Pharmaceuticals Polymorphic transitions identify करना (drug stability) 

Polymers / Thermosetting Resins Curing behavior, cross-linking process study 

Minerals and Ores Phase transitions in clays और ores characterization 

Material Science Melting, crystallization, decomposition studies 

 

6. Significance 

• Endothermic और exothermic processes का accurate detection 

• Material characterization और process optimization में मदद 

• TGA के साथ combined use → complete thermal analysis 

Differential Scanning Calorimetry (DSC) 



(अंतर स्कैननगं कैलोरीमेरी) 
 

1. Introduction (पररचय) 
• DSC एक thermal analysis technique है। 
• यह technique sample और reference के बीच heat flow difference को measure 

करती है जब उन्हें controlled heating या cooling में रखा जाता है। 
• DSC से phase transitions, melting, crystallization, glass transition, curing 

reactions आदद study ककए जाते हैं। 

 

2. Principle (लसद्धांत) 
• Sample और reference material को समान heating/cooling rate में रखा जाता है। 
• Heat required to maintain same temperature → recorded as heat flow difference 

(ΔH) 

• Endothermic process → heat absorbed 

• Exothermic process → heat released 

 

3. Types of DSC and Advantages 

3.1 Types of DSC 

1. Power Compensation DSC: Sample और reference को अलग heaters से heat ककया 
जाता है 

2. Heat Flux DSC: Common furnace में sample और reference रखकर heat flow 

difference measure ककया जाता है 

3.2 Advantages (फायदे) 

• Small sample size required 

• Accurate detection of phase transitions और reactions 

• Fast and sensitive analysis 

• Quantitative and qualitative information दोनों provide करता है 



 

4. Industrial Applications of DSC 

Industry / Field Application 

Polymer Industry Glass transition, melting, crystallization, curing behavior 

Pharmaceuticals Polymorphism, stability studies, drug-excipient interactions 

Food Science Fat melting, crystallization, quality assessment 

Explosives and Propellants Thermal stability, decomposition temperature, safety analysis 

 

5. Applications of Thermal Methods in General 

Application Area Use 

Quantitative Analysis Composition, moisture, fillers, additives determination 

Kinetic Studies Reaction rates, activation energy determination 

Quality Control Material stability, product consistency monitoring 

Environmental Analysis Waste composition, degradation studies 

Forensic Chemistry Explosives analysis, material identification 

 

6. Significance 

• DSC और अन्य thermal methods से material behavior और stability समझना 
आसान 

• Industrial and research labs में product development, quality control, and safety 

evaluation में extensively use 

Hyphenated Techniques in Analytical 

Chemistry 

(हाइफेनेटेड तकनीकें  – विश्लेषणात्मक रसायन में) 
 

1. Introduction (पररचय) 
• Hyphenated Techniques िो analytical methods हैं जो दो या दो से अधधक 

techniques को combine करके एक single system में use करती हैं। 



• इन techniques का उद्देश्य complex samples का detailed और accurate analysis 

करना है। 
• आमतौर पर, separation technique + detection technique combine होती है। 

 

2. Need and Significance (आिश्यकता और महत्ि) 
1. Complex mixtures में components का separation और identification करना 
2. Trace analysis में high sensitivity और specificity प्रदान करना 
3. Environmental, pharmaceutical, biological और industrial samples के ललए ideal 

4. Quantitative और qualitative analysis दोनों possible 

 

3. Common Hyphenated Techniques (सामान्य हाइफेनेटेड 
तकनीकें ) 

Separation Technique Detection Technique Example 

Gas Chromatography (GC) Mass Spectrometry (MS) GC-MS 

Liquid Chromatography (HPLC) Mass Spectrometry (MS) LC-MS 

Capillary Electrophoresis (CE) UV or MS CE-MS 

Atomic Absorption / Emission HPLC / GC HPLC-AAS, GC-AES 

 

4. Advantages (फायदे) 
1. Complex mixtures में high resolution separation 

2. Component identification और quantification एक साथ possible 

3. High sensitivity और accuracy 

4. Trace element और contaminants detection में effective 

 

5. Applications (अनुप्रयोग) 
• Environmental monitoring: Pesticides, pollutants detection 

• Pharmaceuticals: Drug formulation, impurity profiling 



• Food analysis: Additives, contaminants, natural products 

• Clinical and biological samples: Metabolites, biomarkers 

• Forensic science: Drugs, toxins, explosives analysis 

Gas Chromatography-Mass Spectrometry 

(GC-MS) 

(गैस क्रोमैटोग्राफी–मैस स्पेक्ट्रोमेरी) 
 

1. Introduction (पररचय) 
• GC-MS एक hyphenated technique है। 
• यह technique separation (GC) + identification & quantification (MS) को combine 

करती है। 
• Complex mixtures में trace components को detect और analyze करने के ललए 

extensively use होती है। 

 

2. Principle (लसद्धांत) 
1. Gas Chromatography (GC): 

o Sample को vapor form में convert करके carrier gas के साथ column में 
separate ककया जाता है। 

o Components retention time के अनुसार अलग होते हैं। 
2. Mass Spectrometry (MS): 

o GC से eluted components को ionize ककया जाता है। 
o Generated ions को mass-to-charge ratio (m/z) के अनुसार detect ककया जाता 

है। 
o Mass spectrum से compound identification और quantification possible है। 

 

3. Instrumentation (यंत्र संरचना) 



Component Function 

GC Injector Sample को vapor form में column में introduce करता है 

Column (Packed / Capillary) Separation के ललए stationary phase 

Carrier Gas (Helium, Nitrogen) Mobile phase for sample transport 

Mass Spectrometer Sample ions generate और detect करता है 

Ion Source Electron impact / chemical ionization 

Mass Analyzer Ions को m/z ratio के अनुसार separate करता है 

Detector Signal detect और record करता है 

Data System Chromatogram और mass spectrum analyze करता है 

 

4. Applications in Industrial Chemistry 

Industry / Field Application 

Petrochemical Industry 
Hydrocarbon analysis, fuel composition, contaminants 

detection 

Flavor & Fragrance Essential oils, aroma compounds profiling 

Pharmaceutical Industry Drug formulation, impurity profiling, metabolite analysis 

Environmental 

Monitoring 
Pesticides, pollutants, air & water contaminants 

Forensic Science Drugs, explosives, toxic compounds analysis 

 

5. Advantages of GC-MS (फायदे) 
1. High sensitivity and specificity 

2. Complex mixtures में accurate separation and identification 

3. Multi-component analysis possible 

4. Trace level detection (ppb / ppt level) 

5. Reliable and reproducible results 

 

6. Significance 

• GC-MS modern analytical laboratories में essential tool है। 

• Petrochemical, pharmaceutical, environmental, food, fragrance और forensic analysis 

में extensively use होती है। 
• Provides both qualitative और quantitative information from a single analysis। 



Liquid Chromatography-Mass 

Spectrometry (LC-MS) 

(ललश्क्ट्िड क्रोमैटोग्राफी – मास स्पेक्ट्रोमेरी) 
 

1. Introduction (पररचय) 
• LC-MS एक hyphenated analytical technique है। 
• यह technique liquid chromatography (LC) + mass spectrometry (MS) को 

combine करती है। 
• Complex biological और industrial samples में trace components का separation और 

identification करने के ललए extensively use होती है। 

 

2. Principle (लसद्धांत) 
1. Liquid Chromatography (LC): 

o Sample को liquid mobile phase में dissolve करके stationary phase column में 
separate ककया जाता है। 

o Components retention time के आधार पर अलग होते हैं। 
2. Mass Spectrometry (MS): 

o LC से eluted components को ionize ककया जाता है। 
o Ions को mass-to-charge ratio (m/z) के अनुसार detect ककया जाता है। 
o Mass spectrum से compound identification और quantification ककया जाता 

है। 

 

3. Instrumentation (यंत्र संरचना) 
Component Function 

Solvent Reservoirs Mobile phase supply 

Pump Mobile phase को column में push करना 



Component Function 

Injector / Autosampler Sample introduce करना 
LC Column (Reversed Phase / Normal 

Phase) 
Separation of components 

Interface (ESI / APCI) LC से MS में sample transfer और ionization 

Mass Spectrometer Ionization, separation (m/z), detection 

Detector & Data System 
Chromatogram और mass spectrum analyze 

करना 
 

4. Applications in Industrial Chemistry 

Industry / Field Application 

Pharmaceutical Industry 
Drug formulation, impurity profiling, pharmacokinetics 

studies 

Biotechnology Protein, peptide, metabolite analysis, biomarker identification 

Agrochemical Industry Pesticides, herbicides, residues detection 

Food and Beverage 

Industry 
Additives, contaminants, flavor compounds analysis 

Polymer Industry Additives, monomer analysis, degradation products detection 

 

5. Advantages of LC-MS (फायदे) 
1. High sensitivity और specificity 

2. Trace level detection (ppb / ppt) possible 

3. Separation of thermally labile and non-volatile compounds 

4. Multi-component analysis possible 

5. Qualitative और quantitative information एक साथ प्रदान करता है 

 

6. Significance 

• LC-MS modern analytical laboratories में essential tool है। 

• Pharmaceuticals, biotechnology, food, agrochemicals और polymer industries में 
extensively use होती है। 

• Complex matrices में accurate identification और quantification possible करता है। 



Emerging Hyphenated Techniques 

(विश्लेषणात्मक रसायन में उभरती हुई हाइफेनेटेड तकनीकें ) 
 

1. Introduction (पररचय) 
• Emerging Hyphenated Techniques िो techniques हैं जो दो या अधधक analytical 

methods को combine करके complex sample analysis के ललए use होती हैं। 
• यह modern analytical chemistry में high sensitivity, selectivity और accuracy प्रदान 

करती हैं। 
• Common emerging techniques: GC-IR, LC-NMR, ICP-MS 

 

2. GC-IR (Gas Chromatography – Infrared Spectroscopy) 

Principle: 

• GC में sample components separate होते हैं। 

• Eluted compounds को IR spectroscopy द्िारा identify ककया जाता है। 
• Functional groups और molecular structure के आधार पर identification possible। 

Applications: 

• Environmental pollutants, organic compounds, flavor & fragrance analysis 

• Forensic chemistry (drugs, explosives identification) 

 

3. LC-NMR (Liquid Chromatography – Nuclear Magnetic 

Resonance) 

Principle: 

• LC में components separate होते हैं। 

• Eluted compounds को NMR spectroscopy से structure elucidation के ललए analyze 

ककया जाता है। 
• Solution phase में molecular structure और dynamics study करना possible। 



Applications: 

• Pharmaceuticals: Drug metabolites और impurities identification 

• Natural products, peptides और biomolecules characterization 

 

4. ICP-MS (Inductively Coupled Plasma – Mass 

Spectrometry) 

Principle: 

• ICP plasma में sample atoms/ions को excite करता है। 
• MS mass-to-charge ratio (m/z) detect करता है। 
• Multi-element, trace level detection possible। 

Applications: 

• Environmental monitoring (trace metals in water, soil) 

• Metallurgy: Alloy and ore analysis 

• Pharmaceutical, food, and industrial QC 

 

5. Advantages of Emerging Hyphenated Techniques 

1. High sensitivity और specificity 

2. Multi-component और trace analysis possible 

3. Structural, qualitative और quantitative information एक साथ लमलती है 

4. Complex sample matrices में accurate analysis 

 

6. Significance 

• Modern research और industrial applications में essential analytical tools हैं। 
• Environmental, pharmaceutical, food, polymer और forensic analysis में extensively 

use होती हैं। 
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