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ABSTRACT 

The combined technique is developed from the coupling of a 

separation technique associate degreed an on-line qualitative analysis 

detection technology. The outstanding enhancements in combined 

analytical ways over the last twenty years have considerably broadened 

their applications within the analysis of biomaterials, particularly 

natural product. during this article, recent advances within the 

applications of varied combined techniques, e.g. Gas chromatography–

mass spectroscopy (GC-MS) is an analytical methodology that mixes 

the options of gas-chromatography and mass spectroscopic analysis to 

spot totally different substances at intervals a check sample. -MS has been considered a "gold 

standard" for rhetorical substance identification as a result of it's wont to perform a 100 

percent specific check, that absolutely identifies the presence of a selected substance. A 

nonspecific check just indicates that any of many in a very class of gear is gift. though a 

nonspecific check may statistically counsel the identity of the substance, this might cause 

false identification. 
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INTRODUCTION 

A combined technique is combination (or) coupling of 2 totally different analytical 

techniques with the assistance of correct interface. in the main natural process techniques 

square measure combined with qualitative analysis techniques.
[1]

 In the activity, the pure or 

nearly pure fractions of chemical elements in a very mixture was separated and spectroscopic 

analysis produces entropy for identification exploitation standards or library spectra. “The 

coupling of the separation technique associate degreed an on-line qualitative analysis 

detection technology can cause a hyphenated technique.
[2]

 A combined technique is 
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combination (or) coupling of 2 totally different analytical techniques with the assistance of 

correct interface.
[3]

 The term combined techniques vary from the mixture of separation -

separation, separation-identification& identification- identification techniques.
[2]

 The term 

“hyphenation” was initial custom-made by Hirsch Feld in 1980 to explain a potential 

combination of 2 or a lot of instrumental analytical ways in a very single run (Hirschfeld, 

1980). The aim of the coupling is to get associate degree information-rich detection for each 

identification and quantification compared thereto with one analytical technique  

 

HISTORY 

A couple of decades past, Hirschfeld introduced the term “hyphenation” to discuss with the 

on-line combination of a separation technique and one or a lot of qualitative analysis 

detection techniques.
[1]

 This method, developed from a wedding of a separation technique 

and a qualitative analysis detection technique, is today referred to as combined technique. 

 

In recent years, combined techniques have received ever-increasing attention because the 

principal suggests that to un ravel advanced analytical issues. the facility of mixing separation 

technologies with qualitative analysis techniques has been in contestible over the years for 

each quantitative and chemical analysis of unknown compounds in advanced natural product 

extracts or fractions. to get structural data resulting in the identification of the compounds gift 

in a very crude sample, liquid activity (LC), typically a superior liquid activity (HPLC), gas 

activity (GC), or capillary cataphoresis (CE) is connected to qualitative analysis detection 

techniques, e.g., Fourier-transform infrared (FTIR), photodiode array (PDA) UV–vis 

absorbance or visible light emission, spectroscopic analysis (MS), and nuclear resonance 

spectroscopic analysis (NMR), leading to the introduction of varied fashionable combined 

techniques, e.g., CE-MS, GC-MS, LC-MS, and LC-NMR. HPLC is that the most generally 

used analytical separation technique for the qualitative and quantitative determination of 

compounds in natural product extracts. The physical affiliation of HPLC and MS or magnetic 

resonance has hyperbolic the potential of resolution structural issues of advanced natural 

product. thanks to the bigger sensitivity, LC-MS has been a lot of extensively used than LC-

NMR. The hyphenation doesn't continuously got to be between 2 techniques; the coupling of 

separation and detection techniques will involve over one separation or detection techniques, 

e.g., LC-PDA-MS, LC-MS-MS, LC-NMR-MS, LCPDA-NMR-MS, and also the like. 

wherever trace analysis is significant, and also the analyte enrichment is crucial, on-line 

coupling with solid-phase extraction (SPE), solid-phase microextraction or giant volume 
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injection (LVI) will be incorporated to make in a very a lot of powerful integrated system, 

e.g., SPE-LC-MS or LVI-GC-MS. 

 

The first on-line coupling of gas activity to a spectroscope was rumored in 1959.In 1964, 

Electronic Associates, Inc. (EAI), a number one U.S. provider of analog computers, began 

development of a laptop controlled quadrupole spectroscope beneath the direction of Henry 

M. Robert E. Finnigan. By 1966 Finnigan and collaborator microphone Uthe's EAI division 

had sold-out over five hundred quadrupole residual gas-analyzer instruments. In 1967, 

Finnigan left EAI to create the Finnigan Instrument Corporation at the side of Roger Sant, T. 

Z. Chou, archangel Story, and William Fies. In early 1968, they delivered the primary image 

quadrupole GC/MS instruments to Stanford and Purdue University. 

 

ADVANTAGES 

1. For quick and correct analysis 

2. A better degree of automation. 

3. Higher sample output. 

4. Higher duplicability. 

5. Reduction of contamination thanks to its closed system. 

6. Separation of quantification at identical time.
[20]

 

 

TYPES OF COMBINED TECHNIQUES 

1. Double combined techniques. 

2. Triple combined techniques. 

 

1. Double combined techniques 

a) Liquid chromatography-Mass spectroscopy(LC-MS) 

b) Liquid chromatography-nuclear magnetic resonance (LC-NMR) 

C) Liquid chromatography-infrared(LC-IR) 

d) Capillary electrophoresis- Mass spectroscopy(CE-MS) 

e) Gas chromatography-Infrared(GC-IR) 

f) Gas chromatography-Mass spectroscopy(GC-MS) 

e) High Performance Liquid Chromatography-Diode Array Detector(HPLC-DAD) 

f) Gas chromatography-Fluorier Transfer Infrared (GC-FTIR) 
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2. Triple combined techniques 

1) Liquid Chromatography(LC-API-MS) 

2) APCI-MS-MS 

3) ESI-MS-MS 

4) LVI-GC-MS 

5) LC-ESI-MS 

6) LC-UV-NMR-MS-ESI 

7) LC-MS-TSPLC-UV-NMR-MS 

8) LC-NMR-MS 

9) LC-DAD-API-MS 

10) LC-PDA-MS 

11) LC-PDA-NMR-MS 

12) SPE-LC-MS(2) 

 

GAS CHROMATOGRAPHY-MASS SPECTROSCOPIC ANALYSIS (GC-MS)  

In 1957, Holmes and Morrell (Holmes & Morrell, 1957) the primary coupling of gas activity 

with mass spectroscopic analysis shortly once the event of gas-liquid activity and organic 

mass spectroscopic analysis.  

 

Years later, improved GC-MS instruments were commercial with the event of computer-

controlled quadruple spectroscope for quick acquisition to accommodate the separation in gas 

chromatograph.  

 

Since then, its applications in varied areas of sciences have created it a routine methodology 

of alternative for (bio) organic analysis.  

 

As its name advised, a GC-MS instrument consists of a minimum of the subsequent 2 major 

building blocks: a gas chromatograph and a spectroscope.  

 

GC-MS separates chemical mixtures into individual elements (using a gas chromatograph) 

and identifies / quantifies the elements at a molecular level (using a MS detector). It's one in 

every of the foremost correct and economical tools for analyzing volatile organic samples.  

 

Ionization techniques and interfaceshe carrier gas that comes out of a GHz column is 

primarily a controlled gas with a flow regarding mL/min for capillary columns and up to a 

hundred and fifty mL/min for packed columns.  
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In distinction, ionization, particle transmission, separation and detection in spectroscope 

square measure all disbursed beneath high vacuum system at more or less 10-4 Pa (10-6 

Torr).  

 

For this reason, adequate pumping power is often needed at the interface region of a GC-MS 

so as to supply a compatible condition for the coupling.
[3]

  

 

Once the analytes travel through the length of the column, labor under the transfer line and 

enter the spectroscope they will be ionising by many ways.  

 

Fragmentation will occur aboard ionization too. once particle separation by mass analyser, 

they'll be detected, typically by associate degree vacuum tube diode, that basically turns the 

ionising associate degreealytes/fragments into an electrical signal.
[9]

 the 2 well-accepted 

commonplace styles of the ionization techniques in GC-MS square measure the prevailing 

lepton impact ionization (EI) and also the different chemical ionization (CI) in either positive 

or negative modes. 

 

PRINCIPLE 

GC/MS-a combination of 2 totally different analytical techniques, Gas activity (GC) and 

Mass spectroscopic analysis (MS), is used to analyze advanced organic and organic 

chemistry mixtures (Skoog et al., 2007). The GC-MS instrument consists of 2 main elements. 

The gas activity portion separates totally different compounds in the sample into pulses of 

pure chemicals primarily based on their volatility OR State University, 2012) by flowing 

associate degree inert gas (mobile phase), that carries the sample, through a stationary section 

mounted in the column (Skoog et al., 2007). Spectra of compounds square measure collected 

as they exit a natural process column by the mass spectroscope, that identifies and quantifies 

the chemicals according their mass-to-charge quantitative relation (m/z). These spectra will 

then be keep on the pc and analyzed (Oregon State University, 2012). 

 

IONIZATION TECHNIQUES  

Electron Impact (ei) Ionization  

The EI supply is associate degree more or less one ml device, that is found within the particle 

supply housing as shown in Figure one. The particle supply is receptive give the utmost 

electrical phenomenon of gas from the particle supply into the supply housing so into the 

high vacuum pumping system. The EI supply is fitted with a combine of permanent magnets 
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that cause the electromagnetic wave to maneuver in a very three-dimensional coiled path, that 

will increase the likelihood of the interaction between associate degree lepton associate 

degreed an analyte molecule. Even beneath this condition, solely regarding zero.01~0.001% 

of the analyte molecules are literally ionising (Watson, 1997). throughout the EI ionization, 

the volatilised molecules enter into the MS particle supply wherever they're bombarded with 

free electrons emitted from a heated filament (such as rhenium). The kinetically activated 

electrons (70-eV) hit the molecules, inflicting the molecule to be ionising and fragmented in a 

very characteristic and duplicatable means.
[2]

 

 

Chemical Ionization (Ci) 

CI could be a less energetic method than EI. within the latter case, the ionized electrons 

accelerated to possess some mechanical energy collide directly with gas-phase analyte 

molecules to end in ionization among concurrent fragmentation. Relative molecular mass, 

molecular particle, precise mass and atom distribution For a separately charged analyte, the 

mass-to-charge quantitative relation of its molecular particle indicates the relative molecular 

mass (a.m.u.) of the analyte. The nominal mass of associate degree particle is calculated 

exploitation the whole number mass by ignoring the mass deficiency of the foremost 

swarming atom of every part. {this is|this is often|this will be} equivalent as summing the 

numbers of protons and neutrons altogether constituent atoms Some molecular ions can be 

obtained exploitation EI ionization. If not, the utilization of soft-ionization techniques (CI, 

FI) would facilitate to facilitate identification of the molecular particle. correct plenty will be 

determined exploitation high resolution instruments like magnet/sectors, reflector TOFs. 

 

Fourier-Transform Particle Accelerator Resonance (Ft-Icr) and Orbit Rap Mass 

Spectrometers 

Typical mass analyzers and ms detectors in gc-msMS instruments with totally different mass 

analyzers, e.g. magnet/electric sectors, quadruples (linear), particle traps (Paul traps & 

quadruple linear particle trap), FT-ICR and time-of-flight (TOF) mass analyzers have all been 

enforced for the coupling of GHz and MS. Since its conception, linear quadruples are 

dominating the GC-MS applications. 

 

Quadruple Mass Analyser 

A single-stage linear quadruple mass analyzer will be thought of as a mass filter and it 

consists of 4 hyperbolic metal rods placed parallel in a very radial array particle lure (it) mass 
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analyzer: associate degree particle lure spectroscope uses a mixture of electrical or magnetic 

fields to capture and store ions in a very chamber.  

 

Time-Of-Flight (tof) Mass Spectrometry  

Time-of-flight mass spectroscopic analysis (TOF-MS) is predicated on a straightforward 

mass separation principle within which the m/z of an particle is decided by a mensuration of 

its flight time over a celebrated distance (Cotter, 1994; Stephens, 1946). periodic ions square 

measure at the start accelerated by suggests that of a relentless undiversified electric field of 

celebrated strength to possess identical mechanical energy (given they need identical charge). 

Therefore, the sq. of the speed of associate degree particle is reversely proportional to its m/z, 

Ek = (1/2) mv2 and also the time of arrival t at a detector directly indicates 

mass t = d×(m/q)½ ×(2U)-½ 

Where, d =length of the flight tube  

m = mass of the particle 

Q = charge 

U = potential drop voltage|electrical phenomenon} difference used for the acceleration. 

 

INSTRUMENTATION  

Vaporized analyte once carried through the gas chromatography column with the assistance 

of heated carrier gas the separation happens in column solely. Carrier may be referred to as 

because the mobile section e.g. helium. Distinguishable interactions of analyte between 

mobile section and stationary section cause separation of the compounds. The separation of 

the analyte is additionally relies on the column's dimensions (length, diameter film thickness), 

form of carrier gas, column temperature (gradient) and also the properties of the stationary 

section. The sample travel through the length of column the distinction within the boiling 

purpose and alternative chemical properties cause separation of the parts of the mixture. The 

parts are having variations in extraction time and retention time because of their completely 

different surface assimilation or distinction within the partition between mobile section and 

also the stationary section resp. Then the separated parts of the mixture can enter into the MS 

through Associate in Nursing interphase. This can be followed by ionization, mass analysis 

and detection of mass-to charge ratios of ions generated from every analyte by the 

spectrometer. Associate in Nursing interface like effusion extractor, jet/orifice extractor & 

membrane extractor are often accustomed connect Gc with MS. the method of 

particularization not solely ionize the molecule however additionally break the molecule into 
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the fragments and notice these fragments with the assistance of lepton impact ionization and 

chemical ionization The molecular ion of analyte kind a finger print spectrum that is 

completely different from alternative analytes. GC-MS is vital tool in analytical chemistry as 

a result of these techniques accurately separate, establish and supply data concerning 

structure and composition from terribly less sample. The advantage of this method thus 

sometimes is usually it is typically}2 {completely different} analyte can have same spectrum 

however the retention time of each the analytes is different so such form of analytes are often 

separated or analyses with the assistance of GC-MS. 2 wide used Ionization techniques 

in GCMS area unit the lepton impact ionization (EI) and also the different chemical 

ionization (CI) in either positive or negative modes. 

 

DETECTORS 

Simple detector (such as thermal-conductivity detection (TCD), flame- ionization detection 

(FID) and electron-capture detector (ECD), etc.) for a GC system. • Based on different 

detection mechanism, information-rich detectors can be mainly classified as-  

1. Detection based on molecular mass spectrometry,  

2. Detection based on molecular spectroscopy such as Fourier-Transform infrared (FTIR) and 

nuclear magnetic resonance (NMR) spectroscopy,  

3. Detection based on atomic spectroscopy (elemental analysis) by coupling with such as 

inductively-coupled plasma (ICP)-MS, atomic absorption spectroscopy (AAS) and atomic 

emission spectroscopy (AES), respectively. 

 

In addition to these hyphenations mentioned above and which are mounted after a gas 

chromatograph, it can also include automated online sample preparation systems before a GC 

system such as- 

1. Static headspace (HS), 

2. Dynamic headspace,  

3. Large volume injection (LVI) and  

4. Solid-Phase Micro Extraction (SPME). 

 

APPLICATIONS 

Thermally labile compounds by excessive heating- 

1. Quantization of pollutants in drinking and. By hyphenation of those 2 techniques waste 

water victimization official U.S. capabilities of each the techniques were Environmental 

Protection Agency (EPA) improved strategies. 
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2. Quantization of drug in metabolites and pee is completed for the medicine and also the 

LC-MS instrument are often interfaced by rhetorical use electrospray, electron 

beam, Thermo spray. 

3. Identification of unknown organic Electro spray is most generally used interface. The 

compounds in dangerous waste dumps spray needle is employed as bridge to attach and 

reaction product by artificial organic liquid action thereupon of the mass. chemistry. 

The separate electrode is versatile furthermore as Used for drug analysis, chemical 

convenient  
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