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GENERAL INTRODUCTION
INORGANIC MICROANALYSIS
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INORGANIC LICRHOANALYSIB

Microanalysis is ihL. braoch of cdcrochealstry
which deals with the applicition of ithe evailrble
iero-echaiquqs %o tn: developmeat of emnall scale
snoslycicsl methods. T:esa anslyses involve separstion,
detection, 7»nd eetiwmation of! mioute amounte o: materials

by diffarent techniques.

l. Beparstion :

The importnoe: of waclytic.l s sration cinaos
be minimized even with the developmont of imstrumencal
methods. Th. problem of incerferences is Buill of
groat sigunificence, meeking has become the stanadard tool
for eliminating interferenccs. It ie suiteble way for
avoiding the tedium of physical separetion. Bolvent
extraction, ion exchange, volatilization and even
precipitation are considered essentisl for the ultimat:
exploitations of inorgonic analyticezl proceases.

Sachdev and Wastl

have proposed a mathod for separation
and determination of a number of metals by extraction
of metal dithizonates with ethyl propionate. Matthews

and Riley2 have developed an anion exchange scbeme for
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epecific seporntion of -ler., rec scounts of thalliuw
in tu: Btudy ol Bilicate roers, z1rine & iwenie, and
senr wnturj. +.4n lryer curvantograpnhy is finiing
{nororee Ap;licntion in nisroannlyaia, e.i. Beprrntice

4

of the chelrtes of cupper, cobalt, nickel ern! iroa  nand

£.
also noble metal separstion’,

The riag oven tecbnique introduced by Weisz in
1¢H4 ig o remoériably siv.le, yet eleg:ot tachoigue.
Although thore is = nuaber of papers adenling with thirs
method, its potentiel v-+lue in applied chemistry, a8
well 2e in teaching h2s beez generally overlooke:.
Ylockow 2and Eobmer7 usel tr . rinq oven “echoigusz Jor LYo

144 14403 and

radiochemlcnl sepapation of Ir from
Ghose »and De:;cs have degcribed a8 method for seporetion
snd microdeterminstion of Al, In, Ga 3nd T1 in 2 gingle

drop of the test solution.

2. Quelitative Tests :

Spot tesi metbods make up, the bulk of ref:reacac
dealing with quelitative "n2lysis. F91319 has reviewed
the chemistry of spot tests especially with regard to
specificity, selectivity and sensitivity. West and
Hamiltonlo bave ghown that the characteristics of spot
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tvat sre greatly dopoodent oo the oature of the resotion
omed Luw, Various epot tests for ume in identitfyiny

11

slioys hove been summarizued by Wilshawm™~, while uonkla

hasp reviewed the cevelopusat of electrographic snalyeis.

Yeimz and Klookowlj'l4

have umed the ring oven in
the 1dentificstion ead semiquantitative determination of
radioouclides. It has beeon used in coublonation with

other technigues, e&.g. golvent extractlonls, apactrophoto-

16 17,18

metry” " and thin lsyer chromatography

Iafrared gpectra UL&Ve gometimes been used for
tbe qualitative analysis of iaorgeanic compounds snd the
salta of polyatomic iope o2n often be 1dentitiedl?s2C
by the position aad inteusities of the absorption bsnds.

3. guantitative Methods

4 subssance can often be determined by a variety
of metbods, and the snalytical chemist gemerslly can
save much time and improve the sccurecy of results by
critical comparison of the varioue methods which might
poesibly be spplied. The essential characteristics of a
method, namely, accuracy, sensitivity, and selectivity,
must always be consldered, but other eriteria such as

cost of equipment and dursation of analysis are also of
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yiunb practicn] atpeniddernce,  The flolce o0 a0 o

of determinntion de ends rirct on tiw urture Hn . “og o,

of sample Av 1laile rua, Beon. ob the percitivity an
accursey required. Ius motiocs ot nunoysls oo he
clresifiod into tvwo m in cote ories, cne i¢ th.. roa-

inatrumeatn] mothods wulc: ilavolve usumlly titrunetric
procedures usin, clfferent rea,ents. ror ricronnalysis,
the titration @3y lLe prvceded by axzplificrtisn ethods
in which the swell unount 0. the iom to he ceternmined is
eaplified to onotier ion lound it larger canccntration,al_zu
or ofy be instruccntél methods which involve th. uss of
gpeciml lpstruwecte whicu ~eceare e particuler ~roperty
cunrracteristic of tue lon uader test. Iastrumentsl methods
a8y also ve classified into the following:
i- Raission spectrescopic methods

These methofs produce characteristic emission
spectra which are specific for a particular zlement.
The spectra may involve tha ocuter electrons 8s in f1ame
arc, end sparx spectroscopy £né fluorimetry, whereas
X-ray fluorescence methods utilize the electron in the
Ey Ly «.. 8hells. Activaiion analysis avolved Y~rays
of speclfic energieas and these involve the nuclear

particles. The disadvantages of flame, arc, a2ad spark

Central Library - Ain Shams University



spectroscopy are the costly equipmsat, limitmstion mnd

the timo required for ocomploete analysis. Pluorimetric
methods of snalysis arw braed on the mossurements of the
fluorescence radistion emitted by louoa in mclution under
ulera~viclet irradistion, X-ray fluorescence is used for
the detarainction of meay heavy metals. The sonsitivity
is often toc low but is sdvantageous ia that it ie »
non-deatructive method., Apert from being » coetly mechod,
its opplication ie& limital tc only hesvier metals.
Activetion analysise allow the simulteneous determination
of a2 ngumber of eloments. They aru seusitive apd nccurste
but require very sophisticated apparstus for counting

sod computiog the results, apart from the equipmeat

required for activetion.

i1~ Abgorption spectrophotometrig getbods
4 different type of snalyeis is the so-called

absorption spectroscopy which is based on the absorption
of certain quanta of energy necessary for excitation of
electrous. For the irradiation of the solution or tha
subateance, 3 very wide renge of wave-lengthe is avasilable.
Light from tungsten lamp or hydrogen lamp gsve absorp-
tion apectra in visible and U.V. regions, respectively.
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Those ....hoda orv usud .1 celorimutry frd ar wotro;, hoto-
metry. In ntomic nhsor|tion BRACLIOBCO] Y, Lt Eiures
{g o enthode lomp which sivus sLaueyption bnadg n- varioas

rnges of wevo~l.usthe,

In sogu cag.® of micro-ana.ysis, thc ep.ctrophoto-
motric or colorimetric methods rupresent only e final step
ss o finish for tihe analytical method., They are prucedod
by Bume chemlcsl resctions involving the production of

a subgtance whicli 18 ox 'mino? spectropnotometrically.

T.c prescat igvestigecion is en atteampt to providc
gomo new enslytical mothods for the anelysis of zicro-
rLounts of some inmorgruic ivms. Qoo techaiques uged 1o
these mothode include Bpot tests, riag oved, colorimetr;,
spectrophotometry ~und auplificacion methole., Tha
litersture relevaant to every method hes becd iacluded

in th:2 next chsptore.
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CHAPTER |
A NEW SPOT TEST FOR CYANIDE ION
AND CYANOGEN GAS
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A NBW BPOT TEST POR CYANIDE ION AND CYAMNOGEN GAs™

Iatzoduotion !

Tho detection of small smounts of cyanide ione and
oyauogen g8s are importsut beasuse of thelr extremp
toxicity to living matter. Cysnides are used in electro-
pletieg, io precious metal refiaing, in cese of herden-
ing of steels 8nd in many other processes; in the gas
industry, m=many atmospheres and efflueats coatain
oyeunides and cyanogen g88, 6.B.s the effluents from
coke ovens and other gss meking plants. Hydrogen cysunide
i used extansively as & repid and conveuieuntly applicd
fumigant for food storage plants, such as warebousos

and the holds of ocargo ships.

The literature ie rich with methode for the
detaction of oyahide jons. Cysnide rescts with ammonium
polysulpbide to form thiooyanat925'28 which produces a
blood red colour by sddition of ferric chloride. The
test is applicable in the presence of sulpbide or
‘aulphite (sensitivitylng ON ; eoncentretion limit,

-

& Apoepted for publication in Talants, 1973, 20 (io
presn). |
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1150,000). Anothor extresely seusitive tust for cyanido
depends on tho forastion of prussian hluu25'29'52
(ro‘[ro(on);]j). The copper acetate benridine toat"
is olsc usvd sad thim is sensitive to 0.25 pg CN™ in &
dilution limit of 11200.0009 The reasction involves
tha oxidation of benzidine to benzidine blue brought
about by tba reacval of copper (I) from Sopper (11)
copper (1) system. Thia raisos the oxidetion potential

of tbe system resulting iam the oxidation of benzidine.

The ability of th: cyanide ion to forum stcble
comploxos and csuss de-masking of loner complex-bonded
transition metzls bes also been utilised by verious
workers for detectiang th. cysnide ion. Feigl end
Feigl" reported @ colorimetric procedure in which tha
de-posking of dimethylglyoximo by the action of cyanide
on the palladium dimothylglyoximate complex permitse
tho nickel ion present to form & red dimetbylglyoximte.
An sdvantage of this test is that it caa be made in
alkaline solution, and io contrast to other methodg,
doss not require the previous liberation and evolution
of bydrogen cyanide. Otber palladium complexes gave
analogous results, and coumpared with palladium
dimethylglyoximate, the palladium salt of 1,2-cyclo-
hexaneﬂione—diumimngs gave an increased sensitivity.
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