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Steps in Chemical Analysis 
1""':1 

~ 

r St:llistiL:al Evalualion 

Sl.'I]ar~H i()1~/()UarH i l;:1t i~ Hl 

Prcp;1ra t iOtl 

Sanl pI in 

Distribution of Time Analytical Chemists Spend on Sample Analysis 
R. E. IV/ajor'), Vol. 9; No.1; 1991 

Time 

Analysis, 6% 

Sarnple 

Preparation 

61% 





___ 

Selenium and Tellurium 
') oates, ites, or ides + H (NaBH~) -- .._---> H,Se or H,Te IQ 

\oates. ites, or ides + CI2 --------> SeCI2 or TeCl) +TeCl. 
Arsenic IAsO"J. AsO)'l, ;\sO/ + Zn + H,SO. (or NaBH,) --_.----> AsH) 

I + HCI + H:SO. ___ ow_ow> AsCI. 
l 

·1 
Antimony I 

SbOJ'l, SbO;) + HCI + HCIO. ___ ow_ow> SbCl, 

+ Zn + Hl S04 
___ ow_ow> SbH, 

Silicon 
Silicates + HF + H,S04 ___ ow_ow> SiF. 

Chromium 
Chromates, chromites + .HCI + HCIO. --------> CrO:CI: 

Mercury 
Hg o + SnCI, .._-----> Hg + SnCI,, 

JOO1..'I!Cl 
HgCI, + HJSO~ --------> HgCI, 

Halogens (F. CI, Br, I) 
+ H2S0~ _.------> HXX2 

Phosphorus 
PO)'), PO,') + In + HlSOt --------> PH) 

Osmium 
Os mates + HNO), H2S04 --------> OsO. 

Rhenium 
Rhenates and perrhenates + H1SO., HeIO, _ -> ..... _--- Re,Ol 

Gold 
Aurates + HCI. HNOh H,SO.. :~-:---> AuCl, 

Oxidation ~b5-C SO.Sulfides + 0, .. -------> 

Reduction by hydrogen 
Oxides of inactive metals + H, -..-----> H,O (steam) + M or weigh the 

metal residue 
N,. 0,. F,. CI,. Br;:-. I,. He. Ne, Ar. Kr. and Xe all can be volatilized from their surroundings by 
genlle heating_ 

Organic compounds 
Convert 10 CO: + HP and absorb each one; CO: on NaOH coaled on asbestos (Ascarire) and H20 
on Mg(ClO.h (Anhydrone). 

C1aH, + 120, ___ ow_ow> CO~ + HP 

Carbon (inorganic) 

Carbonates (except the alkali metals) -..-----> MO + CO2 

Carbonates and bicarbonates + strong acid (HCI) ___ow_ow> CO

2 

Cyanides + strong acid (H2SO,) ___ ow_ow> HCN 


Sulfur 
___ ow_ow> S02Sulfites and bisulfites + strong acid (HClO,) 
___ ow_ow> H1SAcid soluble sulfides + strong acid (HeIO,) 


Nitrogen 

___ ow_ow> NONitrates and nitrites + strong acid (H2S04, HCIO, l ___ow_ow> NH}NH4- + strong base (KOH) 


Fluorine 

___ ow_ow> H F F + strong acid (H~S04' HCIO.) 
___ow_ow> SiF. + H SiFF- + Si + H~SO. 1 6 


F- + B + HCIO. _._--.--> SF) 

Boron 


___ ow_ow> SF}
H)BO, + HF + HCIO. 

HJSO) + CH)OH + HCI ow_ow> (CH)hBO) 
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Apparatus for flameless atomic absorption analysis. 

G 

H 

A 

Knorr alkalimeter for the 
determination of CO2,l~c=: 

A gentle suction is applied to draw the gas in the desired direction. (A) Bunsen burner. (8) Sample. (C) Wide mouth 
Erlenmeyer reaction flask. (0) HCI reservoir. (E) Drying tube filled with Ascarite (NaOH on asbestos) to remove CO~. 
(F) Condenser to remove large amounts of water. (G) Z-shaped connecting tube. (H) HlSO~ scrubber to remove water, 
but let the weaker acid gases pass through. {I)CuSO. to remove HC!. (1) U tube for CO] absorption. Caution; soft glass 
breaks easily. (K) Ascarite to remove CO2, (L) Anhydrone (Mg(CIO.}21 to absorb water. 

CO~ (f.w. = 44) + 2 NaOH -------> NalC01 + H20 (r.w. '" 18). 

(M~ Bad,up absorption tube. (N) Drying tower to remove any water vapor backing up from the aspirator. (0) To a water 
aspirator to draw the CO] ~rough the system. 
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Purifier 10 zone refiner mechanism. 1,'llsioll, 

(Courtesy - Design Scientific, Inc" Gainesville, GA) 
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Purifier 10 zone refiner. 
(Courtesy Design Scientific, Inc., Gainesville, GA) 
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Connecting tubing to J condenser. 

\l./Irc (left). (\)mmercla: clamp (right). 

(CllUr1CSY - Ace (jlass Co. Vltlclaml. NJ) 
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REMARKS 
(+ l HIGH THRO\.lG1PUT 

t + I LOW HOL DUP 
(+} FAIR EFFICI£HCY 
(+ 1 LOW PRESSURE 

DROP 

~ 

VIA!.-.' 

Diagram illustrating the principle of a metal 
mesh spinning band column. Several disti Iling columns shown from lefl 

to right: Hemple. Vigreux. Snyder. Perforated plate. 
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..§'" lnlucTh: 
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10 
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Boiling point - composition diagram for a mixture of 
benzene and wluene at 760 torr pressure. 1\ ,;~:7 

Relationship between the number of theoretical 2{1 t 
I 

w'T . . ). :02 (plates and the difference in boiling point for a good separation 
\\ i1CT"<-1."'-llt )[IU(Courtesy- K. Wiberg- LaoorafOl)' Technique in Organic Chemistry, 

.'"" >oJ P<)[McGra'>-Hill. NY, 1960) ~c,~ 

0<umber of Difterence in 
plates b.p. °C 

o-------------------------- 2 I 5 
1 -------------------------- 108 
2 ------------------------- 72 
3 --------------------------- 54 
4 -------------------------- 43 
5 -------------------------- 36 
10--------------------------- 20 
15 ------------------------- 13 
20 ------------------------- 10 
30 -----------------------.-- 7 
50 ------------------------- 4 
100-------------------------- 2 

Composition changes 
in a distillation column. 

Column packing 

materials. From left to right: Glass 

beads. Rashig rings. Berl saddles. 

Protruded metal. 

A""'" 
I B F-( Clil D~ E 

Condensers: ! I' 
1\ I West. (11) Liehig (C) ~!I ~ 
\Ii:hn. IDI Coiled (E) I "I I) ~I11 ~I": i! 

Il :1 
q ij H W r 11/.'tI : I 

IIu 11) ' 

~~ 
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Figure 1.22 Steatn distillatiQll apparatus 



9 

dill! i \..;". \)\ I j 111l'lllli.."l! ll.'\t...-:". 	 HelaH) Compounds otlnterest and Let Impurities Pass through Tube
I' 

Pha~c 

Polarity Cbssificaliol1 or 
Compound for Extraction 

silica 
UCIJdccyl-bondcd silica 
Phenyl-bonded silica 

silica 

Silica {no 

(0 moderately 
compounds 

Diol-bonded silica 
:\ lagnesium silicate Polar 

silica 

calions 
Carhohydrates, weak anions, 

organic acids 
')tMonic acid-bonded silica Strong cations, organic bases 

Strong anions, organic acids 

Weak cations 	

• Contaminants 

o Compounds of 
Inl~[es(

Ttlbthl'c' 

Ic·g 
LC-IR 
Le·Ph 6 6 .. 
Lc-eN '.COf\(lItion Add Somple W85h Eluto 

Retain Impurities and Let Compounds of Interest Pass through TubeI.c·eN 
IT-Si 
LC-Diol 
.C-Florisil 

LC·NI 

lx-eN A summary Of! 
IX-NH. solid phase extraction process 

- Supclco. inc., Bclkfc 
Condilion Add Sempl. Elute 	 PAl-Sc\ 

.(-S,\\ 

(CH,I.,SiCl:-Wc\ Ii:O 
---"," ---.... 

CH,
I 	 • (rlhj,SiClR·Siel· 

-""'---~ ----II>'O-Si-OH
'I,\ \,lll:llil!' :,Oln'llt i~ ill\rodl(('('d to 

(\ k ,I, :md (1)(' !'111id ;-;:linph· i~ pl:J('('d ill n, It is 

('ll:,\(l\r~' ttl ('lll':I!)(' lite :-:ampk ill:1 cloth. 
of1\':-' .~ 1';lg or thimhlt' \0 P\"('\"(,lIt some 

ing l'arril.,d (}\'('I' wilh Ihe !'oln'llL 

1;; \';1 rized. and Ihe- \-;lpor:-:; P;\S~ Ihrough t 
c:::.F;lll al'r ('ol1{kns{,d ill thr cOlldenser C. 111(' con-	 -" 

c=:
s: drips on\o tIw :::-:\1up11: :l11d finally imnwrs('s it. '"' -7."\\'\1C!Uf11vl('lit ~()h'(,llt has :H'CuTnula\('d in the ('xtra('-	 Q::r ' 

ii(lll ;\111\w1', it i:, :tlltl,m:lIi!':llly hllned and :-;iph()11 
I1ml I (ll\>e- n, Di:-;:,nhTd ~nl\ll('s ;ur ('oll('cntraled 

~.

ill 	 ,\ :' 1lit' soh'cllI is n:nTlcd Ihro1,\~h Ihr sy:-::lpl11. l.." 


1:' an in\nmill('nt r rxlw!'tioll on 

;1 h:l\ :--::I1\1nl(', 
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Various types of 

separatory funnels. (A) Cylindrical. 

(8) Globe. (C) Pear. (D) Standard 
taper bottom. 


(Courtesy - Ace Glass Co., Vineland. NJ) 
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A. Kuderr 

concentrator. 
,,\eparatory Sample Collects Here (Courtesy - Ace Glass C 

lnnd ~ng technique. 
~- RJ. Oullettc, C.A. 
ann,..IS_ 5wenton. S. 
Ian.::t.IS..Jirrrroductory 
xperi~ Chemi;;try, 
:arpcrLl<.ow. New York.
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jl, 

Water 

HtlIIillg 
flWltk 

rod 
sample 

SoI\'entc 

A continuous solvent
heavier-than-water extractor. 
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with built-in concentrator. 
(Cour'(esy - Kontes Glass Inc.• 
Vineland. Nl) 
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Steam 

[l 

0", V'Wo "I 
i?<'!I}' Itr D.f' 

Ie /: 
'-..'9/JI(/ 

\\
\ 

Steam distillation apparatus 

Condenser 

Thimble Siphon tube 

Continuous extraction apparutus. (n) Extraction with solvents lighter than Walei', (b) Extraction 
with solvents heavier than water and (c) Soxhlct extraction app;wHus for solids. 
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Microscale 
continuous extraClor for 
solvents lighter than water. 
(Courtesy - Lab Glass Inc., 
Vineland. NJ ) 
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c 4:-A 

Solvent heavier A Soxhlel extractor. 

solvent lighter continuous 
 (Courtesy _ Ace Glass Co., Vineland, NJ) 

extractor. 

(Courtesy - Ace Glass Co., V'lneland NJ) 
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