CHAPTER FOUR
QUALITATIVE ANALYSIS

e

 analysis is a chemical analysis used to determine the presence or

(cations and anions) of an unknown substance or compound. In general

Qualitative analysis refers to analysis in which substances are identified or
ified on the basis of their chemical or physical properties, such as chemical
fity, solubility, molecular weight and melting point.

These are positively charged lons. They are Ca®™, Cu’', Pb’*, Zn'', A",

. Fe** and NH,*

NARY TEST FOR CATIONS (FLAME TEST)
s Is a test used to identify few metals by the characteristics colours they impact on

ﬂ-ne Examples are

5/No| Observation Inference
L | Brilliant or golden yellow | Sodium metalfion
Brick-red ~ | Calcium metal/ion
Light yellowish green - Barium metalfion
Lilac (light purple) o Potassium metalfion
Light or pale blue Lead (I1) lons/metal
FOR CATIONS o

e e ————

hydroxide and aqueous ammania are the most common reagents used for
maost cations. Below is a summary of the actions of sodium hydroxide

ppt =Precipitate, gel =gelatinous

Cations | Sodium hydroxide solution " Aquecus Ammonia
“Drops T Excess | Drops ==
o™ White precipitate Insoluble | No precipitate

™ White gel. ppt. Soluble White gel. ppt.

Pb* White gel, ppt. Soluble White gel. pp-.

A White gel. ppt. Soluble White gel. pot.

cu’ A blue gel. ppt.  Insoluble | Bive gel. ppt.

Fe' Dirty green gel. Ppt. Insoluble | Dirty green gel. ppt.
Fe' Rusty-brown gel. ppt. Insoluble | Rusty-brown gel, ppt.

Excess

l No ppt.
Soluble
Lnsoluble

| Insoluble

Soluie

| [nsolitie

'| Insolubse

|
|
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4.21
(a)

Confirmatory Test for NH,', Pt and AP
ammonium fon NH' :

Test:- To the sample in 3 rest tube + few drops of dilute sodium hydroxide and warm
Observation:- There will be evol colourless gas with pungent smell like thay
of urine, turns red lmus paper blue dense fumes with concentrateq

ution of a
and produces white

HO.
Inference: The gasis ammania, NH; from NH."
with dilute sodium hydroxide solution bus

zn*, Pb** and AP** jons react In similar way
with ammonia solution, only Zni" glves soluble solution. Hence pb** and AP can be
distingulshed as:

Test: To the solution +pﬂusiumhdidewhlﬂﬂ'l

Observation: A yellow precipitate soluble in hot water and insoluble in cold water
confirms Pb’* ions Or

Test: To the solution, add a few drops of dilute HCl

Observation: A white precipitate soluble in hat water and insoluble in cold water
confirms Pb** ions.

NOTE
If there |5 no visible reaction with the two tests (potassium lodide and dilute HO

solutions) above, it means that A" is present.

ANIONS (Acid radicals). These : : !
HCO3, OBV, SO5%, and SO,* are negatively charged ions. They include O, S', NO.
PRELIMINARY TESTS FOR ANIONS

Solubility in Water

rhe following substar
Al lmxnnrl:ral:eﬁ']' il

: hydrogen HNW'{M salts, HCO,

i 1::1 n:;r;:::;m: and ammonium

tetraoxosuiphate tmssl% gt Scest those of Ba®, pb* ang ag*. Calcum




e LanCe:

pxocarbonate (IV) salts,

e insoluble in wi
CO;" except those of Na', K', and NH,' that are soluble.

\ xides, OH except those of K*, Na* and NH,' that are soluble.

oxides, O™ except those of K* and Na“, Ca0 is partially soluble.

trioxosulphates (IV) except those of K*, Na* and NH,' that are soluble.

Al sulphides salts except those of K', Na‘, NH,*, Mg?*, Ca”™ and Ba’' that are soluble.
STABILITY OF SALTS ON HEATING

'mml.l'l'l salts

Ammonium chioride sublimes on heating on heating to give ammonia and hydrogen
chioride gas. NH.Cl,,) —Heal o NH.,, + HO,

Ammonium trioxocarbonate (IV) decompeoses on heating to give water, ammonia and
carbon (IV) oxide. (NH.);COyy —beal o H,0p, + 2NHsg + COyg

Ammonium tetraoxosulphate (VI) decomposes on heating to give ammonia and
tetraoxosulphate (V1) acid.  (NH.),S04,, —Heal o 2NHy, + HiSOus,

Ammonium dioxonitrate (111} decomposes on heating to give nitrogen and water
MNHNO; —Healy My + 2H;:0y

Ammonium trioxonitrate (V) decomposas on heating to give nitrogen (1) oxide and water
NHiNOy, —Heile N0y + 2H:0w

2 Trioxonitrate (V) salts
| Metals | Decomposition on h:;;_thg | B |
i K Their trioxonitrate (V) decompose on heating to give the corresponding metal
| Na dioxonitrate (111} and oxygen. 2NaNO.y,, < 2ZNaNO;,, + Ouy

Ca | Ther triowonitrate (V) decompose on heating to give the corresponding |
Mg metallic oxide, brown nitrogen (IV) oxide and oxygen,
Zn 2Zn(NO:)asy 2 2200y + 4Ny + Ogg
Pb
:‘I - i — —
Hg Their trioxonitrate (V) decompose on heating to give the corresponding
| Ag metals, brown nitrogen (V) oxide and axygen.
_ Au | ZAgNO1y;, & 2AG;s + N0y, + i

19




3 Tetraoxosulphate (VI) salts
Decomposition on heating

Thelr tetraoxasulphate (V1) do not decompose on heating because they .
stable to heat.

They decompose on heating to give corresponding metal oxide and sulph -
(V1) oxide,

ZnSQypyy ¥ ZnOy; + SOy,

e —

They decompose on heating to give corresponding free metal, sulphur (Vi)
oxide and oxygen.
2AQ; S04 -» 4Ag + 2503 + Oy

E’i’iﬂ'?!’-‘iﬂ'#“l

4 Trioxocarbonate (IV) salts

Decomposition on heating

Their trioxocarbonate (IV) do not decompose on heating because they arc
stable to heat,

They decompose on heating to give corresponding metal axide and cabon
(IV) oxide.

ZnC0yyy = Zn0yyy + COyy,

They decompose on heating to give corresponding free metal, carbon (1V)
oxide and oxygen.

21g:C0y5; > 4Ag + 200, + Ouy

5::&9:@39:*5

All metallic hydrogen trioxocarbonate (IV) decompose on heating to produce
mmmmtm,mwnmmmﬁm
Exampie |
2NaHCO;,) - NazCOy,y + HiOy,; + COy,,
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#0: solution to green on strip of filter paper

from €Oy or HCO,
‘Gas Is S0, from SO or

Paper, decolourizes KMnO, or tumns yellow | 5,0’

- | 1Fa reddish brown acidic gas with (rritatng smell and

Starch-lodide paper blue-black 5 evolved.

{except those of alkall
_F._}_.

Colourless, sweetish gas, no action on litmus paper and

rekindle glowing splint,

Gas is N;O (laughing gas). It
5 obtained by decomposition
of NH NOD,,

If & colourless gas with pungent smell fike that of urine,
turns red litmus paper blue and give white dense fumes ammonium on, Mk,

an conc, HCI,

 The gas fIs NH; from

If water vapour condenses on the upper and cooler part |

of the test-tube

Salt is hydrated or contains
HCDy

vi.

If a colourless, odourless gasTnu.ltra'l to Ilmul::aﬁar

and rekindles a glowing splint is observed.

Gas Is Oxygen, E}_;I.'rnTn Hij.
of alkali metals

If the gas evolved is acidic to litmus paper, smells like

rotten egg and turns lead (11} ethanoate or
PBNO,); solution black on strip of filter paper,

“The gas is H.S from 5

If the gas evolved is colourless acidic to litmus paper,

and produces white dense fumes with NH, solution

—

The gas is HCl from C1

———— — —

Gas is NO; from NO, or NO; |

|
4
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422 Test 4 INFERENC,

5/ | TEST |

No i 2 :

1 sbout lem' of the | A white precipitate is formed. Chioride (g,
(8) Measure ' 200 (€!) presen,
Solution of unknown sample into 2 '
test tube, add 1cm’ of dilute HNOxysq)
followed by aqueous AgNO: in drops
rﬂ ki - _-_-_T_‘— =
solution In (a) above and expose the | turns grey on exposure to (CT) confirmey
solution to sunlight. sunlight B

2 | TEST FOR TRIOXOCARBONATE IV
(COyY) AND annm;ﬂrj
TRIOXOCARBONATE 1V (HCO,

IONS, : If a8 colourless and odourless
|
(2) Measure about 1cm’ of e gas which is acidic to litmus The gas is g
| Solution of l.rnhmw:h sample into a paper and tumns fime wate-f from €O/ o
test, add about 1cm’ of dilute HCl or milky is evolved. | HCO,
dilute H,50, and warm the mixture,
(b) Measure about 1oy’ of the If a white precipitate soluble in Co,’ present
Solution of unknown sample into a dilute MO ig formed.
test, add about 1om” each of dilute 1If there s no visible reaction
and BaCl,,,., or MgS04 sy but on warming gives white HCO. present
i
[~ [Ty Ticasurs about 1em' of the | If the solution turns pink of CO."
Solution of unknown sample into a purple, confirmed
| test  and  add  about m'n]lfthereismi:nlmrdun
ﬁwﬂwﬂmmn. but on warming gives pi:j HCO, confirmed
| . solution,
3 Test for S0,* and 50,% ions o
() Measure about Iem’ of the | White precipitate insolybje in| SO is present

) T




T 5o 'Il:lhlﬂ'!ﬂ‘“’m Tdil, HOly is formed. |
add about tcm’ of BaChsy 37 f!wl If white precipitate solubie in 50, is presen
dilute HCly Is formed.

e T —e

(b) Measure about Tem® of the|If purple colour KMnOy SO, confirme
Solution of unknown sample Into a | decolourizes or yellow cniaui

st and add few drops of acidified | KCr:0; changesto green

Mnrﬁaﬂ'ﬂﬁm Il _ _]|

3 FEST FOR NITRATE (NO,)ION TR
(s) Put & small quantity of unknown | If  reddish brown fume gas is The gas Is NO,.
solid sample into a test tube and add | evolved, | NO, prescnt
conc. H;S0 '
{6) Measure about lam’ of the *rere wil formaon of d NO, confirmed
Solution of unknown samgple into 3 | brown ring at the junctian
test, add about lem’ of freshly | the two layers.
pmpmdsniutlmanﬁmmdadd The brown ring |5 due to the
1em’ of conc. H,50. slowly down the | formation of FeS0, NO |
side of the test tube held in @ stanting |
Imiitim. ;
5 | TEST FOR SULPHIDE (S*) ION
| (a) Put a small quantity of solid | If a colourless gas of rotten The gas 15 M5
unknown sampie in a test tube and | egg smell which s acdic to from g’
| add conc. HO. itmus  paper  decolourizes
KMnO, or turns yellow K;Er;.ﬂl;
solution to green on stnp of

| | filtar paper is formed. .
[~ T{b) Put about 1cm’ of the Solution of | If a black preciptate is a‘ur;ed! ' confirmen
| II unknown sample in 2 test and add

| about lom’ lead (II) ethanoate or |
‘ | PD{NO, }; solution !
' NOTE: Ba(N0s)auq and HNOym can also be used in place of BaCly.q; and HCl,,,
43 ORGANIC ANALYSIS
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$.3.1.1
organic compounds containing only hydrogen and carbon as constituent el

31 m.rrmvﬁ ORGANIC ANALYSIS
This Is a technique used to identify the various functional groups and elements

organic compounds.

present in

TEST FOR HYDROCARBONS AND FUNCTIONAL GROUPS:~ Hydrocarbors o
ements. Saturatog

hydrocarbons are those hydrocarbons that the carbon atoms in the compound are joined b
ﬂﬂﬁlbﬂﬁﬂﬂ.ﬂmmlmmm&wmﬂtpﬂl&ﬁﬂlmsla
double or triple bonds in-between carbon atoms.,
FUNCTIONAL GROUPS: This is a bond, atom or group of atoms that determines t.-

properties and reactivity of a compound.
Below is a summary of action of some reagents on saturated and unsaturatc;

) SATURATED | UNSATURATED HYDROCARBON
HYDROCARBON
REAGENTS  Alkanes e.g. | Alkenes e.g. | Alkynes e.g.
CHx-CHa CH,=CH, CH=CH
Bromine water (Reddish brown) | No visible | Tums  tgTums L
reaction colourless colouriess
“Acidified KMnO, Solution (purple) | No visble | Turns o Turns
reaction colourless colourless
Acidified KoCr:0aq) No visible Turns to green | Turns to green
{orange or yellow) reaction
Ammoniacal copper No visible  No visible Gives
(I) chioride neactiuﬂ reaction red precipitat
Ammoniacal silver trioxonitrate | No visible | No visiblel Gives ~ whi
' reaction reaction precipitate

'E}Eniﬁm




NOTE: .
Alkynes without terminal hydrogen cannot give positive test with ammoniacal
hydrogen 15

copper (1) chioride and ammoniacal silver nitrate solution. Terminal
hydrogen attached to the carbon atom(s) bearing the triple bonds. Examples are
2-butyne i.e. CHyC=CCH;, 3-hexyne i.e. CHaCH;C =CCH;CH; etc.
(a) Test for alkanols:

. Unknown sample + ethanoic acid + few drops of conc. H;50.
with care for a while.

Observation: An ester is formed with the characteristic of pleasant fruit smeil.
Inference: Alkanal is present

I Sodium Test:  Unknown anhydrous liguid (n a test-tube + small amount of
sodium with care.

Observationm. There Is vigorous effervescence, with evolution of colourless, odourless
gas which has no effect on litmus paper and gives pop sound on glowing splint.

Inference The gas is hydrogen gas. Alkanol present.
i, lodoform Test: This test is suitable for primary and secondary alkanol. It is also

used for alkanals and alkanones.
Test: To the solution of the substance in water or methanol, add NaOH colution and

slowly add about 2cm’ of iodine solution in potassium iodide solution.

Observation: A yellow precipitate of or triodomethane CHI; (iodoform) separates as a
solid or 25 an oil with Its characteristic smell. - 3

Inference; Primary akanols, secondary alkanols, alkanals or alkanones present.

v, Use of oxidizing agents. Such as KMnQ, or K,Cr,0; solution,

Primary and secondary alkanols decolourize the purple colour of KMnO; sclution and
change the orange colour of K,Cr;O; solution to green.

Examples:

Primary alkanols — Alkanals —  Alkanoic acid

CH,CH0H —» CH,(HO —— CH;COOH

Secondary alkanols —»  Alkanones
R,CHOH — R;CO
Tertiary alkanols hardly oxidized.

in a test-tube boll
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Test for Alkanoic acid
Test: Unknown substance in a test tube + saturated solution of NaHCD, or any cap

of carbonates
Observation: There is effervescence with evolution of colourfess, odourless gas, acidic
to itmus paper and turns ime-water milky.
Inference: The gas Is CO,, hence the substance is carboxylic acid
Reaction with ethanol; {check atkanol)
Test for Alkanals and Alkanones
lodoform Test: (check alkanols)
REACTIONS TO DISTINGUISH ALKANALS FROM ALKANONES
Fehling's Test: Alkanals reduce Fehling's solution to a red precipitate of copper (i)
oxide.
Tollen’s reagent (silver mirror test): Alkanals give black colouration with  tolisn's
reagent and formation of silver mirror on the inner walls of the test tube.
Reaction with acidified KMnO, or K,Cr,0, solution. Alkanals decolourize the
purple colour KMnO, solution and turn Orange colour K,Cr,0; solution to green
NOTE: Alkanones in contrast have no effect on the reagents mentioned above.

4.3.1.2 FOOD TEST

TEST | OBSERVATION | INFERENCE |
| (1) Test for Reducing Sugar | The inbial  blus This  shome
E.g Test for glucose. colour of the  the préesence
a) Benedict’s Test mixture tums yellow | of 3 reducing
Add 2cm” of a solution of reducing sugar e.q. | and finally form a | sugar,

glucose In a test tube. Add same volume of | brick-red precipitate.
- Benedict’s solution, shake and boil, '

_— — — — n
—

'b) Fehling’s Test nitial  blue | Reduong
Add 2om’ of a solution of the reducing sugar to | colour tums  to | sugar is
| & et tube. Add 1cm” of Fehling's solution A and | yellow and finally to | present

 1em of Fehiling’s solution B. Shake and bail, brick-red |

= .—_—\_-—.-_—|_—|_ i —

B



rm’liﬂ (sitver mirror test): There . wil be | Reducing
Add ikt 2cm” of the reducing sugar solution | formation of black | sugar
into & tRst tube and mmhmwﬂhd colouration of silver | present
il i mirror-ike  on  the
inner walls of the
test tube.

TEST FOR SUCROSE

Add )
?‘-'mi of sucrose solution Into a test tube. | turns to yellow and | sugar
Add 1em’ of dilute hydrochloric acid, Boil for one | finally forms brick- | present.

The biue colour | Reducing

5

minute. Add 2em® of Benedict's solution. red precipitate.
Test for non-reducing sugar e.g. starch A blue-black | Starch  is
Todine test colouration is | present
Add 2em’ of 1% starch solution to a test tube. | observed.
Add few drops of iodine solution.
Test for both reducing and non-reducing o
. sugar (Carbohydrates). The solid substance | Carbohydrate |

| Put litthe amount of the solid substance in a test- | darkens  (charred) | Is present
|l:uhe add few drops conc. H,50., and warm | leaving behuind black

| gently for a while. residue (carbon}. |
'TEST FOR PROTEINS/AMINO ACIDS A white precipitate ] Protein
' @) Millon’s Test farms which turns | present

Add 2cm’ of egg albumen (egg white to atﬁtibnch-ream heating, |

| tube. Add 1om’ of Millon's reagent, shake and
I " |

boal. I

'b) Biuret Test ' There  will  be | Protein
Add 2cm’ of egg albumen into a test tube. formation of violet | present
Add sodium hydroxide of same volume to it colouration. |

Add few drops of copper (I1) sulphate solution. | |

o Xanthoproteic Test Trioxonitrate (Vjeod | There  wil  be protein
Test | formaton of dense | present

| Place equal quantities of milk or egg white in a yellow precipitate,
I test tube and add conc. trioxonitrate (V) aad. |

57
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Y - v Wﬁ,—-—-l_;i
Siio o separae onthe | present
2) Sudan iif Test . |
Add 2cm’ of oll to 2cm” of water in a test tube. :-mf:ﬁ_'ﬂ#mf
few of Sudan 11 and shake remains
i uncoloured
b) Emuision Test A coudy white [Lipid
Add 2em’ of fat or oil to a test tube containing | suspension is | present |
2cm’ of absolute ethanol, Dissolve the lipid by | formed
Shaking vigorously . i
¢} Grease spot Test A permanent Uoid :
Rub a drop of lipid sample on a surface of plece | translucent spot on | present.
| o Paper. the paper
313 ANALYSIS OF THE ELEMENTS IN ORGANIC COMPOUNDS
Principle

mhmwthWM{ﬂrﬂ}indhﬂtﬂwnﬁermm

ihﬂgdunu.mmepmmmdmmmm{wﬁm anhydrous copper (11
MHMMHMWHIH‘ If copper (1) Sulphate tumns blue gus
© the formdion of CuSO,.5H,0 (by water vapor) then the compound contans
wmﬁhmummnﬁvwmbmmemm:m:am

Mixture of organic compoung
u“*“‘:ﬂ}




.- _--_‘_“_-_|_-_-_
€ % WCu0—, ﬂﬂu" 1 I;['l-r. Carbon iy oxidized
* Cu Myidrogen iy oxidized

*OHLO

* Caomy, CaCO,
Milky

SHaO 4 CuS0, S
3 —*  Cusny %H-
White anhydroys L0

blue hy drased

s0dium and heat

of sodium  reacts  with
alkaline solution s called Lassalgne's extract or

insoluble materials and yse the
filtrate to test for nitrogen, sulphur and halogens. The table below shows the test,
expected observation and inference,

OBSERVATION TABLE:
S/NO [ TEST | OBSERVATION [ INFERENCE
. _ i — = _ oo

To the Lassaigne’s or sodium extract
(1-2 ml), add ferrous suiphate or Iron | PTUSSIan blue colour | Nitrogen |
(I1) sulphide solution. il B
I |Test for sulphide ion from sulphur

in the organic compound.

|
To the Lassaigne’s or sodium extract B . |
(1-2 ml), add lead acetate reagent or | BIaCk precipitate ulphur |
present
| S3ms

S — = e = _ I_
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lead (1I) sulphide solution

— e ——

p— - ipitate | Chionine
[i | Test for halides ien from sulphur | White P"EPEM e
in u
in the organic compound. soluble in aq
ammonia
To the Lassaigne’s or sodium extract
- i solution | Pale yellow
(1-2 mi), add silver nitrate _ »
followed by aqueous ammonia. precipitate soluble in SEm”'t
aqueous ammonia presen
Bright yellow
precipitate  insoluble tadine ot
in aqueous ammaonia
v Test for phosphate ion from
phosphorus in the organic
compound.
To the Lassaigne’s or sodium extract Yellow precipitate Phosphorus
(1-2 ml), add ammonium molybdate present
EQUATION FOR THE REACTIONS
[ﬂfgarﬂ: compound Na NaCN + Na;S + Na,PO, + NaX
Containing N,5,X,P Heat (where X may be Cl, Br or 1)
I DETECTION OF NITROGEN
NaCN = Na®" + CN
CN™ + FeS0O, 9 Fe [Fe(CN)],
Prussian blue
0 DETECTION OF SULPHUR
Na;5 + Pb(CHyCOOH), = PbS + 2CH.COONa
Black ppt
Il DETECTION OF HALOGENS
NaQl + AgNO, 2 Aga + NalNO,
White ppt

90




