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Steps in Chemical Analysis

“ [T1]

P e ;,,. PR 7‘" R [P .;,;, 1/"
{bl;mgllcal Fryaluation i .

LaSeparation/Quantitation |

\\ \
| Sample Preparation

Distribution of Time Analytical Chemists Spend on Sample Analysis
Ref: R E. Majors, LC-GC, Vol. 9; No.1; 1991

Time

Analysis, 6%

Collection, 6%

Sample
Preparation
&, 61%






Selenium and Tellurium
-ates, ites, or ides + H (NaBH,)
-ates, ites, or ides + Cl,
Arsenic .
AsO,?, AsO,?, AsO,? + Zn + H,80, {or NaBH,)
+ HCt + H,50,
Antimony
SbQ,*, SbO,* + HCl + HCIO,
+Zn + H,80,
Silicon
Silicates + HF + H.,S0,
Chromium
Chromates, chromites + HCl + HC1O,
Mercury
Hg™ + SnCl,

HgCl, + H,SO,

Halogens (F, Cl, Br, I)

X, +H,50,
Phosphorus

PO,”, PO,” + Zn + H,S0,
Osmium

Osmates + HNO,, H,S0,
Rhenium -
Rhenates and perrhenates + H,50,, HCIO,
Gold Aurates + HCL, HNO,, H,SO,

Oxidation
Sulfides + O,

Reduction by hydrogen
Oxides of inactive metals + H,

H.Se or H,Te
SeCly or TeCl, + TeCl,

AsH,
AsCl,

SbCl,
SbH,

SiF,
Cro.Cl,

Hg + SnCl,
HgCl,

........ > H,O (steam) + M or weigh the

metal residue

N,, O, F,, Cl., Br,, 1. He, Ne, Ar, Ky, and Xe all can be volatilized from their surroundings by

gentle heating.
Organic compounds

Convert to CO. + H,0 and absorb each one; CO, on NaOH coated on asbestos (Ascarire) and H,O

on Mg(ClO,), (4nhydrone).
CiHy + 120,

Carbon (inorganic)
Carbonates {except the alkali metals)
Carbonates and bicarbonates + strong acid (HCl)
Cyanides + strong acid (H,S0,)
Sulfur
Sulfites and bisulfites + strong acid (HCIO,)
Acid soluble sulfides + strong acid (HCIO,}
Nitrogen
Nitrates and nitrites + strong acid {H,50,, HC10,
NH, + strong base (KOH) ‘
Fluorine
F' + strong acid (H.S0,, HCIO,)
F~+ Si + H,80,
F+ B+ HCIO,
Boron
H,BO, + HF + HCIO,
H,BO, + CH,0H + HC(l

14
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Apparatus for flameless atomic absorption analysis.

Knorr alkalimeter for the

-t determination of CO,.

A gentle suction is applied to draw the gas in the desired direction. {A) Bunsen burmner. (B) Sample. (C) Wide mouth
Erlenmeyer reaction flask. (D) HCl reservoir. {E) Drying tube filled with Ascarite (NaOH on asbestos) to remove CO,.
(F) Condenser to remove large amounts of water. (G) Z-shaped connecling tube. (H) H,80, scrubber to remove water,
but let the weaker acid gases pass through. (1) CuSO, to remove HCL. (J) U tube for CO, absorption. Caution; soft glass
breaks easily. (K) Ascarite to remove CO,. (L} Anhydrone [Mg(CIG,),] to absorb water,

CO, (fw.=44) + ZNaOH —veene > Na,CO, + H,0 (fw.=18).

(M) Backup absorption tube. (N) Drying tower to remove an

. y water vapor backing up from the aspirator. {O
aspirator lo draw the CO, through the system, po g up P r.{Q) Toa water
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Highest puansey
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#fiect)
zaoled slumamum dlock

Purifier 10 zone refiner mechanism.
{Courtesy - Design Scientific, Inc., Gainesville, GA)

Purifier 10 zone reﬁner.
(Courtesy - Design Scientific, Inc., Gainesville, GA)
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Floating-zone
technique  which  pro-
duces o molten zone
held in place by surface
tension,

Hetival tube container for
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Connecting tubing 10 a condenser.

Wire (letl), Commercia: clamp (right).

(Courtesy - Ace Glass Co Vineland, NI)

Thermometer
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Diagram illustrating the principle of a metal

mesh spinning band column.
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and ethanol.
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A plot of vapor pressure vs. temperature for water

Several distilling columns shown from lefi

1o nght: Hemple. Vigreux. Snyder. Perforated plate.
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Boiling point - composition diagram for a mixture of i i f
benzene and toluene at 760 torr pressure. w0 / ~~~~~~ 5
Relationship between the number of theoretical ; w | e
plates and the difference in botling point for a good separation - 4 e m;
{Courtesy- K. Wiberg- Laboratory Technique in Organic Chemisiry, N e st
McGraw-Hill, NY, 1960) ‘ \_Tohicne
\\N-N.
Number of Ditference in . .
plates b.p. °C ) ~ . Compoasition changes
in a distillation column,
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Column packing
materials. From left to right: Glass
beads. Rashig rings. Berl saddles,

Protruded metal.

Condensers:
A West. (B) Liehig (C)
Vichono (Dy Coiled  (E)
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Tube Tape

Phase

Polarity Classification of
Compound for Extraction

C-8
V-8
LC-Phy
LC-UN

Octvi-bonded silica
Octadeeyl-bonded silica
Phenyl-bonded silica
Cvanopropyl-bonded siiica

Nonpolar to moderately polar
compounds

LC-ON
LC-5i
LC-Dial
L.C-Florisil
LO-NIL

Sifica gel {(no phase)
Dicl-bonded silica
Magnesium silicate

Aminopropyi-bonded silica

Polar compounds

LC-ON
LC-NH.

LC-SOX
LO-SAX

LO-WOX

Sulfonic acid-bonded silica
istrong cation exchanger)
Quaternary amine-bonded silica
(strong anion exchanger)

Weak cation exchanger
proprictary)

Carbohydrates, cations

Carbohvdrates, weak anions,
organic acids

Strong cations, organic bases

Strong anions, organic acids

Weak cations

the
easto
ashes
form
AL
Eoan
densy
Whet
flon
thron
m Lt
This

& bt

A voladile solvent is miroduced {o

1.

koo, and the solid sample s placed m B0 T

vy fo enease the sample ina cloth, paper, or
s bag or thimble to prevent some of the solid

dng carried over with the solvent.

The solvent

rized, and the vapors pass through the side arm

are condensed in the condenser €

The con-

drips onto the sample and finally immerses 1.
afficient solvent hag aceumulated in the extrac-
amber, it s automatically filtered and siphoned

v tnbe D))

Dissolved solufes are concentrated

< the salvent is reexveled through the sysfem.

an intermit{ent {ype of multiple extraction on

sample,

Hetain Lompounds of Interast and Let Impurities Pass through Tube

U

& Contaminants

0 Compounds of
intarest

~+)

A summary of ¢

solid phase extraction process
O {Courtesy - Supelco. Inc., Bellef
Condition PAY
(CHDSKC CHa 1hO tHa
M - “Q-Si—=Cl Q=5i—OH
CHy ) CHy
RaSICH 1 GHs , W‘ chascr | EH GHy  CHy
SR =S ~0-5i—0H - }*Q“Si‘@“f‘ii”(}”&“CH;
CH;, CH; CHy CHy  CH;
i -
© 7N
A

extravtor,



Various types of t
Separatory funnels. (A) Cylindrical.

. (B) Globe. (C) Pear. (D} Standard
taper bottom,

{Courtesy - Ace Glass Co., Vineland, NJ}

A Kuderr |
concentrator,

{Courtesy - Ace Glass C f

Separatory
fxmd weanng technique.,
“ouress — R . Oullette, C.A. >
onn. R ¥ Swenton, §. f
iamas.}tmoducro,jz

perimeseral Chem istry,

‘arper & Row, New York,

3753

Water
samiple

Solvent

Hesting
tnantic

A continuous solvent-
heavier-than-water extractor.

g
vemtz.Jighter than water, :

trtemggs — Ace Glass Co., Vineland, NJ and Lab Glass
. Chmiterd, NJ)

Crntinnang

BCAYIT "4 rewmim,

with built-in concentrator,
i {Courtesy - Koates Glass Inc.,
- Vineland, NJ)
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Steam Fup . OF

Pure organic liquid

s

Steamn distiliation apparatus

Condenser -/

Thimble Siphon tube

Boiler

Coutinuous extraction apparatus, (2) Extraction with solvents lighter than water, (h) Extraction
with solvents heavier than water and (c) Soxhlet extraction apparatus for solids.




Y13 : ghesy b Jpel

s ayloypas Jobo Jb o Saen U0 by, =l

lw.....lll.brurluww\ﬂ.u. ¢

h
A J.\FE.E,El:li..J m

i

P 0 M

L

=, |

l
|
\
!
e e
!

L M. gﬂ;.VJ.\.E

NP EREE R Gw\[,rvlwwu PO W I K DURE T & G L.

2o BIPL L Ty b ey ST S e Ly

st Sl 2 8 gl w51 by lanl o Ty s b
S ols S1lsype 50w apt e b alr par o b
(\\eb\r..»ri pele il thrt,r S oy Py s c
S o il e el ol o lis ke Lauuw.tuub;ﬁm\rs.rf.
el :ML&& A&tn )5yt Ju s b U oy e ione
..r;( P il a Loyrwiﬂ LLM\GAG m..mf
.r\.v.rﬂrb_\u.vt;tgvsf.ﬁtnvc\.uyw I ~VA FUCRPR W
el T8 bl 1oL 0 1) (5 a0

e w0 b Erb»tunkw.txﬁq{ibun&ﬂr.uu\ﬂ*
Aumas dhis Lt it ks nxs_?fﬁﬁr.ﬁuchv.h; g ik
b il sl iy vl Ly by e 1

rb&x\t P.B.YVFL.\V ,er.n\. rrplﬁsDLLV\nr.Y& C...\.L sMC\\..Y‘Ys.VUr
Lml.lu .L(.C ;IC\TYP.»U CLL»%C; LL;M\L%(»CLYCQL
itﬂrtt&rb(k\vvskb. rLrM.. SaBaal 8 wmn-llbr-“ltg

caiibie Jobo o ml sy wla b 0T s S et

I
£ 39 Nad

VR R RN 8 i

\nlffV.iLusLthu.V,rw\b_fvr Qr
FLIUSSERRES

L.l!.l.ru(bt

b0 oa, YL LS s
YC..M%\fC.rLr sl wbSs Gy uo S
Lot i aipr s N LR V- PRV
oL ﬂu@&ygs sl ol b 5L Ly L VRN F
el feapay st el (e lai L ) e e Sl L T
N\ R SIS RSV N 1) BENCH R Fo1
a2l C;L.»Lfeurhr\c L R ICH L JCpE R el
o s L WL.W uurr,ruﬁb.ixgrmﬁ}(“hh&:\. o'
Poal eyl S i el e il o i e
\Cu..!lrlb G o fead e dpaas Sl gl Q.w_'ru;\b
CIV BENUPL I LI S S I\ SIS 34 P C

n{hbnhgbrug AP o, | Vet

OS2  eay aslys

saashl
CRU[VU«.(
Syl ey b
Ol e Ly il o R T U PR RO W
israhil ol beuﬂrtmmururvf% ke ans
wlr oho Sams w ol | s op By eos )l vy
&EC?C&LD\ P oabi - frr\LLFLﬂY\LLVCu
crlioss e fsﬁfﬁf?w?gr&% Lol aae L Lus

N



. nowuel[Hep ety 2 7 At

jpspodmos
BT
L3R RIH

RaUBN]

s T 7
wienoniery o

A[qUuRsSE BOURIIsY] 1‘1) srgeoanily

S amssand
PRRPAT ISPUN BOITIGIYHS
30 dn-jag &7 sundig

{
2yl
parse]iag

FOINFRCRS &

A
it
;

(0



Saos Yy -
Sesa ¢ ) . .
= ‘ =
n | IS RRVEN-VICH JESPESARTUN Kot SR\ U RN B § G ParPe
\11‘!'»\1.(4 - Pad i
| ’ .
“ |
l M AL,\M»NF:M&ULVELQWB.»N.\L g i oy
6l a e 1= 1T JS& m - y - ISR i
| A %EQGLE,&L 5! . TN PR RTR A S L
/ sl | .
W YA T YY YA 10 O Ly
| YO oY o} 01 f) LYY oys!
Yo _T¥ Y fo IR SR
Yo T _TA | Y3 ol
10 Y _ f0 VY- alsyss ol
TY - Y0 fyY_fo . YT Jssti — g
N |

oYL . uu\.dsw.m fopds glen a8 e UL el UL s oga
fc,\.\ ey D PL‘VPW %V V..L o) S (VLLLV guﬁh‘tu

. lfL.thL..(\.h.M.v{CL\( J.PGCL .tw\.h”\..b ﬂ\TV..me_hV.\rPL ¢ (hrt.ormg

f LLVW‘T&\LLWL

.L.iﬁ ﬂ.cmCLmG ,.r,f E.ﬁl[c:..(\_ ﬂi Caead
JLS el Gotojpe Lo s plasd %G.:Quﬁrhrﬁk
vlllzﬁnaw\{y._{iz;;z(ri ,,rruiutﬁkffrm,vr Lbrv chxL\( s
b Gy )L C‘t_:.ﬁwtvrmw;nk » rﬂgﬁwcf&{h
rwxr_vtyu?u;uf by b Lasls Lutuufq»\.. whi e s et

JES sy 5 PETS U DRI ¢S 0l Q\*Lmtlrprrtk e
A.lnl..vrm/u_r.g‘_&hrv.?v uwtr.v&u;(\\r%
3o a0 yzge o V_er.&t\tc..%uuwics e 0j )8 2T
rw.ﬁbu‘. ..,&”.Yﬂ!.V apaai deyly 2
Erﬂr&nvy&"&,ﬁﬂiub Cﬁuubub.uub.ﬁzu
A TRV PR PEINEVY. ST I
&l..m«,?l E{L\u?ug r.kubifaffnlruy.ﬁmr

coApaan oles gleat, v~ 1T

A el Jely - o)ls sy semar gl e g 50

b ) )0 sl b ae o polo i ki 4 e L
babzkuwylkﬂrvk&gbd . L&V\VLLE tr.w“\v&h r\f»”hrv * lir..tﬁ
=l gar ) el -l e et wp s il e
Grln.l««ymhlu&cw ok (7= I J S o)l sy oy lin

o Pl Ko ol o o2 Sic L.nf.kb..rt(,r s

vl el slals g5l tos 10T ¢ Lmlxbgbtouut
r.»vn.)l.V\I \,C : .,C.,L B3 o B rL\L.f.. C,Lm L,.;.\\H..Lﬂn _AL
Jreme polo e L L gl L.».CCGCW.V}LCTEE\.LL..
S G a5l “&H Colo A by v WM 0 ek
— u,b.cﬁw bl Lol waa bl o st ooy
RS TN UL U SRCSIN (U SURTIOL VIO B 111 I D) B
B ey b ey o bylow el faie o Sl clals by Lis
Sl ey s W oo Y b oly oy cnlhocazl
1&12 wlebylsu el gl saias WS elSo . e b 0



yry

ey S ye
]u—“gj)é‘w“-—x)‘u)’u* bossSh Lr*S}JM'—‘L

. ,,},wL“ Sl Sl i u s s T e L
~",~5*4L~;-?“)J‘A SEJUP L SELUS TYRVC S SR | VIO
3 e s bl Gl e el b ol e e L
R S EE PR R AT IS JJ\_‘_L:;")'.;, dpe | e L1 L
P UL S eV (S RS TR\ 5] PYSESCH
otz paalos o nl s s e FWQJJL‘W

ey Ve
™)

T, oy lo ol
L <);uc.,l>u61ﬁ})}‘&5la},_zw;q—r.kadbw

Coe— o Sy l8 -“lf-)" S “‘)5}5 ‘ oo e
[l--—-—a-_.»w}-jlj‘l-.\_sf_} 4 )*S_M A G)L ‘ (.5},) s fg—adg ' (.:...._B/ ¢ r.t)‘-:—»&
© J-‘t’bgj“

Wyu}i {“L“}1’~—>)L‘ J.:»Lgl)_, e e semal .:«).;)15
L__.ijlw)ud R JL““"‘}L}}"“’«J“—M MWQ.’J L__.;L_S

'.J)S
R wAj}J \.,L)-.) r.a.a...u),l u)}JUs)}-a})JTa 05 b szos

s ¢)~‘~f‘--f1; LSL“»?J}J“*’@f Moo e “‘-“)1,»""?)~>

-q.ﬂil.gua
aljfu;;L,,kp_-)J Vo - TaC]_S
) ’ ToYY NbOC1,
i AR NbBr
i v TaBr,
- oY - Talg
B P BEPLITe NbI,

S s oy il il w}*w;‘w&“r"

«Méh»ﬂbiyvékdhﬂ—’ng e defk_s*“h-wiru-‘u

"““‘-—""“i}‘u‘)‘”)’)t)’u“Jﬁ*‘Su“g})M“A)L?’)j&SJL““
b LGl Ll sl L s gy e L

5 vTy

: o by a8 Shardyd ok o (b phabS ey ol iy
Szt L Gyp ey el g Laes o b a0
ey e ey S el iy a2l e (F 1T
i ol Sppe o apt e Sha (T sbs Ly )y cas
J o el (TS Gl Loyl )dﬂwwﬁ;‘))‘)};}.) -
S ooty (F 11 s s ! Y e 05,5
- Copme ) FUp s S L sl byl
SealabanS S )
",..\._,.-.-a_r JJA:A.;

PR \‘:U__,_,_‘_‘_ P ,_.,.....‘_.T:V,’.TQ_’T--——-'——«?':——\\V

C ey WS T

..3}.)9-.4”[13...& J"}":‘LJ"U""}"": wuﬁ)).;du)-{ “"}‘ Slass
e g Lt gl 0 Ol (e ‘)Lsgwgsu-!t‘u Sy

S VRDY Y1 L GURUS VOUUN | NS VOU EREI I UL BRPRREIOU (o +) PRI AL
S EIPREI S 55 SO} 0 D { WP »‘5}3 e
u__...u-)..uu_Lu)f.a <y S eyl ngLﬁMTL&JT
crbab L e T T a8 Jl b v polsS o oS
y LS TCTROPRUUR PR U SRUUN PRV IU | CHRVIUE) BN L
J.qfaéw AT '}Qy.;ag__ﬂ@%wf,wg
s gl LTl e spnas

&)—-——&ﬂ.w-.“-b}-iu« aenas il sla, s o .Su;L,.,S');

oty riﬁzl“)..g..:, u;“,_‘j..i Qi): s ‘) la &_S)L“ ‘J"T’CH}: ATty e s 80 e



Microscale
continuous extractor fer
solvents lighter than water.
(Courtesy - Lab Glass in¢.,
Vineland, N1 )

Solvent heavier -
solvent lighter continuous
extractor.

(Courtesy - Ace Glass Co., Vineland NJ)

A Soxhiet extractor.

{Courtesy - Ace Glass C

o., Vinetand , NJ)
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