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( Classification of Analytical Techniques)

1. HWl%‘&~W  (Classical Techniques)

1
2. %fW5%hl%di3  (Instrumental Methods)
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1. fW+lib0eil~  (Sampling)

2. fWWFh&J0dl4  ( Sample Preparation)

3. tWdh(Extraction)
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4. fIllVil~3l%JtMllA  (Cleanup)

5. fW5VWdh  (Detection)

6. fG~V3dfdWWdkl~~  (DataProcessing)
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2.2 HIfl%W&~lW  (Classical Techniques)

Ag%q)  + Cl-(4 + AgCl(s) (2.1)
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2Mn2+(aq) + 4OH-(aq)  + 02(aq) + 2Mn02(s)  + 2H20 (2.2)

212 + 4s202-3 + 2S402-6 + 41- (2.4)
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1 mol02 = 4 mol S202-3 (2.5)

2.3 %k?‘N/flb?~~~FN3J~~  (Spectrophotometric Methods)

2.3.1 Absorption spectrophotometry
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2.3.2 Atomic Absorption Spectrophotometry (AAS)
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~I.#I  2.1. fHdd3dWJ’&~TlOJ~~  Atomic Absorption Spectrophotometer
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Boron

Bromide

Chloride

Cyanide

Fluoride

Nitrate and nitrate

Nitrogen,

Kjehldahl-phenate

method

Phosphate

Alkaline mercury (II) iodide reacts with ammonia, producing colloidal orange-

brown NHzHg213,  which absorbs light between 400 nm and 500 nm.

Reaction of arsine, AsH3,  with silver diethylthiocarbamate in pyridine, forming a

red complex.

Reaction with curcumin, forming rosocyanine.

Reaction of hypobromite with phenol red to form bromophenol blue-type

indicator.

Development of colour  with ortho-toluidine.

Formation $a blue dye from reaction of cyanogen chloride, CNCI,  with

pyridine-pyrazolone reagent, measured at 620 nm.

Decolorisation of a zirconium-dye colloidal precipitate (“lake”) by formation of

colourless  zirconium fluoride and free dye.

Nitrate is reduced to nitrite, which is diazotised with sulfanilamide and coupled

with N-(I-naphthyl)-ethylenediamine dihydrochloride to produce a highly

colored azo dye measured at 540 run.

Digestion in sulfuric acid to NH4+,  followed by treatment with alkaline phenol

reagent and sodium hypochlorite to formblue  indophenol, measured at 630 MI.

Reaction with 4-aminoantipyrine  at pH 10 in the presence of potassium

ferricyanide, forming an antipyrine dye whcih is extracted into pyridine and

measured at 460 nm.

Reaction with molybdate ion to form a phosphomolybdate which is selectively

reduced to intensely-colored molybdenum blue.
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Selenium

Sulfide

Sulfur dioxide

Surfactants

Tannin and lignin

Reaction with diaminobenzidine, forming a colored species absorbing at
I

42Onm.

Formation of molybdosilicic  acid with molybdate, followed by reduction to a

heteropoly  blue measured at 650 nm or 8 I5 nm.

Formation of methylene blue.

Collection of SO2 gas in tetrachloromercurate solution, followed by reaction

,with  formaldehyde and para-rosaniline  hydrochloride to form a red-violet dye,

measured at 548 nm.

Reaction with methylene blue to form a blue salt.

Blue color horn  tungstophosphoric and molybdophosphoric acids.

2.3.3 Inductivly-Coupled Plasma Atomic Emission Spectroscopy (ICP)
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Argo” and sample aerosol

plasm.1 “flame”
(ionzed gas)

hottest pxt
quartz tube

tangenu;ll  argon
flow cools walls

T to IO.CCO”K;  -7000°K
in sample regon-  twxe
that of hottest flames

High frequency Input.
440 MHz, 2-5 kW

(tangential flow)

I&I  2.2. IIHMfllWItQGIQ  inductively-coupled plasma used for optical emission

spectroscopy

E = E’  + 2.303 RT log (az) (2.7)

zF

do E = ff”t%+GhllA
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‘$i 2.3 Mass spectrometer (a) schematic (b) modern instrument (from ref. 4)
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2.6 dWFdPV89fl75dd~~  (Separation Techniques)
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2.6.2 kl'Wl~P?fl%l~  (Chromatography)

fll'3ld 2.2 Chromatography-based EPA methods for organic compounds in water

Method Number

Class of Compounds GC GUMS HPLC Example Analytes

Purgeable hydrocarbons 601

Purgeable aromatics 602

Acrolein and acrylonitrile 603

Phenols 604

Phthalate  esters 606

Nitrosamines 607

Organochlorine pesticides and PCBs 608

Nitroaromatics and isophorone 609

Polycyclic aromatic hydrocarbons 610

Haloethers 611

Chlorinated hydrocarbons 612

624, 1624

604, 1624

625, 1625

625, 1625

625, 1625

625

625, 1625

625, 1625

625, 1625

624, 1624

Carbon tetrachloride

Toluene

Acrolein

Phenol and chlorophenols

Bis(2-ethylhexyl)phthalate

N-nitroso-N-dimethylamine

Heptachlor, PCB 1016

Nitrobenzene

610 Benzo[a]pyrene

Bis(2chloroethyl)  ether

1,3-Dichlorobenzene
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2.6.2.2 66f?tY’~fl~WJ7%Wf)SJ%  (Gas Chromatography)

I I
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Pll919; 2.3 d~O~n”n~~~~UlVl~~~  GC ( Typical capillary GC stationary phases)

SE-30, OV-I,  CP-SiI  5, Dimethylsilicone Very non-polar

BP-I. DB-I

SE-54, CP-Sil  8, Methylphenylsilicone (5 % phenyl 95 % methyl) Non-polar

BP-5, DB-5

OV-17, DB-17 Methylphenylsilicone (50 % phenyl 50 % methyl) Medium polarity

OV-225, BP-15, Cyanopropylmethylphenyl-silicone (25 % cyano 25 Quite polar

CP-SiI43,  DB-225 % phenyl 50 % methyl)

SP2330 Cyanopropylphenylsilicone (95 % cyano 5 % Polar

phewl)

CP*SiI  88 Cyanopropylsilicone Very polar
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2.6.2.3 %~~zQ.I~~vI~w%I~~~F~zKJ  (Liquid Chromatography)
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