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Amulvieal chemisiry deals with methods for the wlentbicanom
of ome or mome of the components m o sample of matter and The
detemunation of the relanve amoumts of each, The wdentficatiom
process is called o qualitative amalysis while the determmnmton of
smount s lemmed o qubnlintve annlvsss We wall denl largely
with the Jatter.

Quantitntive mnalysis is clissilied mto bwo typies ol analysis:
1= Volumwetrie noalvsis. which voncentimiles on the exact volume
metsurenma ol the soluivon durmge wuotion: The volumwine
methods of opolysis mclode pod-base ptmbon  precipiaion
totion, oxidonon-reduction btobon, and complex  fomoation

LlEutun
2« Gravimetric analvsis, which bosed upon the measurement of
the w-.:;g_hl: ol o substmee of kEoown l‘.i'l!'1]1’.]|'|’.'ii‘lil.'ln1l that is

chemically related to (he mnnbvie. There are two types of

pravimetric analysis, precipitation methods and  volatilizotron

o

Saolutrons are clossified secording to the noture of particles of
e salute ton e solwtini stspended solution, and collogdal
CORIERIRTRT B
1- True solution, in which the solule disappear between the

malecitles af the solvent, like NaCl in water,




2- Suspended solution, in which the particles of the solute cuan be
distinguished. The solute particles ure separited und sellled in the
bamom of the continer, and do sor pass through filter paper

X Clollpldal solution, m which the pameies of =olute ave
suspendsd but do nor settle o the bontom of the container. and
passthromzh filter papser.

[he presence of the solutes affecr the properes of the
walvent, lhey lower rthe: vapour pressure, therefore  the
temiperuture inereases above s boiling point (o reach s sl
vapour pressure. The boiling points of the solvent also incredss in
the presence ol the solure. and (1 the solwe s wme 15 effect will
doubled Pure water banls at 1007C, bur m the presence of the
solute ot hinls at mgher temporature.  The presence of the <ol

also lower the freesing pomt of the solvenl Ture water freeses ul

0°C, while the preserive O sugur lor example il freedes ot -] 86YC,

Elegtralvies are solutes which wontze ina solvent 1o produce
an  elecineally conducting medin, Strong  electirolyies 1omize
complietely whereas wenk electrolyies-are only partially 1omzed 1n
the solvents (Table 1.1

Table 1.1 Classification ol clectrolyies<

Fl-u'u#:.i l.‘]H'll'l-'l-‘.I!- s Wopak oligiralyte

b= Tmnvmaindy  scuds FESEOR O TIOCIY, 1= Moy  ounfifbne @owds <l me
SOy HCL FIL Y B FLOCIE FLAC), FEACO,, TP, V=8 HS0,, B0y

2o Adkall aiel hlkalipe-coril bydininles M= %lunt |r|1.IJ|lj-|: ol

J= Miwwl safte A= Armmriimts o Al kgl imsse




A= Habondkes, ovomides monld o emiaics
of Hg. Sog sl £76

Nog-clectrolytes are solutes which do not jomze in their

solvents, and therefore the solution dogs not conduct electneity.

Exumples are solunons of sugnr, nmnd aleohol myWater.

Many ¢ommon solvents are weak clectmlvies winell rondl
with themselves o form  jons (s process 18 téimed
puloprotolysis), Some exampleés ape:

L0 —= 11,07 =0

ICHOH o—CH-0H: + CHL, 07
MCOON = HUOOIL" - [ICo0
INH; —/NH,” + NH:

Ihe positrve won lomed by the aatoprotolyss of watér 15
called the hydronium jon, the proton being bonded (o the parent

malecitle via o covalent bond myvplving one of the unshared

Acids & Bases:

The ¢lassification of substances as acids or bases was founded
upen several chametensiic properties that these componinds
mnpart o an squeons soluton. Pyprcal propermies melude the red
and blue colofs that are associated with the reacnon of adids and
bases with litmus, the sharp twste of a dilute acid sploton, the
birter taste and slippery el of o basie solution, and the formntion

of a salt by mteractions of an acid with a base.




“Arriennes acndy and bases

Arthemus defimed aods as hydrogen-contmming  substances
that dissociate mto byvdrogen tons and amons when dissolved m
wilsr
HC) —— 11— Y
CH:.COOH = H = CH.COU
sl bused s compounds contiunime hvdroxyl groups that pive
Ivdioxides 1ons and cations upon the sune eatiment:
Na#H —*Na -« O
AlOH), = Al" + 30

The relative strengths of acids and bases could be compured

Iw ajgaxinnge the degree of Misspointion m aguesns Soloion. A

completely jonized acid called swong acid, like HCI and o

partially iomzed acid called weak acid. like CH-.COOH. The same

rule applied for strong und weak boses.

“ Bronsted and Lowry acidy and baves

Bronsted and Lowry proposed independenily m 1932 that an
acid 15 anv substance that s capable of dopating 4 proton: o buse
s sy substance that can aceept a proton. The loss of a proton by
an acid gives rse 1o an entily that s o potential proton acceptor
and this o base: ats called the conpugated buse ol the parent aeud.
e renction between an serd and water s a typical example:

H.O + tietd  —compugme base = H00°




acid | +base2 ——* base 1 = acid 2
HCl + H: QO — CI' + H:0O
CH-:COOH = H.0O —= CH;CO0)Y = HL0O7
NH, + H,O T—= NH; + H:O’

H.O + NHy 3=—= OH + NH,,’
Naote that acwds can be antomie, canome, o electnneally neutml
It s also scen thot water aels as a proton: peceptor (a base) with
respect 1o the first three solutes and 65 d proton donor or acid wath
respect 10 the lnst onel solvents that posacss both pedie and bosic
properiies are called amphiprolic
* Lewy acids amid bases

Lewis defimed an acid s nn electron-pair acceptor and a basc

tis an electron=par domor.

H" + |:ﬁ——iﬂ|| — :0—H or H + CH o H D
L ™ . |
211 e H
W :?_H =" | #=Q=MN gr H* + H/O « HiD
2] I
il e
] llr 1
Y o4 M ill i - H—N—H or H" 4 M. - HH:
5 (2]
=i e




— SO,

O —* HSO;

hase
AlC], ClT — Al

acid base

Nolis =

Salts are lornied by the reacnons of catons and anions: Some
of the salts are apbydrous like NoCl, KCL KMnO, and K.CirO..
Othur sults are hvidrous such ws CaCle 2110, CuSO, SIL0O wnd
SHS0O TI-0) Saltd exast m s solid siowe os ons, Ltherelore,
soditm chlonde is domzed inois erystlline cose g Noo which s
sutrounded by six fons of CUL and eoch CF ax surrounded by six
ions of Na ' These jons une attached to ench other by electroktnlic
strengths, Thus, these salts are completely fonized m sulvems of

dielecine constant like water.

In. the Inbomtory, the mass of a substance s ardhinanly
determuned m such metne units as the kilogmm (ke). the gam
(). the mulligearn tmg). the microgram (hg). the manogram (ngd,

o the preogrnm (pe ).

g= 10" mg= 10" pe=10" ng = 10" pa = 10" kg

For chemical ealoulntions, however, il s more convenienl 1o
cinploy moss umits  thie express the weaght felabonship o

stopehiometty anumng fenetng species i et of smiall whole




numbers. The eram formula weaipht, the gram molecular weialn,
and the geam equivalent werght are employved in analytical work
for tns reason. These temms are often shortened o the fommula
wetght, the medeaulor wetzeht and the eguivalent weight.

L7 Chemical Formnla, Formaula Weight and Molecnlar Weighe

An enmyparical formula expresses the simplest combination of

aliims i 4 substdnce T in also serves s the chenuecal ool
unfess  expenmemiml  evidence exsis o mdicate thm e
fopdumentol aggregote 16 actunlly some mulnple of the emprical
formmla. For example, the ¢hemical formala for hyidrozn s H,
becatise the ous exisry s dimtomic molecules under ordinnry
conditions: I contrast, Ne sémves adequotely  w deseribe  the
cotmpostron of neon. which s observed to be monutomie.

The entty expressed by the chenncal [ormuli moy or miay not
ncmially exast. For exomple. nio evidence hos been found for
sodiome chlorrde molecoles,) os soch i the solid state or m
aguesus solunon Rether, this substance comsists of sedivm 1ons
andd ehlvwide foms, v one of which can e shown 1o B m somple
combination wih anv ot single ion Nevettheless, tlie-formmula
NuC1 s comvenient For stonchiometrie secountinie od 15 &0 used
It 15 also necessary 1o note thot e chemical formmili is égquently
that ol the princtpal species bnly. Thus for extonple. waler m the
lgued state contains o]l nmounts of such éntities as H.Ov OH",

TLC: (d ‘undodbtedly others), o additiom o 11,00 Tlere the

CUne maolecular weight ol 8 species contmins 6 02= (07

puarticles of that species; this quantity 15 regquently refermed 1o as




the mole. Inoa somlar way. the formula st represents
G210 s of the subsiance, whether real or not, represented
by the chenuenl lormualn
Fxumple |
A 2540 g sanple of 11; conmmns:
250 ¢

— =124 moles of'Hs
2016 2 mnle

A= 107" molicules

123 malies » T47T= 10" molecules 5
Miile
Thi same weight of Npll contains
2502
A28 tw Nadl
S5 A g w

which corresponds Lo 0428 mole Mo and (K428 maole O

1.8 Feezivalonr Weiohy
For neids:

It o= the werehl ol actd that contams g aon of alternative
Iyl e v

molnr mnass

evpsvalemr waiahr —
me, ol allernitiy e hvdrogen ons

Fxamygle 2
Coleulate the egovmlent weights for the fallowang oculs: HO|
H-50, H.PO; Awsnic welghis lor H—=1, O'—16 Cl— 355 85—

2 - pP=3]
ki s

eguivadeni weight for HC
nr, ohl| altgmative hyvdragen fons

= = 3.5 pram/eqmvalent




(2%1)+ 32 + (16%4)
for TS0, — - 49

e

(3x1)+ 31 +(16%4)
for H<PQ, = — 32,67

For hases:
It s the welght of hose that contains T2 1on of altermntive
hydroxide,

e LilE Hiss
ecuivabent weight

no, of aliemative hydroside ions

Fxuample £

Calendore e egurvalent wWarshis tor the thllerziine brscs: Nacf |
Co{fYH b, ANOHY Atomie wesghils for H = |60 = 16, T — 23
Ca =~ 40, Al = 2698

i leif ik

ecimvalemt wenrhl lisr Nal)H
o of alwmative hydroxide wons
IR Jfh= |

= A0 gram eqmivalent

40 ¢ JU1E - 1)]2

far CoallOH): 37
+

il

2698+ [{(16= 13
tor AW — — 2500

3




For salts:

It 1s the weight of the salt that comams the egquivalent weight

al one ol (s 1ons.

Pl sy
ey itlent wenghn o sall

ro. o metd] ons = oxidution no,
molar moss

no. of pewdie radical 10ns * oxidanon nio.
Fxvaovmple d

Caleulate the eguivalent welghis or the [ollowing saliss Naul
POk Al S0 . Alonme wesshis tor £ Lo, 12, ™Nn X
S=32. Al =2G.98

mirlar mumss
euuivibent wedshit fop Npsy —

oo, of maetn] aoas » cecadiiion o,
(23 = 210 1S
— 31 Enuneduiyinlent

& ]
(23 =23 112 v (it w3)
o IOy, =

2«

(2600 = 2)+ [3Z+ (16 = 4%] 3
|Il1' 111"5';11}1

2 =3

For sanlis in precipiintion reaciions:

The equivalent weight ol salls i precipiustion. reaciions s Lhe
welght of substuice in orom that precipuates quunitits equivalent
o quantity of | mmm of hvdogen. o e eguryvalesit wengdu ol
ancther substance i the <ame repctn

o Loy o ss

equivialent weight Lot sall
s o oxwdoton numbess of the part
partmpatles i preap it lomnaton




Example 5
Caleulare the equivalent weoight for the substances pagmicipate m
the iehton of ApCl precipimtion. Atene weighits fir Ag — 108,
N =4, O 16, N — 23, 01 = 355

ApNO = NalT—— AgCT =+ NaMN),

_ molar mass for Aghdh,
euuivalent weght i ApNO, =

pxadation miunber ol Ag

108 =14 —(16 = 3)
= — 1 70 gram espinyalent

|

ficl e mians [or Nac'l

equivalent werghn for Nat] =
odanion manber of CT

L
= =
s

Faor oxidation-reduction agents:
The pxadation-reduction reactions mvelve tmnster of electrons

lTom one substanee (o another

I]'IH]GI' N g
equivalent werght Tor oxidation =

o Teduction agent the difference between oxidation
numbers




1. % Concentration Lnits

o anlie
1- Mass pervenfuge win; = 1)

g =olution

S salution of Nalll means that 3 2 of Nall dissalved m 95 g

WLNEE

Example 7
Coleulpte the mass percentage for o soluben prepared by
dissolving 15 g of AgNOs w100 emy wuter. The densow of wites
w lgem’

welght of solvent = voluoe = density

HMbem” = | i em’

R
wiriehit ef wolition= 100 g solvent — 1§ g solute
115 =
Eaohite
i poreeniispe w W'y =
w solubkon
5
- w [EMY
|15
13, 04%%

ml solute
2- Folume percentage vl « 100
m! solution
[0% sialufren of aleohol means thay 10 ml alcohol = added

enough solvent moorder 1o reach 10 ml volume (addition ot 90
nil sitlvent),

13




Example §
10 @ of organie solvent (density 15 clem’) was added 1o 90 &

f =

water, the density of the solution become 1.1 giom ', Calewlate the

vivty ond the wiwbs concentrotions of the organic sulismace m
the solunam
welght of dolubon=%g + Hlig= 00 g

1) g
mass pereeniage WwTh = L CHD
Lo

L0y

weaght 1000
vollume of solutum = - = 4301 W ml
density il

werght ]

v of salme -
density |5

0,67 1
volune percentage v/ vis = _ w L)
90 ) ml

= 7. 3%

g =oluie
3- Masvvolpme percentuge wils = | tH}
il salution

It 15 the wenght of the solure s TOMml seloton this means;
5
waight of solute (g) — percentagd {——j < volume (ml)
160l

Fivarmregalys B
sl cw P iha st ol sasiionn cliy bdie sind) o SO0k end sdsbutirm vl
# DLA3 Few v ganpesti g

(]
witptna] solipie dpd Pt Eo e ee— = ) bl famil )
e il
RS
= — = Sy
L0 prad
Aol g




e solute
A= Parts per mallven (ppm)

kg solvent
und there tre:
o solie
Parts per thousand {ppt)

kg scilvent

Uz solute

Parts per hillion (pph) =
ke solvent
S- Molar concentration (M)
It is the number of molar weaghts of the solute in 1 Tier of
solvent,

ey, of molar weislits of solute
Murlarity (M) =

violume of sohuton o Fike

wieight ol substauce g

. ol mslar weighis
o midss

weieht of substonee in g

volar mnss

Maolar concoutration (8V)
Villtiere G sa it i ml

oou
weight of substance m g » 1NN

minleculnr weight < volume of sulition in il
vidlkine ml

wereinl of substinee =N« o lecoloy weaght »

TARn




fxanmyple 10
Calgulate the molar comeontration (M) of a solution prepared by
dispodyvmg2% 35 = ol Nafl m 200 mil water. Aunmmic wensis for
it =210 L= 3543

weipht of substancd i g« 1000

M=

molecular wemghit = volume of solution i ml

20 3% » 1000
= A muolar

200 » 3544
6= Norpral concenteariion (5)
It 1% the nimmnmbdr of aqusilent weeighos of the sohite dissabved

In liter ol the solvent

moe of erpuivalent weehis ot solure

Normality (N
virlume of whinen in hiter

werght of subsiance n g

riis, ol equivalen weiglns
equivulent wei whi

weraht of substunce m:g

equ i lunt 1" 1:1' i—'h [

Seinn] coreriratiod ()
volinme of solotion moml

[EALNL

weight ol subsionce in g - LM

oluivalent weight = valume of soluticn i ml
velumme mil

wiaght of substanee = N =« equivalent weaglan

1000




W Relationyhip between Molarity (M) and Normaliny (N)
N=M = no. of equivalents
Example 11

Crleilute the molir (M) concentration ol H.PO, salutton of 0.250

N, 1 prowduce phosphate on PO,"

N = M = no. of equivalents
0.25 M= 3. soa0 M~ 0.0833 Molar

= The mole fraciion

Fhe mole frnotion for =olvent s the number of moles of
solvent relative to the wial number ol moles. anil the muole
Irnetion [or solute i% the muonber of moles ol solule relative o the
total imnuber of moles. 1 we multply the mole fmiction b 10D
ithe prodoct 1 mole percem
Lxample 13
Caleulime the mole fraction for ethinol CoHOH and wiiter in i
solution prepared by dissolvaig 1380 2 ol etbhanol in 27 g waler,
Atomtic weiglit for O=16, C=12, =]

wangin I 3 50

e ol prwrles ol etlisnnas) = = = 0V psle
maolecular weipht dir

woril =7
g ond pwaeiles il weate 150 pavile
ime el weeighe I8

phve movta ] svvirvilsow o smlos = 3 = 1 S0 — | S0 aanle

eles of erfumoel 050
— T

tote] ney of maoles | B

mode T tbon Por ellyannl —

e ol wikler |50
inesle fvactisn fos wales - = {15333
tostel ] ey, of mnles 1 RO




[he highest value lor mole frodhdn s 1, so It s possible 1o

caloulate mole fraction tor warer by deternmnma mole fraction for

clthmminl:
mole Immeton lor waler — | — mole tractron lor ethoanod

~ =167 —D R34

“ Solutiony Normaluy

B} = % 1 OM30)
=

egumvilent wedight = 100
12 =densay,

T'e dilnte o soluton we use the lnws
My = Wy = My = ¥

i g o] )20 s Al oLt gy

[ s lutapes
oo of mdllbeguavalens (meg) -V ol soluton * Normaliy (N)
o sinjpda

Wi ol siilids fa)

niy of milliegquvalents = “ 1M
ey e weginl

This eagle is running to success




