Chapter One

ANALYTICAL OBJECTIVES, OR: WHAT
ANALYTICAL CHEMISTS DO

“Ulniess our knwledge iv megrared ged exprerred in umbery, i doey Aot
amauel jo much.”
Loed Kebvin

Leaming DDjectives

WHAT ARE SOME OF THE EEY THINGS WE WILL LEARMN FROM THIS CHAPTERT

# Analyiscal scismoe deals wilh he chemical cheaderizslicnol & Yoo mus sded e spEmpriale meihod for mesmsement,

matiar — whal, how much”, p. 2 p1z

# The analyst must know whal informasion s really nesded and & Validalion is important, p. 15
obisin 2 reprralalive mmgle, pp. 6,9 # There are many weful websiles dealing with arafviical chem

# Few memmremenls o specific, s opermEiions e periomsd Isiry, p. 16
io schieve high seledliviry, p 11

Anshtical chemistry is concered with the chemical characterization of matier snd
L erwer b0 fwo imporient geestions: whal is il (gualitsfive anslysis) and how moch
is it (quanitistive smalysis), Chemicals make up everything we use or consume, mmd
knowledge of the chemical composition of many subsisnces is important in our daily
Eives. Anabytical chemisiry pleys an important role in nearly oll aspecis of chemisiry, for
example, spriculiural clinical, sevironmental, foressic, manufacturing, metalbargical,
and pharmaceutical chemisiry. The nitregen coniest of a fertilicer determines it value.
Foods mezt be anslyzed for conleminenis (= ., pesticide residues) omd for essenbisl
nuirients (= & . vitsmin congent). The xir we breathe musi be salyred for ooic gasss
(= g, carfon monoxide). Elood glucoss musi be momiiored in disbetics (and, in fact,
mest diseases ane disgeosed by chemicel anashyxis]. The presemce of irmce clemenis
from gan powder on & perpeirsior’s hend will prove o gun was fired by bl hend
The quality of mams{acieesd products ofien depends on pooper chemical proqorices,
and measurement of the constifuenis & o necessary par of quality sssurance. The
cerbon conlent of siee] will influence its quality. The panty of dnegs will influeoe
their efficacy.

In this text, we will describe the ipols and techniques for performing thess
diffep=nt types of ansyses. Thee & much vseful supplementsl mairral on the text
websile, incliading Exce] progmms thet you can use, and videos o illsireie eir use
You should first resd the Frefoce to lesrm whad i= available to you. amd then take
ndvanizge of some of ihe Lools.

EverySing is made of chemicals.
Amslyviics] chemiss deiznmine
wihat mad biw much



CHAPTER T ANALYTICAL OBJECTIVES, OR: WHAT ANALYTICAL CHEMISTS DO

1.1 What Is Analyfical Science?

The shove description of anaytical chemistry provides an overview of the disciplise of
analytical chemistry. Thers have beea vanoes attempts to more specifically define e
discipline. The late Charles N. Reilley said: “Analytical chemistry is what analytical
chemists do” (Reference 2). The discipline has expanded beyond the bounds of just
chemistry, and many have advocaled using the name anafytical scierce Lo describe the
fickl. Thix term is usad i & Natiosal Sciesce Foaadation report from workshops oa
*Cumicalar Developments in the Analytical Sciences.”™ Even this teem falls short of
recogaion of e role of imtramentation development aad application. One suggestion
is that we use the term anafytical science and tecnology (Reference 3).

The Federation of Furopean Chemical Socicties beld a contest i 1992 to define
analytical chamustry, and the following sugpestion by K. Cammann was selected
|Frevemiuy’ J. Anal Chem. 33 (1992) £12_813].

AnalySical Chemibetry provides (he methods and tools sceded for insight tato sur
matertal world . . for answering four desic questions abeut & matertal sample:

» What?

« Where?

» How much?

« What armangement, structare o form?

These cover qualitative, spatial, quantitative, and speciation aspects of anafytical
science. The Division of Analytical Chemistry of the American Chamical Society
developed a definition of analytical chemistry, reproduced in pant bere:

AnalyScal Chemistry seeks ever improved means of measuring the chemical compo-
sthen of nataral ssd ariihcial matertals. The technigues of thes sclence are wad %
identily the substances which may be present in & maleriad and to determine the sxact
amoants of the ideatided sabstance.

Anaiytical chesuists serve the noeds of many Deldc

« In medicice, amalytical chemistry is the hasts for cinical asdoratory Lests which
help physiclans diagnose disease and chart progress iIn recovery.

» In isdusivy, analytical chemistry provides the means of testiag ruw malerials
mad for xouring the quallty of Anbhed preducts whose chemical compasition
Is critical. Many beusedold preducts, fued, patats, pharmaceuticals. #ic. are
amalyaed by the procedures developed by ssalyticsd chemists before being seld
o the comumer.

« Exvircameninl guaidly b often evabualed by lesting for suspecied conlaminants
ustag the technigues of analytical chemistry.

» The sutrithonal value of food Is determined by chemical analysts for major
componcnts such as prolein and carbedydrates and trace components such ax
vitamins and mizerale Indeed. even the caorkes in foed are often caloulated
from Its chemical analysb.

Analytical chemists abo make importast contributions (o Dedds s diverse as forensics,

archacoleay, and space scheace.

An intereting article published by a keading analytical chemisz, G. E F. Lundell,
from the Natiosal Buream of Standards in 1935 entitled “The Asalysis of Things
As They Are", describes why we do analyses and the anafytical process (Indurtrial
and Enpinecring Chemistry, Analytical Edition, §4) (1933) 221-225). The anticke is
postad oa the text wehsite,



1.2 QUALITATIVE AND QUANTITATIVE ANALYSIS: WHAT DOES EACH TELL US7

A briefl overview of the smportance of analytical chemistry in society, with
examples that affect our Bves, and the wols and capabilities, is givea in the
artcle, “What Anafytical Chemists Do: A Persomal Perspective,” by Gary Chris-
tan, Chianp Mai Jowrnal of Science 3202) (2005) 81-92: hitp it science crmes
.ac.thie} ournallDetas] pho Tournal =202

Reading this before beginning this counse will help place in context what you aee
leaming. A repeint of the anticke is posted ca the lext websile.

1.2 Qualitafive and Quantifative Analysis:
What Does Each Tell Us?

Thediscipline of analytical chemistry consists of qualitative analysis and quantitative
analysis. The former deals with the ideatification of elements, ions, or compoands
present in 2 sample (we may be imterested in whether only a given substance is
present), while the Latter deals with the determination of bow much of ose or moee
constitecnts 1s prsent. The sample may be solid, liquid, gas, or & mixturs. The presesce
of gunpowder nesidue on a hand generally requires caly gealitative knowladge, not of
how muoch i there, but the price of coal will be determined by the percent of undesirad
sulfur impurity present.
-ammm
That is 2 very good question. Acteally, some tools and basic chemical measure-
mmdnbdwlhew!umomidhuy Fire xssays for gold are refermd
to in Zechariwh 13:9, and the King of Babylon complained to the Fgyptian
Pharosh, Ammencphis the Fourth (1375-1350 nc), that gold he bad received
from the pharach was “less than its weight™ afier pulting % in 2 furnace. The
perosived value of gold, in fact, was probably 2 major incestive for aoguiring
ssalytical knowledge. Archimades (287--212 sc) did noadestractive testing of
the polden wreath of Kizg Haeron [1. He placed lumps of gold and silver equal
in weight to the wreath in a jar full of waler and measursd e amount of water
displaced by all three. The wreath displaced an amount betweea the gold and
silver, proviag it was not pure gold!

The halance & of such carly ongin that @ was ascribed to the gods in the
carliest documents found. The Babylostans created standard weaghts in 2600 sc
and considered them so important that their use was supervisad by the pricsts.
for quuntitative ssalysis as we know it today. Robert Hoyle coinad the term
anafyst in his 1661 book, The Sceptical Chymist. Antoine Lavoisier has beea
considersd the “Tather of anafytical chemistry™ because of the carefil quantitgive
expenments he performed oa conservation of mass (using the analytical balance).
(Lavoisier was actwally a lax collector end dabbled i scieace oa the side. He
was guillotined on May £ 1793, dunng the Freach Revoletion because of bis
activitics 25 a tax collector.)

Gravimetry was developed i the seventeeath cestury, and tilrimetry
the eightoeath and ninsteeath centuries. The orgin of Gtrimetry goes back o
Geoffroy in 1729; he evaluated the guality of vinegar by noting the guantity
of solid K,C0, that could be added before effarvescence ceased (Reference )
Gay-lLussac, in 1829, asayed silver by t2ration with (.05% relative accuracy
uad precision!

Quuingtive pagdyss s us what
chemicals ane presenl
Quuatitalive amalyss i2ils us how
moch

Robert Boyle cotoed Lhe lerm
“analy=” in his book The Sceptical

Chymist In 1661

Antotne Lavotsier usad 2 pracision

halance for quantialive experiments
00 e comervalion of mass. Hels

cossidernd the “faher of
quantiaiive andiyss ™



